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DIRECTORIO DE PROFESORES DEL CURSO 
ILCUKl:f\lAClON .INTERIOR: PRINCIPIOS, DISEÑOS Y APLICACIONES 

-· -. DEL 13 AL 23 DE OCTUBRE DE 1992. 

ING. ALEX RAMIREZ RIVERO <COORDINADOR) 
RESPONSA_BLE. DEL AREA DE PRUEBAS DE ILU~1INACIDN 
t;:D~lP~Ñ'¡A DE LUZ Y FUERZA DEL CENTRO , S.A. 
CAMINO·. REAL A TOLUCA No. 570, COL. EL CUERNITO, SANTA FE.:~. 
~lEXÍ oo;, ,TEL. 271 O 1 73 y 544 99 43 . 

ING. CARLos:GARCIA ROMERO <COORDINADOR) 
ASESOR EXTERNO DE LA COMISlON DE ENERGETICOS DEL ESTADO DE·c 
COAHU l!:il<\ . . . . 
GOBIÉ:RÑB:_DEL ESTADO DE COAHUILA 
AV. - ui',ÍiVEÉlSIDAD No. 405,. SAL TILLO COAHUILA, PLATEROS 129,;: 
FRAq:;;·.cARRETAS, C.P. 07650, QUERETARO, QRO. 
T!"L,.. < 9 _l ~L-63 29 45 

M. -~:·'I •·. GABRIEL MORENQ.fj::CERO 
JEF!;>pE<'L.AA);I.VISIQN DE E:OUCACION CONTINUA DE LA FACULTAD DE 
INGENI'ÉRIA -DE LA ÜNIVERSIDAD NACIONAL AUTONOMA DE MEXICO. 
PP!L~cró:·oE MINERIA, TACUBA 5, CÉNTRO, CUAUHTEMOC 
TEl:.. 521 40 20 . . " . - . . ·, .. 

IN!F' SERGIO ARTURO .BARCIA ANAYA 
GE@.NTE GENERAL 
¡:'f10Y,ECTOS. I_UMINICOS Y REPRESENTf\J:IONES, S. A. DE C.V • 
. lJ.II:CAODLFc:i 'LOPEZ MATEOS No. 72 . 
TEL; ·:s.#.o \92 36 

ING; .:JOGEc.LUIS BONILLA G. 
GE~ENi;l;i:~'ÓE I NGEN I ER I A 
LUMINI-SISTEMAS, S.A. 
BLVD. TOLUCA No. 520-A, NAUCALPAN, ESTADO DE MEXICO 
TE¡¡:I;:,.St/>';:04 33 EXT. 363 

ARQ~:·,.ENR-l-QUEo< QUIN TERO LO PEZ 
. O:IREfi'fi)R.;:.GÉNi!RAL ~-· 
. ILUM~IcDÑ' CORPORATIVA,: S. A • 
. AGuli\SGI!iLÍEIÍITES si·; COL. ROMA, DELEG. CUAUHTEMOC:~ 
TEi.!:~::~264'>23 55 y 574 21. B2 
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DIRECTORIO DE ALUMNOS DEL CURSO 
ILUMINACIÓN INTERIOR: PRINCIPIOS, DISEÑO Y-APLICACIONES 

DEL_13 AL 23 DE OCTUBRE DE 1992. 

1.- AGUIRRE RIQUER MIGUEL ANGEL 
DIRECTOR DE PROYECTOS 
DESPACHO DE PROFESIONISTAS 
M. LERDO No. 732, COL. CENTRO, VERACRUZ, VER, C.P. 91700 
TEL. !29l 34 30 31 y 34 79 32 OFNA. 

2.- ALVAREZ ORTEGA RUBEN ALEJANDRO 
JEFE DE DEPARTAMENTO DE PROYECTOS PROTOTIPO 
ALQUILADORA DE CASAS S.A. 
AV. UNIVERSIDAD 1311, 5o. f'ISO, COL. PUEBLO DE AXOTLA, 
DELEG. A. OBREGON, TEL. 663 01 04 OFNA. 

3.- BANDA SANCHEZ JAIME JOEL 
DOCENTE, EN LA CARRERA DE ARQUITECTURA 
IN~TITUTO TECNOLOGICO DE QUERETARO 
AV. TECNOLOGICO Y ESCOBEDO, COL. CENTRO, QRO., C. P. -
76000, TEL. 16 35 97 OFNA. 

4.- DEL ARCO HUICOCHEA OLIVIA 
COMONFORT 11, COL. ACAPANTZINGO, CUERNAVACA, C.P. 62440 
TEL. !91 73l 14 06 58 OFNA. 

5.- DEL CARPIO SPARROWE FERNANDO A. 
GERENCIA TECNICA 
SAINCOMEX, S.A. DE C.V. 
LOPE DE VEGA 117-103, COL. POLANCO, DELEG.MIGUEL HIDALGO 
C.P. 11560, TEL. 255 21 97 OFNA. 

6.- GARCIA LEAL RAUL 
ELECTRICISTA OFICIAL 
SISTEMA DE TRANSPORTE COLECTIVO !METRO) 
TEL. 709 11 33 EXT •. 2570 

7.- JIMENEZ LOPEZ JORGE CARLOS 
JEFE DE DEPARTAMENTO DE_NORMATIVIDAD 
CIA. ALQUILADORA DE CASAS·S.A. DE C.V. 
AV. UNIVERSIDAD 1311-5o PISO, COL. PUEBLO DE AXIOTLA, 
DELES. A. OBREGON, TEL. 663 01,04 OFNA. 

B.- HERRERA RODRIGUEZ JORGE 
JEFE ·DE SECCION 
STC - METRO 
DELICIAS 67, COL. CENTRO, C.P. 06070, TEL. 709 11 33 

9. - 'I BARRA MORALES J OAQU IN 
SOBRESTANl'E 
STC - METRO 
DELICIAS 67, COL. CENTRO, DELEG. CUAUHTEMOC, C.P. 06070, 
TEL. 709 11 33 OFNA. 



10.-

'·· 

MARQUEZ AMIEVA DANIEL 
ELECTRICISTA TECNICO 
STC - METRO ( 

DELICIAS 67, COL. CENTRO, 
TEL. 709 ,.11. 33 OFNA. . 

1i.- MEDINA LAMADRID JORGE 
ILUMINADOR 
TELEVISA, S.A. DE C.V. . -

DELEG. CUAUHTEMOC, C.P. 06070, 

AV. CHAPUL TEPEC No. 18, COL. DOCTORES, DELEG. CUAUHTE~lOC 

TEL. 709 33 33 OFNA. 

12.- AVIA RIVERA ALFREDO I. 
JEFE DE GRUPO 
COMISION FEDERAL DE ELECTRICIDAD 
RODANO 14, COL.· CUAUHTEMOC, DELEG. CUAUHTEMOC 1 s_ ~ P. 06000 
TEL. 553 71 33 OFNA. · ·· 

13.- PEREZ·ARRIAGA JESUS RICARDO 
JEFE EN TURNO 
SISTEMA DE TRANSPORTE COLECTIVO METRO 
DELICIAS 67, COL. CENTRO, DELEG. CUAUHTEMOC, C.P. 06070, 
TEL. 709 11 33 OFNA. 

14.- QUIJANO FUENTES JUAN CARLOS 
LABORATORISTA 
FACULTAD DE QUIMICA, UNAM 
CIUDAD UNIVERSITARIA, D.F. 
TEL. 644 57 02 DOM. ·~ 

15.- SANCHEZ DOMINGUEZ MARIO SINUHE 
PROF ... LAB. DE TERMOFLUIDOS 
FAC. DE INGENIERIA, UNAM 
CIUDAD UNIVERSITARIA, D.F. 
TEL. 622 85 33 

' .. 
16.- SOT~ES MARTINEZ PROCORO SALVAPOR. 

DIRECCIDN 
-~OStRES Y ASQC, ·S.A. DE C.V. 

JAVIER MARTINEZ VALLE No. B41-C, 
IZTAPALAPA, C.P. 09060, TEL~ ·581 

'•:{· 

COL. ESCUADRÓN.-201, 
36- 43 OFNA., .. 

'. -·~··," 

'' 
··-~ •• -~ .... -· __ ...¡. 

VEL~SCO RIVERO MA.-DOLORES 
ADMINISTRADOR PROYECTISTA 
ARQUITECTOS VECRI S.A •. DE C•V• 
INDIANA 260-705, COL. NAPOLES, 
03810 1 TEL._563 26 7~ OFNA. 

18.- VILLALOBOS BLANCO GERARDO 
PROFESIONISTA A 

r. 

ICA INGENIERIA S. A. DE C •. v.. 
LEGARIA 252, COL. PENSIL, TEL. 

. ' 

DELEG.· B. JUA~EZ,. e: P. 

"·-~·· ' .. . ; ' 
399 69 22-0FNA. 

. . 
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EVALUACION DEL PERSONAL DOCENTE 

CURSOS ABIERTOS 

CURSO: ILUMINACION INTERIOR: 

PRINClfiOS, DISEÑO Y APLICACINES 

: .. :-
' .. 

FECH,A: 13 AL 23 DE.OCTUBRE ~E 1992 

.. 

1 

2 

3 

4 

·' . . 
' ., 

., ., 
CONFERENCISTA 

ING. CARLOS GARCIA ROMERO 

" -
' 

ING. SERGIO GARCIA ANAYA 

ING. ALEX RAMIREZ RIVERO 

ING. JOSE LUIS·BONILLA 

. , 
·' 
l, 

'· 

5 ING. ENRIQUE QUINTERO 

' . --- :·.-. 
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EVALUACION DEL CURSO 
•.• 

. . 

e 0'N e E p T o 

l. APLICACION IIIMEDIATA DE LOS CC1\ICEPTOS EXPUESTOS 

' 
CLÁRIDAD 

. . - --2 . CC1\I QUE SE EXPUSIER<l'l LOS TEMAS 

' 
.3 .. , - GRADO DE ACTUALIZACION LóGRAOO EN. EL CURSO 

. 

'! 
4. CLMPLIMIENTO DE. LOS OBJETIVQS DEL CURSO 

- - . -
5. CONTINUIDAD EN LOS TEWIS DEL CURSO 

. 
- . - . 

6 . CALIDAD DE LAS NOTAS DEL CURSO 

' ' 
7. . __ G~O ·DE MOTIVAÓON. LOGRÁDO EN EL .CURSO •• 

. , .. 
, EV ALUAC I <l'l 

. . . . . 

ESCALA DE EVALUACION: 1 .A 10' 

. - ··-

" • 
' 

. 

. 

TOTAL 
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1.- ¿Qué le pareció el ambiente en la División de Educación Con~inua? 

~IUY AGRADABLE AGRADABLE DESAGRADABLE 

' ( . ) [ .. .. ) [ ) 
2.- Medio de comunicación por el que se enteró del curso: 

-
PERIODICO EXCELSIOR PERIODICO NOVEDADES 
ANUNCIO TITULADO DI ANUNCIO TITULADO DI 

FOLLETO DEL CURSO - -VISION DE EDUCACION ' VISION DE EDUCACION 
CONTINUA CONTINUA 

( l (· J [ ) 
CARTEL MENSUAL RADIO UNIVERSIDAD COI1UNICACION CARTA, 

TELEFONO, VERBAL, 
ETC. 

... ( ) o o 
REVISTAS TECNICJ\S FOLLETO ANUAL CARTELERA UNl!M "LCS GACETA ·-·-

UNIVERSITARIOS HOY" UN~.M 

( ' ( J ( J D J 
. 

3.--Hedio de transporte utilizado par? venir al Palacio de Minería: 

:AUTOMOVIL METRO OTRO MEDIO 
'·.PABT!CULAR e l , . , r- ( J ( ) . . 

... .. _ ... 

4.-'¿Qu~ cambios haría en el programa para tratar de perfeccionar el curso? 
-

. 

'• 

5.- ¿Recomendaría el curso a otraS· perSonas? ( ) SI· ( )No 
...., 

5.a.¿Qué periódico lee con mayor .frecuencia?·· 

. 
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6.- ¿Qué cursos le gustaría que ofreciera la División de Educación Continua? 

/ 

7.- La coordinación académica foé: 

EXCELENTE BUENA REGULAR MALA 

1 1 1 1 1 1 1 1 

8.- Si está interesado en tomar algún curso INTENS!VO ¿cuál es el horario más 
convenien~e para usted? 

' 

LUNES A VIERNES LUNES A LUNES" A MIERCOLES MARTES Y JUEVES 
DE 9 a 13 H. y VIERNES DE Y VIERNES DE DI:: 18 A 21 H. 
DE 14A18H. 17 a 21 H. 18 l\ 21 H. 
(CON COMIDAD) 

1 1 D D 
! 

CJ 
VIERNES DE 17 A 21 H. VIERNES DE 17 A 21 H. OTRO 
S ABADOS DE 9 A 14 H. SABADOS DE 9 A 13 H. 

DE 14 A 18 H. 

1 1 1 1 1 1 

9.- ¿Qué servicios adicionales desear.íá que tuviese la División de Educación 
Continua, para .los as is t;en tes? 

' o 

10.- Otras :sqgerenc.ias: 
'· . '•. 

o 
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FECHA 

DIVISION DE E~CION' CONTINUA 
, FACULTAD DE INGENIERIA, UNAM 

lj . 
'fLUMINACION ~INTERIOR: PRINCIPIOS, DISEÑOS Y APLICACIONES 
'' Del 13 al 23 de octubre. de 1992; 

1 ., 
HORARIO 

.. 
TE M A 

¡ . . 
! 

EXPOSITOR 
--------~--------------~-------------~-~-~----------~--------------------------------------------------------~----------------~--
Martes 13 de octubre· 

Miércoles 14 de octubre 

Jueves 15 de octubre 
' '! 

Viernes 16 de octubre 

· Sábado 17, de octubre 

Lunes 19 de octubre 

Martes 20 de octubre 

'. 
~ 

Miercoles 21 de octubre ' 

17:00 a 17:30 
17:30 a ,18:00 
18:00 a 19:00 
19:00 a 19:15 
19:15 a 21:00 

17:00 a 19:00 
19:00 a 19:15 
19:15 a 21:00 

17:00 a 18:00 
18:00 a 19:00 
19:00 a 19:15 
19:15 a 21:00 

17:00 a .19:00 
19:00 a 19:15 
19 : 15 a 21 :o o 

9:00 a 13:00 

17:00 a 19:oo· 
19:00 a 19:15 
19:15 a .20:00 

17:00 a 19:00 
''19:00 a 19:15 

19: 15 a 21 :00 

¡\17:00 a 19:00 
'19:00 a 19:15 
19:15 a 21:00 

Apertura 
Evaluación Inicial 
Luz y Color 
Receso 
Terminología ~ Unidades de 
Iluminación 

Balas'tros 
Receso 
L~mparas 

Control de la Luz 
Luminarias 
Receso 
Fotometría 

Niveles de Iluminación 
Receso 
Cálculo de Iluminación 

Cálculo de Iluminación Ejercicio 
de aplicación 

Arquitectura de la Luz 
Receso 
Iluminación de Oficinas 

Iluminación de Hoteles 
Receso 
llumináción de Hoteles 

Iluminación Comercial 
Receso 
Iluminación Comercial 

M. en l. Gabriel Móreno Pecera 
'lng. Carlos Garda Romero 
1 ng. Sergio García Ana ya 

lng. Alex Ramírez Rivera 

In!¡. Alfredo Badillo 

lng. Sergio García Anaya 

lng. José Luis Bonilla G. 
lng. José Luis Bonilla G. 

1 ng. José Luis Bonilla G. 

lng. Carlos García R •. 

1 ng. Carlos G'arcía R. 

lng. Carlos García 'FL"':· 

Arq. Enriqe ,Quintero 
'! 

lng. Carlos García R. 

Arq. Enrique Quintero 

Arq •. Enrique Quintero 

Arq. Enrique Quintero 

Arq. Enrique Quintero 



! ' 

2 

___ f_!' __ ~_!:I_A_ __________________ !:!_Q_~_t-__ ~_L_Q ______________ :f __ E __ ~_t-____________________________ .É__~_!:'_Q_~_U:_g __ ~------------

Jueves 22 de octubre 17:00 a 18:00 Iluminación Industrial lng. Carlos García R. 
18:00 a 19:00 Iluminación de Iglesias y Museos Arq. Enrique Quintero 
19:00 a 19:15 Receso 
19: 15 a 21 :00 Iluminación de Bancos y 

Librerfas Arq. Enrique Quintero 

Viernes 23 de octubre 17:00 a 19:00 Ahorro de Energfa en insta-
laciones de Iluminación lng. Carlos Ca reía ~~ _..,," l:i; 

19:00 a 19:15 Receso 
f .• • 

19:15 a 19:115 Evaluación Final lng. Carlos García R. 
19:115 a 20:115 M~a Redonda lng. Carlos García R 
20:115 a 21:00 Clausura 

\. ";~ ; 
.. · . 

! ~ .;'• 

, ' 

•-! ' 

. ¡. 
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FACULTAD DE 
DI.VISION. DE EDUCACION CONTINUA 

C U R S O s·; A B J.E R T O S 

ILUMINACION INTERIOR: 

, PRINCIPIO, DISEÑOS Y APLICACIONES 

., 

'; j l. '• 

i ... . • 

. 1 .~. 

··~ >~. 

.. 

• ,_j 

LUZ, VISION 

··. 

•' ' . 

~ .... 

\ :, ,, .·.1. 

v :coL0R • "'\• . .: .. :¡· i<: ., ' 
... ¡ ., .• ;; 1 '· ' .. ·, 

ING: SERGIO GARCIA ANAYA. 

OCTUBRE 1992 

Palacio de Minería Calle de Tacuba 5 · · Primer 'piso Oeleg._Cuauhtémoc 06000 México, D.F. Tel.: 521-40-20. Apdo. Postal M-2285 

.:~,; 
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l:.IGHT and COLOR 

Proplc mually as~oci:H(' (:olor ,~·ith physicd ·objcC'ts th:n ari· 
vicwcd in ~l~arp C'Ontr~st tp tlwir sur~oundin~~ .. such as bc·:rli'.'_ 
tiful Oowcrs. Jl1lllti·hued~k:l\'c:. in·alÚumn._ or v:·ith t!H' ¡li~·-· 
mcnt on :m '.:mist·s··.brush :is he .att~'!}lpt; ·to ·recrea te th:t:sc;. · 
imprcssiom. Hut in ~ddition to·' colored "thii.lp ... color ¡¡\so· 
i~ associ:1ted wilh o\;crall ·visual imprcssions .of th('' -sky at 
su m('\. firc,,·ork:. on :1 sumnH'f night. thr aflcr-cbrk ('XCÍtnncnt 
of a c;¡rn)\';¡J. Color in cksi¡.:n. though. iS ohcn C'onsid!'red 
;Jil intcgr¡¡] p:lrl of IC'X\U!T~ íllld SliÍ"f:IC'C'S - w¡¡Jis, C<IJlWI~. 
<~ppJi;¡tKt'S. ~:1rs. cte. Color .also is \'Ícwed as thc intangible . 

. _mood-:.vttin~ dfert of rolon·d lights. 

:\ni:.t~ and building dcsigners ha\T :1 'long tr;¡dition in the u~c 
of pigmcnt color<J;Hs -· ·íl traclition that· ri:-;1chés h:tck to tlw 
min"ral and \Tgrt:1bl<- mixtun·s usc·d IC? C'olor thc \\';db of 
C'a\T~. So pcoplc :m·. acnJston~c::cl't~ tl.1inking ~r C'Olor in thi~ 
:.C'nsc. But thC' <tbility lo m;nlii)ld<ttc color by ccintrolling the 
ch:u·act('ristics of light sourC'es is a rcl<Jtivcly rcccnt 'dcvclop· 
nwnt - ¡¡nd this oftcn- is more c\ifficult to comprchcnd ;md 
appreci<"ltc. 

As csplained throughout this book. color. is not ·íl propcrty 
that Í5 :1 physical p<lrt of thc thing:s \\T scc - color is simply 
thc dfcns of light wm•cs bouncing off or p<"~ssing through 
various· objens. Thc color of <t gi\'cll objcct. thcn. is dctcr· 
mincd by .SC\'cr:tl things: thc char<JC'tcristics of thc light spurrc 
undcr ,,·hich it is. \'Í{'\\Cd: ··and._thc ,,·ny thc ,Objcrt__nbsor~~­
tr:~nsmits. or n;Occtsl\hc light wri\·<·s striking it. 'Soí11ctimcs 'thc 
dfcct~ of surroundings· on th(' mind is a ·dctcrmining color 
f;-1ctor. and. of coursc. thc physical rondition of the vic.wcr's 
cyC's ;¡r,· ¡-¡nothe~ important dctcrmining factor. Howcvcr. only 
thmc light W<l\T~ i:-ntcring thc cyc from the objcct are tcch-· 
nic¡-¡]Jv rcsponsiblc for ,,·hat '"color"" is "secn."" · 

ColOr~ assori_.i\cd \\'ith objccts ra;1 be 'chcmgcd in many ways -
by changing thc light source (such ilS from inbndcsccnt_ tó 
fluorescent J;¡mps)." by í!dding Jight'filtcr~ (such_as wcaring s_un 
gl:lsscs). as ,,-d] ;¡~by altning thc mílkcup of thc objcct itself. 
For c.x;¡mplc. to clwngc <~n automobik color from red to blue. 
a diffcrcnt paint pigmcnt' is LÍscd - onc that will -rcOcct b!uc 
ligh1 Wil\'CS whik :tb~orbing othcr co!ors of ligh1 w¡¡,·cs.. But 
colon c.:n1 be ch:mgcd U y !ights. too. I f yo u h:J\'(' n-cr sccn a 
red c;¡r parkcd under a rk<>r m<"rcury strcc1 bmp at night. 
you ,,.¡¡¡ h:l\·c noticcd that thc c<lr w;¡~ c:1~ily mi~t:lk('tl for 
brown in color. for thc ~k-:lr mercury bmp. ""hile \'l.:ry pO\n:r· 
fui in proclucing !ight. · i~ practic¡J!)y cle\'oid of r('d em't"!,')' · 
thcrdorc. 1hcre '''<'IT fcw rcc! light w;t\'t'':> ;l\'ílilablc to rcach 
tlw cye. 

Sinrc light atHI color are such integr¡¡] p:in~ of our C\'crycby • 
· lives. thc ]¡¡mp dcsign cnginé("r is faccd not only ,,·i¡h design· 

ing bmp~ to gi\T !ight to S('C by. but more importantly. he 
must dcsign lamps which simultantously appcar whitc and 
rcndcr n:Jtur.:~lly th<· color í!ppc;¡rance of bmili:tr objt"C'ts. 

By cxplaining thr fundílJ;lcntal principies of light and color. 
'ancl how thcy are manipubtcd· for pr<~ctic;¡] application· in 
schools. business. industry. and tht'· homc.· it is hopcd th<it 
sorne of thc mystery and misundcrstanding _of t~is fascin;¡ting 
scicncc m:~ y be removed. 

·' . ' 
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OF LIGHT 

·_: _:· ___ : .. -- '- ... 

tromagnctic cncrgy is only onc foqn· of cncrgy 
toda\'. Othcr forms are -thcrmaL .chcmical. 

. ato1~ic. clcctrica!. etc. Elcctrom<tgnctic cn-
is··also. rcfcrr_cd 10 as radiant cncrgy bccausc it 
· é>nly ·in' ihc'. íoi:;n· o_f rcpcating ,,·a\'C pat tcrns 
ing in stri1ighi .paths. as rays. in al! dircctions 
ils soure<!. So light. bcing a spccial form of 

·. cncrgy. also IS ca,llcd ''"isiblc radian\ 

:onsidcring that cncrgy cannot be dcstroycd 
changcd "Jrom onc form to anothcr. and con­
ing thc physiological composition and functions 

'''C can no,,· undcrstand th.:tt light is 
from cltctrical encrgy to radian\ clcc­
cncrgy·,,.¡thin a light sourcc. tr;:n:c\s'in 

1<~:h·SP•Cc<j. high-frcqucncy ,,·ave form. and be· 
f'·.,~,~: ;~C<O~Trcs uscfu] to 1113.11 whcn a sufficicnt amount of 

transformcd into chcmical cncq.,"· ,,·ithin thc 
\•''1'<•·.~:&~.;•>:;.;;>:,.,.,,,,, of thc cyc. .. 

! 
('t 

1 i' 
' 

is a \·cry broad spcctrum of radiant. 
. tromagnctic encrgy. of which light is but onc 

.. rrow band. A\1 radiant energy travcls at thc spccd 
'; 3x!08 meter; per second (18G.<Kl0 miles pcr sec· 

in air or in a ,·acuum. :\t onc cnd of thc 
[lspccu·urn are cosmic rays_.. and at thc oppositc end 

elcctrical power \\·aves. Thc indivicluJ.I typcs of 
nt cncrgy are idcn~ifil'd by their p.1rticular 

ifr"arle<os of frequcncies. or numbcr of \\'~1\'C cyclcs pcr 
Thc average ,,.a,·ckngth of thc. shortcst 

'•·.•.·.. . . 
, ltle. [lec1roma~ne;.F,Wj,'t .. ~e·rc·,; and lh~ Quan1um lheory ha•~ bHn pJ>· 

a> po>srbie e•planai<On>.!o~ ~~~ phenomenon o! radranl ener¡1. Whrl~ >c•ena 
neilher lo· da!f. lilE [le;:lrom.!;Mirc Wavf lheor1 pwvrde>: lhf rnosl 

in thc cyc ,,·hich pcrmit vis1on. 
light "\'isiblc cncrgy ... c,·c::n though wc 
thc cncrgy itsclf. 

cyclcs of radiant encrgy known · 
O.OOOlll nanomctcrs. (Onc inch 
25.4 million. nanon1cte'rs: ~\ mi.nomttCr 
thousand-millionth of a meter.) .-\t the · 
of thc known spectrum of electromagnetic 
are electric power waves - with. an 3\'Cra¡:e;:~~'l,yeo.j 
length of almost 5 million meters (31 

The spectrum of radiant energy '·'·~·a~v;e~sQj;~·i,~f~;¡~¡~~! 
light is very narrow 1 ranging from a ,: 
.380 .nanomcters to 760 ·nanoinetcrs.·· 
to 30 millionths of an inch). \\ ""''le<o~< 
or Jonger than these do not stimulaie 
in the eye. Bcyond this range is darkncss. 
the eye may be e:xpos.ed to many othcr ,,.a,· 
of radiant energy: they are not 1 capablc of in.i 
'respQ¡lscs.in thc eye. 

The sun - and electric lamps, are 
sources becausc· they transform energy 
form into the radiant energy 
call light. But' these light sources also 
energy ar wavelengths both shortef and 
light · waves. Cltraviolet. energy -
genn·killing. suntanning, and photc>ch.err1iq'¡ 
erties, has wa\'elcngths shorter than 
and in!rared energy waves (often' referr·ed 
heat ra)') are longcr thap light waves. 
energy." when absorbed. can be tréi.nsf 
heat,. 

•• Some authori\Je~ e1tend the visihle lo 780 nanometers. 
the>e lon¡er wavelen¡lhs is very ctose 10 zero. 
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:\ light sourc~· crnitting r~di<~nt cncrgy rcbti\'cly 
balanccd in al! ,·isiblc ,,.a,'t'kngths .will <tppcar 
whitc to thc cyc. Ho,,-c,·cr. passing a nJJTO''·· bc.am 
'of whilc light throug!1 a prism of transparent mate­
rial \\·il!'· sprcad and separa te thc indi,·idual wavc­
lengths of visible 'encrgy so that the cye can dis­
tinguish bct\\·ccn them - thc n~ulting visual phc­
nomcr)Ol1 is ca!lcd a color spectrum. The normal 
eve will see thrce wide bands of blcnded color -
vÍolct._ gr.~en. and red .. with severa! ·narrower bands 
(bltJe. yellow. and orange) blended between .the 
wider ba:nds. Thc "color blind"' eye_ w~IJ see only ,, 
Representation of a prism bending 
rays of white light. The etfect of 
the prism -is to bend shorter wave· 
lengths more than longer wave· 
lengths -. separat'rng thcm· ·into 
dis tinctiY identifiable bands of 
color. The· colors can be recom· 
bined int6 ·a beam of ·white light 
by ac"curatE}Iy orienting a properly 
designed second prism to in!er· 
cept the ·,dispersed color Jight 
rays. Note that the pr"rsm also rs 
useful for separating infrared and 
ultrBVIOiet rays as. well as visible t rays. 

.00001 nm 
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gr~Hlu:Jtiom of gray. or perhaps sorne of thc colors 
and somc gray -· dcpcnding upon tht extent of 
physiologic¡¡J illlpairmcnt of thc cyc. 

.-\ l<llll]J designcr i~ more cnncl'hlcd \\·ith thc cause 
of thtse w;tvclcngth~ th<lll hr Í!. with thc n<Jmcs ,,.e 
ha\-e gi\"C·n thcn{. J-Io,,·c,Tr. it is vit<Jily imporlant 
thi"lt he kno,,· th<Jt w;J\Tkngths longcr thi"ln 610 
n<tnomctcrs produce th.J.t cffcc~ wr c:d(··rcd"- <1nd 

.' ~ 1 

tho:.c bct\\TCn 4-W <:1nd 500 nanomctrrs are c:-~llrd '·. 
"b]u{" ... and so on. in ordcr to control both thc "'!...; .:. · 
<:tppc:Jr<Jnc~ of light sources thcmsch-cs and thc .. ··. "· 
cffccls light sourc('s h;-¡\'(' on thc appcarancc of 
colors in ~bjcct!. .3round us. 

3100 mi· 

1000. 1500 

WAVELENGTt"f (Nanometers) 
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THE NATURE OF COLOR 7-' 
··<:olor' .i~ ;i. tcrm which dc:-.crifH.'> :111 únholanrr of 
,·isih\c r:l(\i:mi t·.;1<T!:!''····~t:.achin~ tht· cü· from li¡_;ht 
~ourcc.~· :tJ.HI ohicn ..... ··· ... Íill¡·;,·t·I~;IKC bci.ng dcfincd ... ;ts 
;my dn·i:llion frolll ¡jü··a;·na~·rd a¡lwunt ~¡f cnngy :t.t 
a/1 · \\·;¡q·knt.!,th~ ~uch dn·i:ttiom. or imlJ:d:mct• 
co¡n\Jin;Jtiun~. :tn· :ilmo:-1 inc:t kubhk in nurnhn -
\\·hich :1crount;.. for llwrc lwing s(J m:u1\' ·color:-,.· 
or n:tlllC-" .. lo ck:-cribc tht' 'Y:tnou:- 'llll:\C" or 
comlJin<ttion:-. of ,-i~ihk cntTgy. 

\','h/.i CO~.o~· !~. 

.\ i.:o!orvcl ligl11 sourcc r:H!i:ttc~ Jnuch more cnngy at 
so1nc \\·;¡\·l·kngth~ th;lll :11 othcr:.. :tnd <t culorvcl 
o\JjCC'l rcnl'('l." or lr:lll~lllit." ,<.,OillC' \\';1\TJc¡¡gih:-. lllOlT 

rr:tdih· th:tn utlH"r~. In cithcr CZbl". thnr i~ an 
cnng;- iJnh:tl:tJICC. occ:t~ion:dly to thc ¡)()illl ,,·hn(' 
somc ,,·;¡\"(·lcngth.~ <lCtu:tlk ;¡re mi.'-'.'in!.!. in thv mi:x 
th:tt rc:tchc~ ·tlH" cyc. Thm ''T sec \-h~tt color h:ts 
h(l\!t r¡uulilut/;·¡ :111d r¡rw11!ituri;-r char:tneristio. Tlw 
qu:dit:ttÍ\"l' ch:tr:tctcristic:.. rdt-r 10 inform:tlion on 
<t·ltidt ¡¡"(¡;·rlm_r:.th.\ :11-c prc:-.cnt: ,,·hile- tlw qu;mtit:ttÍ\"l' 
rh.;r:tncri:-tir:-. rdn to /11.;,· 11111rh rnn_(l" i~ prcscnt :st 
ro•'~' ,,·;¡q·kngth. TiH' qu:dit:l!Í\"t' ch:tr:tct<Tistic~ :liT 

:1 s¡wciric:ttion of dnt•nm"firilr. zmcl ~re tl'f!llt"cl dl,llti-
1101/l ;,·n, .. rlrn_E:fh ancl ¡nn"ily .. Thc qu:Jntltati\·(· ch:11·· 
:trteri:--tic is ;1. spccific:ttion of lunu.nonrr·- formcrly 
r:tllnl ph,oton_wtric brightncss. 

1 Jontin:tnt-.. \\":1\Tlcnt:th ¡..,.¡}ll" \\·;wch:.:ngth. or color. 
\\"hiel!. (/N•t~l.\ tu be' m"óst. ;¡Jnmd:\111.. llmn'\TL it 
lll..'l'd no! be tlw "·"\·l·!t-ngth v:·Júch is odua!/¡- thc 
.'-o\ ront--:<"-~1 i 11 i ntv;t,it y. :tlt hou,¡_;h bot h ,,.a,-ek.ngth.' 
:ttT \bu:t!ly \-cry tK:tr to c:tc-h otlwr 

Purity m:t)· be dc:-cribccl <t~ thc jHI(O//(:_r.r of color 
\ · . ...:. thc jJ{I(t"llfn_!~J of \".-hite in ;111y culor. 

To dcmonstr~!lc tkn color i:- tlw r6ult of ~n 
i111hr:it.·n(t of \·i:-.ih!c r:tdi:mt cncrgy. comicivt t\,·o 
tlworctic:d ohjccb \1·hicli both rcflcct h:tlf of thc 
li!-!ht from ¡¡ jwrfcctl;: kllanccd \,·hite !i~ht sourcc. 
Om· rcflcct~ ha/( of thc cncn::y :11 all \1-~\Tlcngth:. of 
thc ,-¡~jh]c :-.pccirum - it :tp¡;¿·ar::-. gr:1y :1nd pr~1ducD 
nu rulor scns:ttion hcc:nt~c (f/1 \,·;¡,·dcngth~ are still 
prc:.cnt. thou.!.Jl onl>· ln\1 :1s intcn:-c. Thc othn 
olJjcn rdlcct:-- oll thc cnn.s> in lu.-Z( of tl:c s¡Jt"C­
trum s;\\·. thc :-.hortn \\":t\T]t·tt:..;th:-,. frolll :{~U 

n;tllOlllCtcr:-. 10 :Y/0 n:ttlO!llCtn:-- - hut 11u <'tll"rgy in 
thc olhcr h:df of !ht" s¡wctrum. This ohjcct ,,.¡lJ 
produce a strong color imprt":--sion - hluc. but only 
;1 :-.cconc\:ir\" scn:<ttion th:tt only h:df of tlw light 
SOU1Tl' Clll';·gy Í:- hvin.s rrncctcd. ~O Íl Í:-o :1pp:nTlll 

¡]l;¡¡ color is not ~ n·sult of ;my ch;mgc:;. in \'Olumt· 
of /(1/a/ radi~1nt eJH-rgy. but i~ .:1 IT>Ult of c·nngy 
dcficicncic..:~ a¡ indi\"iclual ,,.a,-ckngths. 

.: 

.\n cxtn·nw ca~c of imh:tbnn· of licht w;J\T~ 
\\·ould lw IIIHÚ•I.¡,,t•mntu !'itu;ttion \\·hcrcii~ onh" onc 
color. or \\-;t\Tkngth <)f ,-¡~¡\llc cncrgy. i~ pr~·scnt. 
Tlw color ¡)('rrci\"cd ,,·ould he of thc purc>t qu~lity 
:;.irtcc no othn .\,·~¡\"(·!cn~th:-. of· cncrgy (color~) <liT 
prc:-:t·nt tc1 diltnc it.<.. purit~·-

lt is 1io\\" ;tpp;¡rcnt 1h01 \\"ithout light thcrc can bC 
no colon. for color:- are simply othcr nanw~ 'to 
ck:-.criht· thc \":triou:-. mixture~ of c\t"ctronwgnniC 
cnt·r~..:,· • \\"hich c.xi~t.<.. onh· in thc tr:tnsicnt ~t:ltc of 
r:tcli:'t{i{·,n . .-\ncl sincl' colo;;-. are ck:-criptions of dy- · 
n:nnic. or l!lO\·ing. phc!10illCI1~. they Clnnot <liso be 
plty~ic:t! l'ru¡H"rtic:-- of st;ttionary Clhjctt:-.. \\"ktt. thcn. 
:11-c color5 in ol.tjrcts? · 

Color.' \1·c se-e· in ohjcct.<., Jrc still thc rcsult of 
w;J\·c~ of r:--~di:lllt cncrg\· thJt rcach thc C\"C' - but 
a.ftn tlwy h:t\T bt-cn n~Jdtfi(d in m:~ny \\·ays,hy C.:lch 
o!Jjcn. 

.\11 physicd objl'cts ha\"c a mocÚfying cffecl on 
li~ht ,,·;l\"C~ - rcducing buth thc :11noun1 c•f tncrgy 
:tnd thc typ·c:- of light w;1\'L'S \v]lich _ _rcach thc C)T 

from thc light sourcc E\-cn thc paniclcs in thc 
c;trth·~ ai!Ho~phcrc. filtcr thc sun·s radiation befare 
it rc:tc!ws our cycs - \\"hich is a parti~d cxpbn~tion 
for ch:mgcs in the colors of tlk sky and clouds at 
SU !lSC'l. 
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~~~~J~~~r :t 
\\'e c:dl ... r;tdi~hn ··rh!:·· kntí.ll\." ycJ]u,,·~·· :t'nd 

pinc tn·c~\.<' GTl:(·n· ~. ~~ Í!l .b<:t. \1.:c h;1\T ;t,~ignt'll· color 
n:llllC~ tóüóftn,lQS.l~ di·n;lhing 'wr come in rontact 
,,.¡ t h in o'fli:!J:j·¡r\:;lr~,;~~-~lj~·~¡-, bn•~t· oh jcrt..:. ap¡ )c1.r to 

be ¡)¡(· ~~~~{'~f)-':~:~~~~~JR(;1~~1Ji•í;\~· (OIJ{]j(:i.q;¡:. Í!-
c:t]Jt.cl ···s:9li:.)(''conS.:'I:anC.y.: ·"':"":.··~·hi,c11 ~Ín1¡dy mc:1m 
th;-¡t thos<'"~~>hjcC'l!- ·cC)n:oi:-tC'nt!y' rdh-í.:t or tr:tnqnit 
!ight ,,-;l\·C~ .. only in ;f p:n·ticul:ir. n;nTo,,· rol<)r r;ttlgt· 

,,·hile ;¡h~o}hing ;tll othcr:.. \\';tt('l h:t:-: no rolor 
C()!b\:IIH'Y ·.·¡H•:CI-~l~t' Ít \\·ji] rl"fkct ;¡ncJ !J';Ill!-liJit a(/ 

lif!lll ,,-;¡~:~"lrr.· hcnc.L~! ;lpp(:tr\ 10 lK "·h:,llt'\'tT color 
i:- domin:úll·in_ ít~ suqm11Hlin_\Z:-. 

Thc two f\u;·:diuncp_tal ":ay~ in "·hich objcct!' and 
mcdiums modif, ... th(· ccdoi\· of· ..Iight h:l\"C" ¡\lrc:lch· 
lwc11 mcniioncd- tr:Jn:-mission .11~d rcOcction. bu.t 
ohjccts ancl mcclium~. usú'¡i!\y .are .l~lrrlii'r in how 
much cncrgy. and at· which ,,·~n-c!cngth~ "thcy will 
tr:tnsmit Or rcfkct light. Thc Sclcctivc Spcctr<~l 
Tran~mi:.siori ·:di:tgr:nn ·(p. 6) sho\\"s ho,,· il f!"l"Ccn 
gbs:. filtcr. \\:ill sclcctivclv <1bsorb all w~l\Tlcng-ths 
~·xccpt grc(·if''ftonf a ligin' bc:m1 passing througl; it. 
so th;tt bÜth.·thc chromaticit\" <1nd lumin:1ncc of thc 
tr;Jnsmittrd·bcam aÍT :tffr~tccl. 

J u~t ho~-. m u eh thc color ancl intcnsitv of thc 
tr:m~mittc,d ·J.ight i~ modificd dc¡xnd:. on tl{c mokc­
td<tr composi.tion of thc m:ltcrials through which 
tht· liglll _lXtsscs. For cx:1mplc. in 's[llll(' colorcd 

· la111ps. coati,pgs of col?rcd pigmcnts,Jnd dycs <~re 
uScd to sdt:~ti\Tly absorb un,,·:l.ntcd ,,·a\·clrngth~ 
or colors ánd trJnsmit thc dcsircd ,,·:-tvclcngths. 1 n 
othcr Gl~C::-. thc gbs~ or mcdium itsclf i5- colorcd to 
achin-e. 1 he ·S<lme dfcrt _. 

\\.hcn light .is c,.---c'nly pl.:1~·cd on a ·diffusc {un­
polishcd:t ~urf<tcc. thc cffcn is th<lt light \\"<!H~ :1rc 
rcflcctcd in all cli'rcctions. but only aftcr thcy h:n't' 
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lH'cn nJodifiul 1)\· tht; ;¡hsorption qu:ditin. of· dw 
~urf:Jcc. Thc r(':.uh ¡.,_·¡]¡;¡¡ thc ·surf:JC<' thcn :q>pt·:tr.~ 
to h:l\T :t color :dl Íl.'- o"·n diffncnt frolll thc 
color of thc li~ln :-;ou-rC<.'. But.-th:tt i~ onh· ht-c:JtJ~t· 
th.e ~urf:1CT h:1~ :Jh'-('rl>cd \·;¡ri<>us alll<JUnts ~f \·ariou<. 
\\"il\'t"kll¡_;th" of spvnr:d· cncrgy. S:tnd:.loJH' i:. ;, 
hi,t.:hly cliffust' lllill('ri;d ,,·i:h rcl:tti\"dy <Ten ·~JH'rtr;!l 
:th-.orption qu;d_itii:--. ht·11n.-:. ir ;q¡JH':Ir:. t<tn in col{Jr 
throu¡.!hou"t ("<T ·-di:q . .:;r:tlll. p. ()). :\ ro:1t of p:tint 
on ;¡n oh_icct ;¡]_,.;<\ h:1" :tn C\Tnly distrihutt·d qu:dity 
of :1h:.orbing. :JJHl thus ,,.¡¡¡_ <Tcnly rcflcct ú·h;¡¡c,·<·r 
co~or~. or ._,,.,t,Tkngth~ of_ cnci·gy. th:1t <IJT not ·.<dJ_. 
sorbed by thc p:tint. 

1 t i~ itnpon:mt to ITÍitT:ttc that :.incc al/ light 
,,·¿t\T~ a1:c modificd in somc \\"ay by al/ phy~ical 
objccts - th~lt thc rolor appc:tr<tncc· of an ohjcct is 
clctcrmincd by thc: mix ;md cnngy of light ,,.;1\·C­
,,·hicb rrmain int:tct to r:t·;¡ch our cycs. Objc_rt:. ha\'l· 
a ch:lr~lctcristic <:olor 'anh- beca use of thc ,,·a\' th<·,­
sckcti\'l·ly rl'flcct or tra;)s,mit or otht:rwisc t~mdif;· 
\':triom. \\·;¡\'cien g t h~ ~lf lig ht. 

.-\:- ~ho,,·n in thc rcOrcwncc ch:trt bclo,\·, buttn 
:tp¡Jt:trs "yr\Jo,,·· hcc.ausc it abs.orbs bluc light ami 
rdlcct:- ¡¡ hi¡;h pcrccntagc of all othc-r c'olor::.. ~I'!:c 
rc-ult;tnt combin:ttiun. or dominan! \\'a\"clt-n~th. ·¡:. 
ydJm,-. Similarly. !c-llucC· rcncns. light \~·ith ,\\";1\'('­

kngths primarily 111 thc :)()() to ()00 ·n~inomctcr 
(grccn) rangc <~nd <tbsorbs most of thc cncrgy at 
othcr \\·a,·ckngth:-. :\ tomJto. thcn. is red only 
bccausc it rcflcct~ radiant ·cncrgy at 610 to /HO 
nanCl!lKters "·hile absorbing most of thc cnng-,· at 
oth<:r ,,·;wclcn~Lhs. k ~ • 

-But ju~t as im¡xl!"l~lnt to tllC'. app:trcm color 'ur 
objcos i~ thc chilractLT of ·li~ht "·:¡,·cs. bcinf! r:t­
di:ncd onto thc ohjcc_t:;'by thc l(r:lr: .í(i/11(! . 
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:(llort'd li~ht !'-(1\lrc<·~ t'lllÍI cncr!-!;'. in ~ckcti\"{· ,,·;¡\'\'· 

·kll)-:th ],;I!Hl..,_ :1tHI ·whftc·· lig·h·t ~ourcc~ ~-:snn:tlly 
t"tnii ctHTgy :11 :di ,.¡..,¡¡,\e ,,.;1\"{'ktl~th:-. But .'-Olllt 

\i~\11' :-uU!TC~ :JCtu:dh· ;!lT ddicicnt. in CJHTL:\ ;¡¡ 

,.;triou.~ ,,-;¡q·kngth~ :11.1d .11ill Clltit ,,·h;¡¡ i~ con:-i~\cn·d 
-,,·hit1·· li~ht (:>e(· ;¡dj;¡ccnt rh:1r1) Tl1i:- cldiri('nn· 

:dÍl'ct" thc pnccption (1! o!Jjt·ct rolur.., {color r'cn­
dition) :11td color dif!nt·nrc~. t,'T:tyiilg sonK co!or:­
,,·!Jil~- innca:-in~ thr rcbti\'{· ,.¡,·idnts~ of othn:.. 

TI -re :ttT ··\\·arm·· sourccs such a:- al\ inc:tndD-
ccnt :nH\ sonH· fluorc!-.ccnt bmp.<-. Thcs{' produce 
whitc lit"lll th:ll tcncb to be strong in thv red. 
OClll~('. or ycllow ,,-;¡,·ckngth...,_ C:on,·crscly. tiH.'I:t. 

;¡re ··rnol' ~ourcc:-. such as clcar nwrrury l<tlllJ>~ and 
oiiH·1: fluorcscl'nt soutTc:. \\'hirh pmducc whitc lisln 
th:11 i:-. qrong in bluc <1ncl grccn. l.ighting ~ :.urbcc 
;lltnn<ttcly \\'ith \\·arn1 ancl roo\ bmps. thcn. \\·iJl 
produce ;¡n app~n·nt ch~tngc in IIH' pncci\'cd color 
of that surf:tcc. dcspitc the bct th:tt in both e<tscs. 
:-o-c:!lkd 'dlitc sourcc~ are uscd. Thi~ dfcct is most 
pronounccd if thc changcs are r~tpicl. ;md thc ob­
~n,·n cloc~ 1101 h~H· time to adapt tu thc diff<Tcncc 
in ,,·hitcncss. 
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Scnnt· light ~ourrc~. of CCJur<c. are· dcliht-r:llch-
lll:tclc ,,.¡,¡; only O!H' color Jli'·(·domin:.tnt.· \(1 <tchit·,-~. 
:1 sp('rifír:dly dt':'Írl'cl dft-r\. For t:~:tJÚ_Í>k·. if ;¡ ,,·:dl 
th:1t a¡lpc:tl'.'- ,,·hitl' _undcr ;1 "·hiic-ligln i.-. lí~h1nl 

,,-j¡h :1 light ~OtU"Cl' tk11 i~--¡~rl'cÍomi'n:;ntly rccL ~he 
,,·;d\ ,,.¡Jl o¡•p(al t(J he· red h_cC<llL"C ¡,tf~r· ·red \\'Zt\T· 

lcn¡.:th~ of ,-i:-ihk .(·nn¡;y ari: p{c:--t·nt -_to IH: rcncctcd 
!ron¡ thc w:dl \0\\-;trd thc oh:-.cr\'tT·~ C\T. lf"tllC' s:JilH' 

\\·hite \,·~¡]\ i:-. lightccl \,·ith grccn !igh.t. thc .wal\ \,.¡¡¡ 
:1 ¡ 1pc:1 r grt'('ll. 

.-\¡:;, \\'C h.:l\'(· sccn with thr \0!11.110 cx:tmplc. light­
ing .:1 red surbrc \\·ith ;1 .. \,·hite" light sourcc \,·i]\ 
mak{' thc :.urfacc appcar n·d - bc:causc only rc:d 
w;l\'cknsth.-. of light an; rcflcncd tO\\'ard thc ob­
scn·cr"s tyc ;¡\l otl1{;r ,,·;¡\Tlcngths are ab:.orbcd. 
l lowc\"C'f. ·if thc s~nnc tomato i~ lightcd with a grccn 
light. it ,,.¡¡¡ appc~r much chrkcr ancl ~scntizdly 

colórlcs:;. (hrm,·nish 'gr<1y) b<~GIU~c thcrc is tittlt rrd 

rnng¡ 111 thc g1rn1 !ighr to br rdlc-ctccL Thr 
important point is t!1a1 rcgarcllcss of thc charartcr­
istics of a surfacc finish. thc cyc cannot scc colors 
from it that are not containcd in thc sourcc of 
illumination. 

WAVELENGTH (Nanometers) 

THE PSVCHOLOGV OF COLOR 
L'p to this point -\\'t· ·J,:.,-c trc~tccl color in thc 

n·rnacular of thc ilfUmin:nins cnginc<.:r or physi­
rist. Thc 'cldinition gi\'t:ll \\·o.:.: ··c:olor·· is a t<.:rm 
\\ hich describe:. an imb;tl;tJKC' of \"isiblc radiant 
rncrgy rl';lching thc cyc from light sourccs· and 
ohjccts .. \nd this clcfinition i~ truc - J.s f.1r n.'. it 
goc~. But considn this cldinition "Color ... i:- a 
conccpt or hum;1n intvrprct:nion of thc neural 

impulse-. tr<~nsmittcd to thc br~1in frc1m thc norm.::tl 
cyc whcn it is stimul:11ccl by ,-arious imb;li~'lncc:s of 

- ,·i;-.ihlr r;,cJiant cncrbr:-·. This \at1cr dcfinition is not 
mor<" truc - it is just more complete - bccausc il 
cncomp:1sses all thrcc scicnccs -involv<:d: physics. 
physiology. ancl psychology. Par.1phrascd. color is a 
conccpt rcsulting from thc intcrZ~ction of light sourcc. 
objcct. {'~T. ¡¡nd brain. · 

'. 
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COLOR PERCEPTION 

. -~ ·'' ...... . ' · . .., 

Thc pn1Cl"~~ ;¡nd tJH"ch;¡ni:-m" by ,,·hirh thr br:1in. 
"pcrrciq:-.· color. or ;¡ny othcr conccpt. i~ not 

,·ct fulh· cldinc{l. !Jut !-cicncc :t"nd tcrhnolo~\" ;m· 
Íxing c~ntinu:dk ;!th·;mrcd to\,·;¡rd th:tt cnd.· Pn· 
h:q);· ~omccby ,,.¡. \\"ill undn:-t:tnd how \\"t" think -
··color" - lnll for thc momcnt wc are cotú·crn(~d 
with ,,·h:ll i~ alrc:1d\· c:-t:d>lishccl kno\\"lcd~c in thc 
fiel el of ligh( and c¿lc;:-.·,, .. ::(·.-,.~:·:, · ' 

Thc aclj:1cciit illttqr::.t.ion ·dcmonstratcs thrit tlw 
more roJJP)ktc dcfi·nition of colot~ a:- a conccpt is. 
accu~ZJ.tc ,~·hcn ''T considn tklt color d<X'S not 
c:-;ist inclcpc;1~lcnt of norm.:d. color. \'ision. :\~ prc· 
,·iou!--h· mcntionrd. thr tot:dly culor:blinrl prrson 
ctnnut distinguish bnwccn v:trious ;ca;·rlm.~fh., of.­
light - he can only diqinguish bct\\'('fll \:;trious 
omoJII/(.1 uf light. To him thnr is no '"color"" 
C\Tn·thing is cithrr black or ,,·hite or sh;tdcs of 
gray·~ in 1)('twccn. :'\Io~t important is thc fact that 
thc physic41l light wa\T5 rcrcivcd by both a color­
blind pnson - and by a ¡xr5on with norm.1l color 
\"JS!Oil. ·aJT not cJl;JJlgcd by thc rondi!ion of thc 
rccq.ltOJ:. in thc cycs of cithcr pcrson. Only thr 
u·ncrjlf (pcrccption or intcrprct;ltion) of wh:tt·is srcn 
by r.1Ch person i5 rh<1ngcd. Tllcrcforc. red. or any 
othcr color .. is c:-;clusi,·cly thc mental (1!11((/Jf rl~Ult· 
ing from thc brain's intcrpn·¡ZJ.tion of spcci;d '"isual 
stimuli. 

COLOR ASSOCIATIONS 

:'\ow th~l.'l wc ha\T brought color into thC rcalm of 
thc abstract.c~nccpt. jt immcdiatcly becomcs a part 
of \\·hat '.'T think,about, nTrything clsc ..: objects. 
situatibns. attitucle~:··¡úOó~i:,::··::c:l\"ironmcntal condi­
tions. ·etc. Color is tincoilscioush·. assimilatcd into 
z¡JJ our imprc-ssions:·:9r. c:'o'I1ccpts bc~<1U5C our rycs are 
comtantJ~, supplying our brain. wid1 color infor. 
m;llion ,,·hich is atllomJtically associ<1.ted ,,·ith all 
othcr inform;1tion on any gi,Tn subjcct or sitwnion. 

Pcrh:1p:- more than any othcr sii1gk clrn1cnt in 
drsign.' proplc's rcaCiions to color affcn thcir ind.i­
'"idu;d prcfcrcnccs. But. somc color re;1niom are 
UllÍ\Trs;d. (:crtain CO]Ors. for {':\~1111pic-. are (ISSOCÍ­
atcd \,·ith cert~1in moods. Reds.· orZ!nC:D. ;1nd \TI· 
lo,\·s. ;trc general!~· acceptcd as stim~Jl;ning \,·hile 
bh1r. bluc·,·iokt. and Yiolrt are comiclcrcd the 
lcast c:-;citing. 

Pcoph:'s rc<Jctions 10 thc color~ a~~oeiJtcd with 
matcrials do not ah,·ays cot:rcsponcl to thcir rr· 
::trtion:.: 10 thc SJ!lll' colors assoriatcd \\·ith light. 
.\:.: a ckmonstration. thc grcen in foliagc is gen· 
nally accc-ptcd as rdrcshing. cool. and undisturb· 
ing. so prople han: come to think of trcc-s ancl 
shrubs as some,,·l\at neutral or quiesccnt in dfrct: 
hcncc·. grecn background matcrials in man·m<~dc 

objccts are psychologically rcstful. But grccn in <1 

light sourcc is unnatural; and uscd alonc. ten~ to 
produce a macabrc or sinistcr cffcct. 

\\"hcrT thc ··propn"" .<lppcaranrc of ¡wopk ~~ 
im¡_JClrt;tnl. therc 1.~ ;~lstrong· uncnnsciou!- prdncncc 
[or "·hite ligh( souJT("!-> ,,·hich are rich in red li~ht: 

thcse btnp!-- ~ hcli) imp:1rt a 'hcalthy. ruddy or t<ll1.ncd 
. imprc-s~ion of ·tJw skiil :lnd· n.lttrr thr complcxion. 
Thne ;tl~o <tiT ii1dicatiÜns th;·n. pcop!t- ¡Jrd~T ,,·;mn 

· ·!ic:ht in arci1~ whrrC"lowcr lcvcls of illumin:Hic)n an: 
;,;,._oh'ccl. \\"hile roo] light 5c-cms to be tüorr acrcpt­
ablc for highcr JcycJs. 

\\"hcr~ 'stron¡::cr. more sZ~turatc~l colorS are in· 
volved. pcoplc'"' gcnn<tlly· agrcc that \\"arm color.. 
;1ppcar to .ackancc. ,,·hile cool color~ rccrdr <1nd 
hclp ?upport a fccling of spaciou!!nrss. In a morr 
subtlc ~cnsc. changn. in the color of light appcar to 
alter.thc moocb of <1 sp¡1cc- -· thc imprcssiom <t~w­
ciatcd _,,·ith ,,·arm sunligh1 ;¡nd cOol sh;H\m,·s: thc 
pinb ¡-¡nd purplcs of a· stn1sct: thr simibr rcstful 
qu¡ditics of !he interior of a cathrdral ,,·hnc lit:ht is 
tintrd hy st:lincd gl;ts5 ,,·inclo,,·s: thc gJudy. o,·rr­
stimul;ning cffccts of r;1pidly moving. colorcd car· 
niv;d light~. Pcoplc im·:1ri;ddy ft-cl thc p~ychologiral 
imp:1r1.of light and color ,,·ithom C\Tr rc.1lizing th;H 
thcy do - or nTn a·n:tlyzing thc· re asan~ [or assori· 
:niti.S color!- with moods: 

': 

'·'lt's red! Ño, it's dark! 
"lt 1s not - it's biight red! Nope -· medí u m dark!" 

Color ls A Concept That Does Not Exist lnde­
pendent O! Normal Color Vision. 

9 
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COLOR VISION 
EYE FUNCTIONS 

Thc di;i~ram \,cJo,,· brícfly sun1m;trizc:- thc ingrc­
dicnt~ in thc prc.xc:.~ of sccing !ight ami color .. \~ 
\\T h:t\T ::;lTn in thc prcccding p;tgc:;. it i~ ;1 com· 
plo.: proccss im·oh-in~ physic:.. p:-;yrholos'Y· cn~l· 
nccnng. phowmctry. cte. - and 110\\' ,,·e come to 
thc c~T it:-;clf - physiology. 

Thcrc are m:tny tht"oric:- to'cx¡j\:Jtn thc pht'nomcnon 
of color \'i~ion. Thc mos~ casily UJ~ckrstooct 1s 
Young·!- thrcr-romponcnt thcory ,,·hich assumc!' 
thrcc kind~ of light scn~itivc ckmrnts (eones).,. cach 
rcrcptin· to one~ of thc prin~ary cOlon of light -·¡m 
o.:trcnw spcnrum _red. ¡m (Xt!Tnlc spcctrum ,·iolct 

\ 

GENERATORS­
TRANSMITTERS 

(LIGHT SOURCES) 

' 
• 

SEEING LIGHT ANO COLOR 

MODIFIERS ANO RHRANSMITTERS 

·(SECONDARY LIGHT SOURCES) 

111 
111 
111 

SUN. DISCHARGE LAMPS. 
FLUORESCENT LAMPS, 

INCANOESCENT LAMPS. 
O?EN FLAMES. ETC. 

ATMOSPHERE. Al R. WATER. PLANETS, LENSES, 
WINDOWS. TREES- ALL NATURAL OR 

MANUFACTURED OBJE.CTS WHICH MODIFY 
LIGHT WAI'ES BEFORE TH[Y R[ACH 1 HE ElE. 

HOW THE EYE WORKS 

Liqht vvaves enter .the.ev·e úlrouor. :h~ 
e o~, ne a V\"h i eh ro u 9 h 1 y·-· j oc ú"S e~s-. i h-~­
pa!\ern of waves a·n · the foveal pit 
in the ret1na The Waves .. are ·r~·ne­
focuseC as thev pass through "the ·lens. 
The 1ris acts as a diaphragm which 
expands~or_ ~ontracts-tt~e pul?il lop~n­
lng 1n the rrrs to the lensl. controlllng 
the amount of l1ght that is permitted 
toen ter the eve. 

The rods and eones are the ultimate 
· receivt>rs tor individual parts of the 

1mage. They transform the received 
optical image pattern from radiant 
energJ-' intO chemical energy which 
energ1zes millions of nerve endings. 
The optical pattern then becomes a 
series of electrical impulses traveling 
within a very special group of nerves 
wh1ch connect to the optic nerve. The 
optic nerves Urom both eyesl cOmbine 
and transmit the selective impulses 
to the brain where they are interpreted 

LID ~ 

VERTICAL CROSS SECTION 
OF THE EYE 

RECEIVERS­
ENCODERS 

<EYESJ 

CORNEA. 
IRIS. LENS. 

RODS & CON ES. 
OPTIC N[RVES 

DECODER­
INTERPRETER 

(8RAIN) 

ANALYSIS. 
IDENTIFICATION 
ASSOCIATION 
PERCEPTION 

SYNAPSES. RODS .. 

~---©·.·=-.' 
. ~-· -v-~=== \ ~~;.,-,._ -=== 

1 OPTIC NfRVE - "~ ·: · 
\ , FIBERS BIPOLAR'CELLS 

1 _-.. 
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:tnd ;111 im:q..:JJury f:rccn (~ct· :Jdj:IC("Il\ !-Cn ..... iti\'ity 

ch<1rt ). 

Thc conc~ 111 c¡1rh C\T lltlllllH'f :tbout ~c\Tll 
· milli"on. Th('y .:u-c lor:~tni' primari!y· in thr C('nlr:d 
pon ion of thc rnin:1 r·allcd thC' fo,·ca. · Jnd are 
hislll"y scnsiti\"e to color. Pcoplc can rcsoh-C" fine 
dct.1ils ,,·ith 1hcsc eones l:ugch· bC"c<tusc r;lCh onc 
is connccted lo its· 0\\"11 nc~n·' cnd. \lusclcs con­
trolling the cyc ;¡h,·:~ys rotJtc the cycb;d] untilthc 
im<Jgc of thc objcct of our intcrl'St falls on thc 
fo\'C<l. Conc \'ision is kno,,·n as photopic or d.:ty· 
time \"ision. 

Othn ligln rcccptors. calkcl rack are also prcs-

,_ 
f­

> 
f­
(f) 

z 
w 
<f) 

BLUE 
RECEPTOR 

CULO k DlF IC 1 U~CI ES 

Thc .tot:dly colür·l,_l_ind ¡wr:-.on ctnnot diqint:ui-...h 
!J("I\.,}('n r(Jl(!r ;!nd ·q11;1nlity hn:;¡u,t· tlw (OlH' ;11T 

cithn ,p:trri:dly or to1;dly irnp;¡j¡:{'(l- only tlw rod~ 
:·liT funrtionin¡.;. Thi~ pn ..... ol~·s cy<~ are only \rn<..iti,·t· 
to h11ni_n:tncc: or quantit~-- of li~ht. :\s <1 r<'~ttlt. li~ht 
~mtrct·~ :1pp(':n· :1~ "hr:ighlcr or dimnwr ... :m<l oiJ· 
jcrt:- :1p¡w:sr a:- "!ightci· or ditrkc!". ·-· 

:\ tot.:llly color-blind ¡~cr~on h:1s (ull apprcci;stion 
of his surroundings - but in \'alucs of b'1·.íys,. much 
as ;¡ person \\·ith norm:1l color \'ision has full ;rp· 
prcci:uion of <1 color T\' pro~r:m1 which is \"it'''Td 
on a black and ,,·hitc-T\'.sct. 

Relative spectral res· 
· ponse function of the 

cene mechanisms as 
postulated ·m Young· s 
theory. Absolute serl­
sitivities ol the thrt:c 
receptor peaks are 
not necessarily equal. 

WAVELENGTH (Nanometers) 

cnt in the cyc -. but thcy Jrc not in,·oived in 
color "ision. Rods serve to gi\'C a general. 0\·crall 
picturc of thc fic!d of \'icw, and are rcccpti,·e only 
tO thc quarltity of light \\'3\'es entering thc eye. 
Sc"c-ral rods are connectcd lo a single ncr\'C cnd: 
thus thc\' cannm rc~oh·c fine dct<Jil. Rocb are 
scnsiti\'c .to Jo,,· lc"cls of illumination and cn<tble 
thc cyc to ser at night or undcr extremcly low 
lighting conditiom. Thcrcforc. objccts \\"hich appC"ar 
brightly colored in daylight \\'hC'n sccn by thc 
color-sensiti\'C eones appcar only as colorlcss forms 
b\' moonlight Uec:wsc onl\' thc rod~ are stimubtcd. 
Thi~ ¡~ kno~~n1 a~ scotopic ~r night ,.¡~ion. 

DAi'-NIGHTV)Si(m 

.-\s thc acljaccnt sp¡:c·ir:l! s.cnsiti,·ity cuf\·c:, sho\\', thc 
cyc is not cqu.:dly scnsiti'T to al! wa,·clcngths. 1 n 
dim light particula"rly, thrrc i:, a dcfinitc shift in 
thc apparcnt brightness of diffcrcnt colors. Thi:, ,,·as 

_disco,·crcd by Johanncs·,·on Pu:kinjc. \\'hile ,,·alking 
'in thc ficlds at dawn ont day. von Purkinjc ob· 
scrvcd dlRt blue flm,·crs appcarcd brightcr than red. 
,,·hile in full daylight the red flowers ''-ere brighter 
than thc blue. This is now called thc Purkinjc 
cffcct and is particularly important in photomctry -
thc mcasurcmcnt of light. · 

The most promincnt type of color dcficicncy is 
kno,,·n a~ Dcutcr~momaly - or rcd-grccn blinclncss. 
whcrcin thc pcrson" sCes ycllows ancj blu~ norm;dly. 
but has trouhlc diffcrcnti~ting rcds and grccns. Only 
:-~bout fi,·c pnc<·nt of thc malc popul:11ion h:-~::- this 
dcficil'ncy. ~lnc! only O.:{H pcrccnt of thc fcir¡¡¡Jcs. 
,-\n l'\Til sm:tllcr nurnbn of p('oplc- 0.003 prrrcnt 
males and 0.001 pcrccnt kmalcs. are tOtJII~· color 
blind. 
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VISUAL ILLUSIONS 

":\ow vou src it- 'now vou don't." Th(' old ma­
gici<tn's' linc about slcight.·of-hand trick.~.. is pcrhaps 
more applicabk to tricks. our cyc- play on ·us \\'Íth 
colors- in riiffcrc·¡)t ·=arranr:("ml .. nts. undcr cliffcrcnt 

.·:·"":.':··· ·.: .·. 

lighting. at diffcrcnt distanccs. To gct thr stronge:;t 
visu;tl rc;1rtiorÍ.'-. CO\Tr a!J othcr illustration!' on thcsC' 
pagc-. \,·hcn studying C<tch illusion. 

COLOR RECEPTIOI\' DEFIC.:IENCIES. Non-func­
tioning eones in the eyeS of wtally color­
blind persons result in rod vis-1on ·anly -
whereby everything is perceived in blacks, 
gravs. and whites (right hall of i!!ustration) 
instead of in colors (lefl hall ol illustrationl. 
The values in the grays al the illustration 
match the combined chroma and values in 
the colors. 

í' ( q¡¡ 11 11 
1 1 1 

' IIJJ
1 ~ 11 .... _ --- -, 

DISAPPEARING SPOTS. Stare at the color 
blocks and dahcing spots wil! appear where 
"the corners meet. But trv to look at one of 
the spots and it fades av·,·ay. What shape are 
the spotsJ Squares. circles. four·pointed stars? 

CHAMELEON EFFECT. Colors of medium val u e 
and chroma will appear to change ·¡n the 
direction al !ighter. brighter colors - or darker, 
duller colors surrounding it. The blue bars in 
this illustration are al! printed with exactly. 
the same color of ink - but they appear 
lighter next to yellow, and darker next to 
black. 

_ DAY-NIGHT VISION. Under good lighting con­
ditions the red flower wi!l appear brighter than 
the· blue·. lf viewed for five to ten minutes in 
very di m light though, the red flov\·er w'lll al· 
most disaooear while t/":e blue flower will 
stand out as a light 'gray.' (Look one or two 
inches asid e from the · blue .flower _to see it 
more clearly since the rods (used for scotopic, 
or night vision} in the eye are most numerous 
in the retina jusi outside the foveal pit.) 

1 

.. 



AODITIVE SPATIAL FUSION. l"he green dot 
patttrn in the shape ol the uri_ited States will 
merge into a so lid gra¡: \tvhen. viewéd from a 
distance ol 6 to 8 ieet.. At-that distance. lile 
éye .. car'\ .. no longer dis'tinguish individua! co!ors 
('{eUpw:.and,:v•:.7t'r1~:.:~;~d the p~enom~non pro: 
du~ed is ··gray:··: Tt1is· same phenornenon is 
u sed in alf ·ti-;,hographÍC"printing in this book. 

COMPLEMENTARY AFTERIMAGE. To see red 
and white fireworks in a blue-violet sky. 
sta~e tor 30 seconcis at the blac\.. dot ju$; 
betow ceme1 .:_ th8n look at the blac~. dot 

·ir:· -th~ white; space below: Prolonged con­
ú~·ntrat.ion·or·1··,:;;"r'·/.éCIOrs v .. ,~¡¡¡ reduce eye sen­
snivity w thenY, and th(: reverse. or comple· 
mentary . COiOfs. ·reñ-ia1n10g Unafiected. will 
domínate the alterimage lnr a briel period 
until balance is restOred 

11-. 

ADVANCING ANO RECEDING COLORS. Warm 
colors and light grays appear to advance 
toward the eye while cool colors and dark 
grays appear to recede. Since this phenome­
non is related to day-.níght vision, both ovals 
in this illustration will apP:ear as mounds when 
view8d lar. 5 lO 1 O minuies in very di m light. 

• 
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COLORIMETRV 
Colorimrtty is thc ~cirncc of mc41suring and systcm­
aticJ!Iy clcsignating colors. It is .111 importan! sri-

. encr. sinrr prc·cisc systcms of . color mcasurcmcnt 
are lTguircd to idcntify. duplicatc. ¡¡ncJ standardizc 
the thous;1nds of color- in· use toci<Jy - ancl many" 
u:.dul systrm!-- havc bccn sct up to organizc and 
specify t!lt'sc. colors. But bdorc any of thc systcn1." 
r:1n be dcscribcd. it Í!-- csscntial to undcrstand thc 
rcbtionship which c.xists bct\\'CCn thr primary colors 
of light ;md thc primary color:- of pigmcnts. 

Pf'lr1IARY AND SECo'ND.ARY COLORS 

Thc primary colors of light (red. grccn and bluc) 
c:1n be adckd to produce thc sccond¡¡ry colors of 
light - m:1gcnta (red plus blue). ry;m (grccn plus 
bluc). and yrJlm,· (red plm grccn). Thus, thc colors 
of light are callcd "aclditivt ... :\ sccondary color of 
light ... mixcd in thc. !-i'g.ht. prc¡.:-crtim:s· \\·ith its oppo­
sitc primary wilJ. produce \\·hite ¡;ght. For examplc. 
a mixture of yclJm,· a~d·· biue ligllt ·\\·ill rcsult in 
\,·hite light. Thus, ycllo\,. and blUr are complemen· 
tary colors of light - as are cyan and red. and 
nKtgc:nw and grcen. 

1;2-

In pi!;ments or rolorants, howcver, a prinKtry 
color is dcfintd. as onc that súbtr<tct's or absorbs a 
prim;üy color of, light and rcflcets or transmits thc 
othn t\,·o. So thc primary colors in pigmcnt:-: (somc· 

·times ca!lcd suhtrac-tÍ\'C' prim<1rics) are magenta. 
cyan. and ycllow - thc sc~ondary colors of liglu. 

This subtr<sctive nature of pigmcnts is ('<JSily 
dcn!onstr3ted by pbcing mag<:nt<L ey~n. and ycl· 
lo\,. pigmcnt filtcrs ovcr a sourcc of whitC:· liglu 
(scc acljaccnt illustration). E.1ch of thr pigment 
filtcrs absorbs or suhtracts onc of thc primary 
colors from thc light. \\'hcrc (\\'O .. fihcrs overlap. onc 
of the primarics of light is transmitted. For e.x-

. amplr, the ycllo\,_._Jiltcr absorps bl.ue (transmitting 
red and grcen) and thc magenta filter absorbs 
grccn (tr<tJ1.<;mitting red and bluc). Togethcr, thc 
fi!ters transmit only red - having. in cffcct, sub­
tracted thc other two prirnary eolors from the 
whitc light. \\'herc thc three pigment filters are 
superimposcd at thc cerner. al! light is. absorbed. 
Complcmcntary pigmcnt colors are thc s.1mc as 
thosc in light - yellO\\' and bluc. cyan and red. 
magcnta ~md b'TCcn. 

Color telcvision rcception is an cxample of the 
"additivc" ·nature of light colors. On thc interior 
facc of thc picturc tube is applicd appf-oximatcly 
100,000 triangular dot pattcrns of clectron·sensitivc 
phosphors - each triad consisting of onc phosphor 
dot cach that \,·jlJ radiate red light, blue lighr, and 
grecn light. rcspcctivcly. In opcration. all red­
crnitting phospl)or dots .in all triads -are stimulatcd 
by elecuon pulse:. from an elcctron gun insidc the 
picturc tube which gcneratcs "red" pulses corrc·s­
ponding to "red" enerb'Y setn by the T\' camera. 
Bluc and grecn elcctron guns· insidc · the pie tu re 
tubc s~imulate the bluc and g¡:een_ triad phosphors 
in thc same manner. 

Thc effect. ,.¡e,,·ed on. the -home color T\' re­
cci,·er, is that th~ thrcc prim.ary colors from thc 
phosphors are ''a?ded··· togcthcr and r('ceived by 
thc color sensitive eones in thc c\·c. and a full 
color in{age is pcrceivcd. Thirty s~cccssivc image 
changcs pcr sccond. - in a JI thrcc colors. complete 
thc.rnotion illusion in color tclc\'ision. 

THr COLOR TRIA.NGLE 

Although blaek and whitc pigments are not con· 
sidcred true c_olois. their addition tO colorcd pig­
ments produce tints, shades, and tones. Thc ad­
jacent diagram illustrates ~he triangular relation­
ship in,·olved here - that adding black to a pig­
ment color produces a shade, whcreas adding white 
produces a tint. \\'hen gray_ (a mixture of black 
and white pigments) is added to a color pigment, 
a ton.e is produced. 
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~OLOR 
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THE COLOR TRIANGLE 

OSTWALD SYSTEM 

The ÜSh'llald notation for 
"pale blue" would be 1 5 
c.a. The fil~een denmes 
the basic color vivid blue. 
the "e" denotes the per· 
centage o! white, and the 
"a" denotes the percent· 
age o! blaci<.. 

WHITE.' 

BLACK 

!3-
·:• 

OSTV:HD COLO~ SYSTEM 

Simibr in ·arrangcp1rnt lO thr,Color Tritú1gk is thc 
O:.t,\·ald Cüloi 'Systcm which arrange:; kttcrcd color 
chips in triangleS. and describes thrm in tcrms of 
purity. \\·hitcncss. · and blackncss (adjacenl e han 
printtd \\·ith prrmission of Conwincr Corporation 
of .-\mcrica). Thc purcst colors (or hues) contain no 
\\·hite or black pig;nents. The systcm as originally 

. publishcd di\'idcd t_hc · spectrum of colors into 24 
basic numbcrcd hucs with 28 variations of each in 
lightncss or darkncss (tints, shadcs, and tone;). 

MUNSELL COLOR SYSTEM 

Thc ~tunscll systcrTI o( Color notation is based on a 
theorctical salid form - much like an .irregular 
globe. Thc vertical axis is. graduated into nme 
shodcs of gray'- with black at the bottom as zcro, 
and ·whitc at thc top as ten (sce adjacent illus· 
tration. printed h"ith permission of thc ?\1urucll 
Color Company). Tbe colors of thc spectrum. are 
divided into 20 basic hucs v.·hich are rcprcscnted 
as vertical pie seCtions of the salid with, their purcst 
colors loc~ltcd around thc pcrimncr, or cquator. 
Thc ~lunscll system also. uses a set of coded, 
standardizcd color chips for each color. Variables 
in the \lunScll system are hue, valuc, and chroma. 

Hur is thc .cJassification of a color by which the 
cyr set~ it as. rc·d. blur. ·grren, ycllow. cte. :\ 
~lunscll huc is designatcd by a sihglc lc~tcr - R for 
red. G for· Creen.· or pairs o[ letters, such as YG, 
for yellow·grc~n. 

Valur (similar to the gray scale in the Ostwald 
System) indica tes lightness Or darkness of a co.JQr on 
a sea le ranging from. O for black to 10 for white .. 
Thus. a color can be dark or light red, indicaÚng a 
position in a light·to·dark scale. {!\lunsell \'alue 
is approximately equal to the square root of the 
pcrcent reflcctancc ~f thc color.) 

Chroma indicates the purity or saturation of the 
color, or converscly, its freedom from dilution. 
C:hroma is indicated by a number preceded by a 
slant linr. follo,,·ing the .. ;al u e notation. 

:· p , ... :· . MUNSELL SYSTEM 
~ í ~ : . 

n 

Form of the Munsell 
color· sol id showing 
color notation scales for 
hue, value, and chroma 
and a sample color hue 
chart. A very greyed 
(lO\\' value) yellow would 
be identified by the no· 
tation 5Y 3/2. 
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ISCC-r\E:S COL()R SYSTEr,·, 1¡-
The Intcr-SocictY Color Co~ncil - :\'cniOnal Burc;:~u 
~f St.:Jndards. (ISCC-:'\BS} ha~ standarizcd ;¿(;¡ 
n:1lllts for dcscribing thc colors of paint. Each 
mmJC is_ n1atcht:d to a color chip. with thc bound­
arics of cach namc fixcd ,.,·ith limits dcfincd in thc· 
\lunscll color notation systcm. 

WH:ll 

LIG"l 
Oi'.> 
i~ (¡f':.t.Y 
~e 
e 

V:,.. 
MEDIUW =< 
GliA~ ~" =·.: 

" 

7 

~> or.=-• ~-~ 
C~"'P . -

~ 

." 
< 

6~A~~ -
~ 
-

/o /¡ 

PAU 
PI N" 

G"~"-
iS ... 

PINr. 

LIGHl 

····· 

liGHi 
PiNt.. 

•; ', 

MODE~'I.TE 
PI NI\ 

Dt..RI\ 
GR.t.YJSH p¡¡;" 

RED 

GRAYISH 
~[D 

o:.;;._ 
GRI.I-

151-l 
RED 

/¡ 

'. 

:·~-:.;. -~---~~ .. 
RED RANGE 

STRONG 
YlLLOW:Sh 

PI N" 

DEEP 
Pll\'r. 

,.l l. ·". ,, •. Rt(J. 

· .. · 

>'ERY 
OHP 

'" 

· .. 

VIVID 
Y(LLOWISI"i 

PI NK 

O((P 
YEllOWISH 

PI N" 

VIVID 
RED 

ISCC-NBS STANDARD HUf NAMES ANO ABBREVIATIONS 

No me Abbre-
No me Abb•e· 

vi~;~!ion vio!ion 

--------- ---·------· ---------· ------
"d .. ru•piP p 

·~ddi~h Nonge ,o tt>ddi~h purpiP ,p 

"' ~"'9l' o p~Jrpli¡h "d pR 
. orongt' yt-llow OY pvrplish pin~ pPk 

yPIIow y pin~ " 9'f'E'Milh ypllow gY y.,llowi¡h pin k y.Pk 

y ello'"' g•N·n YG browni1h pink brPk 

~t'llowid-, grepn yG browni1h oronge b,o 
green G reddi1h brown ,., 
bfui1h gtE-E'/'1 bG brown 

., 
greenis~ blve gB yellowi¡h b'own· ,., 
blvt> • olive bro,.._n 016r 

purpliül blve pB olive 01 

"iole! V olivp green OIG 

.-\dditional adverbs: and adjectives are uscd in 
combination with the above huc names to com­
plctcly idcntify thc 2ó7 basic color chips in thc 
systcm. Thc additional modificrs are: 

Light \'cry 
\kclium Grayish 
Dark ~lodcratc 
Dccp Palc. 

Strong 
Vivid 
Rrilliam 

Thc adjacent char~ il!ustratcs the application of the 
I SCC-:'\BS color dt~·sign~1tion sy~tem as applied to 
thc \tunscll notatiü'n for Re-d· ranging from 4R 
tu GR. 

' ·,. 
C. l. E. COLOR SYSTEM 

The C.l.E. Color systcm \\·as dc,·iscd and adoptcd 
by tht C.I .E. (Commission lntcrnation.:dc de 
l'Eclairagc - the lnternationJI C:ommission on Il­
lumination)· in 1931 and has sincc becomc an inter­
nZ~tional standard for measuring. dcsignating. and 
matching colors. 

In thc C.l.E. systcm. thc rcbti\'C pcrcCntagcs of 
cach of thc thcoretical primary colors (red. grcen. 
bluc) of a color to be idcnti.fied· are mathematically 
ckri\'C·d. thcn plottcd on a Chromaticity Diagramas 
onc chromaticity point. . From the chrom.:-tticity 
point. thc dominant wa,-clcngth <tnd purity can bC' 
dctcrmincd . .-\11 possiblc colo~ may be dcsignatcd 
on thc Chromaticity Diagram, whcther thcy are 
emittcd. transmittcd, or rcncctcd. Thus, thc C.I.E. 

• 
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s\·~tclll m;¡,· he nxJrdi(:·;:;cc\· \\·iih ·_;111 nth_n color~~ \\.l~t·n !lw rlnpnl."lticity C1lordin:ltc ,·;Jiu¡;.. for \ 
doi¡.:.ll:Jtiotl.SY!-ll'lll!-. :·: ;1nd . ~: :1rt' pl(Jttn! t1JJ lill· C:.l.L C:hroJn:1tirity 

To spcrify thc chrom:11icity .of J color hy thc 
(:.J.E. !-yqctll. Íl Ís first JÜTCS!-o:try ·¡o ll)C;±SU!'t' tlH· 
color·!-. spcct rophotomct ric v;d tH·:- ( rcOrcw ncT. cmit · 
t:mcc. or tr:1mtnit1.1ncc) at earh \\·:t\'ckngth. Thcsc 
,·a\ucs thcn musl be wci¡:;htcd b\' 1hc \'<Jlucs of thc 
thnT thcorctic:il pri;11ari~::.. {scc ;;dj:¡ccnt rh:tn). ;11Hl 
thc rcsu!tant comput:l\ion ,,.¡¡¡ n·¡11T~cnt thc ::moum 
of thc thcurnica\ prim:1rics (red. f.,'1Tcn. :1nd hluc) 
nccdcd tu r.roducr for thr ~wnd;n·d obstT\Tr thc 
color of tlw spcctrum ai that ,~-¡-¡\·ckngth: 

ól . 
Thc sum~ ofVach of these e<drulz-1\ed red. ,srrccn 

.11Hl hluc calculatiom <±re callcd thc tri.ltimu/11.1 mlun 
for that color. TriStimulus \'alucs JH' dcnotcd by 
toj•itol kllo>·s. ~ (for red). Y (for grccn). a¡~d Z (for 
bluc). Thc Y (grccn) valuc also is th;ll color·s 
luminmitv. Thc tristimulus ,·alurs arc thcn uscd to 
cJlculntc ~hc color's chromaticit~· romdúwtr.1. 

:\ color."s chromaticity coordinatcs represen\ thc 
I'C!<Jtivc pcrccntZtgcs of cach of thr primary rolors 
prcscnt in él givcn color. Lmur ra.1r kttcrs are usrd 
to dcsign<1tc thc coordinatc v;ducs: x =red. ,. = 
grccn . .._and· z = bl~1c .. Thc fractional valucs' are 
casily cOmput~d:-rrom tl_J~é·>~;-·lii~ti~ulus \"<Jlucs. X. Y. 
Z. by thc followmg cqu<P.!~lll: 

X 

By substituting Y ancl Z. rcspccti\'cly. in thc 
numt'I'<Hor of sirnibr equ;niom. thc chromíltiril\· 
coordin¡Jtcs for grCen (y) and bluc (z) may als~ 
be c.1lculatccl. Since the coordin:ncs n:pre~cnt frac· 
tional values. ·thcn the sum' of x. y. and z ,,.¡JJ 
ílh\-¡tys cqual unity. 1.0. Thc x, y \·alucs are plotted 
on thc Chrom;Hicity Di<1gram (sec p. 18). 
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BLUE 

Weighted functions used lo 
reduce spectrophotometric 
data to colorimetric terms 
(tristimulu's vatues X,Y,ZI . 
These functions define the 
""Standard Observer" rec· 
ommended for colorímetry 
by the lnternational Com· 
mission on lllumination • 
the 1931 C.I.E 5tandard 
observer. 

•, 

700 

. WAVELENGTri (Nanometers) 

1 )j;¡gr:tlll. t!w intn:-tTtion p(Jint ,,.¡Jl he ;t graphic 
prTscnt:Jtion nf thc chronl<ltirity of tlw gi\'(·n color­
in r!"btion tc1 thc thrl'(· tll("orctic¡J! prim:1ry color~ 
o! thc d¡;¡r_:r;Jnl. :'<nticc ün thc C:.I.E. di:n::r:11n on 
thl' f(lll(l~\·ln-~ p:1f!_t· tll:Jt thl' pc.Jint of cqu:J'¡ cnngy 
(,,·hite) i~ loc:Jtcd :n .:-rn 011 tire :-: (rcdl :1.\is. ;JJHI 
.:rn on thc y (grccnl :1:-;l-.. Tlw chrom:llicit~ poim:­
for ~c,·n;d OIIOI'C:-n·nt brnp culors art' alm sho"·n 
on tlw (:.J.E. di;~~r;¡m.on tlH' tH;\t p:1gc. 

.\ftn tlw chmJn:1ticity point of .:1 color ha:-. hl't'/1 
locncd un tht' C.I.E. C:hrom:nicity -I)i<±gram. it i~ 

· :1 !-ilnpk m:111cr 10 dni\T th:11 rolor·s domin:1nt 
,,.~1\Tknglll aqd purity. :\ linc drJ\\'11 from thc. 
point of cqual cnngy - through the color·s chro· 
m:nicity point - ,,.¡¡¡ ÚllnJrrl with thc s¡x-ctr:d cncrgy 
locus al tltr duminZlnt \\'a"dcngth. :\nd sincc thc 
spcctr;!l cnngy locm rcprc\)cnt!- ]()()';;, purity. ancl 
thc point of cc¡u:ll cnrrgy rcprcscnt~ w;;. purity. 
thcn thc dist:IJKt bct,,Tcn thc point of cqu:-~1 cncrgy 
and tlw chromaúcity point - as a 1atiC! of thc dis· 
t.1ncc bct\\TC!l cqu:tl rncrgy <±ncl thc lorus point -
bccomcs thr pcrccnt.:~gr of ¡mn·o· for thc color to be 
icktHificd. 

Thc dcsignation of a color on a C:.l. E C:hro· 
m:tticity J)j;¡gr;¡m. gi\'c~ no information on thc 
s¡wrtrJI ·cncrg-y di.~trihllfi(lll of th(: light sourcr or 
objcn. ( [q·n though thr fir!-t inputs to lllC" chro· 
rn;Jticity f(Jrmula are tlw cncrgy at c:1rh ,,·:1\T· 
kngth. thcy :11T concc:;t!cd :1!-. ~oon as thc\' are 
J\Tr<tgcd.) Thcrdorc. iclcntifying thc pcrccJ~t:lg<'!-> 
of thc pri1n:1ri('~ in ;¡ color i~ not í1 complete color 
idcntifie<nion systcm sincc many diffcrcnt combin· 
Zttion.s of spcctral cncrgy mixtw·cs can result in thc 
s.1mc app:trcnt color. 

The prcscnt C.l.E systcm is. hm,·c\"C'I'. more 
accuratc th.1n both thc Ost\\'Jid and }.lunscll 
systt'lllS bcc.ausc it spccifics color on a physical 
h:t~is - climin:ttinc: thc ncccl for humJn or sub· 
jccti\T comparison~ or juclgments. Thc moq com· 
pktc mcasurcmvnt of color. thcn. woulcl ncccssarily 
ht~\'C. to includc thc C:.l.E. chrom~lticitv. don:inant 
huc. ;1nd purity data togctller with Íhc spc:ctral 
_encrgy dis!ribution. data in ~ordn to pinpoint 1111 
kc>· \'ílri:J!Jic~. 

COLOR TEMPERATURE 

All objccts ,,.¡lJ emit light if thry are heatcd 10 a 
sufficicntly high u:m¡x-rJtllrc. :\lso. as íln objcct 
JS r:tisecl in· tcmpcr;lturc. thc color of thc light 
emittcd from it ,,·ji! chang~·- .-\n iron bar. for 
e:-:=llnplc. <tppcars dull red "'hcn first hcatcd. thcn 
rccl·or;tngc. thcn ,,·hite. ami fin;dly lJIU<'·\\·hitc as it 
is heatcd hottcr and hottcr. In thc s.1mc way. a 
tungstcn filamcnt in an incandcsccnt lamp ch<1ngcs 
color whcn diffcn:nt voltagcs are applicd. This 
phcnomcnon was. studicd by ~1ax Planck in 1900 
and is 1he basis for his taw of blackbodv radiators. 
This Ja,,·, in C)SCncc. predicts the dislributi9n of 
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1 B 

1 -·-
GREEN 1 

DAYLIGHT 

thC'rm;-¡l r~"'di<~tion as a function of tempcra!Ure, 
<:nd dcfi:>-:~ thC~.U¡.'/" lim.i: of thcrmal radiation. 
.\ bJ¡¡ckboch·' is cldincd as onc which will nbsorb 
al! r=ldizl\iOn'fallinc: 01: iL 

. ' 

This la\\· ca·n bl: u sed to designa te thc rclativc · 
color tl·mpcraturc of any hcated objcct. A color 
tcmpcraturc dcsignation. applicd to a light source, 
rcfcrs to thc absolutc tcmpcraturc in degrees Kelvin 
of a thcorcctical blackbody or full radiator whosc 
color appcarance matche. that of the source in 
qucstion. Such a body is black at¡. room tcmpcr· 
aturc. red at 800K. yellow at 3000K, whit<' at 
SOOOK. palc bluc at 8000K, and brilliant bluc at 
60.000K. Tungsten filamcnt lamps u sed for general 
lighting ha ve color tcmpcraturcs .in thc .2600K to 

3000K range. Low '''3ttagc lamps uscd ,,·h(:.rt: lui11i· 
nance is not too importan! opera te' at ab9ut 200UK. 
Such lamp> as TY <1nd studio Oood~ opc:r::~tcin the 
3100 - 3·WOK range. just short of thc · tung:.tcn 
mclling point of 35oOK. In most cases. actual 
filamcnt tempcraturc i~ slightly !Ower th<~n the 
apparcnt color tcmpCrature. 

Tcchnic;_¡lly. a "color ttrnpcrature" dcsignz1tion 
C<lll only apply to incandcsccnt sources. a_nd. m 

. such. it is a specifictttion of both thc d"grce of 
,,·hitcness and the spectral cncrgy composition of 
thc sourcc. Ho\\·cvá. thc term "apparcnt color 
tcmp<'raturc" is oftcn uscd to specify thr degrcc of 
whitcncs!. 9f f!uorcsccnt lnmps as wcll as sky light. 
mcrcury vapor lamp~. cte. · 
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SOURCE "A" 

WWX-JOOOK 

CWX-4200K 

Typic¡¡] c.\:nl1pk~ of ··apparent color trmpcra-
turc·· ,-,duc~ :1rc ;b fol!O\\"S" 

\\"arm \\'hite {\\\\") ancl Dc\u:-;c \\'arm \\'hite 
(\\\\'X) Fluorc~crnt L.:·,mps 3000K 

C:ool \\'hite (C\\') and DchLxe Cool \\'hite 
(C\\':\:) FluorcSccnt LamP.S ' -l200K 

\\'hite (\\') Fluorcscent Lamp 

Daylight (D) Fluorcscent Lamp 

S u ni igh t a 1 sunrise 

Sunlight at noon 

35011K 

7000K 

1800K 

SOOOK 

S k~<· -. 0\'t(':aSI.. 6500K 

.Sky -~--~X-trc'tilef}·:.b]~t:::c·~f~á·;.· nonhwest) 25.000K 

-···· 

. .\fe\,. of thcsc lamps·arc ~ho\,·n togcthCr·wi~h thc 
bbci.JJocly locUs 'on_.thc acU~ccnt C.l.E_.,_Chrom:',t.i·. 
city DiagranL · 

l'nfonun:-~tcly .. thc -Jp'parcnl color. t(·mpc~!1\llrc. · 
dc~ign:nion for any liglú_ -sOu'rcc doc; .n6t gi~·c· 
information on its SpCc'ific ·.sp<·ctr<'ll: cncrgy .. dis.tii·' 
bution. For ex~mplr. ·. Cool·· \\'hit_é and_. D_eluXc, 
C:ool \\'hite· lamps_ a'ppcar to be· tlli:. s~:mc. color 
but thcir spcctrnl. disiril_>u'tion Curvcs";.3rc·~•,quit_c.· 
diffcrent and "th~ir errc:cts'.~ on',, cólorcd objecl{. and' 
m~tcrials are dcfinitcl)" diffcrem .• l'h.c .• sam_e "·iimit· 
alion applics in usilig color tcnlpcr'aturc notations·. 
to sptcify · sk): light. rt:"~Úcu'r); :vapor lampS. ·etc. . ' . 
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:.11-!W:.RD LIGHT SOURCES 

'J'hrcT !-(l\li"CO h:I\T IH'('ll !.l'lt-rtcc! ]¡y ¡)¡t• c:.J.E. a~ ~t<¡nd;¡r(l~ 

for u~c in rolorinH'try. Thc~(' ~uu1Tn ill't· clc~i!-!'n;¡tcd ~Durcc 

:\ B. ::11d .e: Cdibr;¡¡cd l;nnp." m:1y he ohtainc~l fHllll t!w 
\':ttion:d· Burt':lu of St:mcbrd~. 

Somc{' :\ i~ él tungqcn fil;tmc·n¡ L:mp o¡wr:11in~ :tt ~I'FJ-tK. 

Sourn· H ·utilizr~ ;¡ bmp h.:1,·ing thc spcnral qu:dity of Stlurcc· 
:\ in nlmhi_n:1tÍon \\'Íth ;1 ~pt"cificcl filit'r. Tlw ;¡p¡¡;,n·:n rnlur 
t.clllpcr:ttun o! sourcc B il)ljll"U.>.;Íill:ltl'.' tkil of IIU\111 ;..¡¡¡;]i¡.:ht 

¡.J.H7UK). Sourcc (: is sourrt" .-\. tl~t· tung~:cn-iil:tnwnt ~<1\li"CC. 
IHll ,,·j¡!J íl ~lifkrnH fdtcr Tln· filtl·r ;¡rHI bin]' n•rr¡J,j¡¡;¡tion 

p:·uducc~· ¡¡ ~.-ulp:~ ..... qu:dity ""hirh iiPJ'f<J:....imatn cbyli:.;ht ;n 
t i77 ( ~".. . .. ~, ~. . ..... ;;:~,:~~1~·:··:·~~· ·:·.' 

"!"he ·¡tdj:tcc;;l chan··g·;r~;'<> tilc' r"cbth-c .o.pcctr:tll"lll"r~'"Y di:-.tri­
\,utic'n of the:-:c thn:-<:'sti:ncl:ml li~l1t ~uurn~. 

RECORDING SPECTROPHOTOMETER 

RECQRQING 
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C.!.L STANDARD UGHT SOURCES 

S:•u;.oc¡ 
'"A" 

Wt.VELENGTH {l~.;nomett-r~) 

COLOR MEASURING INSTRUr{¡ENTS 

Thc \\1"0 most comrnon color mcasuriilg 
imtf"lllllCIH~ 11"1 W't' \o(l.Jy ;-¡re thc spcctro­
pho!Onlt'ter ;nKI thc colorirnctt-r. Thcir opcr­
éltin~. pril~cij>lr~ í!lT ·quite difkrcnt. ;-~s 
illu~¡r:ncd ~n thc :tdjaccni· diasr<tlll!'-. 

Thc spcc-:rophowmctn gÍ\'t"S thr radi:liH 
<·11C'rgy at c;tC·h unit \l"í1\·clcnS"th acro;.,~ thc 
cntirc \'Í~iblc ~¡wc;rum. \1'hik thc coloriml'i<.T 
gi\-~ onlv thc sum of rí1diant c·nngy íor 
Cilch pri1;1:~:·y. Spcrl.r;tl cncrs~· cbta from 
cithcr m.:~ y be. mcd to calrubtl· thc C. 1 .E. 
chrom:nicity oí a color. but it is ob\'iOtl~ 

th3t thc ~pcctrophotomctcr calcul:1tions \\·ill 
be !llOre· í1('Clll"i1tc sincc thc input cbt;J :1rc 
more complete. 

Spcnral. CJH-rg:· di.~tributicm curn·~ fnJlll 
spcrtrophowmctcrs are oftcn u:-ed for color 
m:ttching \1·hnc hish accur;¡cy i:- cs~cnti:ll. 

Com·crscly. colcirimctcn are not as accur:1t<' 
<1s spcctmphotonH .. "\Cl" O\Tr bro:1d rangcs. lnl\ 
thcy are cffccti,.,. for gcncr<ll color m<Hching­
whcrc minar color \':lriatiom are irÍ1matcri:d. 
Colorirnctcr~ are quitt accuratc within n<1rro"· 
color r:1ngl"~. though. and <liT oftcn built into 
procluction color control opcrations. 

Both dc,·ices will pcrform in citbcr additi\'c 
or suhtrartiYc modcs. and thus will pro\'ide 
color me:l."urc·mcm~ fru1J1 simil:tr Jight sourcc. 
or objcn colur~. 

. ····~ 
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WHITE LIGHT SOURCES 

Thr typt·~ of whitc li¡..:ht ~ourn·~ in· u~c· tocby \'itry 
l':rc:nh- Fluorc~rcnt. inc;tnde~rcnl. <tnd hic;h Ílli<'D· 
~ity d; ... c-haq:::c bmp .... ·a~ wdl :1~ natur:d cb;·light are 
;ill thtllH.:llt of :t~ !'OUJT<'~ of whitr liclu. But ;,~ ,,.,. 
\Í;tw ~c~·n in prc\'iou.., ~<·ctiom .of ¡¡;¡ ... hook. 11·hitc 
lic;ht~ itJT !-l'ld(Jm wh:"u thc" sccm - c;tcb \'itn·im.: 
significontly from othcr ... in !-i~cctral cncr¡;y cont<".nt ~ 
nn<l al! appc;tring whitc to thc obscrn~r b('r;ni~c of 
th(' syntl1csi~ _fuJtction of thc brain ;tnd psycho. 
logicttl :--tdilptation vari¡ltion.<.. 

Thc gn:d óf \;unp designen, ha~ bren to arhinT 
~ood comlmTci;:tl sourccs of whitc light. Thc three 
cri~t·ri:t or rcquircmcnt:- are: l) cfficicncy. or thl' 
mmt light pcr dóll:tr, · 2) u,Jor rcndering. or tlw 
:tbility 10 m<tkc obj<"ClS <1ppC'ar in thcir mo.<.t L"unili;q· 
color~.'and :1) "·hitcncs~. or ahs('llC<' of color tint~ 

C:ontinu:1l r('scarch ancl cJc,TlopnH'nt ,,·ith light 
sourcc m<tt{'I'ials h.1~ producccl rcmarbblt· irnpro\T· 
mcnts in to~I~y> light sourccs. but. a~ )TI. the 
pnfcctly b;\bnet;d !~:~~¡: .. hy. not becn achicvcd. 
Thc bc5t .oC Ja.mps . ~,:¡~·ilnl.).l(.'·. are. thc rc~ult:. of 
comprontisc!-. among · ¡¡-,~· thrcc prillll'' nitcri;l. Thc 
mo~t dfiricnt ligl't~· s-.urTc~ kn0\\'11 :tr{ ddieiem in 
color rcnckrin.c cap.Jhilitics. To impro,·c color ITil· 

ckrins. fi\¡cr~ ;md coatinb~ rm1s1 he acldcd - but 
thl'\' reduce thc dficicnc\'. :\nd olH<tinin~ a L1mp 
tltaÍ ·appcétrs' \1·hitc cán onh- be ~tchit'\Td ~,¡,. 
affccting both cfficicncy and color rcndition. Ho\1'· 
t'\'Cr. each type of light sourcc has spccial a d. 
\'.Jntagcs which are uscful and importélnt in difftrent 
typcs of applications. 

TYPES OF LIGHT SOURCES 

Thtn· are tlu-cc basic typcs of light sourcc~. uscd 
tod:1y inr:tndcsccnt. fh10rc~cent. ancl high in· 
ten:-it,· dJ!-.ch.m.!< \:nnp .... Inc.lndc~ccnt bmp.s pro· 
duce· lif!lll by clcctrically hcating high·rc'5Í~t:nlCl' 
tunsn..tcJ.l fil:llm'!ll.S to intc·nsc brightnes:.. 

Fluorc!-cent larnps produce light by <'st;tb!ishing 
<Jn <Ú"c betwccn t\\'0 clcctrodcs in ;:tn :Jtmosphcre 
of ,·ny low prcssurc mcrcury ,·apor in :1 ch:unbcr 
(\h{' gl:1s~ tube). This lo\,- prcssurc di~clurgc pro· 
duce:. . ultra,·iolct · radi<ttion at w:t,Tkngth~ which 
cxcitC" cryst:tls of phosphor {thc.,dtitc po,~·dcr) lining 
thc tubl' \,·all. Thc phosphor fluorc.<.ccs. com·cning 
ultra,·iokt cncrf.,';>' into "i~iblc cnergy - light. 

:--.tcrnu·y. ~:--.lul;i.-.\":1p01:·· and Luc:1lox·-" l<t,mps 
;nT hi~~~~ inf()l~it~: disch~:·:''~t,~·.¡;;¡:.:-:s; Thcy :1lsoprodurc 
light by c~tablishing .~!n arc .. bctw!;~.n .111'0 c!cctrod(.!;. 
but tlH· ekC!roclc:.. nn: \.i1_1ly a fe.·\\' inche:. ap;H·t - in 
oppo~ite <·ncb or· <t · s·m;tll. scalcd. tr:msluccnt or 
transp:trcm <trc tubc. :\n <1rc of clcctricity sp:tnning 
thc gap IJl'l\\'{'l'Il the dcctrode~ gcnl'l':l\cS hcat and 
prcs!-.urt· rnucb highn than in fluorc!:.ctnt l:tmps -
high cnough 10 \'aporizc the éltoms of \':tri9m met<tl· 

• Tr:tdnn:trk of thc Gcn<"ral Ekctric Comp:tr{y. 

·"·l 
·.~. 

/?-
líe ckllttnt ... conl:tint'd \\'ithin il1<· íH\ 1uhc. Thi<. 
\'itporiz;nion c;Ht.<.t:~ 

of clcctrom:tgn('tic 
thc illom~ w {'mit' l:trí!c amnunt~ 

CIHTg-y. ·in .tht' \'j..,flJ!e fíll1_l;.t'. 

Thc>nH't:dlic dctll{'11l in mcrcury l:1rnp are tul)\'~ 
is nwrrury. In \luhi·\';tpor l<Jn1p~. ~lr•<tll c¡u:tnt!ti('~ 
of sodiutn. th;tllium. :tnrl indium iodidc~ ;nc :tcldccl 
to the h:tsic nwtTun· 1 n Luc:dox lamp .... .<.odium i~ 

thr primary ckn1cr;t hut <1 sm;dl ;unc,unt of nHT· 

cury i~ ;¡ddcd. 

lnc:tnclc~n·nt. genn:d light~ng brnJ>~ produc~· from 
17 to :n lumrm'' of light pn ,,·;ttt of pO\n·r con· 
sunwd - ckprndin~ on ~~·att:tgt'. lifc. and phy!'ical 
dc~isn ft-:ttuiT~. Thc hulk of tht' .r;tdi:ttt"d e¡wrgy 
from inc;m<le:.n·nt l<llllp~ lil'S in tlw irll·i~iblt· in· 
frarcd rq~ion of thc- spectrum (sc·c chan cm m·xt 
p<tge). Typic;li .whilc .fluoresccnt bmps producl' 
nbotl\ :)O - 8() h1mcn; pcr ,,·:ttt - dcpcn~ing on 
thcir size ;md typc. :..tcrcury lamps cmit :tbollt S0-
5:1 Jp,\·. }.lulti.\'apor bmp.s about go- 90 Jpw. 
<1mi Luc:1lox \;nnps, thc most dficicnt of ;:¡]\. O\'t'J' 

1011 lp"·. 

INCANDESCENT LAMPS· 11 J Pressed glass ''PAR" 
iparaboltc alummized reflector) weatherproof spot or t:ood. 
12i Ge11eral pu~pose A-line. 131 Blown glass (reflector) 
spot ot flood. ¡.:! 500·watt Ouartzline ~. 

··FLUORESCENT LAMPS: ( 1 J Power Groove! high 
cur~ent raptd Sl<nt 121 H,gh oulput rapid start. 131 Slim·· 
l1ne instam st<tn. :~.~ Standard 40-watt pre-heat rapid 
~1an. 

HIGH tNTENSITY DtSCHARGE LAMPS: (1) Multi· 
Vapor !2) Phosphor·coated mercury. (3) Lucalox lamp, 

~ Tht lui11Cn i~ thc u1Út of !uminom flux t'c¡ual to 
thc flux in or unit solid' ~1nglt- from ;t uniform 
point sourcc of o m· c:tnd{'b. 

21 
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SPlCTRAL ENUlGY DISTRIBUTION 
,• ... 

•: --
\ :1-!ra¡Jt~Jt· pr·,:~cnta;;¡¿,~~--~/\r;·" cncrgy nnittcd J¡y ;t 

ligln :.ow:(·r :11 car!,J.,\_\·;¡,·ckngtL· in ¡¡¡,. ~¡wctrum ~~ 
ctlld ;1 spcctr:;\ c:nrrgy. diqrihution (.'-i.E.D.) Cllt"\'('. 

Tlil' S. E. D. d:n:1 are ckri\"Ni- through :1 ~pertro­
radiunlCtcr. :nHl :1rc" u~u;dly ac!ju~a·d w ~onll' -com­
rn<m-rckrcncc (such ;¡~ output pcr lurncn) 10 prü\·idc 
a h:1si~ of cmnp:trison ;1mong !.Ourcc:.. Thr curH-~ 
on thc 3dj:1cctlt ch;m rcptT~L·nt ~uch d:tt:l for onc 
pkt~<- of n:ttur;d cby!igln :1nd for 1n:my of thc most 
cotnmon gcncr:tl lightil* ~ourn:s. 

lnc:Jnd(~Ccnt bmp~ obry cst¡lb]ish{'d physic;d l:n\·,~. 
of therm:d cmission: cncrgy i~ distrihutcd in ;1 

~n~ooth cun·t· hq . .;inning in thc n•::tr L'\' r:l11,t.:l' 11·ith 
\"(Ty littk dl'cp \)]u(· r;Jdi:llion. incrca~ing \\"ith\\"il\"l"· 
lcn;_::th imo the dl"l"j) red. Enngy <H"tu:dly p(-.;Jb in 
thc JH·;¡r infr;Jrcd. J);¡¡;J ;Jrt· shO\\"!l lür color tcmpn· 
;Hurn cornmon in gcnn;d lighting lnmp~ [:)(I(HIK) 
:JtHl phCitorloocl (JJ" ~tudi(l \ig-htint: I:J¡np~ (:{..llfliK). 

lkr;J\.:Sc it h:1s rel:lli\Tiy lll(JJ"(" O!uc :1nd ks~ r<"d 
CJHTt,')· .. thc :).J(IOK sourcc appc:1rs much ··,\·hitcr·· 
th:tn thc :dightly ycllo\\·ish ¡;cncrzd lighting l:tmps. 

}J •• 

... 
· .... 

1 ligh intcn.<-ity diKh:trgc J;¡n1·p~ produce ·pclb of 
cm-rgy at spccific w:J\Tlt:ngth.~ .. Tllc~c are dt"tt"l"· 
n1incd hy ~pccific ~lüft~ in ('kctr.on orbits \\·ithin thc 
:1\0tllÍC strunurc of thc Jll('t:t!. Thus: CJHT~\· i5< 
cmittccl ili ··reson;mc<" liz1n·· th:tt are diffcrcrÍt. for 
c:tch nu·t:d. 

Fcír cJc¡¡r mncury bn1¡..>~. m:1jor · rcsonancc r;¡cJj. 
:!lion occur-" ¡¡¡ .JW1 . .t:~(i. :"J.J(i. ;ll)cl :1/H n:momctZT:. 
in thc '"i~illk spcrtrurn. :1nd ·¡-¡]so at :E):). ~~l(i. and 
:~v~ n;tn(l!llcter:- in thr ultr:n·iol<'t. 

(Thr outcr bulb of tiH' mcrcury lamp ah.>.orb~ 
most of thc short\\":1\T L"\"). Phosphor·co;ning~ :sp· · 
plicd 10 thc in~idc of thc hulh absorb this ultra· 
\'Ít"dct. ;1nd r:tdi<st(· <·nert:' \\·ith continuou~ clt:lr· 
iiCtni~tic~ to impr(!\"(' tiH:¡.olor of thc clcar nwrTun· 
l:smp. :ss in thc lkltL-..:c \\.hite bmp illu.str:ttl"ci. 

Thc .\lulti·\·apor bmp ;t!so cont:1ins rnercw·y. 
bt.tt se\"('~·¡-¡] rnctallic iodic!c::. (c.g .. sodium. th:dlium 
<1nd indium) ha\·e bccn J.ddcd. Thc mcrcury rcso· 
n;J.ncc rndi:~tion is St.Jbordin:llc. and moq of thc 

MLI< Ti·I'AI>QR LUCALO~ 
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INCANDESC[Nl LAMPS 

!icln com~s- from thc J,;.;•.J;- li'nc~ (-HO: ·4!"ll .. í:t=J. and 
S{)(} !1:lJ101llCl<:rs) ·· .. dnr;tctcriqic of the iociide <lddi­
LÍ\"CS, Thr sp:tcing of thc lincs and rc]:Hi\'c cncrgy 
of c:;:tch ·in the :-.lulti-\';,por spcctrum yicld~ whitcr 
lil:ht i.lnd bcttrr color n:ndcrint! than thc clcar 
n;ercury bnips. ~ 

Thc Lucalox lamp is basic,1lly a sodium are. 
Sodium's normal rcsonancc radiation is at 5t:9 
n:momctcrs (ilCtualk. a "doublct · or two linc~ at 
5~9 ;:me! 5H9.6. call~·d thc sodiurn "D'' linc). Jlo\,·· 
rvcr. thC' tcmp<.TJ.turcs rcachtd m thc Lucalox 
larn}:>'s are cause~ a rcm.:1rbblc rE"\'Crs.:-~1: Thr D-linc 
radiation is absorbed. and thc cncrgy is rc-radi<llt'd 
at shortcr and longcr wa\'clcngths. This produces 
a rclati\'dy continuous S. E. D. curve with a dip JI 

SS9 nanomctcrs. :\ snul! amount of mcrcurv is also 
in thc are tubc. and.tr~lccs of thc mcrcurv ]¡'ncs are 
r<1di a tcd. ' 

1 n thc nuorescent lamp. most of the J. re radiation 
is at the 253.1 n<lnomctcr ultravio\et linc. but 
phosphors sclcctcd for semiti,·ity. to this L'\' line 
ab~orb and rc·radi<tte the encrgy in ,·arious con· 
tinuous spectra as sho\\'n. In Clddition. thcrc is a 
smn\1 J.moum of radi2.tion in the mercury rcsonancc 
linn. 

COLOR EFFECTS OF WHITE LIGHT SOURCES 

Sclccting a ::·whii"e" l:gl;¡. ~C'llt'\·~ on thc basi5 of it:.. 
color appcu<~ncc or it~ ccilor rc1:c.ltriJ~g'· pro~ntil's 
alonc is r.:nely d<_?J,lc ~0:- g(:m:ra] lighting. Often. 

• The term color rendering with reference to light 
sources is a measure of the degree to which the 
perceived colors of objects illu.minated by various 
1'1ght sources will match the perceived colors of 
the same object when illuminated by standard light 
sources, for specified viewing conditions. (These 
conditions include an observer with normal color 
vision who has adapted to the environment illumi· 
nated by each source in turn). 

dfic:1C')' (lumcn output pcr watt consumcd) is a 
m:1j~lr considtr::Jtion. Eílsc of .~hiclding ancl dircc· 
tion:d control. as well as m:~intcn:-~ncc and,o\TJ'·all 
S)'~tcnl cconomic.~ ;dso must be considued. r 

Incnndcsccnt ]:lmp~ gcnera11y Jrc considcred to 
havc a slight cd¡;c O\'Cr uther lamps in color rcndcr· 
ing - not bcc:-tusc thcy rendcr colors more naturnlly. 
but bccause through dccadcs of usagc thcy h:l\'c 
come to be rc11/.1idrud thc nonn. "Good" rcndition 
is gcncr;-~\ly intcrprctcd to. mean thc .. familiar" 
appetlrancc of f¡¡mili~r objccts - and objccts a~sumc 
"familiJ.r" color5 only by bcing frcqucntly sccri 
undcl' ccrtain typc~ of light sourccs (cbylight or 
incandcscent). If nuorcsccnt lamps hacl come into 
widc usagc befare incandcsccnts. it is possiblc that 
objcct colon "·ould ap¡x~u· most "familiar·· under 
thcm - instc.J.d of incandesccnts. 

Color and color rcndition are as much funnioris 
~f indi,·idua! prdcrcnn.~ as thcy Jrc functiom of 
light ~ourcts. Pcople Me familiar with thc cobr 
dkn:.. of dadicht - "·hich cmph~1~iz~ cool colors. 
and cqu.:!lly, f:~11ili:1f ,,·j¡h tlw color cffcn~ of in· 
cancksccnt l:tmp~ - ,,·hich :Jcccntu:úc w:¡rm colors. 
This ob,·iouslv inc6flgl'uCJm siiu:ltion is compounded 
by thc efftct~·of rncrnory. :¡t¡nospherc. cn\'ironmcnt. 
and personal color prdcrcnces - to thc point v>hcrc 
"tl'ut· culors" and "truc color n:ndition .. are \'t·n· 
subjcctivc at bcst. Thr choic-e of ,,·hich:!.:nnp~ 10 us~ 
for which :.itu.:!livm aJ:,·:¡ys "·i!l \'~try Jccording to 
pcrson;"~] prdnenccs. Thc color rcndcring propcrtics 
of lamp typcs dcscribed on thcsc pagc~ may be of 
cqnsidcrabk aid. ho\\·c,·er. in pointing out to lamp 
US('fS thC rdali;·r color cffccts of \\'hite liSht sourccs. 

Som(' bmps tcnd to .. nattcr" objcct colors -
which is anothcr way of s.tying· thcy cmphasizc thc 
dominan! color of thc objcct whilc dccmphasizing 
complcmentary colo~s. For c:.:ampk, \\'arm \\'hite 
and Dcluxc \\'arm \\.hite nuorcsccnts and al! in· 
candesccnt !amps wi!J bring out ,,·arm objcct tones; 

., 
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thc ln(lf(' díiricnt \\'arm \\'hitt' nu(ln:->t't'lll~ ];¡('k 
tlw c:q¡;¡),iJity t.o IJrim: (11..11 rc<k IJ.ut do l'lliJ!h:t•·ízc 
uthn 1,·:mn tom·.o.. Thc Iklu:-:<· \\':1rm \\'!tite ~~ 
u.o.u:dly rc'co¡nm~·ndcd for honw~ ai1d otlJtT ;tppli· 
r:\ti¡¡n, whcrc illumin:i!ion h·ill b{' birl\' ]m,· (.~111 (e 
orles<,¡ :md dJC <ttmospherc \,:¡]!be prit~l:trily .:s.or· 
i:d.' 

. On tlw othcr h:tncl: wlwn ¡¡ 'cooln :ntno~piH':·c 
~~~ dc~ircd .. I>du:-:c \\'hite mncury. ~fulti-\';tpc,r. 
;tnd Cool \\'hite :111d lklu:xc C:Clol \\'hite nuort'!>Ct'nt 
l:tlll]l~ :tJT mo~t' frcqu<·nt!y mnl hec::ttl~t· thcy rl:tttn 
thc roo) Ctllors. Thi~ n:!'ult~ in ;1 cri~p(·r :tlmo~plwrc 
,,·hich i" tJ<;u:tlk rcl:tt('(l to hic:'IH.:r illumin:ni'on or 
11101'(' SCTÍOUS ttcti\'Ít\·. él!' Íll dfic¿·~. S('}lO{Ik Índll~tl'i;tl 
pl:lllt~ ami nKlllY 'storn. \\'ith fhl(lrt~ccnt. Dl'lu:-:c 
C:ool \\'hite i~ rc·commcnckd for arc:t~ \\·lwrc color 
rcndcring i~ impon;tnt. 

:-..JcrCury !élmp<; are complctdy s:ni~factory in 
dH'ir rcllCkrin!:: of bl;tck.<.. ,,·hitl'S. and gra\·~. but 
thc scarcity of red <tnd thc concTntr;!lio;1 a·f bluc. 
grccn. and ycllo\1- in a fe,\· n¡trrm,· bands n:akr:. 
thC'In poor sou,~._c~ _f9:-. Pl:odncing th{' bmiliélr 
appl'.tr;mccs' of ,,·ann. ~G-l0fs: ~;·;v·wc\'('r. rcccnt yc~trs 
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h:1\T ~tTn imprnn·d color mcrcury bmp• ;lcltiC\'cd 
)),· th(' :Hlrliticm of phosphur co:ttlnp. Thc 1110~1 
<.ignifir:1111 of ¡]¡(:-t· ha~ hccn thc l)du:-:c \\'hite 
pho~¡ll\Or. ,,·hirh \'Í(·]d~ color rrndcrim: fu]),· a~ 

iKCl'pUtlJ!c a~ th:ll ~f C:ool \\.hite. thc n~o~t wickly 
mtd fluore~ccnt color. 

Thc Lucalo:-: lamp produces <~. st1nny atmosphcrc 
whcr(' u~cd- bl·C~IU~c of it:. grcater itlllOunt of 
ycllow and orang(' cncrgy. and rcduccd blue. :\J. 
thou¡;h thr currcnt 'Luralo:-: lilmp. likc the ~1ulti· 
\'¡¡por lamp. i." mmt frequcntly ust·d ,,·hcrc color 
renckring i:. ~('condary to dficacy. it~ plcas:mt 
goldcn·\\·hitc color offcrs m.:~.ny ncw application 
opportunitics for thi~ po,,Trful nc·w light sourcc. 
Prospcct:. are prcimising for Lucttlox lamps of much 
bcttcr color rcndcring c¡tpahility. 

LAMP SELECTION GUIDE 

Thc table prcscnted bdow is intcndcd as a general 
guide to lamp selcction - gi\'ing a few indications 
as to the color cffccts of thc lamps O!) atmosphcrc. 
pcoplc. and objC'cts. 

LAMP SELE 

FLUORESCE.NT LAMPS 

1 
1 ' Oeluxe• Warm"' 

1 

Deluxe•• 
1 

1 l Soft Cool' 
' 1 

Lamp Names 1 White 
1 

Cool White White Warm White 
1 

Daylight ¡ White White,'Natural 

Efficacy High 1 Medium High ! Medium Medium·High ' High 

1 

Medium 

1 
(Lumens/watt) 

1 

! Lamp appear- Yellowish 1 Yellowish Bluish Pale yellowish Purplish 
1 ance effect on White White white white white white white . 
! neutral surfaces 

( Neutral to Neutral to 
Mo¿e'rate.ly ¡ (ffect on moderately moderalely Warm Warm Very Cool Warm 

1 "atmosphere" cool cool ¡ warm pin kish 

1 

Colors Orange, - AH nearly Orange, Red, Orange Green, Blue Orange, Red, Orange 
strengthened Ye!low, Blue equal Yellow. Yellow, Green Yellow 

1 • 
i Non e Red, Green Red, Green, 

Colors greyed 
.1 

Red·. appreciably Blue Blue Red, Orange Blue Green, Blue 
1 ·;.,.." ... 
1 

.. 
(ffect on 

Pal'e Pink r' • cory1plexions Most natural Sallow Ruddy Greyed Pale Ruddy Pink 
-

1 

Blends with Best overa!l Blends with Good color Tinted Source 
natural day· color rendí· incandescent rendition; Usually Usually Usually 

1 
Remarks light-Good tion; simula tes light-poor simulates replaceable 

1 
repla.:.eable replaceable 

color accept- natural day. color accept· incandescent with CW with CW or with CWX or 
1 ance light ance light 

1 
ww wwx 

' 
• Greater preference at higher levels. •• Greater preference at lo':"'er levels. 

, . 



• 
·. 

WAV(LENGTH (Nar¡ometers) 

WAV[l[NGTH (Nanometers) 

REFLEC1\IGH1 

--- ~---·:) 

" 
400 500 

How light source alfects 
color app~.:.rance. TtH' · 
illu!>trattons show how 

'SED's of Cool \'\.'htte and 
Deluxe Cool \-V hite lamps 
are modifi€d by ·reflec­
tance of n·picat human 
comple~ion. Under the 
deluxe lamo. much more 
red is reflected to the 
eye. Resuil: A health­
ier, more natural appear· 
ance. This is true though 
CW and CWX lamps 
have approximately the 
same whiteness. De­
luxe Warm White, which 
de-emphasizes· btues 
somewhat, is even more 
flattering to complex­
ions. 

:::TI ON G U 1 O E 

INCANDESCENT 

., 
·tarnp Nar'nes p¡¡~,,:;¡;,;t~ .. -

¡~ Gow 
.. 

i Efficacy 
(lumens/watt) 

lamp appear· Yel!owish 
ance effect on white 
neutral surfaces 

1 ¡ 
) ~ Effect on 

''atmosphere" 1. 
Warm 

~ 
Colors Red 
strengthened Orange 

Yel!ow 

Colors greyed Blue 
-

Eftect on Ruddiest 
complexions 

Good 
COIOf 

Remarks rer;dering 

·:-

.. ~: ...... 

Clear 
Mercury 

Medium 

Greenish 
btue-white 

Very cool, 
Greenish 

Yellow 
Green 
Blue 

Red. Orange 

Greenish 

Very peor 
color 
rendering 

! 

' 

• 

HJGH INTENSITY DISCHARGE LAMPS 

White Oelu.le White· 

1 
Mercury Mercury Multi-Vapor• lucalox•• 

Medium Medium High High 

Greenish Purplish · Greenish 
white white white Yellowísh 

Moderately Warm, Moderately Warm, 
coo!,Greenish Purplish cool,Greenish Yellowish 

Yellow · Red Yellow Yellow 
Green Yellow Green Orange 
Blue Blue Blue Green 

Red, Orange Green Red Red, Blue 

Very pale Ruddy Greyed Yellowish 

Modera te Color 1 Color Color 
color acceptance acceptance acceptance 
rendering similar to similar to approaches 

cw cw that of WW 
fluores~ent fluorescent fluorescent 

25 
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CO~OF: RU\DCF:I/~C lt,'D[): 

Thc interprtt:llion of thc color rrnclcrin~ ~dJili;ic~ of 
.hs;ht ~o~,~;·Cc:::¡1as :',ot .bcp1 ,,·iddy ap·t~cd \ipon in 
th't illUn~,i'n:rdon i;1d:.·.':'ll_:(· '-'<ind thc rc~\!ltin¡.; con· 
fmion :1monc: brr.o, mt':'3 i~ u¡dcr~tancbbh' L,'TCíll 

:\ddititJn:d cc~úfiHio·n· ha~ bcTn ccnc:rt~tccl b~· c~Ltini~· 
of bmps ,,·hich are SZlid tn dup~licatc ~unligÍn. cby· 

light or 5omc other arbitrt~ry compari~on sot1rce. In 
19fü. :1·n industry stand:1rd ,,·as :ldoptcd as <t stcp 
to\,·:lrd c~tabli~hing J uniforn• bztsi:. for dctcrmining 
thc color rrndering 3bilitie- of ;:¡lllight sourccs. Thi5 
rating systcm is callcd thc Color Rcndcríng lndcx. 

1\'DE:\. CO\'CEPT Thc Color Rcndcring 
Indl'x is a t\\'o-p;ut conccpt. Thc fin.t pan e:.wb­
lishe:. thc real or apparcnt color tcmpnaturc of a 
~iwn ligbt sourcc on thc C:l E chromztticity di<~· 

gram. lf thc color lcmpc-r<~turc of 1hc gi,Tn sourc(' 
is SOOUK or less. 1hcn thc rderl'nce or comparison 
sourcc is. th:ll PlanckiJn radiawr of thc n{'arc:.t 
color tcmpcrature - or. if thc colo:· tC11itJC'r;lltirt' of 
thc ~i\·cn sourcr i~ <>bow :>tlUUK. thn1 thr rdcrcncc 
S01.Jl'Ct i~ the nc:.rt~t rccom\il1.1icd ci:lylight source. 
(Rcconstituted d~tylight rcprc:-.cnts J serie~ of lllJthc­
m:,tically dcriHd cur..-cs reprcscnting thc \,-cightcrl 
:wcragc óf d . .:~ylight ·al a gi,Tn color :cmpcraturc 
riH:asur<·d at dirfcrcnt loca1ions. clc\'atiom. times. 
cte.) Thc~t· Plz:ncki:m radi<ltors ancl rccor"lqituted 
cbylight curves then bccomc thc st~1ncbrd li~ht 
~ourcc~ <;g;ti•.1<¡\ which to com¡.nrc :tny gi,·cn li~ht 

·~('urce:.. 

Thc :.ccond p:~n of tlw. C:olor ]{cndcrinl! lmkx 
conr{'p\ i~ {~tahli~hing a f(lllljJ(l'iJr'li hct\\"('l'n. ;1 ~iven 

1 
light .<.ourrr and thc .. rcfncnrc li~ht ~cJúrf(; -·· and 
dcnotirJ!,; tl1i~ C01l1l':lri!>on by :1n R bctor. ,,hich i~ 

a r:ttio or pcru·ntagc o~ hr,w clmcly a gi,Tn light 
. sourcc m:J.tchc~ 1hc color rrndering ahility of thc 
:e.kn·ncc lig:ht S.Olli'C~. _Thc indcx for thc ,R faltor 
ts b:t.;cd upon an arbnrary ~r:li~ 'dlirh pbcc~ ;1 

sperifíc \\'arm \\"hite fluorcsccnt bmp at }{~;JO. 

and thc rdcrcncc ~ourcc al R= l(Hl. Thc rdcn.:ncc 
scJurcc· ;¡\,,·:ty~ l1i!~ an R=l~l{) ~incc it mea m (thco­
rctic:dly) that it i~ · thc rdcrcnre st~tncbrd for each 
color _point. ¡ 

E:\.-\).!Pl.ES ~:.._ Thc ·industn· st<tncbrd '(:olor 
Rcndering 1 ndcx d(·notcllion fo; ;:¡ spc'Cific wtmn 
\\'hite fluoiT!-CCill bmp is H.=5U <U :1000K. Color 
Rcndcring Indexe~ are listcd bclow for :;c,nw or tlw 
~non_- popubr currc;11 (;('ncral Ekctric ~luorcsccnt 
lamps. 

Apparent Color 
lamp Color N ame Color Rendering 

T~mperature lndex 

Warm While 30ÜOK R=52 
Deluxe Warm wr,ite 2900K R= 73 
White 3500K R=60 
Cool White 4200K R=66 
Deluxe Cool White 42QOK R=89 
S1gn White 5200K R:.86 
Daytight 700QK R=79 

~1ET110D Dctcrmining thc COlor Rcndcring 
lndcx, R. for any gi,Tn !ight sourcc rcquirc5 pre­
cise spcctroradiomctric data. Thc spcnral distri­
bution curve mus\ be dctcrmincd for thc !:!;Í\·cn 
light sourcc <Jncl its. apparcnt color tcmper~turc 
calcubtcd. In thc approYtd mcthod. cight <~rbitr¡try 
stanrbrd color s:unpks <Jn· uscd :1nd thcir :1pp:.rcnt 
chrom;¡¡jcitic;; - unclcr tlte I((O;IIIf .<.ourcc - ti!T 

c¡¡Jcubttd. :\ similar 5<"1_ of cztlcul:ttion:· und('r tlw 
gi,Tn ligln :.ourcc ·- will produce eight r/¡jJrrrni 
<lpp:trcnt rhrot:',:lticitic:.. Thc differcnct·~ bct\\·tcn 
tht~c l\\"0 scls of d:1ta indicat(" 'thc '"color shift"" o[ 
thc si\'cn li¡;ht sourres in rel~ttion to thl' rdn('l1Ct' 

sourcc Thc fin:ll c.1lculation r(':.ul:~ an th('n a,ll· 

a.r.rd \o ;trri\·c at the Color Rcnckrinp l1:ck-". H. 

1."\llJ:"\ 1.1.\JIT.·\TIO."\S - Thcrc arnhc.ncom· 
in'.!~ in tl!c Culo1 .\Zcndni!J~ lndc.'\ r:ding \\·hich 
m~1~1 bt· rccognizcd lo prn·~·r;¡ it~ mi.;;u~c·. lt will In· 
110\Cd in tiJc C:tlcu];tticm or }{ th:11 t'ZlCh !ight SCJtll"C'C' 

ha;; :1 !->pt·cifir color H·mpt-rztturt· rdcrenC('. Thcre· 
fore. ¡,,·o liglu ~ourn·~ com¡¡1/ IJC cclmparccJ unlcss 
thcir rdcr('ncc i~ simibr (within lOUK 10 :~U(li-\. of 
t':tch othn - depcnding on thcir loczttion on thc· 
color ICinpcralurc se ale). · 

.\]so. it is import.J.nt to notc.that t\\'0 lamps may 
ha ve the j(llnr rdt-renc(· Sourcc and Color Rcndcring 
1 ndcx - and ~ti!! ha\.'C drastic diffcrcnc~ in thcir 
ability to r~·ndn onc or all colorcd matcri:d~ idcn· 

¡ 

\ 

1 

~. 

1 
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\ ic;d!y 
;~~r~ rr1Hinin~ of n:~·/¡,r or 

lwttcr pcrform;mcc in 
in thc · :t\Tr:t~c \\'ith 

H. i~ ,;w a: nnt.:f of th<: color 
tnoiT sp('rific, ('(¡]¡,¡-:, - .and 

soJnc ztrc:t~ m:t\' he roncc:dcd 
poorn p('liorn;:1 ncc in ot hrr 

or tÍlll~ or sh;icln. For n;:tlnplc. k1trlw-.. of ,,·hite 
rhin:t\\·;nT in tlw pron·.~~ of ll('ing b:tkcd in ;1 kiln 
11\:t\' \"<try ~liglnly. in whitrncs~ .. ·\ tr:tinn! color 
sh;Hk-r r:m srp:1r:ttc ¡}1{' prClcluct~ into ~t'\Tr:tl do;cn 
diffncnt sh:Hk-" of :,,·!Jitl'. This i:-. importan! in thc 
ccraniic~ indmtry S!!lCC cornpktc ¡;¡]¡Je svttinp lllUSI 

be ,,·cll lll:tlrhrd .. 

<1 

lf thc R i~ les~ th;111 ~)0. thc:-c romp:ll'i~on:· c;1n hr 
of qucstiCJn~lhlc v.:i.luc sincc th(' rhrrrt/1,11 of thr color 
~hift ha~ bccn climinatcd. ;~nd tht· dn:trr o[ :,hift in 
somc <trra~ may be quite diffnc!ll- for diffncrll 
~OUJ'((':'_.._ 

Fin;:~l\v. ü n1us.l bi: n:nu:mb"'r(·d d\ó:H üu.· Color 
R.cndcri;1g ¡-nclc\'··i:,·,·h:Jsrcl ~_1pon arbitr;~ry rrfcn·nct.~ 
(thc P!;-llwki:tn ... J':ldi·:ttor .. ~t);.~·i~é"(.-t~:·iqi¡utt'd dttylight). 
This choicr i~' iiKrch· fÓt: cUn.\Tnicncc - :n1d doc~ 
rrM imply that thc 1:dct:~:71'Cc sourcr is thr ¡~nfrr! 
_color rl·ndcring sourcl·. 

J:'\llL.': .. \D\"A:\T.-\GES - Thc lndcx "·ill pro­
vid(' sufficicntly_ mcJningful information on thr 
c-olor rcndcring c~1pabilitics of bmps to be of sig­
nific.Jnt valuc to thc lamp inclustry and to uscrs -
prcl\·idin~ that :1!1 of thc rc:.trictions mcntioncd 
zdHl\'C' are aclhcrrc! to. 

Color lll.:ltching i~. as thc tcnn implies. J procc!'~ 

h\' ,,·hich fabric~ or othcr colorcd mztt<.:ri;d:-. are 
m:l\chccl with othcr fabrics or "·ith romplctcly 
cliffrrcnt m:l\t.Ti:lls. It is usuzdly dc5irzthlc 10 m;ttch 
surh m:HniJls unckr lishting conclitiom idcntic-d 
to tho~r unckr which thc products <H'C t0 be uscd 
or displ:tyccl. 

Color ntatching_ lS done in \·;uious w:1ys .. :\n 
anist ma\· bcgin \\·ith a P;Ure pigmcnt color:tnt. 
adcling \,·hite. bl.:1ck. or othcr colors. :\ printn. 
on thc.' othn hand m;~,· altrr thc sizc of- thc h:df­
wnc dots t~ ch~\-;J¡.:c ~ tiw in k. r.;:::'nr tone in ,,·!Jich 
thc pictur'c i~ · prina·d. ·c~r :tdd ·;1n ~tddition:tl clot 
JXtttcrn (scrccn) in a, di'ricrt·nl. rolo!. 10 ch:1ngc thc 
fin:ll color. 

Color grading and color sh:Hiin~ :trc processcs b~· 
,,·hich m:1tC'riab are dividcd into b'1'oups of colors 

10:·,--------------, 

~omc ohjcct~. mil\' ;¡ppt'ttr to hr thc s:tJ!lt' color:-. 
undcr :1 n·rt:tin lit;lit :--uurrc - <lJH,! C\Til h:I\T idcn· 
tical C.l.E. chro;n:l\icity sprrificati_ons- \\'hile thcy 
:uT artu:dh' dífkrcnt in spcctrttl com¡Ht~Ítion. Thc:-.c 
ro!ors <IJT c:tll(·(! mt·t:tJlH'rÍc. If tht· light smttTr Í.'- .. 

rhans-cd. ·ho\\T\'(T. tht· ohjcct c-olor cliffrrcncc:~ he­

come rcadily. appMcnt. ()nly color s:1mpks "·hirh 
h:t\'l' idcntir;ll S.F. D. run·cs \\'Í!l contimtc to match 
um!cr ;¡J] light :;cn.trcc::>. Thc ch;~rt brlo\\' illustr¡¡tt~ 
thc pltcnomcnon of nwt:~mnism. Color matchin~ 
of mctamcric colon ¡tJso dcpcnd" on thc cycs of tlw 
\'ÍC\\·cr. sincc pcoplc diffcr consiclcr~tbly in thr ,,·ay 
1hey J.<·(· color~ ,,·hich :rrc· complic;ncd in .thi!-" m<tn· 
nn. Thl' cotnpari~ll!l ;¡m\ intcrprct:ltion uf thr 
cun·c:-. of mrtamnic culors constitutrs a compll;;.; 
phasl· of colorill1ctry. 

In thr past thc "idc;d" light sourccs for color 
matrhing \\'lTC thought tu be thc sun and ~ky. 

p¡trticubr!~- bcc:tusc 01. thcir prcsumrcl color con· 
stancy . .-\ctu(!lly. sunlight ,·arics from about lHOOK 
;~¡ sunrisc to 5:{(l()r\. at noon. Sky light rangcs from 
7lHlOK (uiúform O\'l'l'c:tst) w :¿HoooK for an l':\· 

trcmch- bluc clc<tr north,,-cst sb·. Ikc;~usc of thcsr 
vari;ni~m. sky light Jnc! s{mligill .:He not thc l.H::-.1 

of color m<'~tching sourcc:-.. 

\\"hcn thc cxact light undn ,,·hich m<1tcri:ds :trc 
to be scTn i~ 1101 kno,\·n. or \\·lwn thr m;ttcriah <trc 

:.uspcctl'd oi l)(·in:; m_ct:illH'ric. L1 ,, lisht sourcc:-. of 
•cidrr:1 diffcrrnt spcctr:tl ch:tr;tctcr :;hould be u~cd -
onc ;tl :t tilfll' - to c;.;;tminc thl' s:1mplcs. ()nc of 
thc ¡"·o sourcc:. uscd should be prcdomin:~ntly bluc 
in its spcctral charactni~tiC'-". such .15-- <bylight nun· 
rcsccllt bmp: thc othcr should be prcdomin:l!ltly 
red such as ¿¡ tuns~tcn fibmcnt bmp. 

. WAVELENGTH (Nanomelers) v 

METAMERISM - Chart at 1ef1 shows absolute spectral reflectance of two metameric wool samples {measured by 
Spectroreflectomete::r). The same samples under tungsten filament 1amps (center. e han) appear 10 be the same color. 
Under Day!ight fluorescent 1amps (chari at right). they exhibit noticP.able mis-maten ·¿f color. 
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Color Bootll - The color of an ob· 
_ ject i:, the rüsult ol the SPí-'Cltal 
char<lC1t-r~Strr.s ol the lrght sourc:e. 
the rtolit;c;¿;nc.e characterrstic.s ol the 
material. and the te,·el ol i!lumina· 
tror, usL'ci. A color booth vd1icl1 
pro1·rdes manv difj~rent light source 
c.olors ancl var~·rn9 lcvels o! illurnrna· 
tron can duplrcate a proposeci envr· 
ronment-ancl provide a dependable 
area lor color selection. Color 
scho:rnes should be ·sele.cted under 
condrtrons dup(i.caun"g· ·¡:~ose ur,der 
\'l."hr(!l th~'Y "wilt be Üsed-:--to p{{?:;,E,:ri(.-·.·:· 
unt~~pected color · shli1s O!. _r:nis 
matches ol color in actual use. 

Tllcrc are a fe,,. matcri;ll;. th:tt fluore:-;cc. or pro­

duce ,·i~ibll" light. -.~·hcn irr;Jdi:ttcd by ultr~l\·iokt 
CIHTgy. ¡:or thi:; rc:tsül·l. onc in~pcction light source 
th:n is prcclOlllin:HHly blur ~hould br use-d. - (:::-­
pt:ci:tlly onc th<rt abo cont:tin . ..; ctwugl, ultr~l\"iolct 
r:tdi:rtiun ~o th:rt thc:-c fluorc:'tTlll cfkct~ c:-~n. be 
proclucccl. Thc sccoJld ligln ~OUITC - prcdoll!in:tntl~ 
rccl- shuuld 11Cll cmit ultr:1\·iolct cnn~y.' 

1f it i:- not fc:rsil~k w w-c t\nl li~.dll sourcc:-. for 
somc p:tnicuLrr color matchin~ joh. tlw hc!-t ~in­
~k ~ourrc :l\-:Jil:lhk tocl:ry "i~ tht" ])~·lu.\t" Cool \\.hite 
fluort":--Cvlll l:1mp. :1:: thi~ b:n¡l h:•~ rci:tti\.·t·ly kd· 
;rnccci :11nount u: cncr~y in :dl portion~ uf tlll" 
:-¡wnrum. Thi~ ·nw:m::. 1h:H :dl color~ rcccÍ\T :J!Jout 

thv :-;:tlm' tiT~ttmcnt. "·ithmH uncluc cmph:~:--i:- on 
:tny OIH' purti~ll1 of thc \·i:-llJlc !-pcrtrum. 

1f tlw' color m:Hchin~ ¡_.., confincc! tc1 :r p~trtind:1r 

rolor. a~ Jlli!..dlt IJc· thc c:Jst· íor :1 1\l:tmd:rctutTr of 
bl~1c clt-ni:n tc.-..:tik'S: {h(: ~~~::-.1 . <,!PL'k :-(ll\rn.' Ultdn 

¡j¡l·~v CCJ!Hiitiinl-- ~~- 01;t: tlr:ti···¡';._ t:~~;_.;ni:tll.~- ccnnpk­
llll'IlJ::r; i11 rulen tCJ th:Jt 'Of· th·c· ¡jr(JdllCt. For thc 
hltH <knin~. ÍllCtiHic::-.c·c·nt· ·l:tillj)' v.-enrie! :dJm,· thc 
coltll" !ll:IIL·hn. \C.l :-it't" lllOI"t" ;.o..dl\k diffncnce:-. in, 
rolen ;:¡:tn \\·otdd !Jc tlw c:t~c \\·idt IllU:-.1 othn typcs 

o! illunJilt:tnt;.. 

For colur-c\i;.rrilllin:ttion \\"tJrk \\·hcrc IIH' ~r:1dcr 

c:uTJe~ tlll· ~t:11HI:1rd in. hi:-. hl":td. :>o tu spc:tk. it i~ 
Illü;.t i1npunant th:tt tite illulllin:tnt m:ttch ¡¡~ clo~cly 

:t~ po:--~i!Jlt- tllc ~ourcc unclcr \dtich tlw grotdn \\"~\:' 
tr:1ÍJH'd. :t!ld 10 \1·hich he i;. :trC"lblOt1Wd. !·k rcmcm­
bt-r~ hi~ !->t:rncl:trd s:tnlpk~ ;¡:-; he ~:1\\. thcm undn :1 

• 

p:trtirubr i!lt11nin:mt. IIO\\T\Tr. if it is not po~~iblc 
to tr:1in tlH" ~r:1dcr. th('n th(" he:< sourcc is thc 
lkh.J\C Cool \\"hite fluort·:-:.ccnl l:tlll]L 

Fm most t~-po of cSJlor· ni:ttclti"ng: · :lOO ·w ·-tOO 
footcnndlcs rirc probably :-~dcqu~ltc. \\'hcn: dcclling 
,,·ith \Tn· dnrk colors. more .than 1000 footc~1ndlcs 

<trc- dcsir;1blc. 

C{llor m:1tching booths pro\·ic\c a conti·ollcd. cn­
,·irónmnll nccc~~:try ·for critict! ins¡wction of m:my 

--·Objcn~ Thc intnior should, l.H.' m:tttc finishccl in 
n"cutr"¡¡] tone~ -. !-,'T<ty nr \\·hite for oiJjccts h;¡\·in~ 
diffu:-.c Surf;¡n·~. bl:tck for thosc \\·ith spC'cuJ:í'r 01 

puli;.ht·d ~urf:tcc;.. \LtttL· bb.ck climin:tt(-:-. m:rsking 
rcflcction~ th:n \\·uuld obsrurL·· llw truc color of thc 
undnl~·ins pi~mcnt :· 1 n <tll GISC!-.. thc neutral tone~ 
h:l\"l' littlc or no infh.H·ncc on thv color of thc ob· 

jcct. 

In :1dcli1ion to hcing ;•T;Jckd for coloi·. fahric~ 
h:1\·in~ shin~· ~urf;J(T~ :1rc inspcncd for uniformity 

;:d :1moun; of 5-hL'tTJ. For. thi;. purposc. "thc light 
sourcc ~hould hv of high lumin:tncc. ~mcl :;hould IJC 
C:trdully pn..;iticnwd so tt:> to J'('\T~Il ;tn\· \":tri:ltion in 

tlw ~¡xcubrity of thc m:Jtcri:tl. 

For critic~d color t;r:tdin!.!. ;uid m:ttching. it 1!-. 

dcsir:1blc to position li,1c ligh~ soui·cc in such ';\ Inan­
nn th:rl rdlcction:-- of thc souJTC are dircctcd :m·ay 

from.thc in .... pcctor. \\"ith thrct·-dimcm-ional ol.Jjcct~. 
hcl\\T\'tT. dimin;rtion of all rcflcctcd imagc~ of thc 
sourcc m;ty not be possibk. Thcrdorc. a !'umin~tirc 
rcbtivdy largc in arc:r :md uniform 111 hrightncss 
i:-. thc lll~:-.t choice for thi~ application . 

• 
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COLOREO LIGHT 
SOURCES 

' 

;J_;z-

Tlw Color~ of '!ight arc. commonh· dL'~·;(-rilJCd 'in I<Till" of" húc. · 
~:!lur:Hi.on. :mcl l_;rightncss. 1 lur rdcrs to tlw qu.1lity th:ll Clll he 
dc-.nibcd a~- red ... m·('cn. etc. In rqT\'d:l\' ];¡ntru;l!.!C. thc \\·ord 
((1,(11 ¡'s oft,cn uscd ¡-;. mc;1,.;:7(16•Jjr_tlw ( .. 1 ~E. rcc~lor' ~~·;;tt'!ll. it i:-. 
!lw clo]])in:HH ·wo\'ckng.ÍIJ .. S<uw·:ttill.l?- likc \lun-.clr~ C:hron1:1. 
;¡n<J (:.J.E. pur)ty ... _!Ol'h'r~.nlO _tlJc :JJHO\llll h~· w])ich tht·_]i:.:,Jn 
;q>pc<tr:-> to diffcr frolll "·hite - tlw stJ"í'll,!.:lh or dcpth of ¡]¡(' 

C'Olor. · .-\ clccp red Jight. for c;.;:llll]llc. i~ s:1icl to !1c of hi,L!h 
~:11\Jr:Hion. H1·ightJH'S~ is rc!:1tnl lo t]l(' tipp:tJ"l'llt qu;~JJtity ul 
lí_! .. dlt. ,,·ithout rZ;g;trd to lnH' or !-:nur:1tion. 

~lost· C'olorcd li!.!lll sourrcs. l'\'Cll. tlio~c th:1t :1ppc;1J highly 
s:lluratn!. :trt· -not 'truh- munorhrcnJJ;Itic - th:ll i~. tlwy l'lllit :1 
L1irly wid(' IJ;Jncl of \\·;¡~·dcngth_s. of~t·n im:luding sm:dl ;1mount:-. 
of nHT"'. in 01hn lnH: rc~ions. Thc les:- s;¡¡ur~ltnl thc color. 
thc ¡.:,n~·tn thc contcnt of othcr hucs. (Scc ttdj:Jn·nt spcctr:d 
cm-rg~· clistributiun rh:1rts.). 

YcJ!m,· !ight is unust1.1L in that a Strong scm:Hion of \Tilo,,· 
m:1y b<' produn·d cithcr by monorhromatic light of ahou't .~HO­
()(l(l.nanomncr ,,-a\"clcngth. or by mixture of red anci grccn 
li_sht co\Tring about 1\\"0·th_irds of thc spcctrum (scc adjaccnt 
spectr:d ch:1rt of y ciJo,\- bmps). l n L:1ct. it is thcon:tically possi­
bk to h;I\T a ligln. that :Ippcilrs ~-cllm\·. blll contilins no c·ncrgy 
at thc ,,-;1\Ticngths norm.:dly sccn as ycllm,·. (HO\\"C\Tr. thcrc are 
IH? pr<~ctical light sourn.-~ of this typc.) 

HOW LAM.P COLORS ARE CHANGED 

(olorccl light GJn be produccd by st:lrting ,,·ith ,,·hite light .1nd 
filtC-rins; out or subtracting th<.· undcsirccl ponion of thc spcctrum . 
.-\ rolorc.cl or fi!!'~:r_cfi_.inC~··~~l·.-:-....~.;·!~·:. bmp use:- this. principie:. Or 
colon·d ligf11 c¡tn_..IJ<.; produn;d by~¡ "light ~ourcc \\·hirh gl"ncratcs 
only tlw clesircd pÓnipú" ;··qr th"c 'spÚ·t;·um - surh a_;, fluorr-~ccm 
l:Jmp~ in \dtirh ,.:trÍ.:ltiOJl.~ in pho~phor proclu<"c ,·arying coior!> of 
light. 

So-c:dlcd nzJturcd colon·d inc;Jnclt~ccnt lamp.\ hZI\"<· bul!Js of 
tr;msp:tJT!lt colorcd ibss. But thc- bulb:; of mm1 colorcd sign ;¡ncl 
dccnratin· L:tmps bcgin ;¡s ckar glas~: thcn are coatcd ,,·lth fincly 
grouncl colorcd glas:;. (,·itrcuus glass cnanwl): ancl finally. thc~: are 
firt"d to fusc thc cuz1tins into a hard. colorccl cnamcl finish. The 
co:Jting:- cont~tin a \dlitc ptgml"nt. a~ \\"C'll as colorccl oncs. for 
bcttn' diffusion of light. Thc tintcd Coloramic® lamps are 
m:Hk in .J simibr milntwr. 

Lexan@ color sign lamps ha\"c a transparcnt polycarbonatc~ 
n·:-.in pl:1stir coating. Thcy offcr more sp:1rklc. grc;Hcr brighttHS:-.. 
:1nd hit:lH·r s:1tur<Jtion for :lll\" g¡,Tll color. For instilncc. thc blu<" 
and gr¡Tn Lc:\ZI/1-CO~ltcd la m¡·)~ ~are frcn of red. anci ha'"<' a mor<· 
di~linct scpar:1tion from c:1ch othcr. For this n·ason. thc rontrasts 
lwt\\TC!l \\"arm and cool rolors are .J.]so ~·TcatLT. such a:. bct\\TCn 
red anc! bluc. 

i::ólorcd rcOcctor lamps (R-4(i"s ancl 1\-30-s) also ha,·c Ercd 
cn¡1nwl finisl;cs. But thcsc colorcd glass coatings contain no extra 
diffusing material - lO prcscr\'C thc transparcncy so thc ]ighl 
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!w.-llll \\~¡¡¡ ~:¡,:¡1 he,. hro:1dn th:1n dc~irt:d. Thc 
· lWO-\\·;¡j·¡··l'.-\1\.-:-\r:~"í~;:·;;¡~;-··.··r;:·nT a co:nim: ·or. d\'{'­
inl¡ln·t:~):i'tt"d ~i\icc~:;:· i)];¡_qj~·-_. ~imil:1r to tiH' Ln.:;;n. 
co¡¡t¡·cl l:1mp~:." ·n~;;~~- :11T J:)(l.\\·;¡tt P.-\R-:{H n·d. 
':llnht·J•. :1nd ycll(J\\' l:llll)l~ \\'ith ~t:tinc·d gl:t~~ f:1rc'>. 
In thi~ c-:Jsc. a colorín¡_! m:11cri:d i~ <tpplicd to ont 
~ide Of thc .. gl:m·. T/H" gb:-~ i~ dwn h:1kcd._ causin¡; 
tht· c-olor to st:1in a thin byc-r of_ thc co,·cr· pi ate. 

1 mnfcn·n¡c fihcr~ im·oh'(' OIH' or more \'ny tilín 
bycrs of sdcctcd nwteri:l]_~ dcpmitcd (in¡-¡ \'.1C"t_llllll 

ch:1mhn by n·;¡por:1tion tcchniqucs) <1~ <1 film on ¡¡ 

ha~<" m;ncri;d such ;1~ clc:Jr glass. Thc thicknv~~ of 
<:lch LI\Cl is tl"ll:dh le~~ th,nl onc· \\itv(lcngtb of 
light. Thc filtcr~ m:~kc use of thc optical princip!c 
?f ÍIHClit'rt'!1C(' lO pilS~ él limitcd band OÍ W<l\'('· 

lcnsths. Thc ccntcr \\':n-elensth and sprc<td of tlw 
tr:~n."mittcd band :~re dctcrmincd !argcly by thc 
tl1irknc:ss :ll1d numbcr of l~1ycrs in thc· film. I-low­
C\Tr. unlikc othcr filtcr~. thc \\':l\'(.'lc-ngtlL<.. not tr:tm­
mittcd .1rc rcnected. :ts from él mir!'or. rathcr th:ln 
<1bsórbcd. Thc!'efore. thcsc· filtcrs st¡¡y rcbti\'c]y 
coo!. 

\ COLOREO FILAMENT LAMPS: Repre­
sentative sign, floodlighting. decorative, 
and display lamps 

Bro<~d-b:tnd intcrfcrencc filtcrs arr often c<.JIIcd 
dichroic (¡,,·o-Colored) bcc:~usc· the\' tr:tn;mit OIH' 

p:1n of thc spcctrum and rc-fk-ct 1Í1c othcr. Somc 
P.-\R bmp~ m.1kc use of tht·'-c filtcn - Cool-Jk.:lln 
lamp~ that ~cp<tratc much of thc \'isiblc froll1 thc 
infrarcd \\'.1\'Cicngths: and Dichro-Co!Or !rtmps 
th:11 u~c· the intcrft-rcnc{' principie- to produce a fu]) 
rangc o{ s<iturated colors. 

Fluon·scent lamps produce colorcd light by thc 
u~c of spccial phosphors. Thcsc interior co:ltins-; 

·,"convcn thc ultr;t\'io!t:t enrrgy grnerau:d within thc 
lamp_. to ,-isiblc light of tht desircd \\-a\'c!engths. in 
two colors (Dccp Blue. and Red). colorcd filtering 
matcrials are addcd to thc outsidc bulb \,·all to 
produce more saturatcd color!. than can be pro­
duccd by th_c phosphors. Tht.· gold nuorcsctnt !<1mp. 
howc,·cr. <!rl)ic·,:.t:s ih-::¿¡1,);·1~-:-. suhtraction - sinet' 
n~ phosphor~ c'mit ¡;ri;n:•rily )·ello\\: light. .-\ ydlo\\' 

: _. . 

COLOREO FLUORESCENT LAMPS: 
Reading left to' right- green, deep blue, 
gold, pink, blue, and red. 

filtcr co:ning or~ thc imide of thc wbc;ahsorb~ the 
Un\\·anted w;n·clcngtiL~ from a w¡-trm \\·hite phos­
phor. 

Bladdight (ni~) fluorcsccnt Jamps utilih- a sPccial 
phosphor ¡)¡;-¡¡ cmit~ primarily ncar-ultrJviolet enrr­
gv ,,·ith a small amount of \"isiblc bluC' light. But 
¡¿r many )3L eff<-cts, C\'Cll a smhll ar:nount of 
\'Ísihlc lig-ht · is undrsirable. For thcse situation.~. 

· BLB iamj)s - made of a spccial dar k fihcr g!ass -
transmit thc- ne¡¡_r l'\ · cnergy but absorb vinually 
al! of thc visib)e.encrgy. 

ErriCI;CY Ot COLOF:W LIGKT SO:JR:::ES 

Luminous effic.-1cy is r~duccd whcnever subtracti\T 
(filtcring) techniqucs are used. To obtain any strong 
color with filament lamps. it is neccSsary to rc-movc 
most of thc light rmittcd by thc filanwnt. Thc more 
s:~turatl·d thc color. thc lowcr thc .cfficélC\' of thc 
sourcc-plm-filter combin;11iqns. Beca-use it' is ncc­
essary 10 l'('!l10\'e thC' grcntcst rmount ,of ('ll(.'l'g~· 

to obt.1in thc- corrcct huc. cool color bmps·. such as 
bluc. · h;\\'c the lo\\'eH dficary. of fibmcnt typc-s: 
In the C:tSc of fluorcsccJÚ blllps. the phosphors are 
mually sclrctcd to gencr¡Jtc lhi· dcsircd hu e~ a 
subswntially more efficient proccss. 

Thr following table sbows a rornparison of thc 
cffic¡¡cy o{ fluorescent and filtercd fil<~ment l<~mp~ 
producing co!Orrd light of <~pproximatrly thC S.:lmt~ 
~:1\Ur:-tt!on. 

Efficacy of Fluorescent and 

F"iltered F"ilament Lamps Producing 

Colored Light of Approximately the Same Saturation 

40-watt F"luorescent F"ilament' 
Hu e (lumens per.·watt) (lumens per watt) 

"d 5 2·3 
pink 28 6·8 
yellow 55 10· 12 
green 100 1.5-2.5 
deep blue 1 1 
blue 28 1·2 
light blue, 63 (Oaylight color) 4-5 

. • Uncolored lamp a~sumed to be 16 fumen& per watt 

i 
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SCoC!EDAll f:TXJCA';A !lE ISGE,JEP.IA DE lL\'~!l,ACIOS A.C. 

CURSO n·:-;o~:r.:-;1AL DE JLn;n:ACio:; CO~:Lf:CJ,I.L E n:Ui'STRIAL¡ 
¡. 

" VlSlO:\ Y DESE~IPE':O HL')>!A'>O" Ponencia 

1: INTRODUCCION. DR. AGUSTlti SERRA.'iO SA'iCHEZ 

Quisiera antes de iniciar esta que sera mi primera participación co~o So-
cio activo en .la Soc-iedad lfexican·a. de I:lum..inacióh,agr·áde'ce.r ·a la:. cesa Directiva 
y a los organizadores de. este. Curso, el haberc.e· inVftado a·. colaborar en la. rea 
lizaci6n del misco·, a lo qee no podría haberme negado·--·ni ahora- ni en futuras op;-r 
tunídades que se me brinden, ya que estoy plenamente ident-ificado por a~os en --: 
la actividad docente y no obstante los esfuerzos que el. enseñar iop1ica, me re..: 
sulta. particularmente grato e1 compprtir todo conocimiento· o inquietud cierlti­
fica 17fHP.~-· (h~·s:ar.:·:-:1-I~d"a en ci siempre apreciada profesión. 

.. E'S~-~~--~ese'q·r·;;¿~~-~~c-Í~u en esta primera'· ocasión en· que tenfo el honor dé pre­
sentarme ant:~. t:s·tedes y dada la oportunidad d~ su amable atención, int r¡.ducirnos 
en los aspectos Bioc~dicos de la. lluminaci6n,reinst·a1ando al ho~bre.s~r biopsico 
social como el verdadero centro de nuestras reflexiones y avances· tecnológicos­
llegando, de ser posible a· integrar lo que bien· podríamos deno~inar co~o Orto­
iluminación. es decir la Iluminación correcta para un· de~empefio laboral; escolae 
o recreativo optimo y saludable. · 

Espero que al termino del breve lapso de tiempo de que disponeoos, lograr mO­
dificar las caras de natural extrafieza que este· selecto grúpo de Ingenieros y -
Tecnicos en Iluminación, muestran hoy al tener frente de sí, no a un conocido· 
colega que hable su propio lenguaje tecnico s1nm a un Hédico y p_or afiadidura­
Cirujano Oftal~ologo, que conciente de su aparen,te intromisión en un. ter.reno 
que no le compete 1 desea afirmar todo lo contrario y desea llegar a establecer 
un solido puente de comunicación entre nuestros respectivos campos de trabajo 
del que en forma reciproca obtengacos un enriquecitr.iento academice. para. los -
mismos. :-

Es un hecho costatable· y lamentable nuestra real desvinculaciO~. Ejemplos mul 
tiples podrÍan enumerase- a este respecto tanto en· ~f-[jercicio· ~:ECico COQO -

en el del Ingeniero o Técnico . 
Nuestros acercac.ientos profesionales se limitqn a c-iertas anotaciones rel_! 

tivamente superficiales tanto en los libros de Iluminación · co~o en los de Me­
dicina y 'en los propios de la especialidad Oftalcológica. Interesante h'abrB. de ~ 
resultar··el analisis de las causas de nuestra aciual Cesvinculaci5ri v de sus 
posible~-: ~o_Z.'rec.·.:-:i;c.";:·~.·:·,'_: asi como entender la necesiGad de una c:.a)·.or. comunicación 
profesic.nal:_- Tengo ;1?. ÍÍR'?. convicción de que la lnterdisciplinariedad es y será 
siempre' una ~~n4a~~ron~eriza fertil para el trabajo conjunto~ 

Esa ~xtraordinaria.y en ~uchos aspectos extra~a manifestaci5o dela 'enrrgía 
Electromagrietica que es la Luz, nos vincula de tnanera conatural. El In¡eniero 
en I1uminaci6n colocado al otro lado del puente, desarrolla los sofis-ticados 
sistemas de i'Pli.cación de los Emisores luminosos , mientras que·. de este lado del 
mismo puente radiante se encuentra el Nédico Oftaltc.Ólogo cuya función explícita 
e·s la de preservar y optimizar con todos sus recursos terapeuticos al Recep­
tor de dicha· energía radiante, qu~ es el complejo se:ttido de la Visión. 

Resulta·factible que nuestras jovenes ciencias al vincularse interdisciplina-

i 
~~ 
1 

1 
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riamente, refuercen mutuamente sus argu~entos para.~otivar· no solo con razoriamie~ ¡ 
tos técnicos sino tambien con bases Bio.:~edicas, a los industriales,.col!.erciantes . 1 

directivos escolares," administradores públicos y privados asi. como público en ge- 1 

neral, acerca de las-. reales ventajas no solo en el rendimiento laboral sino en la· l 
salud Psico-visual que representa el aceptar e impleoentar un programa aplicativo 
de Ortoiluminación. · 
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Debo anticipar una disculpB sí es que esta introducción resultase más exten-
sa de lo habitual ,gUardo conciencia de ello, pero ten~o· ai escribir las p"resetaes 
lineas la sensación de estar escribiendo una de esas cart'as. e"speciales que van 
dirigidas al mas apreciado de "los amigos, que ha ·pe manee ido por tlUChO tietlpO dis­
tante y ~1 que en una sola hoja de papel se deja verter todo ·u¿ ~undo "de vivencias 

·e inquietudes no comunicadas. La disculpa· resulta pertinente y n_ecesaria ante u"n 
auditorio acostumbrado a un estilo distinto en el que formul"as· matematicas y ecua­
ciones hacen su aparición desde el misoo prologo; Tal ausencia ~ate~atica será 
manifiesta en mi escrito y no dudo que ello habr~ de frustrar sus natur~les incli 
naci.ones concretas, pero es aquí justamente donde da pricipio. el terreno de la inte.E_ 
ciencia • 

Ahora sí Colegas _Hios, Profesionales de la Luz .•• a construir el Puente .•• 

II; HA.'IEJO DE LUZ GALACTICA: PRECURSORES DE LA INGENHRIA DE ILL':-111\ACION. 

La serie de transparencias co~o apoyo visual a la ~resente ponencia, se inici~ 
con un símbolo. El Vitral norte de esa extraordinaria mues·tra de la arGuitectu~a g6-
tica francesa que es la catedral de ~oire Dame en París. He tratado Con ·ello ee re­
presentar una bella muestra del manejo cientifico-tecnico y artístico que de ~a Luz 
hacían ga~a, los que si se me Permite calificarla de precur.sores a partir del· sig_lo 
X de "la Ing€mitrÍ?;.~1~ .. Jl~.'~inación, los Diseñadores-Constructores de \'itrales. . . .•. . ' . . ·., .. 

Pro~enier.te "df.! .l~·j:::n3s::~_.-:tY.ellas de. nuestra Via Lactea, la Luz debe haber ·sen­
sibilizado: a los:--r.~2-lizadores de catedr~ales Góticas con ideas tan elevadas como 
ellas mismas, ya· que parecen erigirse para honrar a esa ene.rgía radiante prove­
niente de distancias colQsales., como digno recinto,moiada ultima a donde deberían 
llegar a descansar óe su largo viaje los fatigados fotones.· 

Antl tales obras cabe suponer que dichos profesionales Contaban ya con amplios 
y 'valiosos conocimientos acerca de la Luz, de su comportamiento físico en la Re­
flexión, -Refracci6n,Difracción, asi como de· Optica Gt:ometrica y probabletmete de 
Optica Fisíologica inclusive. El docinio que exhiben de arte· crom~tico asi-como de 
la tecnmlogia del vidrio coffipleoentaban las posibiliOades para modificar la longitud 
de onda luminosa segun las exigencias que el diseño impusiera. 

Para "desgracia nuestra de ese Arte-Ciencia, no contamos con Suficientes docucen­
tos, ya que concientes de su incalculable ~alor eran celosacente guardados y solo 
transmitidos verbal~ente a un grupo autoseleccionado de familias, habiendose perdi­
do en el tiempo •. 

Tratando de imitar a la naturaleza • el Hombre y su Ciencia han logrado desarro­
llar fuentes llliilinosaS artificiales .suficiente~ente utiles y en cOnstante evolución, 
de las que se vale el moderno Il.uminador , que asl como sus ·predecesores habr·a de re­
querir un cúmulo de conocimientos acorde a la tecnología .. vigente . 

III: 
• 

Primer¿: f~e; "~-~·.:-:-.;:?.~:LA ttiz" 
Déspu~s. fue; • VL\SE LA LUZ'' ''·: .. '. . ........ ~ 

mas 'no resultó suficiente y._.. 
y entonces fue creada una función 
estatura como la propia Luz .••• LA 

de tan alta 
VIS ION. 

En muy alta estima dbe tener la. Naturaleza la captación de Fotones provenietes del 
espacio galac.tico, para haber creado uno de los Sentidos que sin duda es uno ·de los 
más complejos -...y desarrollados como es el de la Visión. Baste para ello detenerse a 
observar el asombroso diseño estatico-dina~co del globo ocular ~a no solo de la 
especie humana sino de cualquier otra que se considere. Mecanismos automatices de 
una increíble eficiencia · así como detalles finos aún no comprendidos por la ciencia 
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moderna son -el sellO it)confundible del perfe'cto diseñador, que ha--pensado en 
todas las posibilidades fisiologicas y de ell~s ha seleccionado la ~ejor como 
anali~aremos a continuaclon .de :manera somera~.dadas- las .. lit:::litaciones de espacio 
y tiempo a que estamos sujetos, no sin. antes invitar al ·lector atento a revisar· 
con de.talle la bibliografia recomendada en el presente escrito. 

La Vni4ad :V_isual ,, co~o. habreoos de llattar _al sistema se integra por vari~s 
elemento~ crg~gofuncionales~ Dos Globos Oculares que son en realidad procidenci­
o extensiótl~ q~¡ .. p!·~:t-·!·e:~~·::~rebro, mismos que-son los .elementos .ReCe:p.tores de los 
quantos· d'e·,IuZ y.,:qué·""_:·se .. co!;!tlortan en cierta forma.como las··antenas··parabolicas: 
de un radiotel~s~~~lo astronómico q~e al igual_que los ojos·: han -sido-disefiado~ 
para la adecuada captación de ciertas longitudes de onda del e~plio espectro 
electromagnetico, magnificaci~n y transducción.' 

La Historia de la }!edicina demuestra las grandes dificultades que se . han pr! 
sentado para dilucidar la estructura y función. de los ojos y no 'es sino a .pequ!_ 
ños saltos como cada centur.ia y en especial las ultimas de nuestra era han con 
tribuido a integrar· un concepto .mas cercano al real. Cur.iosas resultan en verd"id 
las antiguas concepciones del fenomeno visual. De ellas algunas resultan in-
quietantes aGn en nuestros dias, cooo es el concepto e~i~cio ·de considerar al ojo 
como Emisor de una "energiá" con "la cual se escudriñan los objetos y demás sereS. 
Si bien est"a concepción resulta ·sumamente interesante" como lo atestigu~n algunos 
estudios cienti.ficos en centros neurofisiologicos de los Estados Unidos, los .que 
al parecer explican ciertos .fenomenos en la comunicación interpersonal, solo deben 
considerarse "por·ahora co~o preliminares. 

Resulta ya clasico el simil entre el ojo y una cámara fotográfica, lo que nos da 
una idea gráfica del complejo mecanismo óptico qile -implica el fenomeno de 11ver",sin 
embargo tal comparación no es! justa si se obsreva la extraordinaria tOovilided. Y' 
sincrOnisco binocular cuyo gobierno se encuentr; en un ce"ntro cibe·rnetico a nivel 
mesencefálico. Tal dinámica asi como la captacion de i~Bgen en u.ovimiento .más nos 
permitiría hablar de un símil. con el sistema de televi~.ión. 

De. Continuar la busqued.a de una exacta equivalencia de nuestra extraordinaria 
Unidad Visual, con nuestros avances tecnológicos , tend.riamos que representarla como 
una inexistente hibridación tecnoH5gic.a que combinara ciertas características de la 
cáma~2: fotc:h·r~t·'ic<-._.:-:,)..-..-·.),:;~ T.y .. con un gobierno: Cib_ernetic~ así, .c.oxro eleoentos de la 
antena' par.abolica· di: ·uh radiotelescopio y de result.ar Cierta la co.ncepcion de la 
Unidad Visual.cnnío::·tr::liSo"r"a··s~· tendrían que adicionar características del _mismo -radar. 

Como puede t"a-Cilmente adivinar el lector, nuestro pretendida hibridacióñ. tecno 
lógica queda cuy por debajo de las reales ptencialidades de nuestro Sentido de la-
Visión. .• 

Además del sistema Optico y del sistema Neurosensorial y Neuron.otor ·que gobierne 
la motilidad binocular intra y extraocular, existe un siStet!l.a hidraulico de alta 
complejidad de ·cuy·a eficiencia dpenclera el e(¡uilibrio "entre la Pro~duccion de liqui 
dos intraoculares y su ~orrespondiente d~salojo. La falla de este ·sistema conduce 
a la conocida enfermedad denotinada Glaucoma en donde la Presión Intraocular supera· 
las cifras no~ales de l0-20om de Hg: que óe no ser modificada favorablemente habrá 
de llevar inexor·ablemnete al paciente a la ceguera. 

si' tOdos los sistemas se hBn or·questado adecuadamente, -la· lu.z proveniente· de 
fuentes naturales o artificiales, habri de concentrar la energía ·radiante en uno 
o varios puJttos de la retina, en: los que los fotones o cuantos de energía la trans 
mitirán a los Fotoreceptores, los que a su Vez y mediante diverSos pasos bioqui~ 
cos de los pigmentos visuales (Rodopsina y pigmentos de los conos; todms relaciona 
dos con la Vitamina A)· transduciendo de esta manera la energh li.u::ínica en uri de::­
bil impulso ele~trico el cual mediante diversos neurotransmisores- s·erán' procesaSes 
y codificados en la cc;¡mputadora retiniana que es· el primer. nivel de actividad ci• 
berné.tica • Dichos n:ensajes electrices seran enviado·s . por la \'ia Visual hasta la 
segunda estación de procesamiento precortical que son los cuerpos geniculados •. 
La tercera estación' esta represen.tada por la propiá corteza visual en el lóbulo 
occipi ta~- a si como las are as corticales de. aso~iacióo. 

·.,, :;·,:: 
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Sorprende en verdad lo intrincado del·sistema cibernetico Visual, pero­
más complejo aún resulta el fenomeno Psicofisico d'e la percepción \·isual en 
la que sitr.ples scf:ales electroquímicas lleban a con~oroar itr.agenes c~n· un si.s 

.nificado concreto tridimensional Gue permite así mismo la intesración de Fo~ 
mas, del. espacio , el movimierlto o inclusiv_e de las ·cás atrevidas abstracci_2 
nes. En este terrerio falta ii:ucho por estudiar ya que el fencc.eno Psico-cere 
bral de "ver" esta lej~s de un perfecto entendimiento, así cot:1o sus sus di-­
versas interacciones con otros sitemas sensoriales, .intelectivos ,afectiv~os 
y de mecería. '" 

Debemos· mantenernos bien informados y alert8s .ante el avance qe :la inv.esti­
C1on Biomédica y Psicofisica en esta área y de ser posibl_e contribuir de·.!l . 
guna manera a su propio desarrOllo. Esperemos que .en _el futuro·'c:e,rcan_Q. _llegu.!_ 
mos a c:o:!lprender con plena exactitud como .influye_ ·1a .. ,_L.uz .en el comportamie.!!. .. 
to individual y co1ectivo y de c:o~:~o. puede la calidad ~e -la _.Iluminación in-. 
fluir en la propia calidad de vida así como del desempeño. human~ •. 

•.•~:;,···: ·~: .. ·: 
/\ ~. 

IV: PRIORIDAD· Y V:JLl>ii:RABlLIDAD DE LA UNIDAD VISUAL. 

Resulta interesante y significativo el hecho de 'que los ojos .y probable-
mente el resto de la Unidad Visual muestren ·una destacdada prioridad en la con­
formación del embrión de cualquer especie. Desde los primera ser:!lél'l de .ges.tación J 
ya se esbozan los acumulas característicos de pigmento visual, que en el humano 
hacia el día sesenta ya demuestra un alto grado de diferenciación morfológica~ 

El delicado camino de la morfogenesis ocular puede por desgrac"ia verse desvía 
do por un sinnumero de factores agresores que pueden conducir~ la misma ausencia 
del organo • Anoftalmía, una falta de desarrollo; ~licroftalmia o bien graves tra~ 
tornos oftalmicos como es la CiclÓpia condiciSn que impide la sobrevida por 
los.multiples defectos cerebrales asociados. Ejemplos de talés entidades médicas· 
se han m~strado en la serie de trasparencias de apoyo. · 

Amplia es la gema de agentes agresores .que· en cualquier. ~otÍlento pUeden dañar 
gravemente la Unidad Visual , cÓnduciendole a 1a Amaurosis 6 canc·elación de la· 

función receptora· de quantos ·ae luz. Ellos pueden ser de naturaleza traumátic.i, 
Infecciosa-Par a si taria, Infla..¡:¡; a toria, Toxic.3, De gene fa ti va,. y neO¡:) las i ca. Hasta- el 
propio espectro electromagnetico provedor de 18 ·materia piima -·de 'lB visión que es 
la Luz y aún esta misma en ciertas condÍciones y ·en· determinada' longitud de onda 
pueden¡ provocar lesiones_ irreversibles en la vulnerB.b1e Unid~d Visual. 

La prioridad que la naturaleza ha otorgado al sentido de la Vista no se li­
mita a la etapa }lorfologica sino que se manifiesta en la Psicologica inclusive. 
Todas .y,c~d? _una de las sociedades .huo.anas aún las más· primitivas ofrecen muestras 
de .la al~n. repre!i-2/t-.a~i.vidad que ha tenido. sietlpre la VisiOn para el hombre. Cere 
moqiás y··ritiJál.~s .. ' ;;¡.~?-.,'~ .. -~.e.nos elaboradas hablan· de una mezcla de respeto, magia y­
temor acerca.dé "ilos ojos como puente entre la Obscuridad y la Luz. 

Si el ~ufrimiento de un enfermo pudiese cuantificarse y compararse, ~o dudaría 
en colocar en primer· te~ino el de aquel que se le ha planteado la necesidad im­
periosa ~e.: extirparle uno o los dos ojos. El impacto psicologico-filosofico es 
de tal magnitud que no se limita al propio paciente sino a todo el riucleo familiar 
y perifamiliar., habiendose d.e requerir. de cierta labaor de apoyo sim'ultaneo •. 

De acuerdo a lo antes dicho bien podríamos concluir que si el ojo es una ex- · 
tension o exteriorización preferencial del cerebro y aquel se alimenta de luz · 
ya se 'entenderá el por que 'la' Luz tiene una importancia Psicologica vital. Por ello 
no debemos conformarnos con dar solo "migajas" ·de luz a las escuelas y· centros 
de labor, porque estaremos con ello mal nutriendo o'inclusive aniquilando cere-
bros. Por extensión e imitando una frase p·opular se podría "·decir inquiriendo. "Dime 
como es tu.Il~nación y te dire quien eres" 

\ 

' 
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OF!Al.NOLOGIA Y LA Ll.JHISOTEQ;IA. 

Ante la -áüsen'cia de un temino que indicara o significa~a-"Correct~ Ilmr.ina­
ción" me he Percútido por· es·ta ocasión y para el desarrollo- de la presente po­
nencia ·integrar uno, rcediante el empleo de un_ prefijo fre_cuentemente. ecpleado en 
He di cina derivado del griego ORTiiOS; que significa recto ;derecho ,'co;recto ,normal. 
. Espei-0 en el tran.'scurso de futuras participac~ones se me i_ndique si· en su 
terminología tecnica existe otro mejor y a lá vez ofrecer los argucentos en favor . 
de este termino que por principio, ~habrá de facilitar la _inte8ra"ción en un cuerpo 
toda la serie de conceptos· Biomedicos, ,Psicofisicos y tecnicos en favor de una 
Iluminación Sana, para el adecuado desempeño hUmano. 

Uno de los curiosos iu.perat_ivos de nuestra "civili-zación" y que·· eh ciert·a forma 
ha dado pie para la aparición y desarrollo de la Luminotecnia'~ el de tratar de 
romper el perfecto ciclo de IlUminación natural·Dia-Noche que se corresponde de 
manera estrecha con los ciclos circadianos que a su vez gobiernan el. binomio Acti-
vidad-Reposo. El hoi!lbre, v.:ilíendose de los inumerables recursos de la ·'llumina-
ci6n artificial le ha robado a la noche la mayor cantidad de horas que ha sido po-
sible, fara fines laborales, escolares y recreativos.. Como esta tendencia del 
humano parece continuar, el horizonte aplicativo de la-Luminoteciiia se magnifica 
con el tiempo. ~ 

Si el ro::sper el ciclo natural es por sí mismo una giave·. infraccion a _nuestra pr~ 
pia naturaleza, resulta un debér ineludible el impedir por todos los ~edios apro­
piados el !l'.m~ un mayor deterioro empleando fuentes de iluminación mal 'estudia­
das o _pel_igrOsas, que lejos de crear· un ambiente propicio se cOnviert-an en un con­
taminante .. ·-,~~.s· df! ·-J-_.,2-s··_ . .-:.,.~o:hos que por desgracia el hombre no conciente ha arro­
jado ~ a &u-. piso.---.· ·;D-~b.errios. exigir y autoexigirnos el debido cumpliciento no solo 
a normas y regl'álli'l;:ntos de ingeniería de construccion y sanitaria, por desgracia 
siempre anticUádOs y obsoletos, sino mediante estudios cada vez más profundos tan­
to en la Psicofisiologia Sensorial aunados a los avances de la Tecn·ologt'a llegar 
a establecer las especificaciones a que debe someterse todo recinto· que haya de 
requerir de Iluminacion artificial y en donde el hoobre cet:ltro de nuestras reflexio-; 

.nes deba- ejecuta.r algun trabajo. .l 

Existen evidencias de que ·el empleo de ciertas la~paras impl~ca un riesgo potencial 
sobre todn en a~ue11as ~n que la banda espectral opera en una longitud de onda entre 
280-320nm correspondiente al rango del U.l'. En el a~o de 1974 en. el !!:es de :>oviecbre 
una escuela pública de !-1aryland reportó lesiones der.:icas. y .oculare:s en algunos de 
sus alumnos. La investigación reportó que la cubierta interio_r Gel Cristal de cuarzo 
de las latJparas alli empleadas y que habi tualt',ente limita el paso del L'. V. estaba por 
alguna raz6n roto. En otro reporte de 460 personas lesionadas se·encontr6 que una 
sola lampara defectuosa de Vapor de Ne:rcurio afecto a 69 per~oJ¡3S. 

Si bien los anteriores son los primeros reportes publicados, deben existir un 
número a:ayor de observaciones que de· ser conocidas ayudarían de t.anera importante 
a a comprender la posible fisiopatología que iii:plica ·una mala· iluminación no solo 
en el daño directo de la Unidad Visual sino en algo mas··sutil y dificil de evaluar 
y cUantificar· de co'tDo una iluminacion deficiente , de baja calidad o mal estudiada 
puede modif,icar el propio comportaiOiento del sujeto expuesto:. 

El campo ·,los alcances y prospectiva de la Ortoilu~inación son enormes y muy 
estimuian-te'S .. De su. avance sostenido, a pesar de las inherentes adversidades en el 
nUestr<? y er1' C?~-ros:- ~~~:~:.J;.·t;_·;;·;_, seremos nosotros los responsables, los que desde el punto 
de vista· Xél!ico o :te chico .... !'.os apasicna el estudio de esa intrigante y no pocas ve~es 
voluble energ~a·-.:-~~H:ánte que es la Luz. · 

1 

1 
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El espacio y el tiempo que nos rigen ha cerrado .por ahora su "ciclo y toca el· 
punto de cerrar esta presentación' cuyas aspiraciónes ~~;~áS'· !ilo·s·ofiCas que tecnicas 
espero hayan despertado su interés y que nos permitan tender lazos firmes que 
vinculen nuestras respectivas profesiones, que _si ·bien ras actividades· de rutina 
habrán dé ocupar el rnayor~tie~pO, cuando ·contemos cori ·ese tiemPo preciado de'qUe 
a veces disponemos, demos rienda suelta a nuestra creatividad y nos pe~itamos com­
partirla· ·_eil .. es.ta desusada hibridacion de :-lédicos e Ingenieros, ·en favor de una 
máxima ~saluC·.v_iS'u-a-1··-·?/.~-~~a-,.·,'il) desempeño humano más pleno. 

-~ ~ 
- -· ~ __ ,.,,.- .. 

Asi como dima~·entrada a nuestra presentaci6n exhibiendo esa real maraviJla del. 
arte gótico que es .el Vitral Norte de Notre Dame en París, .nos despedimos mostrando 
a ustedes el Vitral opuesto, igualmente rico en la capacidad de a~rapar y_acariciar 
la Luz '· 

DR. AGUSTIN SERRk~O SANCHEZ 

·::.;-: 
.,.,,,· ..... ,;.. ~:·;.-·-:~··.-·:·;. 
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I n t r o d u e e i ó n. 

En las técnicas y procedimientos utilizados en Luminotecnia 

es frecuente - especialmente para el principiante - encontrar­

se con complü:aciones al realizar tanto las evaluaciones prelim! .. 

nares como la determinación exacta de parámetros para el desarr~ 

llo de los diversos métodos de solución de los sistemás de ilum~ 

nación. 

Una de las principales causas de utas c~mpli¿a¿iones es la 

carencia de fundamentos sólidos sobre Ingeni*ria Eléctrita en 

general y sobre Ingenieria de Iluminación en particular • 

. La ~dc:{uis::.:~'·i:0~:'_de estos antecedentes se hace generalmente_ 

·tediosa debido:,,. ·h.· propia naturaleza árida y no pocas veces abs­

tracta de la~ .de.finici1o~es y conceptos fundamentales. El' trata-­

miento para este estud~o y en general para cualquier otro rela-­

cio~ado con alg~n~ especialidad técnica o cientifica puede hace[ 

se de tres diferentes maneras: 

a) Como·Fenómeno Fisico 

b) Como Modelo Matemático 

e) Como Problema Ingenieril 

~~··. 

.A grandes rasgos, estos tratamientos consisten en: 

a) Como Feriómeno Fisico.- Se explican, mediante palabras y fi-

guras, -las relaciones en~re los diferentes parámetros asi como 

los fenómenos en que éstos intervienen. SE utilizan enunciados, 

definicio~';i'.':y.c";"'l<é·~'i:tos utilizand·o como apoyo analo'gias con o-
. . . .. ..... ~ -~- .... ' ... 

tr·os fenómenos·_f·.~sc;'coS"'inás comunes y por tanto más fáci,les de 

comprender. Como es otivio, se gana en tiempo, visión y facilid~ 

de comprensión pero se está limitado en cuanto a las posibilid~ 

des de modificación y control del sistema. 

b) Como Modelo Matemático.- Mediante las relaciones entre los 

·~--:· .... ~~; 
. _.'l' 
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parámetros básicos se establecen las ecuaciones llamadas ~ 

cuaciones de estado-del sistema- que predi~en y/o explican_ 

el comportamiento exacto del sistema bajo diferentes condiciQ 

nes. Sin •m~arg 0 en este m~todo es comfin sumergirse 
~ ...... .. -~- ....... '•'""t.", .... ' 

en un mar 

de coiupl'ejas E;J'c:,~·a.~,Lon,P.s donde en ocasiones 
' ;.-<1'' . 

de p~rder pift~ de la aportación subjetiva 

se corre el riésgo 

del disefiador. 'Evi 

dentemente, para usar esté m~todo se requiere de dos condiciQ 

nes indispensdables: 'tiem~o considerable y sólida formación ma 

temática. 

e) Como Problema Ingenieril.- Mediante la combi~a~ión de la 

clara comprensión del fenóm~no fisico y las ecuaciones funda­

mentales se establecen las bases que servirán para la solucifu 

del problema. Se utilizan sólo las matemáticas indispensables 

por ser insustituible herramienta pero ~poyadas por el crite­

rio y visión ganados al analizar fisicamente.los fenómenos. 

Es evidente que cada m~todo tiene vent~jas y desventajas. 

Por la naturaleza de este curso se tienen dos limitantes i~~o~ 

tan tes:· t_iel~po, :;-f!.g.ucido y grupo heterogéneo. Por estas razones 
' • ••••• .~ .. 1 • ,, • _,_-. "- • :·. 

utilizare~os ·el· .fercer tratamiento ya que en él se combinm 

las 'ventajai de los dos anteriores sin desventajas apreciables. 

TERMINOLOGIA Y UNIDADES DE ILUMINACION . 

En Luminotecnia intervienen dos elementos básicos a __ 

considerar: la fuente productora de luz y el objeto a ilumi-­

nar. Las unidad~s y magnitudes fundamentales empleadis para . ,. -
valorar y comparar !.as cu~lidades y los efectos de las fuentes 

de luz son las siguientes: 

: .~.... ,, . ·": -. ... 

FLUJO LUMINOSO (POTENCIA LUMINOSA) 
RENDIMIENTO LUMINOSO (EFICACIA) 
CANTIDAD DE LUZ (ENERGIA LUMINOSA) 
INTENSIDAD LUMINOSA 
ILUMINANCIA 
LUMINANCIA 

. . 

"•'. 

' 

-.-. -~ .. ---'-'------- __ _._.- ---------- -------------. , __ . ------
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A continuaci6n describiremos brevemente cada uno de los a~ 

teriores conceptos: 

FLUJO LUMINOSO 

La energía transformada por los manantiales luminosos no 

se puede aprovechar totalmente para la producción d~··luz. Por ~ 

jemplo, una l§mpara incandescente consume u~~ determinada ener­

gía ei~ctrica q~e se tran~forma en energía radiante, de la cual 

s6lo una pequeña parte es percibida por el ojo en forma de luz, . .. . ~ .; . 
mientras.: 1¡-u.~ et·:.c·é2·~·'·' se pierde en calor· (Fig ·1). ..... . •· .. . " ,. 

6 %/calor conducción 
casquillo y ampolla 

------ 12% calor convección 
gas-

72'% calorradiante 

FIG 1.- TRANSFORMACION DE ENERGIA ELECTRICA PARA. LA 
PRODUCCION DE LUZ EN UNA LAMPARA INCANDESCENTE. 

A la energía radiante de una fuente de l~z que produce u­

na sensaci6n luminosa se le llama Flujo Luminoso o Potencia Lu­

minosa,. El·::·fluj e ::,:~t."~'/11oso se representa por la .letra griega 6 y 

su unidad ·.;s ~], :Ll'MEN "(lm). Un lumen es el flujo luminoso de la 

radiaci6n monocrorn§tica que se caracteriza por una frecuencia f 

de valor 540 x 10
12 

Hertz y por un flujo d~ e~eigii ridiante equi 

valente a 1/683 watts. Un watt de energía radiante de longitud de 

onda de 555 nm en el aire equivale a 683 lm aproximadamente. 

La·medida del flujo luminoso se realiza en laboratorio por 

medio de un fotoelemento ajustado según la curva de sensibilidad 

fotópica del ojo a *as radiaciones monocromlticas, incorporado a 

.-..... · ,,_ ' . 
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una esfera fi~~ca a la cual se le da el nombre de 'esfera integra 

dora de Ulbricht, y en cuyo interior se coloc·a la fuente a medir. 

En la tabla siguiente se muestran algunis de las l§mparis 

m§s usadas y ~u flujo _luminoso ciracter.istico. 
Flujo luminoso 

Tipo de lámpara lm 

Efluvios ............. , : . .......... ·. . . . . . . . · 0;6 
Vela de cera. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . ... 10 

. Bicicleta.. . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . 18 
' · · 1 ncandescente Standard de 100 W. . . . . . . . . . . . 1.380 

Fluore.scente L 40 W120 (Blanco trio) .. ·. . . . . . . . 3.200 
Mercurio a alta presión HQL 400 W. . . . . . . . . . . 23.000 

i Halógenuros meté.licos HQI 400 W. . . . . . . . . . . 28.000 · 
· Sodio a alta presión NAV-T 400 W . . . . . . . . . . . . 48.000, 

:. Sodio a baja presión NA 180 W . . . . . . . . . . . . . . 33.ooo· 
· Magnesio AG 3B·,·. . . . . . . . . . . . . . . . . . . . . . . . . . .. 450.000 

TABLA I.- FLUJO LUMINOSO DE LAMPARAS COMUNES 

EFICACIA O RENDIMIENTO-LUMINOSO. 
·¡ '... .,.>.\"·: ' .. -. > .··-

El iendi'm/"n.·to--lt:minoso o eficacia luminosa de una fuente 

de luz, indÍc~ el flujo que emite la misma por cada unidad de_ 

potencia el&ctrica consumida para su obtenci6n. 

El rendimiento o eficacia se representa por la letra gri~ 

ga ETA ('t.) y sus unidades son lúmenes ·por watt (lm/w): 

~ = 6 [ lm] 

W [watt] 
.. 

Si se lograse fabricar una l§mpara que transformar.a sin 

p&rdidas toda la potencia el&ctrica consumida en luz de una log 

gitud de onda de 555 nm, ~sta l§mpara tendria el:~ayor rendimieg 

to posible, cuyo valor seria_de 683 lm/w, pero com~ s6lo una p~ 
.. ' 

quena parte es transformada en luz, los rendi~ientos luminosos 

obtenidos hasta ahora para las distintas llmparas quedan muy a­

bajo de es t.~,. valor, _presentando diferencias notables entre las 
~~·-,·~ .. :.. --·-f·· .. :.-.·~,(~:i.' ~. 

misma~ •. como pue~a·aprec1arse en la TAbla II . 
• ,.e__¡ .. ·." .-·· --.... ,,· • 

Por eje:c.p,lo, una l§mpara incandescente est§ndar de 4o watts 

produce 440 lúmenes, po~ lo que tiene una eficbcia de 11 lm/w. U 

. . . 
--·-.me-;-·---- --7 .,;.., ¡ tt:: .::r--e·------------:n;-,-·:;-------------- -- ,¡_,,;..·_, ..... 6---·--.--- -·--- -·. {:-¡-. ......-;- -•·· ·-,.:rr;-. r _ .. --- .,...,: ·----;---, - --------------

... 

1 

i 

1 
l 

1 . ________ __: ______ ¡ 
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na lámpar11; dé. sodio baja presión de 180 watti' .pz:oduce en ·cambio 

3294 16menes por lo que tiene una eficacia d~ 183 lm/w. 

r' .... ·~ 1". . . • . 

_- ......... _ ;; -·-~--&<·:;,..\.--.~:.P,• 1 : Potencia nominal Rendimiento luminoso 

··- · : .r•¡;;,:~!)~in!"',.,. -~··~------~-w==-==---· ----"'•m/W..:.::---:-c-: 
~- - 2 

~~~~~~=~~~~i~ st~~d-¿rd.4o wiiio \,- 4g'
3 

11 
Fluorescente L 40 W/20 (Blanco frío). 40 80 
Mercurio a alta presión HQL 400 W . 400 58 
Halogenuros metlillcos HQI 400 W . · 360 78 
Sodio a alta presión NAV-T 400 W... 400 120 
Sodio a baja presión NA 180 W ... :. 180 183 

TABLA,II.- EFICACIAS PROMEDIO DE DISTINTAS LAMPARAS 

Cabe aclarar que las eficacias de la Tabla II se refieren 

exclusivamente a las lámparas; para las lámparas de descarga c2 

mo sistema completo incluyendo instalación y accesorios de co­

nexión dichas eficacias pueden variar sustancialmente • 

. ENERGIA LUMINOSA O CANTIDAD DE LUZ. 

De forma análoga a la energía eléctrica que se de~ermina por 

la potenc.ia:\üi;;.::.::or-:\éa por unidad ·de tiempo, la cantidad de . . ' .'' •, •'""'' -: -.·· luz 

o energía·· lumirc:,ife• se ··.determina por· la potencia luminosa o flu-
.. ,, ·-· 

jo luminoso por unidad de tiempo. 

La cantidad de luz se representa por la'letra Q y su ~ 

nidad es el LUMEN HORA (lm-h). Su fórmula es: 

Q= ll.t 

Esta magnitud es importante en la~ lámparas de ielámpago em 

pleadas en fotografía, pues su valor es ~ecisivo para la. ilumi-
. ' 

nación de la película. Debido al corto tiempo de la descarja, la 

cantidad de luz suele darse en 16menes por segundo (lms). En la 

lámpara que emite una cantidad dé lúz de 2.1 lmh, está magnitud_ 

por segundo será 2.1 lmh x 3600 seg ó 7560 lms. 

También tiene interés conocer a efectos de cálculos econg 

micos la cantidad de luz qué emite una lámpara durante su vida. 

Una lámpara· ir.can.descente. de 40 
· . .,. ···n•:·,. ~- . -·,·;·.'\.;"' ~--,.>~·~:·· 

':\"' 
:.- i;~;~--- -:;.·. ': . ~'"· .• , :. 

. ....... 

1 

1 

~ 
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de 44.0 lúi~eo'-~'es',"•~id~~.::;)lte su vida promedio de 1000 horas enii tirá !! 
·... . ~·· . 

na cantidad· .. <;le;•::,u·z· 'd'<>"·"440, 000 lmh. De este valor habrá que descon-
•. , •.> • 

tar la p~rdida de flujo que se produce en el transcurso de·su vi 

da, ya que este •alor no es constante. 

INTENSIDAD LUMINOSA • 

Este. parámetro se entiende únicamente referid·o. a una deter:. 

minada direcci6n y contenido en un ángulo s6lido w (Omega MinDs­

cula). Al igual que a una magnitud de superficie corresponde un 
,;, 

ángulo plano que se mide en radidnes, a una magnitud de. volumen_ 

le corresponde un ángulo s6lido o est~reo que se mide en est~reo 

rradianes. 

El radián se define como el ángulo pl!rio que corresponde_ 

a un arco de circunferencia de longitud igual al radio. El este­

reorradián se define entonces como el ángulo ~6lido que rorrespon-
.~. ''i ~ . 

de a un cas·que.ti.'~'::,,:·'f~rico- cuya superficie es igual al cuadrado .• . . - . 
del radio de" hí ·:·e&f ii'l''a· (Figuras 2 y 3) • 

Clt total) ... 2 · n radianes 

FIG 2.- ANGULO PLANO 

,· ' .. , 
. . ·· .·':'· .... ·.~ .·.·• ~-: {~ ~~: ~:;..:_' ~-:; 

.., ... 
., .... • -:·~ -(l. .. - -.-

(1,) !total) ... 4n,'es1ereorradllñH · 

• • 1 Lm 
E=1Lu• 
S= 1 m1 

cd 

.( 

FIG 3.- ANGULO SOLIDO Y RELACION 
ENTRE_ FLUJO LUMINOSO,IN­
TENSIDAD LUMINOSA E ILU­

MINANCIA . 

La inten'sidad luminosa de una. fuente de luz en una determi-

... ' 
' . 

- ..-.....,.-nr- . .:""'ior.;::::;Jr"'" .... ---..........-···· ·-~ ------"-- -¡:~--·r;-;-.---~----·--"'-------

.'• 1 
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nada.direcci6n es igual a la relaci6n entre el flujo luminoso. 

contenido en un ángulo s6lido cualquiera cu.yo .eje ·coincida con. 

la direcci6n considerada y el valor de dicho ángulo •6lid~ ex~ 

presado en estereorradianes. 

La Intensidad Luminosa se representa por la le.tra I y su 

unidad es la CANDELA (cd); Su f6rmula es: 

'·' r·;, J = 
.... ._., ___ ;_, __ ; .... .-~ .. ~~~:-~~-;;~-~ ' .w 

La"cahdeJ,f!' i!e. ·define como la intensidad luminosa de una 

fuente puntu~f que emite un flujo luminoso de 1 lumen en un án 

gulo s6lido de un estereorradián: 

cd = 
lm 

sr · 

DISTRIBUCION LUMINOSA. CURVA FOTOMETRICA. 

El conjunto de la intensidad luminosa de un manantial en 

todas direcciones constituie lo que se llama distribuci6n lum! 

nosa. Las fuentes de luz utilizadas en la práctica tienen una_ 

superficie luminosa más o me~os grande, cuya intensi~ad de ra­

diaci6n se ve afectada ~or la propia constr~cci6n de la fuente 

presentando valores diferentes en las distintas direcciones. 

Con aparatos especiales se puede determinar la intensidad 

luminosa·:de:··~n·•·,~;~ii:c•r:tial en todas direcciones del espacio con 

relaci6n .. a un :·•i]~'\/(ú:t'ical. Si represent~semos por medio de vec 

tores la intensidad luminosa de un mananatial en infintas dire~ 

ciones del espacio, obtendriamos un cuerpo llamado S6lido ~oto~ 

métrico (fig 4). 

Haciendo pasar un plano por el eje de simetria del cuerpo 

luminoso se obtendria una secci6n limitada por una curva que se 

denomina Curva de Distribuci6n Luminosa o Curva Fotométrica. M!! 

diante la curva fotométrica de un manantial se puede determinar 

con exactitud la intensidad luminosa en cualquier direcci6n, da 

to necesario para los cálculos de iluminaci6n •. 
:;• . 

. ________ -------~ -------->;7-1:).· ... - ..... _____ . __ --' ... ----~--· _.:: ___ , .•• - __ ----~::/~:~,x~ ____ .-_l~---- --~-------_ ,j:-·-----------.-----~--~~- -¡···.·.; ·:..-.- ____ _ 
·~·7•-~·~···· ... ·c(_??·-::;::--_·.-:-¡r;-r-.: .. ?······· " l ~ ""' 

-.. ,_. \' '. 
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FI~4.- SOLIDO FOTOMETRICO DE UNA LAMPARA INCANDESCENTE 

Las curvas fotométricas se da·n referidas a un flujo lumi­

noso de 1000 lúmenes y, como el caso más general es que la fuen 

te de luz ·emita un flujo·mayor, los valores de intensidad lumi­

nosa correspondientes se encuentran mediante una simple relació~ 

Por ejemplo, si una lámpara de mercurio de alta presión _ 

tiene un flujo luminoso ~e 23000 lúmenes, los valores de la integ 

sidad luminosa deducidos de su curva fotométrica dada para 1000 
' lúmenes, .habrá que multiplicarloé por el factor 23 halladoc de· 

la relación 23000/1000, para obtener ·el verdadero valor. 

'·MEDIDA. DE LA INTENSIDAD ·LUMINOSA . 
. . ,-;,,~':·~·~·-:· 

. '-" :· ' . ,. ,, 
La medida .. ' ce''- la intensidad luminosa se realiza en el labprª 

torio por medio de aparatos especiales, de los cuales existen 

diversos modelos fundados en la Ley Inversa del Cuadrado de la 

Distancia ~la cual se discutirá posteriormente,- usando una luz 

patrón y otra desconocida, situadas una frente a otra en un mi§ 

mo eje e interceptadas en una pantalla en la que se igualanlas 

iluminaciones captadas en ambas caras de la misma mediante un 

objetivo apropiado. 

En las figuras S, 6 ·Y 7 se muestran las curvas fotométri­

cas típicas de algunas de las lámparas más utilizadas. 

--- ·<< -;-.. ( ·-. . 

_l_--~-- -.-:.:~-· _. _. -----,--_,.-~.!.,... . ------- .. :.....-

. ·.·-

J 
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· F IGS 5, 6, 7.- CURVAS FOTOMETRICAS TIPICAS DE LAMPARAS COMUNES 

. 5) LAMPARA INCANDESCENTE ESTANDAR 
6) LAMPARA FLUORESCENTE 
7) LAMPARA DE MERCURIO ALTA PRESION CON LUMINARIO 

ILUMINANCIA. 

- , 

La iluminancia · o iluminación de una superficie es la rela­

ción entre el. flujo luminoso que recibe la superficie y su exteg 

sión. Se representa por la letra E y su unidad es el LUX en el 

Sistema Internacional de Unidades. Su ecuación 

.. ,_, 

E = !_ 
A 

es:· 

De ·en':.a .. c•c~·~:o::_.'·,ín,se deduce que cuanto mayor sea el flujo_ 

luminoso .:incidio·it .. ~e·sob·l'e un1 superficie, mayor será la iluminag 

cia, y qu~, para un mismo flujo luminoso incid~nte, la il6~inag 

cia será tanto mayor en la medida en que dismi.nuya la supElrficie. 

El lux, unidad de luminancia se define como la iluminación 

---------··-· ... -..:;t-........o:-r.rcr---.. -1 --~-;·:-;.------1---~-~~1 ____ ._ .. -·\·--¡-~-:;,:-;-;--:-:·;------~---::··--------
' ' f •.....; . - • : ' . 

.. ·-· ~~~~:-. . .. . ·-··· .... 

' 

' j 
• 

1 • 
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- de una superficie de un metro cuadrado que recibe unif~rmemente 

repartido.".u,!)., flujo luminoso· de un lumen (Fig 8). 

. . 

FIG 8.- UNIDAD DE LUMINANCIA. LUX. 

1 lin 
LUX = --

.')··· 

La ilumü:ir~~ia constituye_ un dato im-portante· para valorar 

el nivel de iluminaci6n que exi~te en una oficina, en la supe[ 

ficie de un recinto, en una calle, etc. 

La medida de iluminancia se realiza por medio de un apar!! 
' 

to. denominado luxóm.etro, que consiste en una ce ida fotoeléctri-
' ca que, al incidir la luz sobre una superficie, genera una débil 

corriente eléctrica que varia. en función de la luz incidente. 

Dicha ¿orriente se-mide con un miliampérmetro cuya escala est~ 

calibrada directamente en lux. La Tabla III muestra distintos 

valores_aproximados de iluminancias. 

T A B L . A III 

Mediodía de verano al aire libre;- con cielo despejado·; .••••..• 
Mediodía de verano al aire libre, con cielo cubierto .•.....•.• 
Lugar de trabajo bien _iluminado en un recinto interior .••••..• 
Buen Alumbradt"·Púb1ico .-...•.••..........•.•••..............••. .. ,., . . .... ,., ·.-.":''•} -·-. 
Noche de Luna· LLena•·c· .. :~ · ...................................... .. 
Noche de LUna nuer;,,,. (Luz''de' estrellas) ......••..•.......••.... 

."- ;· '--~-

1 

____ _¡_ ___ _ \ 

100,000 lux 
20,000 lux 

1,000 lux 
20-40 lux 

0.25 lux 
0.01 lux 

.. 
1 

1· 
( 
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LUMINANCIA. 

La luminanc:Í.a de· una superficie en una dirección d-etermi­

nada es la relación entre la intensidad luminosa e¿_dicha dire~ 

ción y la superficie aparent~ (superficie vista por.el observa­

dor situado en la misma dirección). 

La luminancia se representa por la letra L y su un~dad es 

el NIT (~tl.~ candela por metro cuadrad6 (cd/m'); tiene un sub­
.,.,_., ;, ~-·-.. :t·:-;_~": .... ::: :~: 

múltfplo que ~s :~,r .. ~TJ,LB (sb) que es candela por centrímetro cu!! 
,,,;.• 

drado (cd/c~·~. empleado para fuentes con· elevadas luminan¿ias. 

La ecuación que expresa la LUminancia es: 

I 
L = 

S cos 0<. 

donde: S cos IX es la Superficie Aparente 

La Luminancia es-máxima cuando el ojo se encuentra en la 

perpendicular a la superficie luminosa, ya que entonces el án­

gulo"' es igual a cero y el coseno de<>< igual a uno, correspo!! 

diendo la superficie aparente a la real. 

• La lumina~cia puede ser directa o ind~r~cta, correspon-­

~iendci la primera a los manantiales luminosos .y la segunda a _ 

los objetos iluminados (Figuras 9 y 10). 

,, r, . r-;: -·.~ 

, __ -
'.1"' 

Superficie aparente · 

Superficie luminosa 

·FIG 9.- LUMINANCIA DIRECTA DE UNA 
SUPERFICIE LUMINOSA. 

Superficie aparente 

·-
·superficie Iluminada 

-FIG 10.- LUMINANCIA INDIRECTA DE 
UNA SUPERFICIE-ILUMINADA. 

r 

j 

l 
l 
1 
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' La luminancia es lo que pro¿uce en el 6rgano visual la seu 

saci6n de claridad, ~ues la luz no se hace visible hasta que es 

reflejada por los cuerpos. La .mayor o menor clar~d•d con que v~ 

mas los objetos iluminado~. depende de su .luminancia. El libro y 

la mesa de la figura ll tienen la -misma il·uminancia, pero se ve 

con ·más claridad el libro porque su luminancia:es mayor·· qu·e ia' 

de la mesa. 

·FIG 11.- DIFERENTES LUMINANCIAS DE DOS CUERPOS 
. CON IGUAL ILUMINANCIA. 

Ls percepci6n de la luz es realmente la percepci6n de di­

ferencias de luminancias. Se puede decir, por lo tanto, que 

el ojo ve diferencias de luminancias y no de iluminaci6n. 

En la Tabla IV se dan algunos valores de luminancias. 

T A B L A I V 

Sol ....................•••..••..••....•.•....••... , •.•.... 150,000 cd/cm' 
Cielo despejado ........................................... . 0.3 -0.5 " 
Cielo Cubiero .......•......•.......•...........•..... : .. 0.03- 0~1 '' 
Luna .••..•....••.••••...••......•••......•..•......•......•••• 0.25 " 
LI..ama de uGa ~YP.la de cera ......... ~ .•••......•••..••••..••.•..•• . Q. 70 " 
Lámpara Ini:.an'des2ei; ~~i<.:iara • . . . • • . • . . . . • . • . . . . . . . . . . . . . • . • 100 - 200 " 
Lámpara I~-Candes~ .. ~ntG .. -mai:.-6~- ...................... ............. .' S ~50 " 
Lámpara IncandCsJ..:.~tlte Opéil ..•..•.........•..... : . .... _ .. ~ :-..... 1 - S" 
Lámpara Fluorescente L40W/20 ... : .......... _ ..................... . 0. 75" 
Lámpara de mercurio a alta presi6n 400 W .•.•.••..•...••• ·••••• • • 11 " 
Lámpara de Aditivos Metálicos . 400 W •••.••..•... ~ ...•.••.• ~ • • • • 700 " 
Lámpara de sodio a alta presi6n 400 W. . • . • . • . . . • . . . . • • • • . . • • • . 500 " 
Lámpara de sodio a baja presi6n 180 W •........•...•••.•.• ; • • • • 10 " 
Papel !llaneo .con Iluminaci6n de 1000 lux •......•••..•••.••••• ; 250 cd/m' 
Calzada de una calle bien iluminada • . • . • • • . . • • . . . . • . . • . . • . . . . • 2 " 

j 

1 

¡. 

! 
i 
v· 
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o La medida de la luminaJcia se realiza por medio de_un ap~ 

rato especial llamado Luminancimetro o Nitr6metro, de construc­

ci6n similar al luxómetro, del que igualmente existen diversos_ 

m o de 1 os , ,;;,~ .~!· ~ . ;·•fif~~,~;,_ .• 
SISTEMA~ . m;,· UlGDADBS. 

'" , .... 
El sistema inglés de unidades tiende a desaparecer, por lo 

que en un futuro próximo todos los paises utilizar§n el Sistema 
1 

Métrico, m§s propiamente llamado el Sistema Internacional de º 
nidades, abreviado SI. Las principales razones para adoptar el SI_ 

son las siguientes: 1) Su extenso uso en la mayor parte de los 

países del mundo, 2) Son las unidades primarias en el campocie~ 

tifico, y 3) La necesidad de uniformizar los campos de ciencia. 

e Ingenieria. 

En la Ingenieria de iluminación sólo aquellos términos 

que involuc~an unidades de longitud o §rea se ven afectadds 

por la conversión. Las unidades de lúmenes, ca.ndelas,. estereo­

rradian.es y eficacia permanecen igual. Por lo ··tanto sólo -las !! 

nidades de Luminancia e Iluminancia se ven.afectados por esta 

conversi6n: ' .. ~. ,.' ,_ :· 
' ., ~. 

En el ~ist,r:>m~· .. -Úg1.és la unidad de Iluminancia es el foo~ 

ca·ndle (fe) y"e.ijuivale .a un lumen por pie· cuadrado, o sea: 

lm 
fe = 

. ' p1e 

La conversión entre Footcandles y Lux se reduce a una si!!! 

ple conversión de pies cuadrados a metros cuadrados _porque los 

lúmenes son comunes: 

1 pie = 0.3048 metros 

1 footcandle = 

o también: 

) 

lm 
pie' 

1 fe 
10.76 lux 

1 pie' = .0929 m' 

pie
2 

= 
0.0929 m' 

= 1 

10.7639 Lux 



1 
¡-

1 

1 

1 

1 

1 

' 1 

1 
1 

1 
1 

1· 

6. ~ 
En el Sistema Inglés la unidad d(e Luminancia. es el foot-

candle .(fl) y equivale a una candela por pie cu~drado, o sea: 

cd 
fl. = 

. ' p1e 

'La conversi6n entre footlamberts y Nits se reduce también 

a una simple convetsi6n de metros cuadrados a-pies tuadrados p~ 

ro se debe incluir el valor . 

-t ... - l:o>>j 

.•. 

1 
fl = ,. 
.. !-;. ;: <' -~·~--- ·; 

...... ,,~ 

cd 
pie' 

., [;;_ .. 
o también : 

0.0929 m' 

fl . m' 
3.426 cd 

= 3.4262 cd 
;-;-= 3.4262 Nits 

= 1 

La relaci6n entre candelas, lúmenes, estereorradianes y~ 

footcandles puede encontrarse fácilmente utilizando una esfera 

unitaria de 1 pie de radio con una fuente puntual uniforme de 

1 candela en el centro de la esfera (Fig 12): 

As • 1 PieZ 

lo) ESFERA UNITARIA 

2 

( b J SEGMENTO DE UNA ESFERA UNITARIA 

FIG 12.- ESFERA UNITARIA 

' 
1 

. 1 
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Para un §rea de un pie cuadrado en la s~perficie, el §n­

gula s6lido obtenido ser§ un estereorradiafi (sr): 

A 1 pie 
w.= = = 1 sr 

R' 1 pie 

' La fuente puntual de una candela producirá un lumen an la 

unidad de ángulo s6lido: 

6 = I w = cd . sr = lm 

La iluminaci6n producida en la superficie interior de la 

esfera ser§ de 1 lm en un pie' o un footcandle: 

E = 

.. ; . 
-~·-.. , .. ,. 

6 = 

A 

1 lm 

1 ft' 
1 fe 

El área. í:':Jtal ·de la superficie de una esfera es 4 R' .Por: 

lo tanto, el área total de la superficie de la esfera unitaria 

es 4n o 12.57 ft'. Si el flujo luminoso de 1 lm llega a cada 

pie cuadrado, la fuente puntual uniforme produce un total de 

4~ lm o 12.57 lm. 

Además de las unidades estudiadas hay otras que se usan re 

gularmente. Algunas de éstas·son las siguientes: 

Cuando la intensidad luminosa está en candelas y el área 

está en pulgadas cuadradas, la unidad de luminancia es candelas 

por pulgada cuadrada, por tanto: 

1 fl = 
lm 
ft' 

1 1 ___,- = 
TT lm TT 

cd 

....s..L =-· _,_ 

ft' . .144 

El número de footlamberts es igual a 1/144 

·ro de cand~lr;S ~,0·~ ~";·~ gada cuadrada, es. decir: 
. ·,. 

l''fl 
= 

144lt. pul' fl 
= 1 

(1/144lt)(cd-pul') 1 cd 

cd 

pul' 

veces el núm~ 

Haciendo un análisis comparativo entre dos esferas unita-

• 

1 

. \ 

. .. 
., 
' ., 

¡ 

·¡ 

¡ 
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f 

rías para cada sistema de unidades, es.decir una con radio de 

1 pie. y otra con radiG de 1 metro se pueden comprobar·. varias_ 

de 

1 

Y·• ': ,, 

''·\~ ;: ·""''' :•:;.n~~,t:·''·C"'J!, ,~' 
'··'. 
" 

(Fig13). 

SUPERFICIE DE UNA ESFERA 
/: 1 Metro. cuadrado de clrea 

.-__ ... 

- .... -
.ILUMINACIO~ 
l. lux ó 

--

1 lumen 1 metro cuadrado 
ó 0.0926 foolcondle · 

· Frr; \:) . ..:, UNIDADES DE ILUMINANCIA. 

En la Tabla VI hacemos un resumen de las magnitudes y unida­

des luminosas fundamentales para los sistemas Inglés e Interna-­

cional y en la Tabla V se incluyen algunos factores de conversión 

entre unidades comunes. 

T A B L A V· 

pul X 2.54 ••••• o •••••• cm 
pie X • 3048 ••••••• o •••• m 
lux X m' o •• o o ••••••• lm 
fe pie 

, 
lm X ............ 

fe X 10.765 ............ lux 
cd X sr o o 'o o o o o o o o o o lm 
f1 X 452 ............. cd/pul' 
f1 X 3.4262 ............ Nits (cd/m') 

cd/pul' . X 1.55 •• o • o ·-o ••• o • Kcd/m' 
. ·,. "' '·.:,. .. ;: ·:·~ .,·.-~.'in~'r,~'-""·~~>~ 

.,, .. " .. · 
• . r: ':' 

~- ·'··· .,., ,, ' •. , r"' ·:· 
'1}1"· 
. ~,. !¡;, 

j 
. ' 

1 
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T A B L A V I 

'RESUMEN DE LAS MAGNITUDES Y UNIDADES LUMINOSAS FUNDAMENTALES 

MAGNITUD SIMBOLO UNIDAD ·DEFINICION DE LA UiUDAD RELACIONES, 
,.. <·~ 

' . ·.. .. . 
------------~,~~--------------------------~' ·~.~----------~--,... ._:i·· ·~'' 

FLUJO LUMINOSO 

RENDIMIENTO 
LUMINOSO 

CANTIDAD DE 
LUZ 

INTENSIDAD 
LUMINOSA 

· ILUMINANCIA 

LUMINANCIA 

.··'; 

Q 

I 

E 

Lumen (lm) 

Lumen/watt 
(lm/w) · 

Lumen por segundo 
(lms) 

Lumen por hora 
(lmh) 

Candela(cd) 

Lux (lx) 
footcandle (fe) 

L 1, Nitt's(Cd/m') 
.. .. Stilb(cd/011.~) 

---

Flujo 1 uinínoso de l:l<~itdiación 
monocromática de fr~c.;~encia 540 
x 10E12 HZ y un flujo···de ener-
gía radiante de 1/6a3 watts. · 

~lujo luminoso emitido por u­
nidad de· potencia 

Flujo LUminoso emitido por uni 
dad de tiempo. 

Intensidad luminosa de una fue!! 
te puntual que emite flujo lum! 
noso de un lumen 'en un ángulo 
sólido de un estereorradián. -

Flujo luminoso de 1 lumen ~ue r~ 
cib_e_u_Qª ·,sup_erficie .. de L m. 

Intensidad luminosa de una cag 
. del a _por_ unidad .. de- superfide. · 

t6=i.w 

Q=t6.t 

I =t6/w 

E = ;,/A 

' L = I/A ... 

. '·.i~~- ,: . .... 
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LEY DEL -coSENO .· Ji 
'· . . ·. 

• 

En· el coso_ anterior la :superficie· estaba situado pe. pen­
diculormente a la dirección de los royos luminosos ,pero 
cuando · formo ··con .esta_· un determinado ónguló oc, k 

. - . 

fórmula· de la ley del cuadrado inverso de fo df!tonda 
. . . . . ¡ • 

. . , V 

hay que multiplicarla. por el cosei)O del aogulo ccrr&$·1 
pondiente .. cuya expresión ~onstÚuye la llamada g Ley 
del coseno" · 

f 
1 

E• d' cos 0< 

La iluminancia ·en un punto cualquiera qe uno su­

perficie es proporcional ol coseno del .á~gulo . de~~ } 
·Incidencia de los rayos luminosos en el punto· ilt¿.··_ · 
minado. 

·.' . ' ... _. -.--·.·-
~- . / -

... (' 

. ·-· 
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LEY DEL COSENO·· • 

. ., 
. ~ ,_ ~ ·. 

• 

· En la fioura se representan dos fuentes F '1 F• 
con igual intensidad luminoso y o b misma dis t<IA - _ -
cio del punto P. A la fuente F con un <Ín<JAO de v 
incidencia o< igual a cero, corresponde Uft cose-
no 0° = 1 y produce una ilumiooción en el 
punto P de valor. Ep = ~~ x 1 

De la ·mi s·ma forma el F' con un ángulo c<.=OO: . · 
corresponde el cos 60° = 0.5, producird en el miS· 
mo · punto· una iluminación de valor. · E' 1 

0
. 

5 . . . p = da x .. · 
·Es decir qu~ E'p;: 0.5 Ep o que para obtener lo 
~misma iluminación en el punto P, la intensidad 

. . . 1 . . 

luminosa· de la fuente F debe s_er ·doble de 
la F. · , 

. 1 • . . • . 

En la pract1ca, generalmente no se conoce la· 
distancia 'ij" del foco ql punto considerado, sino _ ,_. ¡ 

. su altura "h" a la horizontal del punto y a 1 -~·~e r · ·.· · · ·.· .·· ___ . 

cosO<=* : 
1 

d= ~o< , substituyendo est
1
e .. 

valor-~ e-n :to.:--formula anterior, se obtiene la - ·· ... 
• • ' .- -.. • • • • • • • • .- - • •• - .:· • • • d • ~ 

s1gu1ente. ~P = . ~· cos•""' . c:z)/ .; .· · .. · 
. ... " . \~ .. ' . 

- .. -~ ... -- . ....• ,_ ' 
. .... -.. . . ,.... .... " -.. ~ .... .•.. ... ... 

----- - --·---- - ----- ----- -- ,_ -- --- .. --
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E.L: .B A l.A.s·r.R O 

Finalidad:· El transformador .de alta reactanci a de dispersión; 

Tipos de Balastros. 

El fenómeno de la descarga eléctrica en gas es un fenómeno com -

·· .. ,. 

plejo, y la gráfica siguiente nos dá idea del comportamiento oe 

las cargas cuando se lleva a cabo el fenómeno. 

' 

... 
A 

CORRIENTE 

la i nformac.i ón que se puede obtener de 1 a gráfica y que r.os in -

· .. , . 

teresa ·expo~ti?; sé encuentra entre 1 os puntos D y E que es li , """' 

región de operación norma 1 de 1 a 1 ám;¡ara f1 uorescente. 

, 
1 • 

! 

.. 
''• ·-



'. •· ., 

t . 
., '¡ 

J 2 

) 

• 

En· esta parte de la grlfica se ve que habiéndose superado el 

voltaje Vx el gas presenta una región de resistencia negati 

va, y en donde la corriente eléctrica a través del gas crece 

teóricamente hasta el infinito. 

Es debido ,a _ésto que se justifica la .existencia de los 1balas.:. 

tros, que sop dispositivos que sirver·primordialmente,para 
~ ' . . -

mantener la cot·ric'nte eléctrica a través de la .lámpara, en un 
. ",. 

) . •·;. •: .. •.•. 

rango de valot·es, que permiten a la lámpara operar satisfact.9_ 

.riamente y sobre todo protegerla de la destrucción . 

.. 
El vocablo balastro se deriva de la palabra inglesa ''ballast" 

que significa lastre. 

De acuerdo a 1 a defi ni ci ón 'que 1 a norma CCONNI E - 16.2 1 tie 

ne, el "balastro, "es un dispositivo que, por medio de inducta!!_ ( 

cías, capacitancias, o resistencias, solas o en"combinación, -

1 imita i a· corr~Fntt de 1 ámparas f1 uorescentes a 1 va 1 or requerí 

\ do para su operación.correcta y también,.cuando es necesario-

. - ··-·-. --- • ·¡ . ·., 
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suministra la tensión y corriente de arranque, .. y·en el caso de 

balas~ros para ~lmparas de arranque rlpido, suministra la ten-· 
·~- ., . 

sión parr caientamiento de los citódos". 

En principio, un balastro puede ser cualquier elemento que li-

mita la corriente, como por ejemplo, una resistencia, una ca -

: pacitancia, una inductancia 6 una combinación de los elementos 

• 
anteriores. 

El hecho de usar lámparas fluorescentes obedece a que su efi--

ciencia lumfnica es mayor que 'las incandescentes debido a que-

és"tas últ.imas emiten un gran porcentaje de radi aci 6n en 1 a re-

.,, ' 

gión. infrarroja es decir ·en forma de calor; entonces si naso-

tras usamos un-balastro a base de resistencias, lo que logra­
\) 

mos es crear pérdidas, y no tiene caso usar una lámpara fluo -

rescent~ que es incluso mis cara, si la eficiencia del conjun-

to balastro-lá~para es parecida a una incandescente • 

R 

1-A.M PA. A A 

v.-LINEA •• 

• > ,. ~ ••• 

,!J :· '.-::.: '.,'· ~, ",' • 
. 

• ·¡ 

,· 
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El usar un balastr9 .a base de capacitancias no es .económico 

debido a. las bajas frecuencias de transmisión de energía 

que se utilizan comunmente ( 50 ó 60 _Hz ), además. de que la 

·forma de onda de la corriente de la lámpara se deformaría-

notablemente, creando picos que dafiarfan a la lámpara 

... · ... · .. ~·. 
En otras pala~ras, se necesitarfan valores altos de capacj_ 

tancia para poder ·proporcionar a la lámpara ·una corri~nte-

nominal de operación muy deformada. 

Sin embargo el capacitar resulta ser buen balastrd desde -

400 Hz en adelante. 

V. LI~EÁ 

' 1' 
' 

: 

•. 
'\ 

l 

. '·· 
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El tipo rest~kte''de balastro es una "reactancia inductiva" • 

También conocida como inductancia, inductor, o bobina de 

~hoque. 

De los tipos de balastros antes mencionados, éste es sin du 
1 
1 

da . e 1 más .satisfactorio y e 1 más económi e o, y en 1 a actua 1 i 

dad casi todos los balastros están formados por inductan 

cias, o combinaciones de éstas con capacitancias. 

L 

V. LINEA 

., . 

INDUCTANCIA SERIE 

:· .. ::·-". . .. ·-:. 

LAMF-ARA 

·-.,. 

. ' 
'' '' . ·.·. _ .... ·. ,_,... ..,:; 

1' 

! 

! 
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EL AUTOTRANSFORNJ'l.DOR DE J'l.LTA REACTANCIA DE DISPERCION 

... 

Los circuitos mostrados anteriormente, funcionan en redes de 

·~ .. 
alimentaciÓn cuyo voltaje es mayor que el voltaje mínimo de-

encendido de_la lámpara, sin embargo cuando éste último· es-

superior al de línea, se:necesitaría, además de la inductan-

cia serie, un transformador o autotransformador que elevara .... 

la· tensión hasta un valor suficiente para encender 1~ lámpa-

\ 

ra tal como se muestra en la siguiente figura: 

.. ·.·. : ... ,··· 

V. LINEA 

.. 
( 

: · ... 
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Esta combinación es completamente satisfactoria eléctricamente, 

·aunque excesivamente costosa. Probablemente el avance técnico 

de más significación en el campo de la fabricación dé balas --

tros. para 1 ámparas fluorescentes y en general para 1 ámpara·s -

de descarga eléctrica en gases, fué el desarrollo ·de los. balas 
· .... 

tros ·"autot~ansformadores de alta reactancia de dispersión" 

que son las que se utilizan:actualmente. ·,Dicho de forma'ele-
.. r . •. 

mental, el balastro autotransformador de alta reactancia combi 

na los elementos del circuito de la Fig. ( autptransfor 

mador y bobina de choque) , en un solo nGcleo, lo que disminu - • 

ye el tamaño y costo, y aumenta la eficiencia del circuito. Es-

te tipo de balastro se muestra esquemáticamente en la siguiente 

fi gur;~·· ... 
:· ... : .. · .. 

.. 

.. ,\ 

LAM~A"A 

V. LINEA 

' 

AUTOTRANSFORMjOOR 

' \' 
Al.TA. REACTAN C.IA 

. ·.· 

.. 
'·· "· 
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En la figura .se iiiü~stra la estructura del núcleo de acero y de 

los devenados, así como las trayectorias de las líneas Magnétj_ 

cas. 

1 
1 

·n.t BU.JO ESQUEMATICO 

Nótese en la figura 'que el autotransformado·r de alta reactancia 

tiene 2 devenados, uno primario y otro secundario, separados me 

diante entrehierros magnéticos. 

cima del otro, ya que.en este caso resulta importante que todo~ 

el. flujo magnético que· produce el devanado pr1~ario pase a tra-

vés del devanado secundario. Al embobinar ambos dev3nados uno 
·.· 

... -.. 

1 '· ' 
1 ; 

• • 

' . 

.. 
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encima del otrci se logra ésto fáci.lmente. Sin embargo en un -

autransfcirmador .de alta reactancia, al tener s·e_parados median-. 

te entreh\erros los devanados primario y secundario, .intencio-.. 1 

nalmente ·obligamos que parte del· flujo magnético creado por -

el devanado creado por el devanado primario, pase a través de-

:los entrehierros, y no pase a a través del devanado secundario . 

.. 
Esta alta· dispersi~n del flujo magnético creada a propósito, ma 

nifiesta su efecto en forma de una reactancia inductiva parási-

ta en seri~ con el circuito secundario y es precisamente esta -

reactancia inductiva la que controla la corriente eléctrica a -

. . 

. TI POS. DE BALASTROS · 

o 

En resumen, para poder iniciar la descarga eléctrica en un tubd 

fluorescente, se necesitan 2 condiciones: 

i • 

t. 
. . 

. '• .. ·.··· 
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1. Que exista entre sus ·extremos un volÚje igual o mayor que 

el mínimo necesario especificando por el fabricante de lám 

paras. 

2. Que s\.is cátodos tengan al momentO. de arranque disponibles -

electrones libres. 

Esta segunda co'ndición se puede lograr de tres formas d·iferen-

·.··· 
tes y' da lugar' a ~a división de las lámparas y de los balas . . ' . 

.... 
tras en tres tipos de encendido. 

·a) Encendido Precalentado 

b) Encendido, rápido 

e) En'cendi do instantáneo 

a) Encendido Precalentado: 

Se ·coñecta un interruptor térmico entre dos terminales 

opuestas entre dos terminales opuestas de .. las lámparas, 
• V 

de tal manera que cuando está frío ( el interruptor ) -

·.····,: .. 

se pone ~n·corto circuito,· y origina que una corriente-

... circule a través de los cátodos de la lámpara calentan-

dolos y cumpliendo con la condición para el arranque; -
INTERRUPTOR 

V. I..INEI\ 

- ; 

ENCt::NDI DO 
PRECALi¡NTADO 

i 

1 
' 1 

1 

.1 
1 

¡ 1 
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·,··· 
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un instante d~_spúés se abre el interruptor térmico (cebador o 

arrancador ) ~resentándoi~ las dos condiciones necesarias 

para el 'encendido. 
{· 

' 
b) Encendido Rápido ., 

En el encendido rápido, devanados auxiliares ~roporcionan ca-
·' .. 

· .. 
lentamiento cont1nu6'a los cátodos mediante li aplicación de 

un voltaje pequeno en los mismos, con lo cual~se tiene la· hu 

be.elet:;trónic"a disponible, y con la aplicación de un voltaje 
·' ..... 

mayor al mí.riimo necesario se cumplen las condiciones para el 

encendido 

rm (ff6 

!BALASTRO 1 ti LAMPARA f 
r : 

' 

V UN EA .. 
,. ' 

d 

-
.\ '·'·· .. 

_ENCENDIDO RAPIDO 

,,.~: ' .. · 
i 

.f 

• . 

• 
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e) Encendí do Instantáneo ... 

En. el encendido instantáneo se tienen disponibles los electro 

nes en los cátodos por efecto de campo; ésto es que, para es 
~· (:'·- · .. ''. 

te tipo de encendido··se amplfa uh voltaje'en los extremos de-

la lámpara los· suficientemente alto, como para que los elec-

trones del material emisivo de los cátodos sean literalmente 

arrancados, y empiecen a viajar hacia el cátodo contrario ini. 
, 

ciando .la descarga eléctr.ica a través del gas • 

. . 
·: .. 

l BALASTRO 1 LAMPARA. 

V LINEA. 

. : ..... :. . -~: 

ENCENDIDO INSTANTANEO 

Cada tipo de encen.dido presenta ventajas y desventajas sobre 
.-· 

los. otros, sin embargo todos· tienen campo de ap1icaci6n, y-

por lo mismo mercado. 
• 

Ahora por el tipo de circuito que utilizan, los Balastros 

tienen otra divisi6n; a saber: 

•· .. 
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Pri nci pa 1 es . · Circuitos. 

a) El circuito más sencillo, es la iftductancia·serie o bobi-

mi de choque. 

'---
••ooon- LAMPARA 

,. .. 
IN EA ' 

VL 
ó 

~ 

1 

Se usa en líneas de alimentación cuyo voltaje excede el volta· 

je mfhimo de encendido de ia lámpara~ Para el caso alto fac-
'·' 

t~r, se le agrega un capacitar en paralelo con la lfnea. 

Normalmente se usa en encendido precalentado.exclusivamente,-
• 

aunque se puede utilizar también en en¿endido instántaneo . 

. 
b) Le sigue el ci~cuito a~totransformador de alta reactancia, 

q~e .~e usa en los casos en donde el voltaje mínimo de en-
. ' ; : ·.. . . ·: . 

cendi do .~s. mayor que el voltaje de línea; usualmente son-

o-·bajo factor, para alto factor, . se utiliza un capacitar-

. ·,' 

: 

, ... -... "' ...... 
'. 
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- \'t J4 ... 

en serie ·c-on,· •~p:~. :inductanci a, como se ve en líneas. punteadas 
· ... 

en el diagrama. Se usa en encendido precalentado, encendido 

J 

·rápido e jnstantáneo bajo factor de potencia. En este tipo-

de circuito, la regulaci6n ~e la·corriente de lámpara, se lo 

gra mediante la reactancia de dispersi6n exclusivamente 

• • 

LAMPA.RA 

.. 'JV~ LINEA . 

ALTA REACTANCIA 

e} El tercer tipo de circuito es el autotransformador auto­

rregulado; es de alto factor de potencia, y. siempre -­

tiene el capacitar en serie con la lámpara. Se usa en 

todos los balastros de encendido rápido alto factor, y 

en los de encendido instantáneo alto factor para un~ so 

la lámpara. 

~ -··· . . -. ~ ·.'··· 

···:.. 

··-
·' .. 
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' En este circuito, la combinaci6n de la capacitancia en· serie -

con lá reacta~cia inductiva de dispersi6n, proporciona-una me-
.,_, 

jor regulaci6n en la corriente del secundario,. que el circui-

.. .. e 

• 

. - .. ~ ~. ·., 

.. 

• . 

' ¡ 
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BAL~STROS H •. I. D • 

. LAS LAMPARAS DE DESCARGA DE ALTA INTENSIDAD (H. I •. D·.) , .TA!-1-, 

BIEN SE COMPORTAN COMO LAS LA!~ARAS FLUORESCENTES YA QUE PER­

TENECEN AL MISHO GRUPO DE LAMPARAS DE DESCARGA ELECTRICA EN 

GAS, POR 'LO TANTO TAMBIEN ES VALIDO EL RAZONAHIENTO ANTERIOR-

MENTE EXPLICADO SOBRE ·LA JUSTIFICACION DE LA EXISTENCIA DE 

'BALAS'J'iWS ·H ... }~ .. D· 

• .· ... 

LAS PRINCIPALES LAHPARAS H. I. D·. .SOBRE CUYOS BALASTROS !!A­

BLARÉMOS SON : 

1.- VAPOR DE MERCURIO 

2.- ADITIVOS HETALICOS 

3.- VAPOR DE SODIO ALTA PRESION 

4.- VAPOR DE SODIO BAJA PRESION (*) 

..... 

(*) SE INCLUYE ESTA LAMPARA, AUNQUE ESTRICTAMENTE HABLANDO 

NO PERTENECE AL GRUPO H. I. D. 

··,' .·· •,! 

ESTAS LAMPARAS TIENEN COMPORTAMIENTOS DIFERENTES ENTRE. SI, 

Y CON RESPECTO A LAS LAMPARAS.FLUORESCENTES, Y.UNO .DE LOS 

ASPECTOS DONDE HAY MAYOR DIFERENCIA ES EN EL ARRANQUE. 

u 2 •• 
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1 
AUN ASI, SUS BALASTROS TIENEN ASPECT.OS EN CO.i-!UN, DE TAL ~lANERA .. . " . 

QUE A.CONTÍN'bAciON DESCRIBIREHOS EN FORMA GENERAL SUS CIRCUI-

TOS . . 

I.- BALASTROS ATRASADOS 

' • 

SU NOHBRE SE DEBE A QUE EN LA FORHA DE ONDA EN LA LAH-

PARA, LA CORRIENTE VA ATRASADA RESPECTO AL VOLTAJE. 

A ESTA CATEGORIA PERTENECEN LAS INDUCTANCIAS SERIE O 

"BOBINAS DE CHOKE" Y LOS AUTOTHANSFORHADORES·DE ALTA 

REACTANCI.A 

: .... _.·.~ . . ... 

\1, LINEA 
Q 

1 
1 
1 
1 
1 
1 

-~-
1 
1 
1 

fNDUCTANCIA 
·. . 

L LAMPARA 

. SERIE 
• <.' 

LA INDUCTANCIA SERIE ES EL BALASTRO HAS SENCILLO, Y 

SECUTILIZA PARA LAHPARAS CUYO VOLTAJE DE ENCENDIDO ES 
.. _,_ .. 

MENOR QUE LA TENSION DE LINEA; 

•• 
',··· 

. NORM~"'""'T' 
i 

DE BAJO FACTOR DE POTENCIA, Y SI SE 

u 3 •• 

• 
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~EQUIERE UN. ALTO FACTOR, SE AGREGA UN CAPACITOR _EN 

?ARALELO CON LA LINEA. 1 •• 

. ~ ·•· 
SU REGULACION DEJA MUCHO QUE .DESEAR Y SU CORRIENTE 

PE· ENCENDIDO ES 11AYOR QUE LA CORRIENTE NOMINAL DE 

.. Ol?EAAiiOl~; POR LO QUE . DEBE TOHARSE ESTO EN CUENTA 

PARA EL CALCULO DE LAS-PROTECCIONES.DE CIRCUITO. 

EL VOLTAJE DE EXTINCION (VOLTAJE DE LINEA AL CUAL 

SE APAGA LA LAMPARA) ES ALTO, PROVOC.ANDO· QUE SE 

APAGUE LA LAMPARA SI EXISTEN VARIACIONES FUERTES 

EN LA TENSION DE LINEA . 

r---, 
1 1 

J_ 
T 

1 
1 

L 

AUTOTRASFORMADOR ALTA REACTANCIA 

. . 

EL AUTOTRANSFORHADOR!DE.ALTA REACTANCIA PERMITE EN­

CENDER UNA LAHPARA A CUALQUIER TENSION DE LINEA. 

il 4 •• 
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t 
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SI SE REQUIERE ALTO FACTOR DE POTENCIA, SE LE AGREGA 

UN. CAPACITOR Y UNA INDUCTM<CIA EN PARALELO CON LA LI­

NEA COHO SE VE EN LA .FIGURA • 

• 
SU REGULACION SIGUE SIENDO HALA COHO LA DE LA INDUC-

. TANCIA SERIE (+ 5% V LINEA + 12% W LM1P.) : SU 

CORRIENTE DE ENCENDIDO ES ~lliNOR QUE LA CORRIENTE NO-

MINAL DE OPERACION, Y SU VOLTAJE DE. EXTINCION TAM-

BIEN ES ALTO. 

·.··· . · .. . •,·: 

EN .GENERAL, ES NECESARIO MENCIONAR QUE ESTOS BALAS-

TROS ATRASADOS SON LOS }ffiS ECONOMICOS Y LOS QUE PRO-

VEEN LAS CARACTERISTICAS DE OPERACION !1ENOS BUENAS. 

II.- AUTOTRANSFO~ffiDORES AUTORREGULADOS 

EN EL MERCADO NACIONAL SE LES CONOCE COl·iO "AUTOTRANS-

' FORHADORES AUTORREGULADOS" Y EN ESTADOS UNIDOS DE NOR-

TEM-!ERICA ·sE LES LLN1A AUTOTRÍ\NSFÓR1·ffiDORES DE POTENCIA ....... .. 

,CONSTANTE (C. W. A.). 
• 

.f;>~.::-" ~~ . . . 
EL CONTAR CON UNA CAPACITANCIA EN CQMBINACION CON UNA 

INDUCTANCIA PROVEE AL CIRCUITO DE MEJOR CONTROL SOBRE 

LA OPERACION DE LA LAMPARA. 

' . 

1 

•. 

1 

' 
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e 

TE.NSIO N ···~ . 
OE LINEA' 

IIL-

' AUTOTRANSFORMADOR 
AÜTOR.RG:GUL.ADO 

EN. ESTE CIRCUITO, QUE SIEMPRE SERA DE ALTO FACTOR DE 

POTENCIA, LAS CARACTERISTICAS .EN GENERAL SON HEJORES 

QUE EN LOS CIRCUITOS ATRASADOS¡ ·SU REGULACION ES t1E-

JOR ( + 10% V LINEA + 5% N LAHP.) , SU CORRIEN-

.TE :q;. ::~!~ENDIDO O ARRANQUE ES MENOR QUE LA CORRIENTE 

NOMINAL DE OPERACION, Y SU VOLTAJE DE EXTINCION ES 

MENOR QUE EN LOS CIRCUITOS ATRASADOS. 

TRANSFORMADORES DE POTENCIA CONSTANTE 

ES EL MEJOR DE LOS BALASTROS, SU PRINCIPAL CÁRAC-

TERISTICA DESDE EL PUNTO DE VISTA CIRCUITO; ES QUE 

NO EXISTE CONEXION ENTRE EL PRIY~RIO Y EL SECUNDA-

RIO AISLADO. 

~.. . ' ... 

k . \1. 

.. , r , .. 

( 

u 6 •• 
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1 
1 

1 

1 

' 

i 

·1 
! 
1 

1 

1 
1 

1 

i 1 
1 

1 

~ 1 
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LA VENTAJA.QUE SE DERIVA DE ESTA CONDIGION ES SEGU-,. 

RIDAD PARA EL USUARIO. 

• 

· ·V .. \.PNEA 
. ·. :' :· : . ·.;·' 

e ··..,, . 

TRANSFORMADOR DE POTENCIA CONSTANTE 

POR OTRA PARTE LA REGULACION DE ESTE BALASTRO ES 

LA MEJOR DEL ~illRCADO YA QUE PARA UNA VARIACION EN 

TENSION DE LINEA DE + 13% SE OBTIENE UNA VARIA~ 

CION EN LA POTENCIA DE LAMPARA DE + 2%, RAZON POR 
. 

LA CUAL SE 'LES HA ASIGNADO EL NOMBRE DE TRANSFOI{HA-·, . 
·' DORES DE POTENCIA CONSTANTE. 

RESPECTO A.'LA CORRIENTE DE LINEA DURANTE EL ENCEN­
J 

DIDO, ES MENOR QUE LA CORRIENTE'NOMINAL DE OPERA­

CION, Y SU .. VOLTAJE DE EXTINCION ES TAN BAJO, QUE 

•·· 
PRACTICAHEN.TE NO EXISTEN PROBLE~lAS DE LAMPARAS APA-

. ·'. 

GADAS POR VARIACIONES SEVERAS EN LA TENSION DE LI-

NEA. 

• 
u 7 •• 

1 
f 
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1.- BALASTROS PARA LAHPARAS DE VAPOR DE HERCURIO.-
'1 

l ¡ 
SUS GIRCUITOS SON EXACT.AHENTE LOS DESCRITOS ANTE-¡ 

.RIORHENTE, ES DECIR : 

¡1 llh· ,' 

I.-:- ATRASADOS 
. l' 

" 4 ' . 'lt 
A~¡'¡:'OTRANSFORHADOR AUTORREGULADO 

1 
~ . 

. !l 
TRANSFOR}~DOR DE POTENCIA CONSTANTE 

II.-

III.-
1 

·.·· 1 ·¡. -· .. : -::- • .. ~ .. " ; 

-... 

.2.- BALASTROS PARA~LAl'IPARl\.S DE ADITIVOS 1-lETALICOS.-
' •,J 

1 1 

i 
LAS LAHPARAS DE ADITIVOS HETALICOS REQUIEREN BA-

~ . . 1 . 

1 LASTROS CON CARACTERISTICAS UN POCO DIFERENTES A 
; l . 

LOS DE VAPOR DE HERCURIO, PRINCIPl\.LHEN'rE PORQUE 
~ . ' 

• 1 -~1' t. 

· DESPUES DE CIE.RTO TIE~lPO DE HABER ENCENDIDO LA 

~~ 
LAHPARA, SE PRESENTA UN ESTADO DE BAJA .. CONDUCTAN-

.i ·¡ 
- j l·i ' 
CIA EN EL ARCO:¡ ELECTRICO QUE EL BALASTRO DEBE SER 

CAPAZ DE SOPORTAR PROPORCIONANDO HAYOR ENERGIA DE 
1 1 

1 
!.. 1 .¡ 

···¡;A FO.l'lHli,L PARA HANTENER ENCENDIDA LA LAHPARA. 
:- '" •. ~ ._ .. -;: 

.. -· , 
ES'I'i:: FENOHENO SE CONOCE CO~lO "REIGNICION" 

' ,, 
l ·r 
'1 
·( 

/
' ,, 

¡;. .¡ ·' t 

. " 
u 8 •• 
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1 
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1 

i_ 
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• . ; 
. ¡ 
' ¡ 
' 1 

EL CIRCUITO APROPIADO, DE LOS DESCRITOS ANTERIORHEN-

TE ES EL . . 
'! 

",·•· 1 

.. 

:· ,:-· ·- •• :. ;,.¡ 
II) " AUTOTRANSFORMADOR AUTORREGULADO. . ~- .. . . . . ¿J 

. ·~ 
EXISTEN ALGU~ls LAHPARAS DE ADITIVOS HETALICOS QUE 

'1 
PUEDEN OPERAR EN ALGUNOS TIPOS DE BALASTROS_DE VAPOR 

DE MERCURIO. 1 ,. 

ESTAS LM1PARAS TIENEN UN CIRCUITO DE ARRANQUE ESPE­
! 
¡ 

CIAL INTEGRADO QUE BASICAHENTE ES UN DOBLADOR DE ' ¡- . . ' 
-VOLTAJE QUE FUNCIONA EN COHBINACION-CON EL CAPACITOR 

DEL BALASTRO, 1 POR LO QUE SOLO, PUEDE OPERAR EN BA-
1 

LASTROS DE POTENCIA CONSTANTE Q EN AUTOTRANSFOR}~-. :· .... ' . . . ' lr 
DORE.S: iÚ:JTORREGULADOS. 

.. ··¡¡ 

11,¡ 
'• SIN EMBARGO, ES NECESARIO HACER NOTAR QUE TANTO LA 

. 1 

l 
VID]). COMO LOS 

1
LU!1ENS PRODUCIDOS SON HENORES, QUE SI 

¡ .. 
SE UTILIZARA UN BALASTRO DE ADITIVOS METALICOS. 

' 1 .. 
¡ . 

'· 1 ,¡ 
BALASTROS PARA LAHPARAS DE VAPOR DE SODIO ALTA PRESION.-
• :¡ 

'l.) 

A DIFERENCIA DE 
'-~, 

' ·~ 
-~~p 
l !¡1 
1 1 

• '¡ 

LOS TIPOS ANTERIORES. DE LN·lPARAS QUE 

u 9 •• 



·' ' 

·~· 

I) 

'· •. 

' 1 9 

1 
J 
l 

PARA EL ARRANQUE CUENTAN CON UN'ELECTRODO AUXILIAR 

EN EL TUBO DEL~ARCO, LA LAMPARA DE V. S. A. P. POR 
) . . . 

TENER UN TUBO DEL ARCO MUY DELGADO NO PUEDE ALOJAR 
i 
1 

ESTE ELECTRODO DE ARRANQUE, 
¡ 

POR ELLO, LOS BALASTROS DE V. S. A. P. CUENTAN CON 
'i 

•... , . •. . • ' . ¡J . ' 

UN. ·c:W0t>ITO AU~ILIAR QUE GENERA PULSOS DE ARRANQUE 
.. ·.·· .. 1 

DE APRO~; 3,5,00 VOLTS, CON EL UNICO OBJETO DE EN-

CENDER BA LAMPARA. 
i . 1 

1 
J. 

ESTE DISPOSITIVO DENOMINADO IGNITOR ESTA CONSTI-
1 

. TUI DO DE ELEMENTOS SE!HCONDUCTORES, Y· ES'rl\ CONECTA-
¡¡ . 
¡¡ 

DO AL CIRCUITO CO!-''J SE VERA EN LAS FIGURAS SIGUIEN-
' ' 

TES : 1 

¡ 

LOS CIRCUITOS 1DISPONIBLES PARA ESTAS LAMPARAS SON 
:~ 
,¡ 

APROX. LOS DESCRITOS ANTERIO~!ENTE CON ALGUNAS VA-

. RIAC1'0l'iES, AUJQUE su MODO DE OPERACION SEA DIFEREN-

J 
1' 

TE. '' ! 

1 

J 
CIRCUITOS AT~SADOS.-

r¡ 
:1¡ 
'· .. ,, 
'l 

SOLO EXISTE LA INDUCTANCIA SERIE 
•l 
1 
' 

1 
\ 

u 10 •• 



,. 

1:\~(' -~"'" 
( --¡ 

.. 

li).t!f ~ .. 

.· ,:• 

10 ·,,,. 

~-·· .. ·:-- . ·; {~. 5 . ' 
,. 

V.LINEA ..,... IGNITOR 

-.-:.· 

-~.; • .1.-.i:~~.,;. 
:.: ., .. '. 

1 
1 
1 

INDUCTANCIA SE;RIE; 

. '. ;~¡, .. , ' ... 

. ,: 

II) AUTOTRANSFORMADOR ADELANTADO - REGULADO 

., .... ,ES EL EQUIVALENTE DE LOS AUTORREGULADOS PARA' LOS 2 
: ··: '" ···.· 

TIPO.S. ANTERIORES DE LAHPARl\S. 

SE. LE LLANA ADELANTADO PORQUE LA CORRIENTE VA ADE-

"LANTADA AL VOLTAJE .EN LA LAHPARA . 

V. LINEA 

( .. ' 

C I~CUii··¿.; <: ,.,;DEI..ANTADO- REGUL.ADO 
.... 

·,, 
il-~·:' 

.;., .. 1 
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·'-. - . 

4.-

,. 

• 
11 1 

CIRCUITO ATRASADO-REGULADO.-
..... 

'•'• 

. 'Es EL EQUIVALENTE A LOS CIRCUITOS DE POTENCIA CONS-
e •• ... ,... . 

""·· .;' . ..:~-· .... \:-·~--
TAN.#. ANTES DESCRITOS . 

CIRCUITO ATRASADO REGULADO 

BALASTROS PARA LAHPARAS DE SODIO DE BAJA PRESION.-

.. "' 
: .• -~ ~ .... ·_ .. t ,·> 

PO::? .. LAS CARACTERISTICAS PROPIAS DE ESTA LAMPARA, RE­

QUIERE NECESARIA Y UNICAHENTE DE UN BALASTRO TIPO 

"ATRASADO", POR LO QUE EL UNICO CIRCUITO EXISTENTE A 

LA FECHA ES EL AUTOTRANSFORJ.lJ\DOR ALTA REACTAN-

CIA, CON ALTO FACTOR DE POTENCIA. 

~CAMeA~ 
S. B. P.-_ .. 

. ' . 

CIRCUITO ALTA' RE:ACIANCIA' PARA S. B. P. 

r .. "' •.. , 

.''• .-_, 

.. · __ ,. 

; ·· .. 

. ~- . 
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4 Control de la luz 

,. 1 

. ·:'' 
't'" 

Generalidades 

Una vez obtenida la luz, ·mediante el manantial luminoso con·, 
pondientc, se presenta el problema de su control ya que, Lkbido a 
gran lumiJ~ancia, la mayoría de manantiales luminosos existentes en 
actualidad no realizan por sí mismos una distribución de! flujo lur 
naso quc permita su aplicación directa, sino que se hace ncccsari~ 
utilización de dispositivos que modifiquen o controlen la luz cmiti 

·por dichos mananriales luminosos. 
La modiflcaCi_ón de Ias características Juminosrts de un manant 

luminoso, con ·vista·s a una aplicación diciente de luz crnit ida puc 
realizar~c aprovechando utlo o varios de los fenómenos físicos q 
se citan: 

a) Reflexión 
b) Refracción 
e) Absorción 
d) Transmisión 
e) Difusión 

Reflexión 

Cuando una supedicie devuelve la luz que incide subn.: ella, 
dice que refleja h~ luz. La reflexión de luz depende, escncialmcllll', de 
siguientes circunstancias: 

b7 

............... ,. 



u) Cundicio'' · ·muleculares.de la superficie rellectante. Por eje m· 
plu, una', ~rliciL: lisa relkja mejor· la luz que una superficie 
¡·ugosa. 

h) Angulu de incidencia de los rayos luminosos; ya veremos. algo 
müs adelan!L: qué se conoce con el nombre de úngu!u de inci· 
dL:ncia. · 

<') Color de los rayos incidentes. La luz blanca se re !leja mejor 
que la lu~ culure¡tda. 

La ln·/inulallten;al de la rc/lexiún de la luz dice (véase figura 24): 

L/ úngnlo de i111.idencia es i¡;ual al ángulo de reflexión. 

Ll:uuamos ángulo de incidencia aJ·ángulo a que forma el rayo lumi­
su incidente corí la vertical en el punto de incidencia cuando este 
¡u choca con la supedicie, y ángulo de re/lexiún al ·,ingulo {3 que 
·ma el rayo luminoso, ya reflejado con la vertical en el punto de 
:idencia, cuando ese· rayo luminoso, se aleja de la superficie. 

Esta ley fundamental es solamente teórica. En la ·práctica se cum­
: solamente cuando la superficie sobre la que incide el rayo luminoso 
absolutamente lisa y brillante como, por ejemplo, la de un espejo. 

t:!'l!c caso, se habla de reflexión dirigida o, también de reflexión 
)(.:culnr. Si se coloca una lári1para cnC:cn~ida sobre .un espejo puede 
~~..Tvarsc en el espejo !a imagen de la lámpara. 

Cuando la superficie sobre la que incide el rayo luminoso es rugosa 
lrillantc, por ejemplo, el papel couché, a cada rayo incidente (figu-
25 ). c;orn::spondcrún varios ~~ayo·s reflejados,' (]u e cumplen sólo apro­
lladanll:nte la ·ley fundamental- de la reflexión.· En este caso se trata 
rcfli.:.r.ión semidifigida; si situamos la lámpara cn1nu en el caso ante-

oc=J3 
24.- Fi~w:a ilusJ ntlil;a de la 
{ulldmnental de la re(kció11 

'a /u;:. 

--~···". 

. Fig. 25.- ReflcxiOII St..'111idirigidu. 

. , ... ··"'· .. 

1· ' 

1· 

' . 

: 

rior, .desaparece la imagen del a I;Jn1Para, que q~:~~Ja s~ts_tituida por ut 
mancha de luz m'is brillante que el resto de l'a superhc1e. 

Finalmente, cuando la superficie ,es rugosa y mate, ror ejemrl 
un trozo de tela blanca, el rayo incidente (figura 26) se refleja por •gu 
en todas las direcciones del esracio y, por lo tanto, no se· cumple."' 1< 

. fundamental de la rellexión. En este caso, se habla de rcflcxiún dJfus< 
en las mismas condiciOnes citadas en los párrafos anteriores, desap 
rccc . ."Ja imagen de la lámpara, porque, la luz inci~t.;ntc se dispersa t 

todos los sentidos. 
La n:nexiún especular proporciona una )uminancia máxima en . 

dirección del rayo reflejado y nula en las demás direcciones del espau 
La reflexión di-fusa proporciona una ~uminancia constante en cu~ 
quici·a de las direcciones del Csp~c~o. aun,que de 1~cnor valor· que t. 
el caso de reflexión dirigida. ~ . . .. · 

Con la rellexión difusa se evita el efecto de deslumbramie11to, q• 
·~r~taremos en un próximo capít~lo, y que se aprecia ·cw:;ndo ~n · 
campo de la visión existen elementos luminosos cuya ·JuminancJa i 

mucho mayor que la de !os elementos circundantes. . 
Otro ··efecto interesante. eJe la ·reflexión difusa es que cualqu1 1 

superficie refleCtora ~parece como un disco lurrtinoso de igu::~! lu n· 
nancia en todas direcciones; es decir, que si iluminamos un disco Y ur 
esfera, ambos difusores y ambos de igual diámetro, el efecto visu 
será el mismo y los dos objetos- disCo· y esfera- ap~rccerán a nue 
tros ojos como discos. O, dicho de otra forma, con la reflexión difu: 
desaparece el Cfecto plástico. Ya volveremos sobre esta cuestión m; 
adelante. · 

Refracción 

un 
La dirección de los rayos .luminosos queda n!odificada al pasar< 

mctlio a otro de diferente densidad; este fenómeno físico st:: lbE 
ref racciún . 



-..... Aire 
' 

· ·.· Fig. 17.- h!-:11!'11 illls/mrit·u dr: la ley [wulmue!t/(d llc la rc{racciU11 .d.e.lá luz. ., 

La ley fwulanu:nlal de la refracción dice (véase la fi.gur;~·--27): 

La m:::.Jn de lus íudice:i de refracción cle amboS medios es igual 
ti la razú11 de lus senos d~ lus ángulos de. incidencia y de refracción. 

0,\.:xr.resando esta ley t:n una fórmula matemática: 

111 sen i 
--=---

11¡ SC/1 r 

\btut·Himt:ntc, \!amaremos ángulo de i11ddencia al ángulo que 
i'orttt~t ~~ rayo luminoso con la vertical en d punto de incidencia, cuan­
do dicho rayo choca con la superficie, y ángulo de refracción, al ángulo 
tptl' i'onna el rayo luminoso con la vertical en el mismo punto Lk: inci­
do..:ncia·, cuando dicho rayo luminoso se aleja de la superficie. !rulice de 
refracciúll:es la relación entre la velocidad ele la luz a través del aire 
y su veiocldad, a través del medio o sustancia cOl-respondiente; por lo, 
tanto:-cl índice de refracción del aire es la unidad y cuando las sustan­
cias s01l más densas que el aire, lo que es el caso más general, su 
indice de refracción es mayor que la unidad: lo que- quiere dccit-

. ~como era de .suponer- que la velocidad de la luz es tanto menor 
cuanto mayor sea !a densidad del medio que atraviesa. 

Po¡- lo tanto, si el primer medio es el aire, tendremos 

y cntónccs 

70 
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Volviendo a l~1 !igura 27, supongam()s, p<tr:t li_j:n· itk<L'' ··-:los do.'> 
medios son, respectivamLnle, aire y vidrio. Pudl.'nlus oh; r que si 
hacemos pasar el r<:~yo lüminoso del aire al vi(lriq y d~ L'Sic llucv¡t· 
mente al ain.:, este rayo luminoso, al p;.ts;.tr por sc¡!tHJda \'ci'. al airL' 
segui¡·;'¡ t¡nnhit!n la ky l"tJntbment;d de 1:, rdr:H·t·i~·,,, y ·.11 di,·ecci('nt SL'l":·t 
p¡1ralela a la del rayo incidelltl' :tnll's de p:ts:11· :: 1 r:n·t·:. del vidrio; o 
sea que 

An¡.:ulo ~ i =· Angu!o r' 
At~¡.;u/o r = hA~~~11hj i' 

,· 

Para terminar este parógrafo, en hi tahla 4 expresamos los incliccs 
de refracción de algunos maleriaLt~:s' SJnpk·ados en ltnnirHJiccrlia. 

~ ... .;, t:> 

.· ~t· 

,;~" 

TABLA 4: INnrct:s,:-:J;E rH:Fr~AcCr(':-.1 

Material Indice ele rcf rucción 

Aire l. 

Agtta I,:Ú 
· Vidrio común 1 ,.'l 01 ! /1"1 

1 
c_·_c_:,_·is_•_al __________ c_ ________ J._'_'_;_._·, __ J,_7._<_. __ j 

Ahsorción 

En el fenómeno de rerlexión de la luz, no todo el rlujo !UJÚinoso 
que inc;idt.: sobre los cuerpos, se n:Ocja; una parte de este !lujo lumi­
noso, queda absOrbido .en mayor o meno~ prutw;Cit~n según los mate­
riales componentes de cada Cuerpo. Por lo tanto, los !'enúmenos dl: 
reflexión y de absorción están íntimamente li~~tt 1 us.·· 

La consecuencia más interesante del l"cnúlnl~lltJ de ¡thsorción es 
el color de los cuerpos. Si el cuerpo es de color blanco, qui¡_;n; de,_.ir 
que al incidir sobre él la luz blanca, la refleja entc"ramcnte, sin haber 
absorción; por el contrario los cuerpos negros absorben por completo 
la luz blanca, sin haber rerlexión y si es de color gris, parte de la luz 
blanca es rellcjada y parte absorbida. Un cuerpo es, por ej"cmplo, de 
color rojo a causa de que absorbe todos los colores que componen la 
luz blanca, excepto el rojo, que refleja sohrL' l's!a cuestión volvemos 
más adelante, al hablar del color, en genera 1, y dt..: -b luz co lorl'~d~. 
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. 28.- Transmisión dirigida. ·F:ig. 29.- Transmisión difusa . 

LIIISllliSfÓn 

Al pasar los rayos luminosos a través de los cuerpos transparentes 
~raslúcidos, se dice que estos rayos ha!l sido transmitidos. 

La transmisión de la luz p~edc ser dirigida (figura 28) si el rayo 
ninoso sufre solamente la variación debida a la refracción normal; 
consigue esta clase de transmisión utilizando cristales claros (es de­
transparentes) y se produce intenso deslumbramiento debido a la 

·- 111 luminancia de los rayos luminosos incidentes. 
Lá transmisión de la luz se llama difusa (figura 29) cuando el rayo 

:ninoso incidente queda dispersado al chocar con el material, de 
_mera que quede iluminada uniformemente toda la superficie del 
LTpo de que se trate; en la citada figura 29 se puede_ apreciar como 
a parte del flujo luminoso incidente se· refleja con :reflexión también 
"usa. Se puede conseguir una transmisión difusa. utilizando cristales 
afinos, mateados, etc ... , es decir, c_uerpos traslúcidos. En este caso, 
luminancia es constante en tOdas las direcciones del espacio y el 

slumbramientó es mucho menor que en el caso _anterior. 

fusión 

De este fenómeno ya hemos hablado en los parágrafos que hemos 
clicado a la reflexión y a la transmisión de la luz. Debido a la rugo­
JaU de la superficie que refleja- o en su caso que transmite- el 
~jo luminoso, éste se esparce en todas las direcciones del espacio; 
a este fenómeno se le- da el nombre ·de difusión. Podríamos añadir 
e una superficie perfectamente dif usura tiene la misma luminancia 
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' 
en cu<dquicra lk las dirccciOI)CS del espacio, o ~l":, q11L" signe la le_,_ 

Lamhcrt. 

Rclnclonl'H cntr·c rdkxl1'111, uhHtHThín 
y tnansmlslón ltin.JI•_msas 

Cuando se ·ilumina una superficie, una parle del flujo luminoso 
se refleja, otra pñrl~ atraviesa tlicha supcrflci<-: y. queda absorhi~la p_or 
el cuerpo y, por. fin, una tercera parte de la luz incidente se trat1sm11e 
a través dcl.cuerpÓ. Esto quiere decir que los tres fcnúmenos- rclk­
xión, ;:¡\)sorcit·,n; ·t:·ansmisión- cst{m intim~Hill·ntc.ligados y en todo-.; 
los casos tcni.!n:;:;,~Js: · 

"Flujo lt~mhws.:~Jofal =Flujo lwnillosu n·flejatlo -.1 _Flu¡o l11minoso 
alJsiJrhido + Flujo !umi11oso IÍ"tii/SIIIflttfo. 

Hemos de tener en cuenta las siguientes consideraciones que, por 
otra parte, son de sentido común: 

J. ·En los cuerpos opacos, el flujo luminoso trans.miticlo es nulo. 
Pues la principal cualidad de los cuerpos opacos es, precisa­
mente, que no dejan pasar la luz o, dicho de otra forma, que 

·no transmiten la luz. Si lo hicieran, dejarían de ser opacos. 

2. 

3. 

No existe, en ningún caso, cuerpos reOcctantcs puros. El cuer­
po más re!lcctante que se conoce es la plata pulida, y aun en 
este caso, una parte del flujo luminoso queda absorbido por 
el cuerpo. 
Según estas explicaciones, Jos cuerpos ilumin<1dos se convier­
ten en fuentes luminosas sccum.larias'""u virtuales, y una parte 
del flujo luminosO. qtie procede de estas fuentes virtuales p~!e_de 
percibirsc visualmente: de est.¡l manera es como las supcrhCJ_es 

· iluminadas se haCen Visibl~s directamente u por transparcnc1a. 

Ahora llamaremoS 

<11
0 =Flujo luminoso incidente o total 

<11R =Flujo lu~1inoso reflejado 
<!'A= Flujo luminoso absorbido 
<flr = Flujo luminoso transmitido 

Hemos visto anteriormente que 

73 

• 

.::, 
~ : ' t.' . 



Llaman:,.,, .faclor de reflexión, que simbolizaremos con la lclra p, 
:1 la rd~ción qu'c existe entre el flujo reflejado y el incidente, o sea 

q)l/ 

f! = -­
tJl., 

Ll~t!llarcmos {actor de absorción, simbolizado con la letra· a, a la 
·L·bciün l:ntrc'el· f!ujo absorbido y el fl~jo ~ncidcntc, es decir 

<J>A 

l'l'==-­
cf>., 

Finalmente·, ~Jiamareinos faclor de transmisión, que designaremos 
un la letra t,'h la relación que hay entre el flujo transmitido y el 
'u jo incidente ;>o· sea 

S...: comprenderá fácilmente que, en todos los casos, los factores 
n:flc" iún, absorción y transmisión son inferiores a la unidad. 
Si en la fórmula que expresa el valor del flujo total, multiplicamos 

dividimos los tres términos del segundo.miembro por<!),,, teridremos: 

tflR <flA <flT 

<Jl., = -- <Jl0 + -- <fl0 + -- tJl0 
<fl" <ll0 <Jl0 

lt'nicndu en cuenta las definiciones anteriores 

Y si ahora dividimos .!Os· do.s miembros por<!>.,, obtendremos: 

Es decir, que la suma de Jos tres factores (rc.flcxión, absOrción y 
;msmisiún) es igual a la unidad. La tabla S expone los factores de 
flexión, absorción Y trarismisión que corresponden a diversos mate­
des interesantes en Luminotecnia; .en muchos casos, hemos indicado, 
cm<ís, el efecto resultante. Ténga-se siempre en cuenta que la absor~. 
·)Jl n:pn;scnta, en todos los casos, pérdida, por lo que deben utilizars_e.~, 
•rmahílente matel"ialcs de bajo factor de absorción, excepto en caso~:r 
~~y especiales (por ejemplo, iluminación decorativa). ·· 
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LUM 1 NARI O 

CARACTERJSTJCAS DE CONSTRUCCJON : 

Cualquier tipo de luminaria es tin conjunto armonioso que integra 4 as­

pectos : .. 
1.- M ECAN 1 CO. 

2.- ELECTRJCO. 

3.- OPTJCO. 

4.- ESTETICO. 

····-

. .. ~- . . '. 

Y además debe satisfacer los siguientes puntos: 

1.- Distribuir el flujo luminoso emitido por la lámpara para obtener 

resultados óptimos. 

2.~ Controlar el flujo luminoso de,tal forma que la bri 1 lantez sea mf­

nima, y c6~ esto obt~ner un máx'imo ~onfort vis~al. 

3.- Tener propiedades mecánicas, eléctricas y óptic~s que lo hagan ade 

cuado para el propósito para el cual fué diseñado • 

. . .. 
4.- Que la lámpar~;'~f-~istema eléctrico y óptico queden protegidos 

contra la j~ción de los agentes externos que se encuentran en el -

medio ambiente que rodea al luminaria y que pueden afectar la efi-

ciencia del mismo. 

El sistema óptico de un luminaria puede· estar compuesto por 

l.- REFLECTOR. 

2.- REFRACTOR. 
-' 

• • • 2. 
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El reflector e~ un elemento con la forma y cualidades ópticas ade-

) cuadas para dirigir el haz luminoso producido por la lámpara,al área-­

por iluminar. Para su funcionamient~ uti 1 iza los fenómenos d~ r~flexión 

especular y reflexión difusa y puede ser fabricado en cristal 1 iso ó -­

prismático, aluminio anodizado mate 6 bri liante 6 bien lámina de acero 

pintada e~ color bri 1 !ante. 

\ 

Pero sin importar el tipo de material el reflector debe tener un -

tratamiento contr•a la corrosi6h que garantize la ~~ti~a eficienci~ et· 

mayor tiempo posible, bajo cualquier condición de instalación • 
. · ... 

···. 

G~neralmente son de for~a parabólica 6 el rptica de acuerdo con la 

forma deseada del haz. 

El reflector etrptico es más eficiente que el parab61 ico, pero pro . . . ' -
duce un haz más abierto; el reflector parab61 ico, produce un_ haz más ce 

_rrado y uniforme pero menos ef i e i ente. En 1 a mayor r a de 1 os casos e 1 _ r.!:_ 

flector se fabrica combinando las dos formas para obtene~ una distribu-

ción más adecuada. 

El refractor uti 1 iza las leyes de refraxión de cuerpos transparen­

tes y norm·a:liiuonte:,•,c:'--\:fabricado en plástico 6 vidrio. 

Los ingredier~tes principales que forman el vidrio son : la arena 

si 1 ice; carbonato sódico, cal y borax, en adición con otros ingredien­

tes menores. La proporción de cada uno de los componentes es co~ocida' 

de tal manera que se llev'a-'un' estricto control _de ellas, asegurandose 

asr la calidad de los productos • 

. . 
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, , -e• Una .,;e_z:pr.~pa~ada, -la mÚcla se r~ete en horno; e~ donde se funde Pi!_ 
• •• : t ; ',·~ '· •• ¡ ·.- .. :. 

•' _1 

los moldes.-
''. '• 

ra ser posteriormente vertida en 
. "'" ., ... 

E.l 'vidrio P"u·~.::Fe··'s_er formado por varias técnicas, prensado, soplado 

ó centrifugado. Estas operaciones pueden ser realizadas por método ma-­

nual ó por máquinas automáticas depéndiendd del voldmen de producción. . . . ~ ' . . . . . ' ~ : . '.. . . .. . . . . ' . . ' ,_ . . 

Ya fprmada. la pieza de vidrio pasa a otro horno para el proceso de 

templáC!o', él cual el"imin~ 'r~~'t.ú1sión'~'s'int'e'~~-~5';"'asegurán'd~ una buena 

resistencia mecánica. 
·-:· i :·-.:; _: ··.·-· ; :; ,.: ,.,· 

El terminado del vidrio es muy variado y depende del método de fa­

bricación. 
. ·:' :''' 

La superfici·e del vidrio puede ser alterada con ácido, arena a pr~ 

slón (Sand Bla~t), ~dlido¡ pintado, 6 teRido; ·Esta~ operaciones son usa 
. _, .. _-. i '-' . ''• . :·· 

das para mejorar laireflexión'y tener mayor control de refraxión • 

. La.·fu·nción"del vidrio"" i !umi"náci6n puede se'r dividida im las sr-. ' ~ . . ,. . . - ' . 

guientes ~~tegorFas . 

. '. 
1.- CONTROL. DE LSZ. 

2.- PROTECCION DE LA LAMPARA. 

3.- SEGURIDAD. 

4.- DECOR,i\CION. ¡· '" 

Estas funciones pueden ser combinadas p_ara_.~na aplicación en parti 

cu·lar • 

. Las propiedades de transparencia, estabi l.idad de color y durabili-. -.' ' . . 

dad del vidrio uti 1 izado deben ser excepcionales, asF como su maleabi li 

dad para ser formado en pris~as pr·ec{sos. 

Sin control de la materia prima la may 0 rra de lo~ vidrios ó cristi!_ 

les pueden variar de" col~r d'¡{spués de una larga e>:pos·ició"' a la radia-­

ción ultrávi6~et~ ~e las lámparas comerciales ó del sol¡ por lo que los 

componente·~· ~ti l:.i ·-z:~,.~~-~- Jcbe_n ser cuidados amente estudia dos para obtener 

máxima estabilidad quFmi6a, sin canrbio apreciable de color • 

• • • :4 
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Dentro de· los v· . .>ios utilizados, pode¡nos distinguir dos clases 

principalmente: el b, .. .;i 1 icato 6 resistente al choque térmico y el 

Hi-Stress 6 de "alto , ~sistericia mecáni~a". 

VIDRIO BOROSILICATO. 

La tendencia al uso de lámparas de mayor capacidad y el ~so de­

lámparas de vapor de mercurio .hizo que se.desarrolla.ra un vidrio con. 

buenas propiedades mecánicas y térmicas, principalmente para uso In­

temperie. 

Dicho vidrio está formado por borosi licato principalmente, el 

_ .. ···;. c~l \t;Oil:'!'.il~Jfyi!; gí1fírú3Tmeht';· a ; red u e i.r e 1 coef i e i ente de expans i 6n, h~ 

c~endolo,resistente a los 6am~io~ bruscos de temperatura. '· 

' ' 

HI-STRESS. (alta resistencia mecánica). 
1 

Todos s'ab'errios que el c1·istal es muy resistente a la compresi6n, -
. ~ ~- - . . 

pero es relativamente débi 1 a la tensi6n. Cuando un vidrio se quiebra, 

es debido a que el esfuerzo de tensi6n en este punto ha superado el -­

punto de falla. Un vidrio ordinario sujeto a un choque m~cánico se --­

flexiona haciendo que la superficie que recibe el golpe se comprima y 

la opuesta sea sujeta a tensi6n, ocasionando en esta forma la ruptura. 

La ·caracterrstica principal del vidrio Hi-Stress es que sus su­

perficies están en constante compresi6n esto se logra con la adici6n 

de un tratamiento térmico especial. Cuando una hoja de Hi~Stress re­

cibe un choque mecánico, la superficie opuesta experimenta'una t~n-­

si6n pero como se encuentra en estado previo de compre~i6n, el golpe 

debe ser suficientemente fuerte para superarla, antes de que la ten­

si6n empieze y vaya mása.llá del 1 fmite ocasionando la ruptura. Si -

ésta ocurrié;,a.:i'ii<i,á;:>ida descarga del esfuerzo compresivo hará que -

el cristal Hi.-S'tr~s~ ~e estrelle en pequeños pedazos. 

4 
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'• Este tipo de crist~l se ~ti 1 iza en luminarios sujetos a"golpes cg 

mo son gimnasios, áreas peligrosas, instituciones penales·, salas psi-­

q~iátricas, e~c. 

p. L ·A S T 1 C O 

El u.so.'de 1 ... ,·.,:-.1·~-~ .. ~ico en alumbrado ha sido aumentado·debido princi­

palmente a su ~uc~·peso y a su resistencia mecánica. 

Existe en el mercado varios tipos de plásticos con los cuales se 

elabor~n difusores~ Entre los más usuales encontramos el vinrl ico, po­

I iestireno, acrrl ico y ultimamente el ~olicarbonato. 

La selecci6n del tipo de plástico a uti 1 izar en i luminaci6n depe~ 

de de las condiciones ffsicas y e~on6micas en donde se vaya a usar. 

El acrflico· es el material más usado en la fabricaci6n de difuso-

res por 

-ir SU EST AB 1 L 1 DAD EN COLOR. 

" SU ALTO COEFICIENTE DE TRANSMISION. 

<> SU-BUENA ESTABILIDAD DIMENSIONAL. 

<> ·SU RESISTENCIA AL IMPACTO. 

* SUS CARACTFR.ISTICAS INVARIABLES BAJO CONDICIONES NORMALES • 
. : . :'· 

Adem~s el acrfl ico resiste la 1 luvia, sol, calor, frfo, etc. Y no 

es afectado por la mayor[a de los gases industriales. 

METODO DE MANUFACTURA 

Los diseños de lentes prismáticos pueden ser hechos por 

extruidos 6- inyectados a presi6n. 

ro 1 ado, · 

En alumbrado, la calidad y efectividad de un sistema 6ptico es--

ton bueno como sea el proceso rileCánico que .siga ·para. producirlo. 

. . . 6 
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Por esto, la reproducción de lentes prismáticos requiere un proc~ 

so de a.lta presión como el de inyección, ya que solo de esta forma se 
. . 

tiene la presión sufici~nte para 1 lenar el molde y ia precisión necesa-

ri~ para controlar· la luz. Los prod~ctos deben estar hechos por este 

proceso, además de uti 1 izar moldes adecuados para minimizar el flujo 1~ 

minoso en la zona de 60° a 90° con respecto a· la VePtical ya que ahf es 

donde se ~ueden producir deslumbramientos molestos. 

El exc~•o de bri 1 lantez en la zona de deslumbr~miento de 60° a 90° 

con relación a la vertical dismiruye la'comodidad visual y es perjudi-­

cial a los ojos. Se ha demostrado por los in-~estigadores cient(ficos -­

que la agudeza visual disminuye con él cuadrado de la bri 1 lantez.di~ec­

ta en 'la zon·¿,·.:~-;;;::·~eslumbr~ri,jento. L;s sistemas de rolado ó extrusión -­

son prbceso;·~~ rela~iva baja temperatura en los cuales el plástico--­

suavizado pasa a travéz de rodi 1 los-dados y es expuesto inmediatamente 

después a la temperatura ambiente, 

·Esto dá como resul~ado un producto con considerables esfuerzos in­

ternos en los prismas que hace que se defor·men prematuramente· además de 

irregularidad en su estructura pPismática causando un control deficien­

te de .luz, aumentando el deslumbramiento directo. 

Ex i·sten en e 1 mercado una gran variedad de diseños prismáticos, t~ 

ni~n~o prismas de diferentes formas y disefios como son : piramidal de -

ba~e cuadrada, pentagonal, circular cónico, en forma de estrfa, etc. To 

dos el los embutidos ó salientes. 

De todos estos tipos de prismas, el más adecuado es el tipo circu­

lar cóni~o ya_que es el dnico que nos garantiza un control sobre el ra-
." 

yo 1 u mi no so· ~~"_1 ~s- 360°. 

Porta-lámpara: Es un elemento muy importante ya que su función además -

de alimentar eléctricamente a la lámpara, debe darle un soporte mecáni­

co adecuado pa~a mantener a.la lámpara en.el ~oco óptico ppeviamente-

\ 
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definid¿; en algunos casos el po~ta-lámpara no es suficiente para mante~ 
. . ' 

ner la lámpara en posición. Sobre todo en zonas de mucha· vibración, por 
. - ! 

16 qu~ son necesarios soportes extras. , .· ~ . . . 

El gabinete ó carc~za proporciona protección contra. la intemperie 

a la lámpara, balastro y dem~s partes de la unidad. Está compuest~ por 

uno 6· varios ele~entos l6s .cuales deben tener resistenc¡a a i~pacto;­

mecánicos, rigid.ez, resistencia a la corrosi6n y'no deben ser deforma­

dos por elementos extra~6s ó por vibración. 

v 

Su forma, ·dimensiones y el material de fabricación deben correspo~ 

der al tipo de luminaria y Watts de la lámpafa, asf ·como a la zona de­

inst~lación, su dise~o debe faci 1 itar el' mantenimiento. y reemplazo de 

la lámpara y además debe ser un cuerpo estético. 

e Ei •~on'ta:¡'<.JcV ... Iumi~ario puede ser realizado con elementos integr~ 
les 6 bien .con'··~~·~m~~ios ·~nexos como son postes,.brazos, etc. Pero sin 

importar el elemento de montaje este debe ser dise~ado para garantizar' 

e.l fá.ci 1.. acceso al lumina~io. 

Los luminarias se clasifican .de acuerdo con el CIE (Comisión Inter­

nacional <le Iluminación), por el porcentaje de luz emit(da sobre y aba­

jo de la horizontal ( Fig. 1 ). 

DIRECTA 

SEMI DIRECTA 

GEN ERAL O 1 FUSA 

DIRECTA INDIRECTA 

SEMI INDIRECTA 

INDIRECTA 

La· formá:;c;~'·'d Hitr i buc i ón puede variar dentro de 1 os 1 fm i tes antes 

se~alados, dep~ndiend~ del tipo de la fuente de luz y del dise~o del -

.luminorio; por lo que podemos también clasificarl.?s por el tipo de cur 

va ( Fi~l: 2 ). 

··¡ 
¡ 
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AL T.AM ENTE CONCENTRADA HASTA 0.5 ALTURA DE MONTAJE. 

CONCENTRADA DE 0.5 A 0.7 

MEDIA DE o. 7 A 1.5 

EXTENSIVA. DE 1.5 A 4.5 

SUPER EXTENSIVA DE 4.5 A 12.0 

Todas las anteridres pueden ser simétric~s 6 asimétrica~. 

En los sistemas de i luminaci6n con equipa'· tipo directo se pueden. 

lf ·us~r·t{;.dasdas· .. curv.as descritas anteriormente. Este tipo de sistema de 
'• ; . . :·· ......... · :·.:_: .. -. 

i 1 u mi nac i 6n t :.ene muy- "1 ta ut i 1 i zac i 6n, pero se reduce, bastante por 1 a 

necesidad de m.inimi 
2
ar el brillo, además no se. recomienda en áreas pe­

queñas por que se presentan los problemas de brillo .reflejado y I>Orir--­

bras. 

El si_stema de iluminación semidirecto es uti lizado,básicamente en 

las mis~as condiciones del directo., con la ventaja que la componente -

superior atenúa las. sombras y mejora la Pelaci6n de brillantez. 

El sistema de i luminaci6n directo-indirecto, debido a la poca emi 

sión de luz en los ángulos cercanos a la horizontal reduce la bri 1 lan~ 

tez en la zona.de bri 1 lo directo ( 60" a 90"·). Este sistema es mejor 

que el general difuso, pues este último distribuye la luz e~ todas di­

recci~nes careciendo de control de bri 1 lo. Los sistemas semidirectos e 

indirectos eliminan virtualmente las sombras ya ~ue t~do el techo 6 e~ 

tructu ra·_.:pt.<idcn>f, ![lG_i onar como un ref 1 ector gigante. Para que esto pu~ 

da operar, es na¿~sari~ que el techo y las paredes tengan ~Ita reflec­

tancia, ya que de otra forma la energra éléctrica para mantcne~ e.l ni­

vel de i l~minaci6n calculado se incrernenta enormemente·._ 

Dentro de las cur.vas super extensivas se encuentra toda una gama 

de distribuciónes, las. cuales son uti 1 izadas. para ·el .diseño de siste-­

mas de alumbrado público. 

En el diseño de esta;·curvas se toma una altura de montaje cons-­

tante, por lo que es necesario tene_r diferentes distribuciones de luz 
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es d~~ir, 6nicame~te proporcionan el contorno de la curva ( Fig. 5 ). 

Esto. en re~l idad no es ninguna ayuda, ya que no es una he~~a--~­

mienta de cálculo, es~i~alépensable.que~~ic~~~~te se 6fiiizen cu~vas 
• 

con datos' tabulados por ei. fabrica.nte ( .. Fi.g. 6 ). Los ~al ores en 'la·-· 

co 1 umn a centra 1 representan . 1 a potencia m'ed ida en _cahde-1 as a 1 os áng_!! 

los correspondientes, por lo cual. .. so~ _los 6nicos.valores ·confiables-
.. ; . ':-, -. -·.,; .· ... " . 

para el cálculo .. Anali~emos los elementosque normalme-nte i~cluye·u·n 
.... -, (.l! : .. t··· . ., . . ·:.• ..... : •·,; ..... ' .. 

. ·. 
n.: r· ·::':. ::1.•, ,-.:1 t t: ;··:\·: l .. 

.. -, ,, 

1.- En la parte central, sobre un sistema .d~ coordenadas polares se-
' • e 

encuentra dibujado el contorr•o de la curva. EstH es obte~ida en el la 

borato·r·i o·; y r:m'o. s.e di jo anteriormente es 1 a · representac i 6n gráfica . . . . \ . ~ : .. -.- ~': .· 

del''comportam.it-:•r{to del luminaria, 

Si la unidad tiene distribución simétrica solo necesitamos un s.2_ 

lo plano, pero si nosotros sabemos por adelantado que la distribuci6~ 

es asimétrica entonces nÉ!cesitarémos curvas foto-métricas en todos· los 

.!anos princi,pales para poder obtener la información del funcionamien 

.to completo del luminar-ia. 

En la columna de la derecha, están las lecturas reales en lume-­

nes con intervalos de 10° a partir de 0° hasta 180°. Con estos valo-­

res- es posible computar el rendimiento ·l'umin'oso eh' lúmenes· del lumina 
·' .. '·' . 

rio como un total del porcentaje de 16menes:_emitidos por las lámpa--­

r~s, d bien para,cada z?na.~n particular. E~tos datos se en~~eritran -

en la parte inferior izq~i¿rda. 
•.. r .•••• 

:'- . .. , .. 
. ·- " ·~ . .. •. 

Est~di'arémo~ .. ·f~··emisión de flujo en las varias zonas tomando el 
. . .. •• 

punto 0° co~o punto de referencia. El porcentaje de flujo ·luminoso en 

la zona de 0°~180° nos dá el valor de la eficiencia total de la uni-­

dad de i'lum~nación. 

El flujo de 90°-180° nos indica el porcentaje de la luz transmi­

tida arriba de l.a,horizontal; el porcentaje de 0° .a 90° nos dá el flu .. · . ,, ,,_' . .. . 

o luminoso transmitido h·acra abajo de la horizontal. El flujo emití-

. ~·· . '" 

.. 
·! • f. 
:_.J., 

;· .. ••' 

.... 12 

• 

1 
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do en la zona de 0°-60° indica el por~ent~Je dtil, de flujo luminoso so 

br~ ~f pl~n¿ de'trab~jo .• ~E~ áre~~-donde. las~unidad~s.están montadas a 

relativ•;une·,~te.!;>:á.ia:; al.turas, un mayor porcentaje del flujo·en la zona 
.. .. • ~-. . -.~ ·, i. ;·, . .; ,_! ~·'.; .• -

30°-60°" llega,.:,;;. ;.~las--paredes, de"manera_que para altur_as de montaje me-:-

dias (4.50 a 7.50 metros), solamente el flujo en la zona 0°-45° nosdá 

una indi6aci6n de la luz dtil hacia abajo y ~ara alturas de montaje ma 

yores (más de 7.5 meiros), debemos considerar dnic~mente el flujo en -. . ... ·' ~ ' . . " .. . .. 
la zona 0°-30°, como luz dtil. Es decir, en otras palabras, un reflec­

tor industrial de ilto montaje diseRado para ri.lturas de 7.50 metros 6 

más, no es efectivo si produce un alto porcentaje de flujo luminoso -

en la zona arriba-de l.os 30b del nadir o vertical. 

La porción del flujo luminoso en la zona 60°-90°· debe ~er estudi~ 

.da cuidadosamente porque ésta es la luz qu~ 1 lega a nuestros ojos di-­

rectamente' y nos·produce,des!umbramiento. Pv-r ejemplo, es posible te-­

ner dos unidades con el níismó rendimiento lurilfni'c·o"dti 1 p~r'o con dife­

rentes ·l='i:l'r,i5or~-:\,,_<O;,,de flujo luminoso en 1~ zona de deslumbramiento y, 

por lo tanto~ ·coh ·uria' considerable diferencia en la cantidad de deslu~_ 

b~amierito directo. 

En !_a parte inferior derecha se encuentra-n 1 os 1 dmenes para cada 

¡, zona. 

Estos son obtenidos en laboratorios y son utilizados para conocer 

la emisión luminosa del lúminario en diferentes zbnas~ 

Por ejernpjo tomemos l·a zona 0° a 10° tomamos la lectura de las 

cande 1 as a 1 a mitad de fa zona 5° y "mú 1 t"i p"l i e amos este va 1 or ( 10870 

candelas) por la constante de zoni'l 0°-10,0 .(0 .. 095}.obtcniendo 1032.65-

ldmenes. 

·Este mrsmo procedimiento se utilizó ps~a obtener la eficiencia 

del luminaria an~eriormente explicado ... · . ' ~ . . 

L-a~." .. uí\ i dc<c:"'-'. de i 1 u mi nac i 6n deben ser di seRadas para usarse con -
' ·-· . ' . . : :·. :·.· '. ¡ . 

espacia~ i entes"· pcrfé"ctamen~e definidos para áreas interiores o exter i,2 

res y es importante nó ~xceder el espaciamiento máximo para una altura 

de montaje dada, pues de otra manera no se obtiene una iluminación un~ 

forme sobre el plano de trabajo. 
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Una unidad de iluminación debe de ser cii~~ñ.ada· partiendo de la 

curva fotométrica de. la distribución deseada.y por esta r~zón, todas­

las unidades de ilumin~c~~n.manuiac~ur~~~~·~ebe~ producir curvas de-­

distribución muy aproximadas•a l·as··curvas•·fotómét'r>'i·cas'ideloiles a frn-. . . 

de proporcionar una distribución lumrnica a~ecuada. 
·r.l 

··A veces,· es necesario'7·evaluar 
. ··': ¡: . .. 

una curva de distribución en 
" .. ; • \ ¡, • •. f ;· ;' '' • .• . : • '•-: 

ción de .. la extensión que abar~a su 
- .:,1:'>1 f"~-· l! •• -

flujo luminoso.hacia abajo y ".. - ~ 

fun--­

no ob·s~ 
•:;.. . • -'-.~{¿""i• .. ~~-,·t 

.tante ·que e~to:e~:~él~tivamente diffci 1 para uriidades diseñada~ para -.. ~ -

aplicaciones·con espaciamientosmuy grandes, existe una r'egla muy sim­

ple para estimar la relación de "e.spaciamiento 1 altura de montaje", -
1

· 

de unidades trpicas de iluminación interior. "Si la distancia angular 

en la curva fotométrica medida del 0° al punto donde la potencia lumi-' 

nosa se reduce a la mitad del máximo es 17°, entonces la relación máxi 

ma de "espaciamiento 1 altura de montaje" es 0.5; p~ra relaciones de -

1.0 y 1 .• 5 re~pecti~amente las distancias an~ulares del 0° ~los puntos 

con mitad de potencia luminosa son 35° y 50°, esto se logra dividiendo 

esta distancia angu 1 ar 'en·t.¡..e·''34°" .' ·· · 
'f 

• 'j ' :' 

Para usar esta simple regla vamos a suponer que tenemos un~ uni-­

dad'de i'iumih~cióri cuyi ~ist~ibuci~n es tan concentrada que••el ·punto -

con la mit'ad de potencia luminosa en bujras está a los 10°. Esto signl 
• • ' • 1 • 

fica que esta u·l:\i.daél.'n~;,>. debe. espaciarse a más de 3 décimas de la altu- f 

ra d~ mon~aj~ sobre el plano de trabajo para. obtener una iluminación 

horizontal uniforme sobre dicho plano. 

Por otra parte si se desea espaciar l~s unidades de i luminaci6n a 

una distancia igual a la altura de montaje, porque las con~iciones de 

la instalación asr lo requiere, entonces ~na ~urva de distribución cu­

ya extensión angular sea extensiva proporcionará demasiada luz en las 

zonas superiores, la .cua'l está sujeta' a ·iriterferené¡;3s debido a mampá­

ras, maquinaria, equipo, estibas de.materiales, ... etc •. Para un. mejor ·di­

seño, 1 as unidad es deben· 1 oca f izar se 'dentro de .su máxima re 1 ación de -

"espac i arn i en to-a 1 tura de monta}e". 
,~ . l' ·, 

-: .(~ :· . 
"~ . · .. 
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Vamos ahora a resumi·r''la' tecnica que''értiple'aremos en analizar y-

evaluar una curva fotométrica. 
. . ..,·: 

'' . . : ~ ! 

1.- Ase~urarse que la curva tenga una escala numerada con valores de 
,.,_,, .;• '" 

' 
buj r'ás'. ; ·:·;··.: '' 

•·,•o 

2.- Asegurarse que el rendimiento lumfnico de la lámpara de pruebas -

esté indicando. 

3.-. lnvestfguese si la curva fotométrica representa la caracterfstica 

total lumfnica de la unidad, en lugar de un plano especffico úni-

·.camente. 
.. ',., . .• : i . 

4.- lnvestfguese la distribución del fl·~jo li.uni'ii:oso especialmente en 
. . ·. . . .. ' ' _, ... · 

... ' 

5.- Cerciorcce de que la curva fotométrica represente una uriidad de-

i lum.fn2lci6r1-·."-:¿·;:.uada para el espaciamiento y altura de móntaje de 

la instala~ión en cuestión. 

• 
6.- Cuando se trate de dist~ibuciones concentradas ó asimétricas, in­

vestiguese la direcci~n de la potencia. 

Vamos ahora a probar nuestra habi 1 idad para anal iza~ curvas foto­

métricas de varios tipo~. En la la. hoja se ilustra una curva fotomé­

trica de una unidad de i luminacióii del tipo esen¿ialménte de distribu 

ción hacia abajo. (Pris~pack 630). El flujo en )~s diversas zonas ve­

mos que es del 69.1 %de rend'imiéf'ito eA l·a zona úti 1 y solamente 1;1 

en la zona de deslumbrami~nto. ·:·· 

' 

No· pasemos des.apercibidas las pequeñas or.ejas de la curva que r~ 

pres.;nt~··lá ~¿,;·~·i;';:.·~~~·t.e .lumi·nosahacia urriba y pop lo tunto que ésta 
' .,. ' ' 

' ' 

unidad diri~e un 12.1 %de su rendimiento hacia el techo • 

' 4 l 

\ . 
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La siguiente curva ~uestra una distribución muy concentrada. Es~ 

ta unidad es ~de~uada par~ alto montaje. El punto con m}tad de pot~n­

c i a está a 18°, 1 o cua 1 i nd i e~ que 1 a unidad puede ser espaciada a un 

poco más de 0.5 veces la altura de montaje. Los datos del rendimiento 

lumrniq~ ,·ind:·;~~·no'qGe un gr,an porcentaje del flujo está en zona 0-30 -

( 54.4% ), /una pequeña porción de la zona de deslumbramiento ----­

( 1.6 % ), es interesante comparar la cantidad ~e ldmenes de esta uni 

dad con la de la lámpara sola, la cual emite ·21500 ldmenes, o sea 

4301 16menes más que la unidad de iluminación, lo que nos da una ef·i­

ciencia de 79.9 %. 

Finalmente vamos a considerar una distribución muy interesante -

en la dltima curva y nos preguntaremos sr las caracterrsticas fotomé­

tricas de esta unidad son adecuadas. para la iluminación de áreas ext!::_ 

riorcs cuando la unidad se monta sobre la pared de un edificio (415). 

Debido a su distribución concentrada en cierta dirección, el análisis 

se hará por medio del estudio de los valores de las potencias lumrni­

·ca~ principalmente. En la dirección vertical se vé claramente qu~ la 

mayor p~rte de .. su rendimiento lumrnico está en la zona entre los 70" 
. ' . . . . : .. 

y so• de verti~á.r: sin embargo, la distribución· lateral en el cono de 
1-, 

los 75" (t6'~ada a través de la máxima potencia luminosa), muestra que 

la mayor parte de la luz es dirigida en dirección opuesta al edificio 

co~ solamente una pequeña parte enviada hacia la fachada misma. No se 

espera que de una breve plitica como esta, convierta a todos ~stedes 

en experto~ fotométricos, pero yo confro que dada la atención y el i~ 

terés que se han servido pr~starme, ahora est~ ustedes capdcitados p~ 

ra comparar curvas fotométricas e investigar las caracterrsticas lumr 

nicas de las distintas unidades de i luminacióri, por medio de sus cur­

vas fotométricas, ~plicando las pocas reglas que he dcscrrto en el -­

curso de ésta plática, 

·.:-· l(o 

o 
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CLASIFICACION % DE LUZ RES PF.CTO A LA 
HORIZONTAL 

1\RRIBA AGAJO 

SE/111-DIRECTA 10-40% 

DIRECTA 
INDIRECTA' 

40
-
60

% . 

GENERAL 

,, "' DIF,!I;;~ 
60-40% 

l . .. :·. ··:' .• :·_'' '• .. 

, .. _.,: . '.'. 

SEMI-INDIRECTA 60- 90% 

INDIRECTA 90-100% 

"SOLO CLIISIFICACION lES 

~ ... 

90-100% . . - ~ .... 

60-90% 

G0-40 °/0 

40-60% 

10-30% 

0-10% 

J 

~-: 

· . 

DISTRIBUC ION 
DE POTENCIA 

WMINICA 

·-. · .. 

Flc;¡ura l.. CLASIFICACIONES CIE-.;ES . . . .. 

.. .. 

• '.?-.,., 

·J. 7 
•/:. ... 

~1 1 1 1 1 1 1 . 1 

1·· . 

., 

1 1 

,., 1 

1 

1 
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FIG: 2 TIPOS DE CURVA. 
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e n_:_g~"~ :;:¡ ... 
TIPO- I 

TIPO~ 1-4 VI AS · 

J 
TI PO- II- 4 Vlt\S TIPO-II 

TI PO-III TIFo.:..rv 

· TIPO-V 

DESCRIPCION: TIPOS DE DISTRIBUCION LATERAL DE LUZ. 

· FIG. 3 
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50cd. 100cd. 

--~ 

1 

' . 1 
1 

/' 

o) CUT -OFF (HAZ RECORTADO) 

o o 

b) SEMIICUT-OFF (HAZ SEMI-RECORTADO) 

20o e d. 

80°-

o o 

e) NON CUT-OFF (HAZ NO RECORTADO) 

Fig. 4 ·.:.o 

. 200cd. 

200 e d. 

80° • ~ 
1 
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(a) REFLEXION ESPECU­
LIIR 

( b) liEFLEXION EXTEN­
DIDA 

6 -~--

N 

(e) REFL EX ION DIFUSA -

(e) REFL EX ION· MIXTA (e) REFLEXION DISPERSA 

CONFIGURACIONES DE REFLEXION 

: .. ~--. 
Fig. 5 
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PHOTOMETRlC TEST REPORT 
HOLOPHANE. COMPANY, JNC. 
[NGINEERING CENTER 
NEWARK, OHIO 

THt of Ho1ophane No. 635 

' Position of Lamp Light Center' 2-3/8" be1ow top of 
·g1ass reflector 

Remarks Unit tested ·wi th 40CM. Nulti-Vapor, 
Super-Hi·and Metalarc Lamps. Cand1epower 
and 1~en va1ues are average of the three 

. tests on 31000 1umen basis ... . ·~ 
· ..... , .lamp 

Lumens ,31000 Ampr. 
' wa·tts 400 .Vo!n 

Bulb BT-37 Fil. 
R:~·M· Lai:np & Accessory - 50 
Test Distance 25 Feet 
Tost Cell No. G-9 

Certified by '/? 7 ~tt;_ · -

FIGURA 6 DATOS FOTOMETRJCO.S 

Distribll!lon D•l• 

AngiÓ · CancH.-· lu~ens . 
·oo~~r... . . ~wlr 'i' 

¡ 

·o 11680 
·5 10870 1060 

l'O 10950 
15 12690 3540 .. 
20 13660 l 

25 15200 7130 ' 

·~ 30 1752.0 
35 14300 ·8280 
40 6410 
45 1865 1900 

50 710 
55 365 370 
60 205 
65 130 135 
70 85 

75 55 65 
80 45 
85 30 35 
90 20 
95 30 30 

lOS 40 45 
115 so . 50 
125 295 265 
135 985 765 
145 1465 920 

155 995 460 
165 450 125 
175 245 25 
180 265 

l Ovf¡>:lt D&lo 

% T~;hl Ion o tumtM larr:p 
D09,.,., lurn~I"'.S 

o..:4s 21435 69.2 
0-60 22280 71.E 

60-90 235 ~ . ~ 
90-180 2685 8.7 

0-180 25200 81.3 

Doto January 26, 1St' 
-

File 

Tod No. 21372 



TEST,, REPORT · 
INC.· 

PHOTOMETRIC 
HOLOPHANE COMPANY, · 
ENGINEERING CENTER 
NEWARK, OHIO 

Test of Holophane. No. 630 

Position of Lomp Light Center 2-9/16" below top of 
glass reflector 

Remorks 

( 

L 

Lomp H3~-IGL/C Mercury 
Lumens 20 000 Amps. 
Wotts 400 Volls 
Bulb BT-37 -Fíl 
R.P.M. Lomp ond Acc~:s::llry-50 

Test Distonce 25 F<Jet 
Test Cell No. G -8 

.".";.· 

... . Cerlified. by 

. ,.,_,...: .~.;~!, .+~--

'::!. >:>;·: 

Distrlbution Dota 

Angle 1, "(>m_d.le-
Lume:ns 

Degrec:>_ 1 po":ter 

o 16950 
5 16600 1575 

10 1 <;050 
15 14200 3960 
20 11600 

25 8320 3880 
30 5290 
35 3110 2190 
40 2430 
45 1960 1495 

50 1385 
55 745 712 
60 297 
65 102 141 
70 65 

75 51 53 
80 43 
85 39 42 
90 29 
95 60 66 

105 1 !i 5 1.64 
115 =-· !9 316 
125 -~ '¡.: 2 414 
135 .:o2 466 
145 660 427 

155 riso 398 
165 570 161 
175 58 6 
180 l 10 

Output Data 

Zone Lumens 
0/ 0 Toral 

DeQrees Lamp. 
Lu mt;nS 

0-30 9415 A7.1 
0-45 1'241e. 62. 1 
0-60 13812. 69. 1 

60-90 236 1. 1 
90-180 2418 12. 1 

0-180 16466 82.3 
i 
' Dote Mciy 28, 1962 ' __ , 
1 

File 
1 

rest No. 19575 

1 . 



' HOLOPHANE NQ, C-824 ·cORRIDOR LIGHTING LUMINAIRE 

,. 
1---_ ---.- 134---:-. ------.¡1 

-, - ~-!C ' """' - _.., JIV' 
·J ~ -- ·----·------· ::y/ ____ ~ ~.::\":-:... -----_.-;e--~------- •)·• 

} ~' rETVCHA1N ~~~; ~~)_;,.';/ 

j ~~~·'" ~jj 

r 
~ ¡ 

• o o • 
l 

No. C-824 
. Longitudinal Section 

" '-' 
" • ' 

COEFFIC1ENTS OF UT1LIZATION 
ZONAL-FACTOR INTERFlECTANCE MfTHOD 

FJoor 107. Urí 
C•iling ID?i 50:; aer-; "" Walb 5Dr. JD:o !D;; lDT: so-. lO;. 5~,;:, "~ 

J 0.6 ·" ·" -" -" ·" -" ·" ·" 1 0.1 ,, ·'' .31 .27 ·" ·" .30 ·" H l. O ,, ·" ·" .31 .31 ·" ·" .30 
G 1.25 ... .38 .39 ·" ·" .31 .37 ·" 
' L5. 

• 2.0 
o 2.5 Corridor lightino unil •. Thue room induu ore 

·e 3.0 not generoll~ fcund in oruu uoing thi• lype unit. 

• ·~ • ·~ 

~~t.No. lamps 
C-824 1-150 W.IA23) lnc. 
C-824-2 2-75 W. lnc. 

'" ,., 
'" " "' " " '" il.l 

"' " ~ 
" " " 

0900 h!enlion Rin9 lo~ Sudote Wiring. 

Un1l 11 ..,.,.ed. 

Maximum 
Spacing 

Ratio 
1.5 
1.5 

Lateral Section 
,_..-·· 

No. C-824-2 
longitudinal Section 

No. 0900 Exterision Ring 

: at" 

fACE 1/IEW 

;----------- 13~-

1.~_-___,;.,_LG 1"\)AN~ """' 

~ ---lE:::-==-=-=?: 
1 ' • . ' 
1 L---- 13" --· 
~ _______ _:_ __ -___ · '- -t3 !-" 

No. 0900 extensfOrÍ ~¡.¡¡.;~> f~r 
surface type Wiring is required. 

CATALOG DATA 

\ , _ _. 

BACK VIEW 

No. C;824 luminaire when 

Oif!!ensions in lnches 

Length Width Oepth. 
Net Wgt. 

Lbs-'--Ea!=!!_ 
13~4 9~ ~ 6 6~12 
13:,4 91/4 6 61/i 

• 21..-] 

UNDERWRITER'S ltiSPECTED ELECTRIC FIXTURE LABEL 

HOLOPHANE COMPANY, INC. • 1120 AVENUE OF THE AMER1CAS, NEW YORK 36, N. Y. 
Copydght 1962 by Holo.Phe~nt Compony. lt~c. P•int•d in U. S.A. 5M-3-9-óo4 
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• F-798 VERTICAL SURFACE LIGIÜING UNIT. 

'""'""".fu ... , Llrt,t Cor.\Or L-: r,.• u~• b~ttat 
cf hno o.nt c~foH 2-~_.H" 

·--

\.omp e. c: .. r 
~""'""' 27CO ~-. 

Vooln 120 
,;1. cc-6 

w .... ~~,-

1
. ~w:~ ·-· 3 
,U.M-

T..,t OoLtot><o 
Tn!C..IIN.o, 

-~r:-::.._._... 

--=::::~-u.. ---·- -~-~ 

:!!..!:..;.- -S-R~ : t¡ 
1 1 9:. J~JC 

:·:lit 

1 
~ ncc )7~-

' 
32H 
)7 ~ .. B~~ 

1 
¡ 319~ 

i'2tC 2:.~~ 
~b~S 

12!S ll.,t~ 
l~C5 
m ¡,¡L 

1 "' )15 <)!. 

:~(¡ m 

"' " " ¡¡ ,. 
" " 

1 ""' ::.o-e61 -------

¡..:·-. --! --
f'' 

L ¡:·--- .·------

._ .. _.: 

·---; ..... __ ·-

1 ¡ 
! 

•.'". ..· .. .. 
...... -· . -·· 

. "7-,_ .• 

:·-------

-.,- -· 

Distrib':',tion Curve No. F-798 

Solld Curve-Ver1ico1-Di~!~ib~tion·.in·?lane of Oihet 
F-798 ccurier Under,.·rilerl /n1pecled Receued fialure label 

Dotled Curve-laterOJ· OiJiribUtiO;;· i~--PJoj.,,/::.f Ma~timum 
Candlepower . 

CATALOG DATA 

Net Wgt, 
lb1. Each 

~~--~-----~~----~------~----------~--------

f'lallcr flonge No. 0151 for f·798 and No. 0'2097 - 4' fluible Cor .. l.,it/Conn•,l.to•.~ a11ailobl• on 'epo•ole ardltr. 

Unit' '"' nal wi••d. 
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FLUDRESCENT 90'112 SERIES 
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r.cilin~ construction. Ext0rior pnrts afp finisht>d in JX'3rl 
gray cn~md to bJr.nd with ad,iacent ceilin¡:: eonstruction. 
Prism3tic CON1'HOLEN:-:;·· are pcrmancnt ¡j, their li~ht 
controlling propcrtic~s. TlH•y rcquire nwrely routint• 
WJshing to restore initial efficiPncy and :lrP rcrnow><l 
simpl)· by tipping anc.l tilting for <•asy rl'lamping of 

-
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Vr>rtical surface li~hting requircs SJX>cific distributions 
of light to as!'UrC' maximum uscful illuminat'ion :md a 

mínimum ~mount of light-c.:15t báckward toward th{' Pycs 
of the \'ipwc>r. Thf'S(' Holophat;¡~ · .. ¡.;.¡"0'dud:~ ;¡,ccomplish 
'.hPse rcsult.s hy pri.sm~tic lcns ac.t!~n. Th<•y.:¡r'c· availahl<~ 
in <'itiwr 'single or double ~·idth units, dt>pe.nding u'pon 
thc> leve\ of illuminñtion desircd. 

Tht>sc units are complctely reccsscd so that tlwy virtu· 
v' ally disappear from view. Hotisings and trim are of 

h<'avy gauge stc-el reinforced to assure rigidity and ac· 
curate aliJ;nmcnt in continuous runs. Thc-units can be 
mountcd cnd to E-nd without unsightly met31 mullions. 
A universal yo k e is provided which has a reversiblE> 
bracket g:rip and ronw·niently Jocatcd knock--outs. This 
as.o;urcs flcxibility for installation in all \'aripties of hung 

• Unih nquite 6 14- ntr\sins drpth whtrr st~ndud br;Jtkrts ~rr used. 

Underwriters lnspected Recessed Fixture Label 

C•hlog drsi~f\.al•ons rnd in • number th.1t gi~rs !he nomin;JI lrnf[l/1 of th .. comnlrlr unot in lrrt. Thu\ 9012·16 coroso!.h of on• 9012~ 
p'u!. thru •ódotd u•ttoonl .and ha\ ;Jn o~e•·aU trng1n of 16 lcrt '• intht!.. UniU ••r lust'd and .,,rd. Sto~nd••d."c.lh.l:t 110 w. to 12!. ,.-. 
Specil,- wht-n other vott.ogr~ u• rcquirrd. Plnter ll1ng(.'"5 n• not turno\hrd wolh lhne unotl. 
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ESPECIFICACIONES 
Este luminaria es del tipo arbotante, 
está diseñado para instal~rse con 
"imperes de 75, 100 y 150 Wctts. 

La porte metálica está hecha de 
aluminio fundido. 

El refractor No. 4203 está formado 
por dos piezas de cristal transparente, 

. cuyos prismas se combir.an,para pro:. 
:porcionor .una ilumin~Cióli der. ti·po·~· ·· · 
super extensivo. ··: · 

Este luminaria esta diseñado para uso 

a la intemperie. 

Espaciamiento máximo entre unida· 

des poro obtener una iluminación 
uniforme sobre el piso: 6 veces la 
altura de montaie que se tenga sobre 

·dicho piso. 

,.,._ l7))o•-L ·---Distribució~ Fotométrico del Refractor 
No. 4203 con lámpara de 150 W., 
bulbo cloro. 2700 lúmenes 

Holophane*, S.A. de C. V. 

S l. C.· D.G. E .. 4841 No HM-16 

Julio 76 • 2M. 

·. :. . ·:,.,. .. : ' .. ·;,__ .·. 

... 

'.· ·.:--·-
. ; .. 

r--M~~~: 
~._1 __ 

Corte transversal del arbotante No. 415 
c:on dimensiones en mm. 
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Curva de utilización 
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Iluminación media en luxes 
sobre ti Area Horizontal 
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3. 3. FUENT&S LUtoU:NOSAS. 
--' 

Las fuentes de luz (l!mparas) que se utilizan actualmente -­

para la ·iluminación artificial, pueden ser divididas en dos-

. ' .. 

categorias princ~pales: Incandescentes y de descarga. Las -- O 

lámparas del tipo de desdarga pueden ser de alta ó baja pre-

sión. Las fuentes- de descarga en baja presión son las fluore~ 

c:en:tes y .. las de sodio en baja presión. Las. lámparas de vapor 
· ..• > .... . •: 

de_ mer.~uJ;:io; .. aditivos met&licos y sodio alta presión son con 

sideradas lámparas de descarga en alta presión. 

Estas son las fuentes de luz más comunmente usadas en'el cam 

po de la Ingeniería de Iluminación. Cada fuente de luz será­

descrita en términos de sus tres componentes primarios: (1)­

Elemento productor de luz, (2) Bulbo y (3) Conexión eláctrica 

El capítulo esta dividido en do~ -secciones: (1) fuentes in-

candescentes, (2)_ fuentes de descarga¡------. ----,.-. -.~ ______ _ 
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Tuba ae 
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Figura 3-22 Lámpara Incandescente 
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Elemento productor de luz. 

·La luz es pr6~ucida en la l~para incandescente (figura-

3-22) calentando un hilo o filamento a altas temperaturas, 

lo c:::ual ·9'aúsú<que el conductor se haga incandescente. Lo-
' incande.scente del hilo. es resultado de la resistencia al-

flujo de corriente eléctrica a través del conductor. El -

tungsteno es usado como material para el filamento. Ning~ 

na otra substancia es tan.eficiente en convertir energía­

eléctrica en luz en la base de vida y costo. El tungsteno 

tiene' cuatro características importantes: 

1.- Alto punto en fusión 

2.- Baja evaporación 

3.- Alta resistencia y ductilidad 

4.- Características favorables de radiación 
, ..•. :::. -

., ... 

Las deáignaciones más comunes d,e· letras para filamentos --

son "S", "C",;y "R". Los.fiJ.amentos bobinados son los más-

eficientes y ampliamente. utilizados en las l~paras encon­

tradas en Ingeniería de lluminación. La resistencia del -­

tungsteno frío es baja, comparada con su:resistencia oper~ 

.. cional: por lo que hay· .gran cantidad de corriente inicial­

de encendido, en una lámpara fría • 

• 

.. ·• 
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o 
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Bulbo. 

El bulbo o cubierta de vidrio es usado para evitar que el 

aire. toque.:el- filamento. Cuando el filamento se :expone al 
,~,~--

aire la evaporación ocurre más r&pido. El bulbo se llena-. . 
con gas inerte de argón y nitrógeno para retardar la eva-

poración del, filamento. Las l&mparas ·con gas designadas -
~~· - .'.)-r} ., . 

·tipo e son de 40 watts y mayores. Las lámparas de 25 watts 
·-· .:· ··.'·.~:_·;:.:·:/:\ . 

y menos .:c.óri lfunparas en vacío, las cuales _son designadas-

tipo B. Los bulbos también son designados de.acuerdo a su 

forma (ver figura 3-23) • 

-e-· 
Cono 

.... p·· 

Pero_· 

"GT" 

Chimenea 

"F" 
Flama 

.. PAR'' 

Reflector 
parobolico 

"G'' .. ~·· 
Globo Decorativo Estondor Tubular 

· ... 

Reflector 

"PS"" 

Pero 
· cuello lo roo 

Figura 3-23Formas de Bulbos de l&mpara Incandes­
centes y de Tungsteno Halógeno. 
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. Aparte de la designaci6n con letras, .los bl.llbos tambH!n 

tienen una designaci6~ numérica, la cual representa el diá 

metro del bulbo en octavos de pulgada. Por ejemplo, una -­

designaci6n A-19 indica un diámetro de 19/8" 6. 2 3/8" de -

pulgada. 

Lc:Ís .)t.qaba.~'?~·:.q'i! las super~:icies del bu~bo pueden ser claro, 
. . . .· ... .. :··' 

esmeriladoti.opálino, de color osuperficies interiores_:_ 

plateadas. Las lámparas normalmente en el mercado son las­

claras, esmeriladas u opalinas, blancas y plateadas, los -

bulbos de color pueden ser de vidrio en color natural, pi!! 

tura exterior o filtros. 

Conexi6n Eléctrica. 

La base proporciona la conexi6n eléct"rica, montaje y posi­

cionamiento de la lámpara. Hay ocho tipos diferentes de ba 

~ ses. Las lámparas para servicio general de menos de 300 

watto norlf,¿~j:;¡;:;.:.'':e usan la base roscada mediana; de 300 a -

500 watts .las lámparas usan ·1a base roscada mogul. 

características de Operaci6n • 

variaci6n de voltaje.- La variación del voltaje en una lá~ 

para incandescente, arriba o abajo del vÓltaje nominal, --

'· 
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afectará las características de la lámpara. P~r ejemplo, 

·si una lámpara para 120 volts nominales es operada a. 125 
' . . . 

volts (4%'':de incremento), la lámpara producirá 16% 'más l(i­

menes, 7% ·:más watts, y 38% menos de vida. Una lámpara de -

120 volts'nominale& operada a 115 volts (4% menos), propoE 
.· . ' 

' . 

....... 
cionará Ji3'%· inenos ltimenes, 6% menos watts y 62% más vida -

~.;,.~ ' 

(ver fig.uiitti~Z4) ... .. ' 
. ·"l' 

. '1 • ;~ ~ 

·.;·· 

J". ,. 

. :·• ·~ .·.· . . .. 
. ·. ·-~ ... ·.: 

o200 .., 
> . 
" --" IJ 

.. .. 
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e 1110 
.: .. .., 

: ·.~ < •• : 

•;:· ,. 

.. 
•,' .. 

Lumene¿ ., _,.,. -· ,,,. ·--· 
, ·--·--
'Walls . 

%de volto¡e nominal 

Pigura 3-24 Efecto del Voltaje en la 

Emisión Lumínica y Vida de 1~ Lámpara. 
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Depreciaci!Sn de Ltimenes.- 'La resistencia del filamento 

aumenta con el tiempo debido a la evaporaci6n, dando como 

resultado una disminuci6n del diámetro del filamento. Es-
.~- ;·:;• .. '.•.-,:· .. ·,··;.· ;::· 

te lncrenu;iii"t:o·-en .. la resistencia del filamento, causa una-
·o~· . ; . . 

dismiauci~n en los ldJilenes, amperes y watts. Una reducci6n 

adicional en la salida de !limenes es debida,a la absorci6n 

,--de luz por el tungsteno depositado en la superficie inte­

rior de la lámpara (ver figura 3-251. 

- ' 

Lámpara de lunQslena· haiÓQen--.· 

---·--~------- -----------

-~ 70~-~=---=---=---=---,~---.:-! o 20 40 60_ 80 100 120 
% vida nominal 

Figura 3-25 DepreciaciOn de Lfunenes en 1as Lámpa­

ras Convencionales y de Tungsteno HalOgeno. 
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.. ·. 
Una ·déflgf~~~;¡_~-:¿:· las l!mpatas incan_descÉmtes 

' - . . 

ha sido su:;,man:tenimiento de ltimeries a lo largo de su vida. 
' :._ ~ . ·1:: ,.~·· . . . 

'cuando e~, ·i~iamento se calienta, este .. se e~apo~a !entamen-
·. ""' . • • ,ooo;.•.;. ~ •. 

'te y se ·d¿pq~(ta en la pared interior del .bulbo• -Esta capa 
·, r• ' --

cie. tungst~:W- entonces actlla como un filtro·, absorviendo --.. ·.:. . . ·: ··- ' 

algo de i{iiiw~~l.lisminuyendo la salida de. luz; Esto_ fué sup~ 
. -··· . ~-r~~!-~-~~~:':. ·.. . . 

rado. eón ·.~1,•\desarrollo de la l!mpara de ciclo tungsteno 
• • • . •).'!,:·· :· . •. · ·-

···(·~. .. 

hal6geno, ¡~ cual también es llamada l¡impara de cuarzo. La 
. ~·¡_'-:, . • . 

:t .. 
l!mpara cie tungsteno - hal6geno contiene un hal6gEmo como­

el iodo Qe-,.brpmo y un gas de relleno. El bjilbo_ está hecho­

de cuarzo para soportar las ·altas temperaturas requeridas-' 

por el ciclo para trabajar. A altas temperaturas., el tung.!!_ 

teno evapo;rado se asocia con una molécula .. de hal6g.eno. En­

vez de depositarse en las paredes del blllbo, la molécula -

combinada de tungsteno ha:l6geno retorna·· al filamento ca--.:. 

liente,· l.:I.Qerando al·hal6ge!lO para permitirle combinarse-
., 

con·· o<;:.:•:: a_ 11101écula de· tungsteno· evaporado . 
. ~~-: -->~~·~·":':,, 

'· . 

.. • ' 

Esta acci6n de limpieza minimiza el· depqsitó de· timgs,temo--
' . . ~ . ' ' .. ' . . . .. t' 

b1ílbo,: y da comó' resul fado- Un .. incremento .:. ' la pareci'hiel en 

en la salida._de lüméries a traviás de· la vida de ia -lá~pani. 

En la Úgura 3-25 se ;¡;uestr~ la salida de lwnenes de una -­

l!mpara- incandescente normal· y la de· una lámpara de, tungs-

teho hal6geno durante la vida de cada una de ellas. 
;'. 
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· El prtnc:Í.~~~~:-~:Ojeto al desarrollar .la lámpara de tungsteno 

- hal6geno fué Ell mantene¡r la salida. de ltimenes, pero se -

hicieron otras mejoras. La vida de la lámpara aument6 un·-, 

poco, as! como su eficacia. Pafa ope_rar apropiadamente las 

lámparas de tungsteno ~ hal6geno requieren de relativamen-

' te altas. temperaturas, el filamento tuvo que .ser compacta-

do y el b1llbo se hizo más pequeño. La fuente como es más -

pequeña se acerca más a la fuente puntual ideal, nepesaria 

para un buen control óptico. 

La lámpara de tungsteno - halógeno es un tipo de lámpara -

incenil,'=lscente y por lo tanto es fácil. de atenuar. Sin - --
.. ' ' ,··. . .. 

embargo €.~. ··:¡t~~uarla provoca una red~cciÓn eri la teinpérat~ 

ra de las paredes del bl1lbo, "lo cual. retarda la uni6n de -

las moléculas de tungsteno - halógeno, dando como. resulta­

do un enegrecimiento de las paredes del bl1lbo y reducci6n­

en la salida de los 11lmenes de la·lámpara~ Cuando la lámp~ 

ra es regresada a un nivel de temperatura suficiente, algo 

del tungsteno depositado en el b1llbo es removido. 

3. 3 .l. 3. CARACT·ERISTICAS GENERALES DE OPERACION • 

. : 

Eficacia y vida • 
... _ .. ,. •'···· 

.. ' Una de la.i;;· caiáé'feríst:j:cas. ni~as importantes .de cu.üquier 

.... \ 

1 
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, fuente de luz, es su habilidad para·convertir la energía-
• 
·.'eléctrica en energía luminosa. A esto.se le conoce como--

eficacia de la lámpara. Las lámparas incandescentes tienen 

. e.Ücaqiiu;. :'.íl.v¡•., ·il;ndan en el orden de los 4 a los 24 lumenes/ 
. ..~. . . .. . 

watt. Parí:i· propos.itos de comparación, a la lámpara .incan--, 

descente se le asigna· una eficacia de 20 lumenesjWatt. 

El costo de la luz depende no solo de la eficacia, tambi~n 
¡ 

depende de la vida de la fuente. Las lámparas incandescen-

tes tienen una vida promedio de 1000 hrs., o sea alrededor 

de 5 meses con un período típico de. encendido de 8 hrs. -­

diarias (52 semanas/año x 6 dias/semana x 8 horas/día = -
¡ 

2496 horas/año). La vida de la lámpara es función de va---

'rios factores,· incluyendo la forma del filamento y su so--
, ' !~· 

. ' 
porte, el gas de relleno, los ciclos de encendido-apagado-

Características de color. 

El sistema visual humano responde en forma diferente a las 

diferentes longitudes de onda de la radiación. Nuestra men 

te interpreta estas diferentes longitudes de onda como co-

lor. Las fuentes de luz son importantes en la visión del -

color ya que proporcionan la energía radiante y por lo ta~ 

tola respuesta, al color. La distribución de las longitudes 

J ' 
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de onda erni~idas por una fuente, es conocida corno la dis-., 

tribuci6n de potencia espectral (DPE). 

La DPE de una lámpara incandescente se muestra en la fig~ 

ra 3-26 

Note la tremenda cantidad de rojo o grandes longitudes de­

ondt~. p!'~~l:,?_-~t-:~s; Esto es no mal para una fuente que produce . " . 

energía· iwninosa por calor. La DPE de la lámpara de iodo--· 
\ 
~c~arzo es similar a la de la lAmpara incandescente pero --

" contiene ligeramente rn&s longitudes de onda corta (azul). 

Esto es resultado de las altas temperaturas de operaci6n. 
~' 

Las lámparas incandescentes tienen un redirniento de color~' 
r 

aceptable • -
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300 350 400 .1so soo sso 600 &.so 100 750 
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Figura· 3-26 Distribución de Potencia Espectral 
de una Lámpara Incandescente. 
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Distdbuci6n deenerg.ía 
,, ..... ,_::~~::>_··~···''·. .. 
• ',, .. , . 

.. . : . 

~ 

~O La distribuci6n de energ!a de ·una lAmpara incandescente 

se muestra en la figura 3-27 

,, 

3 .¡3 .l. 4 
' 1 

¡ 

~ 

·' 

'• 

Potencia de en !rada 
100'1!. 

' 
~':'"· . ' 

RadiaciÓn Perdidas na riJ-
. diaclivas 

~ 18% 

Radiación· Pérdida de 
Radiación inlraraja ·potencio visible 18% , 

10% m 
·' .........,..,, . 

,, . ,, ~ ~ ' . 

·.·-
Figura • 3-2'7 Distribilci6n de Energ!a qe una: Lámpara 

Incandescente. 

RESUMEN. 

A pesar de que las fuentes incandescentes tienen una vida 

corta y baja eficacia, tienen ventajas que ·las hacen ser­

seleccionadas comunmente como fuentes de luz •. Entre estas 

ventajas estan el bajo costo inicial de.la lámpara y su­

relativamente pequeño tamaño, lo que facilita dirigir la-

sali'da"'de +m: •Ja que se aproxima al modelo ideal de una -•.. , •- •. -';h;<_ .-. '": 
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fuente puntual. El rendimiento de color es a.ceptable. Alg~ 

nas veces se.· selecciona un sistema incandescente debido á­

su 'faci~idad y bajo costo para" atenuar.lo, lo cual es .una -

consideración importante en muchos diseños. 

.. _:~~--\ t~" ~·· :~~,;~· ,.,;~· 
\ ·. '~ .~ ~ 

Las ilárnp.:;,r.a:s anc,rradoras de energía en el mercado, hacen•-
., 1 • • 

' ' .. 1 . 
uso' 'cie diferentes ga~es de relleno. Estas lámparas utili--

:' 1 zan más el Krypt6n que el Arg6n utilizado·en las lámparas-
\ ; 

normales. El resultado es una,disminuci6n en la potencia-

consumida sin óisminuci6n de la eficacia. COmo un benefi--

cio adicional, la vida se incrementa. La lámpara incandes­

cente es adn popular debido a su bajo costo. Las lámparas-

ahorradoras de energ!a cuestan alrededor de 10 veces .más -
1 

lo que'cuesta una lámpara incandescente convencional. 

FUENTES DE DESCARGA GASEOSA. 

.... _,.,., ,. . 
·.-.· ·' .... 

Las lámpiiras. de···descarga gaseosa son comparadas· con un ele 
\ . 

mento de resistencia cero o de resistencia negativa. Cuan-

do los aditivos dentro del tubo de arco se· ionizan, la re-
' . 

sistencia dentro del tubo de arco .disinifiuye. EstÓ p~ovoca-
. e· 

que la resistencia se aproxime a cero, mientras que la co-

rriente se aproxima a infinito: · 
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' Sin un dispositivo que limite la corriente, los electrodos 

se destruirían en cuesti6n de segUndos. Debido a lo ante-­

rior, todas las fuentes de descarga gaseosa requieren de -

un balastro. 

Un balastro es un dispositivo eléctrico que sirve para 

tres funciones primarias: ····· 

1.- Limita la corriente (característica de elemento de re-

2.- Proporciona el voltaje de encendido. 

3.- Proporciona correcci6n del factor'· de· poténcia. 

.-"i'. 

El balastro actda como un autotransfomador para proporci~ 

nar el voltaje de encendido. Por lo tanto, contiene devana 

dos que provocan una carga de reactancia inductiva. La reac 

tancia inductiva causa un defasamiento entre las ondas de-

corriente y voltaje, el cual es corregido con la adici6n -

de un capacitar en el balastro. El balastro se describirá 

con n\ás' áit&i.Le al final de este capítulo. 

Posici6n de operaci6n.- Las lámparas dé descarga gaseosa -

son usualmente sensibles a la posici6n de operaci6n. El -­

Ingeniero debe tener prec~uci6n al seleccionar las lámpa--
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ras, ya que si se operan en una posición diferente de la 

•e . ~. . .. 
su vida y. sus características de color. Algunas 14mparas 

... 

pueden sxplotar o implotar si no se instalan correc­

tamente. Se deben consultar las especificaciones del fa­

bricante para obtener información de la posición de 

operación. Las letras t!picas para designar la posición­

de operación spn: 

16-

BU: base arriba BD-HOR: Base abajo a horizontal: 

BD: base abajo 

BU-HOR: base arriba a 

horizontal 

VER-BU: Vertical a.base arriba 

VER-BO: Vertical a base abajo 

HOR: · Horizontal· ·solamente 

FUENTES DE DESCARGA GASEOSA DE BAJA PRESION: 

L4mparas fluorescentes. 

La primera instalación importante de 14mparas fluorescentes 

fuá hecha en los años de 1938 - 1939 en la féria mundial -

de Nueva York. Las lámparas fueron instaladas en racímos 

verticales en las astas, a lo largo de la avenidá de las 

banderas. En la figura 3-28 se muestra un esquemático de la 

lámpara fluorescente • 

.... -· 
. '. -

.,1 

¡ 

,. 1
1.. 
i' 

t 



n 
~ j 1 

~ 1 
\. 
' ', 

1\ 
\j 

' 1 
' ¡ 

... 

, \ 
~~\\a, 2, Ne~~c~:~.::. 

,~\·l)'), ,¡· e . ..', . . ,~ . 
./ /2 3 . / Nivel d~ 

1 4 5 energoo 

1 1 
11 Nivel de ¡ lubenerg(o 

Hgi111 , 21', 2p1 , 311 , 3p1 , 4a1 , 4p0 , 4d10, 411•, 5s1 , 5p1 , 5<110, &s'l 

Col Alomo de Mercurio, 

/ 

;¡:::====:::¡ 

17-

' 1 

35· o-:,..--, / Ultravioleta 
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Ultra,:oleto 
'\fV'I..I'\f"­

Energío 
radiante 

lbl Nivel de energía, 

Bulbo 

Pared 

' 

U. V. i' 253.7 nm 

Fbsforo 

J 

(e) Fluorescencia .• E.nergía 1 
ultravioleta radiante, exi~ · 
to el fÓsforo paro produ-: 
clr luz visible. 

Figura 3-2H Esquemático de la Operaci6n 
de una Lámpara Fluorescente. 
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. Elementos productores de luz.- La lámpara fluorescente. . •¡ . 

rec¡Uiere de tres elementos o componentes para producir luz . 
visible: (1) electrodos,_ (2) gas y (3) fósforo. 

Electrodos (cátodos).- Los electrodos son los dispositi--· 

vos emisores. Actualmente se utilizan 2 tipos de cátodo~. 

El cátodo caliente es un filamento de tungsteno con doble 

o triple arrollamiento, cubierto con un oxido de tierra 

alcalina que emite electr6nes cuando se calienta. Los - -

el~ct.;;;·Ón~,,,; .. "'-:>:< emitidos a una temperatura aproximada de -
r,',•' 

900°C. Lbs electr6nt!s están sujetos ~ un v~ltaje mayor, -

emitiendo electr6nes a 150°C aproximadamente. El cátodo -

caliente es el tipo de electrodo más comun~ente usado en~ 

lámparas fluorescentes, para la mayoría de las aplicacio­

nes. Por lo tanto, no se describirán.las lámparas de cáto 

do frío. 

Gases.- una pequeña cantidad de gotas de mercurio se colo 

ca et~ el interior de~ tilbo ·nuó~escente: Dúr;itite la opera 

ci6n de la lámpara; el mercurio se vap~riza·a úna presión 
. . . r .. . . 

muy baja._ ·A esta baja presión, la. corriente fluyendo a --

··tra-..;4!!s. ·d~f'.{-.i.~,)r. provoca que el v~por. radíe energía, prin:-
. ~· .. ··.·· 

cipalrn'enté a una sola longitud de onda en la región ultr! 

violeta (253. 7 nrn) del espectro. La presión del mercuri-o­

es regulada durante la operación, por ia temperatura de -

la pared del bulbo. 
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• La lámpara también contiene. una pequeña cantidad de un gas / tJ ;-
. ~ 

raro altamente purifica~6. Los más comunes son el Arg6n y-
, .. -- ···- ----. . -

1 
.~1 Arg6n-Ne6n, .pero algunas veces tambi~n se utiliza el 

~· 

Krypt6n. El gas de ioniza rápidamente cuando seaplica un-:-

yoltll:jé ·: s¡;r,;;~tc:j.8,nte a la lámpara. El gas ionizado decrese 
' . -~ ~""- . ';• 

e 
rápidam~nfe ·~u résistencia,. permitiendo que la corriente -

fluya y el mercurio s·e vaporize. 

F6sforo.- Este es el recubrimiento químico en ·la pared in-

terior del bulbo. cuando el f6sforo es excitado por radia-

ci6n ultravioleta a 253.7 Nan6metros, este produce luz vi­

siole por fosforecencia. (ver figura 3-28). Es decir, la -

luz visible de una lámpara fluorescente es producida por -

la acci6n de la energía ultravioleta en el recubrimiento -

de f6sforo dentro del bulbo. 
. -~- . 

Envolvente.- El bulbo es el envolvente de vidrio que con--

tient:: 1:;s .. qa!"es y proporciona una superficie a la cual pu~ 
,_ >, ·,_:-: '-':·~·>>-~ .. <.··: ''''¡'.. . 1 ' 

de apli.carc.¡e el fósforo Los bulbos se designan de acuer-
o 4 1 

do a su forma, diámetro y color (ver figura 3-29). Por e~·e!!!. 

plo, T-12 indica una forma tubular (T) y un diámetro de --

1 1/2 pulg. (12 representa el diámetro en octavos de una -

pulgada: 12/~ = 1 1/2 pulg). 

Tubular dentado 

IF Circular •• u" 
Tubular 

.,, .. F_j,g~ra 3-29 Formas de Tubos Fluorescentes. 
_,._,/,_~ .. -~:"Y-~~·=·-~-, 
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Conexión. eléctrica.~ La base proporciona la conexión eléc-

' trica entre la lámpara y el soquet y sirve corno so.porte -­

Y alineamiento de la lámpara. Hay tres tipos de bas.es aso-

ciad~s con las lámparas fluorescentes: 

, ~-- Doble alfiler (miniatura, media, rnogul): Se usa -
~" .~. 

,, !<' '. 

,<;!n' tÓdc.s las de precalentarniento y la mayoría de-

lámparas de arranque rápido. 

2.- Doble contacto embutido: Se utiliza en las lárnpa--

ras de alta emisión y Power Groove. Su propósito-

es proteger a los usuar.l.os del alto voltaje en --

los con tactos • 

3.- Contacto sencillo: Usado 0en· lámparas' de arranque­

instantáneo. 

Características d~icolor.- El color de una lámpara fluore~ 
Q 

cent•: depende del recubrimíento de fósforo en la pared in-

terna· de!· h1üho. La curva de Distribuci6n de potencia Es--. ... . ' ~ - -~ 

pectral c2.risiste .. en dos córnponentes: · 

(1) una porción continua, y (2) una línea de espectro~ Lás 
' 

lineas o barras en la curva DPE representa la luz visible-

que es generada directamente por el arco. de mercurio; la-

porci6n contínua es debida a la acción de la energía ultr~ 
., .. , 



' 
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.• 
violeta en el f6sforo. La OPE de una· lAmpara fluor~scente -.. 
puede ser cambiada modificando'el tipo de' mezcla de fósforo 

usados en el recubrimiento de las lámparas: Hay seis l~mpa­

ras fluorescentes blancas en el mercado ·(ver figura· 3-30) • 

CW: Blanco frío 

WW: Blanco c~lido 

W: Blanco 

blanco frío 

" -e 

~~~~~~ 
o 
~ 

" 
" ~ 
" o 
<l. 

blanco cálido 

blanco 

cwx: Blanco frío de lujo 

WWX: Blanco cálido de lujo 

D: Luz de día 

o . -
o " ~o 
s·; 

o 
O' 
0:: 

blanco frío do lujo 

· blanco cálido de lujo 

Luz de 
dÍa 

250 350 450 550 650 750 250 350 450 550 650 750 
Longitud de ondo (nm) Longitud de onda lnmj 

... 
~·igura 3-30 Distribuci6~ de n t .o encia Espectral de las 

Lámparas Fluorescentes Lstandar. 
' 

-· 
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Esta vari.édad de l!niparas fluorescente:s blancas ha sido 

desarrollad,a para satisfacer casi todas las necesidades 
'~. ' ., . fl . 

de "lpz l;?:'[.":n;;iJ.\ Estas lámparas se conocen como lámparas-.. ,. . ' -~ ' ... 
""" ........ . 

blancas estandar, ya que las seis se pueden obtener con 

todos· los grandes fabricantes de lámparas. Además de ·--

estas seis blancas estandar, cada fabricante-vende blan 

cos especiales y tubos fluorescentes de color. 

La selecci6n entre alguna de las lámparas fluorescentes 

siempre significa un compromiso 'entre eficacia y color .• 

La selecci6n del mejor rendimiento de color usualmente­

significa una reducci6n en la eficacia. Las lámparas __ J 

cw, WW, W y D tienen eficacias altas,· pero son pobres -

en rojos, dando como resultado. una caracter!stica.de p~ 

bre . ~'en<'iE:i'::!h.o de color. Las lámparas cwx y wwx són-
'-1'· ' 

las qiie proporcionan el mejor-rendilriiento' de color a --

los objetos y personas, con una razonable efiéacia. Es­

to se obtiene con la. adiCi6n dé . f6Sforos rojos' eii' la .. .:._ 

mezcla. Sin embargo, ya que el o¡¡·o tiene menor respues­

ta a la energía roja, la eficiencia luminosa se reduc~-

alrededor de 30% de la salida de luz de las lámparas --

cw y ww. 
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Circuitos de cátodo caliente.- Hay tres tiposde lámparas 

fluorescentes de cátodo caliente y se definen por los cir 
•• 

cuitos para los cuales han sido diseñadas: 

1.- Precalentamiento 

2.~ Encendido Instantáneo 

3.- Encendido rápido 
' . 

·,{'n,,; ·'''' 

"" ~ .. 
Circuitos de.precalentamiento.- El circuito de precalent~ 

miento fué el primer tipo en ser desarrollado •. Requiere -

un arrancador separado que precalienta los electrodos, --

provocando una emisi6n de electr6nes. Esto causa que ·la -

resistencia interna disminuya, lo cual permite establecer 

el arco. El proceso de precalentamiento requiere de algu­

nos· segundos, de aquí lo lento del encendido que es carac 

' terística del circuito de precalentamiento. El precalenta . . -
miento puede ser efectuado por medio de un botón manual -

de arranque o por un a·rrancador autom&tico. El arrancador 

hace circular corriente por los electrodos de la lámpara-· . -:. 
"· .. "" 

por un t.i.~miio in:ficiente para calentarlos y entonces aut~ 

mátic~ente (6 manualmente) interrumpe ia. cor:üemte en 

los electrodos, causando que el.voltáje apiicado.entre· 

los electrodos establezca el arco. 

Circuitos de encendido instantaneo.- E¿ 1944, el circuito 

de encendido instantáneo fué introducido para mejorar el­
('} 

J.,ento encendido del circuito de precalentamiento. El ci·r­
b 
íl 
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cuitó de ... ~!f!=en:c1;l.do instant~neo elimi_na .la necesidad de un 

arrancador y por lo t;anto simplifi_c!=i el_sist;ema, Y. su man­

tenimiento. Se aplica un al.t() voltaje entre _los electro.:.: 

dos suficiente para vencer la resistencia de la lámpara -

y establecer el arco. El•arco .calienta rápidamente el fi­

lamento de los electrodos, lo cual hace que se e¡nitan - -

electr6nes para sostener el arco.: Ya que no· se requiere· -

de precalentamiento en las lámparas de encendido instant! 

neo, con un solo alfile·r de contacto es suficiente. A es-

te tipo· de lámpara se le llama. también lámpara S limline. 

Cil:c:lli.t.o de. encendido r&pido.- En 1952, se desarrollaron- • · ·¡ 
~ .; .}. ... ;;' '~ .. ~·.\:·;·~::;'/:·7. 

el circ~,-;,.t(;· y h' lámpara de encendido rápido. Esta encie!!_ 
·. . ) . . 

de rápidamente sin la necesidad de Un arrancador separa--

do. Un balastro para encendido rápido es de menor tamaño- · 

y más eficiente que un balastro de encendido instantáneo­

para la misma potencia. El circuito de encendido rápido -

utiliza electrodos de baja resiste~cia los cuales son ca­

lentados continuamente con muy bajas pérdidas. 

La lámpara de encendido rápido es'la lámpara más com~n-

y es adecuada para la mayoría 
i ! 

.tos de arranque rápido pueden 

., '·- ,,. 

. . ···;1- . . . .. - - . . . 

de aplicaciones. Los circu~ 

ser intermitentes o atenuar 

i, 

·. 
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Las l!mparas circulares están disponibles para operaci6n 

en circu!tos de encendido rápido. Tarnbién.estan diseña-­

. das por usarse eri circuitos de. encendi~o rápido las lám- · 

paras en forma de, "U". Las lámparas de encendido.rápido-· 

_ pue~e}:(.UFb};J;:·!'if:•,;itanto en circu!tos de. preca:lentamiento co-
. .. "''""••"',. 

mo en .ci~c~Ytos ~:de encendido rápido. Sin embargo, una --

lfunpara con designaci6n de "precalentarniento" no puede -

usarse en u~ circu!to de encendido r&pido. Los circu!tos 

de encendido rápido son clasificados de acuerdo a la co­

rriente de la lámpara: 

·RS ---

Circular - - - - - - -

HO 
··-.... 

430 MA 

390, 420 430 MA 

BOOMA 

XHO, PG, VHO, SHO, T10 - - - - - - - · ··1500 MA 

lfunparas.- La nomenclatUra de una lámpara 

es de acuerdo a su Potencia o Longitud, Forma, Diámetro -

en octavos de pulgada, y é:o~or. Las lfunparas de precalen_. 

tamiento. y encendido rápido utilizan la potencia nominal­

de la lámpara en su nomenclatura, mientras que las !&ropa­

ras HO, VHO, encendido instantáneo y PG utilizan la longi 

tud nominal en su nomenclatura. Algunos ejemplos se mues-

tran ·a continuaci6n: 

. ··,-
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Precalentamiento 

• 
' . • ~· 

l. " 

F20Ti2/~, tillore'scente/Watts/Tubular/Di4me_tro/COlor 

En.;:endido r4pido, 3o y 40_Watts 

F30C.W y,F40c:W,· Fluorescen~e/Watts/Color 

Encendido r!pido . (HO) 

F96T12/CW/HO,_Fl\lorescente/Longitud/Tubular/Di4metro/ 

_Color/Encendido rap!do 

Carao.ter!sticas de funcionamiento.-

Vida.- La vida de la 14mpara depende del tiempo de opera­

ci6n/encendido. Los valores de las 14mparas estan dados -

en la base de un ciclo de 3 horas ·por encendido. En 1973-

se introdujo en las 14mparas un nuevo gas c.olectcu-. Este­

gas previene la combusti6n.del material ell\i.sor de los 

electrodos, cada vez .que la 14mpara es encendida; por lo-
. ~ •·, "• . 

que, la vida de la láii\Para no es grandemente afectada por. 

los ciclos más frecuentes de apagado-en.cendido de la lám-

p¡¡¡ra-,, Sin .. embargo, la importancia del tiempo de encendido " ~ ~: .. ;.~-.• ~'::->·:·,·~~ . 
puede _veo:fi."' en ·la operaci6n por m4s tiempo de las 14mpa--

ras en términos de los factores de vida: 

6-h Operaci6n/Encendido: 

12-h Operaci6n/Encendido: 

Operación Continua 

1.25 x Vida 

1.60 x Vida 
J 

2.5 6 más X Vida 
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• Estroboscópico es_una palabra gri~ 

movimiento", El. arco se extingue du-

rante cada paso por cero (120 veces/segundo) de la onda --
. . ' ' . . . . . 

senoidal de Corriente Alterna; sin embargo, el recubrimien 
' 

to de fósforo contintía radiando luz· durante este pequeño -

periodo, Generalmente, esto no'es notori<¡>r pero. puede en-
1 

algunos casos hacer parecer a la maquinaria de alta veloc!_ 

dad estar est!tica. El uso de balastros de secuencia serie 

en circu!tos dé encendido rápido elimina este problema. _...;. 

Otrasoluci6n es el usar balastros adelantado-atrazado, el 

.cual pone una llimpara fuera de fase con respecto a la otra • 

en una unidad de dos lámparas. Esto da como resultado que­

uni("i~~lpar.ó'\· esta al mfucimo de salida de luz' mientras la -­
-· :; ,, . . ' .;''1/.r~t~~:-.' ~. : -~ 

otra éstá·"·eri" cero. El efecto resultante es la eliminación-

del parpadeo. 
/ 

~o. 

Efecto de la temperatura.- La operaci6n más eficiente de -

la lámpara se obtiene c;:uando la temperatura ambiente está-

.entre 70 a ~0°F •. (21 a 32°C). Temperaturasmenores causan­

una reducci6n en la presión del mercurio,' ·lo .·cual ·signifi-
~ . . 

ca q,ue .se produce menor energía ultravioletá; por lo que -

Oal haber menos energía ultravioleta-que acttíe en el f6sfo-

ro se produce menos luz. Altas temperat'uras causan un cam-

b~o en la longitud de onda producida, haciendola más cerc~ 
":·< ~~:J•'. ,., . . . ·:. . . 

na al ies¡;;:\Sc'':'i"!:i:visible. Las longitudes de onda más largas-
·'!,".!:,. • .• .. -·- ,., 

¡! 

' ¡j 
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tienen menos efecto en el f6sforo, y poi "lo tanto háy 

menor salida de luz (ver figura 3-31) 

'i~ '~,,•') 
.,_ ·~ :' ' . 

.. 
:!80 .. 
E 
::!40 

~ 
:10 

' . 

0~~--~-L--~~--~-L~ 
140 120 100 eo eo 40 · 20 o -20 

(Grados fahrenhelt J 
Temperatura de la pared del 

. bulbo 

Figura 3-31 Efecto de la Temperatura 
las L!mparas Fluorescentes. 

... .. 

en 

Las lámpa:t~ás ·túio.rescentes estandar pueden operarse a una 

temperatura menor de hasta 50°F (10°C) sin un balastro --

especial. Sin embargo, como indica la figura 3-31, la sa-
. 0 . 

. lida de luz (ldmenes) será menor si la temperatura ambien 

te esta fuera de los 70 a 90°F (21 a 32°C). Existen balas 
.o 

tros especiales de baja temperatura para encender y ope-­

rar lámparas a O y 20°F. Estos balastros proporcionan un­

voltaje mayor de encendido y. usualmente contienen un inte 

rruptor térmico de encendido. 
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Efecto de la humedad.- Los requerimientos de voltaje de -

encendido son afectados pcir la carga electrost~ticia en la 

superficie exterior de una !~para fluorescente. El polvo ,. 

y el aire humedo tienen efectos desfavorables en la carga 

de la superficie. Este factor debe ser tomado en conside-

ración cuando la humedad relativa. excede del 65%. Un re--

cubrimiento de silicón en la superficie·exterior de la-­

!~para y la adecuada distancia entre la l~mpara y el lu-

minario, normalmente resuelven los problemas de encendido 
. . ,., .:_., .... :·- ~ .... ·· . ~ . . 

bajo· cui,~9ui~r condición de humedad. Sin embargo, la acu-

mulación de polvo en la !~para nulifica los efectos del­

recubrimiento de silicón y provoca dificultades de encen­

dido. No se debe limpiar la l~mpara con un abrasivo, ya -

que ~ste también eliminar~ el recubrimiento de silicón. 

Distribución de energ!a.- Del total de energ!a de entrada 

a una l~mpara fluorescentes soio el 22% se convierte en -

luz visible {ver figura 3-32) 
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Potencia de entrado 
, _ __,. 1~ 

RadiaciÓn de lo Pérdidas na radioc-
61)1¡ ti vos 

descargo 38% 

21(. 2011 36% 4% 311% 

Radiación vlsi- Radiación In! rorro- Pérdida~ de pote neo o 
ble 22" jo 42% 36% 

\ 

Figura 3-32 Distribuci6n de Energía en una Lámpara 

Fluoresc,ente cori 78,8.11n/watt (40 wat;s>&Y con 
22% de Radiaci6n Visible. 

•. 

·. 

-Eficacia.- La eficacia de las lámparas fluorescentes para -

la mayoría de los tamaños comunes de lámparas es de 75 a --

80 l!lmenes/Watt ·sin incluir las p€rdidas ~~.,el balastr~.-
b :(¡ • 

Para circuitos de dos lámparas F40 cw, la eficacia total -

(lámpara más balastro será de 68.5 lm/w. 

2F40CW: 2 X 3150·= 6300 lm . 

balastro con 2 lámparas encendido rápido, alto factor de 
-potenc:La. ~:-,;_~ .?.-·· :~¡~: 

.--' 
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1' 
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Eficacia = 6300 
92 

. •· 

68.5 lm/w 3';l 
1 . l. 

• 1 

La lampara F40 CW sola, tiene una eficacia de 78. ~- lm/w. 

Dispositivos ahorradores de energ !a.- ·,Las lámparas ahorra 

doras de energ!a e·stan diseñadas para operar ·a una menor­
• ,,:.~:- .;--~.:·':. ~~ •• :(]_~_.'?;.; ~~: 
potenci .. :i'··co:•··~l mismo balastro para lámparas convenciona-

~-~ .. 
les. t.a: eficacia de algunas es menor, otras tienen una --

eficacia mayor. Recientemente se ha descubierto que las -

lamparas ahorradoras de energ!a, pueden ser la causa de -

la falla prematura del balastro debido a sobrecarga del -
J 

capacitor. Un balastro de alto factor de potencia para --

dos lámparas contiene un capacitor de encendido y un ca-­

pacitor para corregir el factor de potencia. Un incremen­

to de 6 porciento en la corriente del cápacitor de encen-

dido es la causa de falla del balastro. Nuevos diseños --

de.balastros han eliminado el problema; sin embargo los ~ 

7 l 

balastros antiguos o balastros.defectuosos.pueden aún--- • 
-~- ;· :·, ~. .:;~·"'J~·.:·>>~·~:}~ . .. 

mostra:t·.:.!lri. ·alto índice de falla. Las lámparas ahorradoras 

de energ!a deben solo ser consideradas para remodelar ·una 

instalaci6n existente, la cual fué mal diseñada y esta -­

proporcionando luz en exceso; no se deben utilizar para -

instalaciones nuevas. 

Por razones econ6micas, el luminario con dos lámparas - -

fluorescentes se prefiri6 al luminariá con una lámpara ~-

. ' 



• f ·mi en tos.-:···,,_ f'_H< .· .. 
La~ ·e u rvas"···pa·ra "á'l umbrado púb 1 i e o se pueden e 1 as i f i car tomando -

en consideración : 

• 
A.- SU CONTORNO DE DISTRIBUCION LATERAL. 

. ...... 
B.- SU CONTORNO DE DISTRIBUCION VERTICAL. 

C.- SU CONTROL DE LUZ SOBRE EL CONO DE MAXIMA,I,~H;N~IDAD. 

la distribución lateral es apl i~able para.dife~entes-relacio~es 

. de anchos de calle a alturu de montaje y se dividen en : ( Fig. 3 ) . 

TIPO 

TIPO 

TI PO 11 

TI PO 11 

T 1 PO 111 

TIPO )V 

TIPO V 

,_ :: -,; . . 
• .. .• .. l_ ~ 't' 

Cuando el cono de máxima potencia pasa a 1.0 A.M. sobre la 

,línea.perpendicular a_,la culle . 
. .• ' . 

.'."Cúa:.~·:c.·Y:;as. Igual pero con cuatro rumules. 
"... . 

C~ando el cono de máxima potencia pasa a 1.75 A.M. sobre­

la línea perpendiculur a la calle • 

. Cuatro vias. ~~~al perb co11·cuatro ra•~ales. 

Cuando el cono de máxima p'otencia p·asá 'a-·1.75 ·a 2.75 A.M. 

Cuando el conb de máxi.ma pqtenci~ pasa: a.~ás de 2.75. A.M. 

Es una distribüción s_imétrica~· 

... La distribución verti.cal es aplicable para diferented relaciones 

de espacia~iento a altura de montaje y ~e di~iden en 

. ~ : ._, .·.:., . 
. · .. - ..... ·-.'!. 

o 1 STR 1 BUC 1'bN 'coRTÁ 
DISTRIBUCION MEDIA 

O 1 STR 1 BUC 1 ON LARGA '; 

1 . 

4. 7 5 A.M. 

4. 7 5 A 7 . 5 A.M • 

HASÚ 12.0·A.M. 

~- . 
. ' . 

' '; 

• ••• 1 o 



o 

Si tomamos en cuarita el control ~e luz sob~e el cono de máxima -
.' . ---~ -·. l ' .. ·· . : ·. 

:·intensidad, los luminarias para alumbrado público se dividen en : ---

( fig.·4.). 

A;- éUTOFF ·' · 

B.- SEMI. CUTOFF 
.'·"' .. , ... 

C.- NON CU.T0FF .: -:,:·;·:·:. i• 

'.·. ,_..,;: ,· ~ t: ~. ¡ •. • . ·- .. 

,;!_:' • ' ,_: 

... '•,: _,;,;.- ~~ : . -:­
·. : ~ ~ 

'¡ '~ ,·· - ._, ~-
..•.•. , __ t. · ... 

El luminaria con curva tipo cutoff es designado así cuando las -

candelas no exceden 2.5% a un ángulo de 90° s~bre la horizontal y--

10% a un ángulo de 80° sobre la horizontal. Esto se aplica a cual--­

quier ángulo lateral alrededor del luminaria. 

El luminaria con curva semicutoff es des(grüido ast cuando las 

~andelas no exceden 5% a un ángulo de 90° sobre la horizontal y 

20 %a un ángulo de 80° s~bre la horizontal: 

Esto se aplica a cu .quier.ángulo l_ateral plrededor del ---o:r --'- lumina--

rro. 

El luminaria con curva Aoncutoff no tie;·,e nrngun<:1 imitación de 

emisióh de ·candelas en cualquier ángulo . 

. '. 
CURVAS FOTOMETRICAS 

( 

La curva fotométrica de un luminar·io es una gráfica representatl 

va de la emisión de luz del mismó, por lo cual ~s un elemento indis-­

pensable en el disefto de cualquier sistema de alumbrado, es decir, el 

1 u minar i o de acuerdo con este dato debe. ser ap 1 i cado de ta 1 forma que 
b 

llene las necesidades del proyecto, take~ como ni~el d~ iluminación, 

uni'formidad sobre el plano de trabajo, altura de montaje, iluminación 

sobre superficies verticales, etc. Todas estas condiciones nos obli-­

gan a utilizar las curvas fotométricas, 

Es usual que los fabricantes de luminanios proporcionen esta cur . .- •' . 

va ~nicamcnte como un valor. indica~ivo de la distribución--de flújo, -

.... 11 

.1 

n 
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anteS :d~"'"lá' crfsis energ~tica. El luminario de dos Umparas i • 

pod!a producir niveles mayores a los requeridos, pero en°--

ese tiempo el costo de la energ!a era muy bajo. Debido al -

bajo costo de la energ!a, era más económico comprar un lumf.\j 

nario que operara dos lámparas con un solo balastro, que -­

comprar un luminario con un balastro para una lámpara. El -

:: · balastro para una sola lámpara cuesta casi lo mfsmo que uno 

para dos lámparas, pero se pod!a producir m~s luz con menos 

energ!a con el luminario de dos lámparas. 

F 40 CW: 3130 1m/lámpara 
'\ 

·balaztro alto factor de potencia para una lámpara = 52 W• 
. ~.-:'·: .. ~-:·::·:. ::J: -\ 

Eficacia· del· sistema = ~ = 60.6 lm/w 

Balastro alto factor de potencia para 2 lámparas = 92 W 

Eficacia del sistema = 6 ~~ 0 = 68.4 lm/w 

ó 

Con el desarrollo de nuevos circuitos de balastros y el ca­

lentamiento continuo de los cátodos, el efecto estrobosc6pf. 

co asociado con las unidades de. una sola lámpara debe ser­

minimizado. Con el aumento a. las tarifas de energ!a el~ctri 
• - •f\ ' -

ca (costo de operaci6n) y .el· ~nfasis en. la reducci6n del -­

consumo de energ!a, el uso de luminarios con una sola lámp~ 

ra se hace más importante • El eliminar una lámpara de un -

.luri~'iiá!.".i.C,:~;qf;::":dos lámparas ·~n.puede parecer una sol uci6n sim-­

ple pará'··reduci'r el consumo de energía en un edificio exis-

.... 
' \.) 

tente, donde existe un nivel alto de iluminaci6n para tareas 

no críticas. Pero debido a que las dos lámparas - - - -

.. 

i 1 
' 
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' . estan conectadas en serie, el eliminar una lAmpara provoc! 

r!a que se apagara laotra. Este problema ha sido resuelto 
• ¡ 

con,. e.. l. desarrollo de un tubo sustituto que toma· .el lugar -
· , · '--~ !~·:-_\; ·"<~~t~:~~·,:ro.':r::·\·_ . 
de uno él.~ .. l~is .. tlJ.bOs para completar el circuito serie de un 

luminario de dos lámparas. El tubo sustituto es ·construido 

de vidrio y contiene un capacitor que compensa la inductan 

cia del balastro • La c·apacitancia restaura el sistema a -

su factor de potencia normal y permite al otro tubo seguir 

funcionando. Un circuito t!pico de encendido r~pido de dos 

lámparas F40 mostrar~ una disminuci6n a.62% de la potencia 

consumida, cuando una lámpara es reemplazada con un tubo -

sustituto. Al mismo tiempo, la salida de luz del luminario 

con dos lámparas disminuirá al 67% de· la salida original-

de luz. Esto dar~ como resultado un incremento aproximado-

del:· '?!lo en. la eficacia. 
. -... ·, ;_; .· .. ,-~1-~ .. ~:;':'-;,'_.::l 

:'! •. 
.. :. ·' ,. -~ ..... ·,-

.Balastro para dos lámparas de alto factor de 
potencia = 92 W 

2F40 CW con 3150 lm = 6300 1m 

l&mpara sustituto: 

92 W X 62% = 57.04 W 

2 X 3150 X 67% = 4221 lm . 

eficacia - 4221 
- 5'7":04 = 74 lm/w 

Operaci6n con 2 Lámparas: 

::.;.-; ,. -~- . 

J 



El uso de tubos sustitutos debe· limitarse para aplicacio-

nes de reemplazo, ya que estos son caros. Téimbién el eli­

minar una lámpara de un luminario para 2, provocará una -

apariencia no uniforme a la superficie del lente. 

Lámparas de sodio baja presión·.- La lámpara de sodio baja 

presión ha sido usada extensamente en Europa desde 1940. 
' 

En ··lo;:; Es.<::ados Unidos se inició una gran campaña de publ!_ 
"·'' . . •. ,.. . ·),; .. :,.;-.: :· ·~: : . ' 

r) •• 

cidad_.en" 19'72. · z;a lámpara de sodio baja presi6n tiene la-

eficacia más alta de todashs fuentes, pero tiene un es--

pectro monocromático amarillo. 

Elemento productor de luz.- El el~mento prodÍlctoÍ:·de 'luz:.. 

es un tubo de arco. El tubo de arco t.i.Éme forma de u y -­

esta construido de vidrio. El tubo tiene pequeñas burbu:...-

jas para mantener una distribuci6n uniforme del sodio a -

través de él. El tubo de arco contiene .una pequeña canti-
·- .. 

dad de arg6n y ne6n para ayudar al encendido de la lámpa-

ra. La presión interna del tubo de arco es de aproximada­

.m~nte:Y X''~:o."'~:mm. 
''·' ., 

Tiempo de encendido = 9 min. (89%), 15 mi11. (lOO%) 

Reencendido = 30 seg. (80%) 

' . 
! 

1 

' ' 
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Bulbo.- El bulbo esta hecho de vidrio coman. Este sirve 
... • 
para,;:iiJa¡¡,1;~-'?..~~i un ambiente constante para el tubo de arco. 

!1 •. .,. .. ~· ... ¡,.• 

El espacio entre el bulbo y el tubo de arco esta bajo va--· 

c!o. El tubo de arco opera a una temperatura de 260°C 

Hay cinco potencias de lámparas: 

POT~'NCIA 

NORMAL 
(WATTS) 

35 

55 

90 

135 

LONGITUD 
MAXIMA 
(PULGADAS) 

12 3/16 

15 3/4 
20 3/4 

30'1/2 

44 1/8 

FORMA DEL 
BULBO 

T17 

T17 

T21 

T21 

T21 

POSICION DE 
OPERACION 

HOR/ARRIBA 

HOR/ARRIBA 
SOLO HORIZONTAL 

SOLO HORIZONTAL 
SOLO HORIZONTAL 

Conexión ·e:L~ctrica.- La base es una base bayoneta (BAY-Bl) 

la cual mantiene la U del tubo de arco en una posición ---

horizontal. 

Características de color.- La luz producida por una l&mpara 

de sodio baja presión es un amarillo monocromático (ver 

figura 3-33). La distribución de potencia espectral consis­

te de dos líneas a 589 nm (aproximadamente 95% de.,la sali-­

da). Debido a la característica del amarillo.áonocroml!itico, 

· no existe rendimiento de color. Todos los colores aparecen 

como diferentes tonos de gris y caf~ excepto los objetos --
r., ·,. ~ 
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Figura 3-33 Distribución de_Potencia Espectral 
para úna Llimpara de SodioBaja Presión. 

·~' 

Designacic:Sn de la lámpara.- La designación de SOX se usa 

para indicar una lámpara de sodio de baja presión. La 

designacic:Sn también incluye la potencia nominal de la 

lámpara, tal como SOX 180 (l80W) • 
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3-35_ L~mpara de Vapor de Mercurio y Tubo de Arco. 

( 

( 

( 



.... --, 

.·· 

_, 

las líneas de mercurio (404.7, 435.8, 546.1, 577.9), 

además genera energ!a ultra violeta. 

El tubo de arco es operado desde 1 a 10 atmósferas de 

presi6n. 

TIEMPO DE ARRANQUE= 5 min. (80%) 7-10 min. (100%) 

TIEMPO DE REENCENDIDO = 7 min, ( 80%). 

Bulbo exterior.- Las funciones principales del bulbo ex-
--- :·· , •• -, 1' -· . 

. .. --:.. .• :• ' . ~:i .i~.:~·-\~'1::;·: .. -~ \ 
terio:~:: son .tres: . . . . . 

1.- El vidrio primario actua corno un filtro de rayos ul­

_travioleta, el cual previene contra quemaduras en la 

pÚll y ojos, 

2.- Proporciona también un ambiente constante para el -­

tubo de arco, La presi6n del tubo de arco es afecta-

da por el rápido cambio de temperatura y el movirnien 

to del aire. 

3.- Este proporciona una superficie para el recubrirnien-

·,.,_ to de .. :(6s foro, el cual es colocado en el interior --
... ,-. ,,,,,\:l·-:-·.·L• .:.·'. 

... 

Clel·buli:io ·exterior para corregir el rendimiento de -

color de la lámpara de vapor de mercurio; Una lárnpa-
, 

ra con recubrimiento de fósforo requerirá de un lurni 

i 

• 
-~-! 
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~/-
nario muy grande para tener un buen control óptico ya que 

el bulbo exterior se convierte en el elemento P.roducto~ 

Conexi<Sn eléctrica ..... Se utiliza· una base tipo mogul· para-

las lámparas con potencias mayores de lOO watts; las lám'-

paras de 40, 50, 75 yiDO watts se fabrican con bases me--

dianas. 

Características de color.- La lámpara clara de vapor de -

.mercurio tiene un color predominante azul-verde, caracte-

r!stico de las líneas del espectro del mercurio. La figu-

ra 3-36 muestra las curvas DPE. Para corregir el color de 

la lámpara, se aplica un reciubri~iento de • fCssforo eri Ü -

pared' T•1ti1:~.:\·. del bulbo exterior. Los colores primarios -

adicionaaos por el f6sforo son el rojo y naranja. Las - -

lámparas de vapor de mercurio blancas 'o con recubrimiento 

de f6sforo se recomiendan para todas las aplicaciones - -

donde el color es importante. Existen comercialmente tres 

tipos de lámparas de vapor de mercurio blancas: 

1.- Color mejorado: .Muy pobre en color rojo, color margi-_, 

nal, no recomendada. 

2;- Blanco de.lujo, DX: Incrementa el color rojo, buen co 

lor, se recomienda. 

'-· ... -·. ,. ,_ -~:: .. ·- . . 
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Figura 3-36 Curvas de Distribuci6n de Potencia 

Espectral, para Lámparas de Vapor de Mercurio 
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3.- Blanco calido 'de lujo, WWX: ·Excelentes rojos, excele!!. 

te color, altamente recomendado; menos lumenes. 

Designación de las lámparas;- i:.a designación para las - -

lámparas de vapor de mercurio es muy diferente a las lám-

paras incandescentes y lámparas fluorescentes. Las unicas 
. 

partes que tienen significado importante son la designa--

ción n, la cual identifica la lámparacomo de vapor de t..­

mercurio (Hg mercurio), y la potencia· •. Los ndmeros y le.:.-, 

tras marcados son· arbitrarios. 

H 33 GL - 400/DX 

H - Indica que es una lámpara de vapor de mercurio: 

33- Ht:imeros quese usan para.los balastros de 400 Watts. 

GL - Son dos letras convencionales que desc.riben las cara~· 

terísticas físicas de la lámpara, tales como: tamaño-. 

forma, material y acabado. •, 

400 - Indica la potencia nominal de la lámpara. 

DX - Indica el color de las lámparas; en el ·ejemplo: 

"Blanco.de Lujo" 

. l::J:. b\llbo se designa en términos de una letra y una combi-
-. . . ·.·' ~'·'·'• :: . ... 

. nación oe n~me~os. La letra o letras son utilizadas para-

designar la .forma del bulbo (ver fig. 3-37). 



o 

PAR: Parabolice BT: Tubular abultado 

R: Reflector PS: Forma de pera 

;¿:: ::';~i-ir._r:·,r:; . :: E: Eliptico 
~-· , ........... . 

B: Abultado A: Estandar 

·~' . 

Los nGmeros representan los diámetros m&ximos ~e la l4mp~ 

ra en octavos de __ pulgadas. 

A-23 8-17 8-21 BT-2& BT-28 BT-37 BT-46 BT·Iíll E·1B E-25 
-·'· 

o 
T-10 

.... 

/11-1 

Figura 3-37 Designación de las For~,?-S de Bulbos para Lámparas 
de Descarga de Alta 

.~.;.J -, ~·. 

BT-37 
Diámetro 5"" 

4 8 

Forma: tubular 

¡· 

' 1 



,. 
• 

La posición de e11cendido es funci6n de la posición del 

electrodo.de arranque. El electrodo de arranque debe es-­

tar siempre colocado en la parte superior de la l&mpara -

para evitar que el mercurio se deposi~e en el electrodo -

de arranque • 

. ;:··~· •. ·.:.' J'~;~;;•tl:: -~-~~- . 
. caracter:tst-icas. de Funcionamiento.-

Depreciaci6n lum!nica. La gr!fica de depreciación lum!ni­

ca para una lámpara de vapor de mercurio es algo drastica 

y es funci6n del balaatro y de la potencia. (ver figura --

3-38). La lampara de vapor de mercurio es la Onica lámpara 

que se publica su vida nominal y su vida dtil. 

La emisi6n lum!nica tambi~n es funci6n dél iluml,r,istro y re 

gulaciOn del voltaje a la lámpara (ver fig. 3-39). 

Vida~::- ·t'~.;'\V)~~·~ de la lampara dE! vapor de mercurio puede -.• 

ser desc~·ita ··err ~rminos de su vida dtil o de su vida no­

minal,t!picamente, la vida nominal de las lamparas se es­

tablece en base aJ. 50% de la curia, .de mortandad. Debido­

a su rápida depreciación de lumenes, la vida de la 14mpa:­

ra de vapor de mercurio se establece cuando aOn hay más -

del 50% de lamparas encendidas, para mantener una salida-

de lumenes más razonable (ver fig. 3-40) • 

' 11 J 
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,.· Distribuci6n d'Í .. energía.- La distribuci(5n de energ!a para 
. l 

las l4mparas/je vapor mercurio se muestra en la fig •. 3-41 

' 
j 
// 

Eficacia d · las l4mparas .• - La eficacia :de la llmpara 
/'" 

var!a con la potencia de esta. A mayor potenci·a de l4mpa-
: i . 

ra, mayor eficacia. 

40/50 w 1 25 

75,100,175,250 w . 34 . 

" 

. -

400 w SS 
... 

57 ...• ~ ... ~· 1000 w ~- .. --~ .. ~-~·.· 
,;;,, 

H 

EFICACIA = 

33 GL -

22,500 .. 
400 

a 30 Lm 1 w 

A 48.4 Lm 1 w 

A 60 Lm 1 w 

A 63 Lim· 1 w 

400 1 DX CON 22,500 Lm 

56.3 Lm 1 w 

LaJnparas de·vapor de mercurio autobalastradas.- Las lámpa-
' ' 

ras de vapor de mercurio autobalastradas contienen ya sea­

un componente de estado s6lido para arranque, o un filamen 

to incandescente que actua como balastro. La 14mpara con -

componente de estado s61ido no debe utilizarse en un lWlli-

nario to~almente cerrado, debido al calor generado por este 

·tipo d~ ,lámpara. En general, la lámpara de vapor de mercu-
·.. . .. 2';\:~ (;'/:; .· .. ~ ~ 

rio autcr.-a.iastradas, son 50% menos eficaces en comparaci6n 

con las lámparas no:rmales de mercurio, pero SO% más efica­

ces que las l!mparas incandescentes. 
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Figura 3-41 Distribuci6n de Energla para ~Ampara de 
Vapor de Mercurio con 56.3 lm/watt (400 w) • 
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Estas lámparas debEn limii~rse a'sustituir lámparas incan 
' 1 

descentes, dónde el cambio de lámparas es di-f!cil y el 
l 

adicionar un balastro es impr4ctico. 

Dispositivos -ahorradores· de energ!a.- Recientes desarro--· 

llos en los balastros electrónicos. para._ lAmparas de vapor 

de mercurio permiten atenuarlas actualmente. Los balas--­

tros . e'!ectrónicos han sido estudiados desde que apareció-
_., . . ' i ' ( ,, :·:,, :_.; ... : !"• 

la l4mpar~ "O.~.· Y~PQr de mercurio. Existen todav!a varios -
• 

' ' 
problemas~' entre ellos el alto costo; pero se sabe que --:-

) t' 
1 ~ 

con un balastro electrónico la eficacia de la 14mpara y -

la eficacia total del sist~ma aumentan considerablemente. 
t,-~ 

~ '.! f 
'·. Otras ven't4jas que se esperan del balastro electr6nico --

son: el menor tamaño y pes~, menor ruido, aumento de la -
. ¡ f . 

vida de la 14mpara y mayor;facilidad para atenuar. 

Lámparas de Aditivos Metálicos.-

Elem€nto productor de luz.- El elemento productor de luz-

es un tubo de arco. El tubo de arco tiene los mismos prin 
¡ f . _,_. 
' . cipios de ;op_i(r..o..~ión y tipo~ de construcción del de la lám-
' 1 . 

para de 'vo.por de mercurio ·(ver fig. 3-42). El tubo de ar-. . . . . l r . . . . ... 
co contiene además del mercurio, arg6n, neón y kryptón; -

l f~. . . . . . .. . - . . 
yoduros de metales. (Los aditivos primarios son el m~rcu-

. . . ····¡ . . ' - ~ - . . . . 

rio, sodio y escandio; ~tr~s son el talio, indio y cesio). 
~ .. ·- . . 

' 1 \ 
. l ¡ 

Estos aditivos proporcionan colores adi-cionales a las 
' ~ 

líneas t!picas del mercurio, esto es, rojo, naranja y ama 

rillo. El color de la lámpara de aditivos metálicos esta-

'. 
' 

• . 1 
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. ra de aditiVOS met&l1cos mejora el color sin necesiciad -

· ·de un recubrimiento de fc5sforo, la Umpara se apróx1ma -

a una fuente puntual, lo cual da.<Como resultado que se -
'· l . 

facilite su control ~pÚco. Pa~i la posicic5n horizontal-
.. . . . . . 1 ~: "\. ·.· . . . : . ' . . . 

4a t?ncenciido, eJ. tubo 4e: arco es. curveado ·ligeramente, -: 
i ¡i ... 

para tener una temperat~ra mas ~ñ1forme dentro del tubo-
t t 

de arco (ver fig. 3-42) ·~ 
;"':. 
~·l, . -~ 
;·.!. .... 

Tiempo de encendido¡~ .. 9 minutos ( 110% ¡ 
1'' . ··r:, 

Tiempo de reencendido alO al5 minutos (BOt) 
' ' ' > ' .... 

. .: . 

. . . . . ~·~·;-:.,\ ':·;_t;:··,;:.:;·· ~\ ,, 

CUbiertlf:·:-.· La:·c\íbierta exterior (buibo) sirve solo para dos 

funciones. 

1.- Filtro de l~z ultravioleta 
~ ' -

·2.- Ambienta constante para el tubo de arco (mantiene 
" . ' la temperatura constante y evita J.as corrientes -

de aire)· 

.1110 se neces1ta un recuor:i.miento de fOsforo para eJ. buen --
1 

· rendimiento ce color y ademls ciebe evitarse ya que afecta­
¡ 

en forma negativa el .control c5ptico 1 esto es la l4mpara ya 
. ' ' .. ·• 

no !IIÍli· ~p:o:ó~i<r.~:. a una fuente puntual. 
_; 

• <¡ "' ' '{· {··- .. 

" 
' ~ ': 
1 f: 

' 

i 
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' . .. 

conexión eléctrica.- La 14nipara de ad~tivos met!licos usa 

' una base mogul 

ra posición de 

' ' 1,, . · .. 

Pé!-rél todas las.potenciéls. Las lamparas pa-
. ' i' ~ . . . . 

operáci6n'horizontal que contienen.el tubo 

de a~tó:>¡f;j!'"i-"'~(ver fig. ~-4:.!), 'tienen ·un pasador en la --
---;;, .. ·_; ,.,..-.,~ ! ~l . . . 

base pa~a posicionarl!is ·~;¡=:xiste un portalampa.ra especial-
. . ~f 

que asegura el posicionamiento adeéuado del tubo de arco-
- ~; 

cuando la lámpara es asegurada en el portalampara adecua-

··. damente. El tubo de arco curvo siempre debe ser colocado­

con ia curva hacia arriba en un plano vertical. 

'' 

'. ' 

1 
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·--- ,~. 
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Soporte 
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Figura 3-42 

Alfner limlfodar de 
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curveado Diodo 

Baso mecánica de 
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poro grabar la Ucho 

. ' Col Conotruccion de lfj'mporo .de. 
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Temperatura del bulbo 
970° máxllfl;:)~·· 

Variaci6n de Temperatura Inter11a y 
una Lámparade Aditivos :Metálicos. 
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860°C máximo. 
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Temperatura de la. Pared!.~·?~· · 
-~···· 
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'caracter!sticas del.~·cGlor.- La 14Jnpar~ de ~tales. aditivos . . . 
produce energ!a en todas .!.as longitudes dE! onda a través ~ 

del espectro visiblf;!. Esto es, su dis.t_~.ibuci6n de energ!a­

espectral esta bien balanceada, lo que significa que ln.~-

. 14r~paili. pl~O,.dJJQe un buen rendimiento del color sin la 
... ·:> :::"-1~·- ,~L- ,.: ·.: .. ~... • ·. 

nece-
;::¡ ' .. :. 

( . 
' 1 

sidad .de íma pantalla de f6sforo (ver fig. ~-43). La apa::--. 

riencia del color es .una funci6n del controil:'· de calidad ·"':­

de los aditivos. dentro del tubo de arco. La consistencia -

del color de una Umpara:a 'otra es iunci6n del' balastro, 

del voltaje aplicado y edad de la lámpara. Donde es una 

·consideraci6n importante de diseño el tener igualdad de 

color entre· las lámparas, estas deben cambiarse en grupo,-

debido al cambio de 'color con el tiémpo. 

.:;.:-~>.:;., _.;. 

... 

• o o o " :- .. =· e-o -· .. .., ·;:: ... 
" ~ 

~ o o -o o ~ ., N .. E o 

:.~ ',:. · .. ··' ... ...; . 
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Figura 3-43 Distribuci6n de Potencia Espe.ctral de 

una Lámpara de Aditivos Metálicos.·· 
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Designación de la.ll!.mpara:.- Las designaciones para· ll!.mpa-
~ • • 1' 

ras de m~taleá aditivos no han sido normalizadas. El ing! 

niero debe tener cuidado al especificar las ll!.mparas con­

designaciones no standar para evitar que algdn fabricante 

sea descartado. , . . , 
. .. ·,; .. ,., . 

La designación de la letra M ó MH debe· ser usada para--

identificar una ll!.mpara de m~tales aditivos. .. 

MH 
/' 

400 /·BU 
t ........ ' 

~tal aditivo Wat.ts Posici.ór1 di:l operación·-
de la lámpara· 

Las lámparas de m~tales aditivos son especialmente sensi­

bles a la. posici6n de encendido~· Los datos de los r!fabri--
:(;: 

cantes debán ser cons).lltados para conocer los' req~rimien 

tos da la posición de encendido. ,. 
. J -

·~ 
El b~ll:)o ea deaS.gn&~o PQI' 'lm& l.~t~ª ~ \IDª <;:.Qro.Q:t.M.QÍ~ 1!'ª-~ 

nGroeroa. ~a.a 1411\p&n!l <le 111~\i&iei! illitUVQf! ~'ª- t:ª~·tQAA QOO 
l. -_._ .· •. 

bull>os B'l' y B '(ve~ Ug. 3~3'1), llll. n(lrnelQ -~epr~ª'ª"~ª ·el. .,_., 

,q 
/ 

;·,. '. ·. '. --~·;:· ~ '· - - . 

diámetro ext@ti'ar 111~11110 (!,el t\M:lQ, en OQtª\I'Q§ ª'ª PI!~~ª~ª-~~ 

DT - 37 Dil!.met~ ., ~ 9 4 ~~a~ .. 
8· 

. ~- ·-
':::é 

• 
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Características de operaci6n.-
·' 

Dep;e~iá~Bir"iie ltimenes. La curva de depreciaci6n de 11ime 
"'· 

nes para una !~para de métales aditivos es sustancialmen 
' .• -

' . 
.. te mejor que la curva para una !~para de vapor· de niercu-

rio. La .salida de ltimenes al final de la vida de una lám­

para de alta potencia es 75% (ver figura 3-44). 

.. 10 
~ 10 .. 
~·.'!!~~ ;¡¡ •• ~~. 
·30 

~f'~20 
o 

. 10 

' nt1nuo 
horas/arranqu 

·o 
~0~1~2~3~4~~6~6~7~8~±8~10~1~1~1~2~1~3~14~16' 

Horas de encendido (miles) 

Fi,gura 3-44 Depreciación de Ltimenes en la Lámpara 

de Aditivos i\1etálicos. 

Vida.- La vida varía como una función de los watts de la 
\ 

' lámpara y el lapso del tiempo que la lámpara ha estado -

en el mercado, Por ejemplo, la l~para·MH 175/Hor estaba 

comercialmente disponible en 1972. 

-'!;:~~~~~~.: ~;: .• -
V~ ' 

/ 1 
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La' práctica normal en la industria de "las l4mparas es intro 

ducir todas las l4mparas nuevas al mercado con un .promedio­

de 7,500 hrs. Cuando los informes sobre mortandad y vida-­

sean desarrollados, lo cual requiere.: pruebas· a largo plazo, 

la vicia de la l4mpara se espera se i¡;crementea un·m!nimo-
r 

;;de U• ~o. o hrs. Los cat4logos de l4mparas usuales de todos -
~\; -~ } ... ~~~::~;:_:.y~~·,::.:_~~ 
los fabt;icant;es, deben ser consultados para obtener el pro-

medio de vida de .las 14mparas. 

Distribuci6n de energ!a.- La distribuci6n de energ!a para -

una 14mpara de aditivos met4licos se muestra en la figura -

3-45. 

Potencia di 1 n_Hci d 11, . 
,~ 

• 1 . .. 

FerSida• Enarglo para ·a¡:·areo d•l. • ectrÓda 

"" "' .. . 
" .· . 

... ' 
. 

. 
.. ,• '.:', Pérdidas .-· . 

·'"''··~t-." ·::_· -~"' •- .. noradlacllvas Deoearoa do radlacion 
--··~-- - .... e;·--·>• 

38.6" 
62.6" . 

" 

' Rodlaelon 
ultravioleta 

3.7% 

Pérdidas de energlo Radiación RadiaciÓn 
6t.a visible InfrarroJa 

24.3% 24.5% 

Figura 3-45 Distribución de Energ!~ en una LAmpara 
Metálicos con lOO lrn/watt y 24.3% de Radiación 

.. 
de Aditivos 
Visible. 
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'" 
Eficacia de las lámparas.-. Las eficacias de las lAmparas 

' ' 

varian con la posici6n de operaci6n y los Watts de la -­

lámpara. Mientras mayor es la potencia, mayor es la efi­

cacia. 

175 w : 80 a 85; 7 'Lm/W .. . _; ~ 

-. ;J; 

LJli¡w 250 W· : 82 

400 w • 85 a lOO Lm/W .. ' • 

1000 w • lOO a 115 Lm/W • 

1500 w • 96.7 a 10.33 Lm/W • 
···~' 

·.;.-.... , ... 
.. 

NOTA: LOs rangos de valores son debido a variaciones entre 

fabricantes. 

Dispositivos de ahorro de i:mergía • .:. El at'enuado. de llimpa­

ras de m~tales aditivos es un desar~ollo reciente. La lám 

para de 400 W puede ser atenuada (S min.) en un 47% del -

total de energía consumida, lo cual resulta' en un 22% de- . 

redupci6n en ldmenes. La lámpara de métales aditivos de -

1000 w puede ser atenuada (15 min.) ::m un 35% de su ener­

gía total consumida, o 14.6 de su rendimiento de lGmenes. 

C~:;¿¡,n:Jo ocurra un desarrollo tecnol6gico adicional, el ---
. _:· . ' .. '_..-._;f.:::\\'·;·:·::~. 

costo d!:!atenua.ci6n deberá disminuir y el rango incremen-

tarse. 

r:? 
J 
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S7- · 
Lámparas de Sodio Alta Presión •. 

. -., 't 

' 

Elemento productor: de luz.-. El elemento productor de luz 
'. ' l. : ~· : ·. . ~~ ' : \ . ' . ·' ~ . • ... 

. es un tubo de arco~. El tubo, de arco es pequeño en. di4me­

tro para mantener una tempe~atura de .r)peraci6n alta .• ee .. 

bido a que el di4metro. es pequeño, no hay electrodo· de ,.~. 

arranque dentro del tubo de arco. El sodio operando a 

una pree:!.ón alta y a alta temperatura tiene un efecto 

corrosivo sobre el vidrio ordinario o cuarzo. Por eso, 

el tubo de arco está hecho de cerámica de aluminio; El 

tubo de arco contiene Xen6n, una amalgama de mercurio, y 

sodio operando a una presión de 200 mm., de· mercurio. 

Tiempo de encendido = 3 min. (80%) 

.. reEmcendido = 1· min. (80%) 

Envolvente (bulbo).- La envolvente ay\ída a mantener el -­

tubo de arco dentro'de una temperatura iunbiente constante 

y prot:ege al tubo de arco de corrientes de aire. 

conexión eléctrica • .:.: La conexi6n'ell!!ctriéa es una b~semo 

gul. La lámpara requiere un pulso de ene:i:g!a de 2500 a 

5000 V para el encendido de la lámp;ara. Esto se realiza -

por medio de un pequeño dispositivo de arranque electr6ni 

co, que suministra·el pulso de alto voltaje para abatir­

la resistencia y encender la lámpara.· 



: . . .-.· 5?-
'· . 

Caracter!'sticas -de color.- i:.a lámpara de sodio. de alta -­

presi6n produce energía en tbdas·' la:s ·lortgitudes. de ·ónda ~ ~ 

(fig. 3-46). Sin embargo la mayor porci6n de energ!a esta 
. ' ·,.· 

concentrada en la parte amarillo-naranja del espectro. 

Las características de color de la lámpara cambian los 

objetos rojos a naranja y obscurece el color aparente de 

los objetos azul y verde, incrementando la presi6n en el 

tubo de arco parece mejorar la apariencia 'de color de --­

rojos, azules y verdes. La consistencia del color de 'lina -

'lámpara a otra es mejor que con las lamparas de mátales -

aditivos. Sin embargo, los cambios de color pueden ocu--~ 

rri:r debi'do··a las variaciones de voltaje y diferencias 

en balastros. 

.11 .. 
~ • e .., 

¡. 

¡. 

¡. 

' o o-
:!:~ 
:t ·; 

' 

L 

1! -.. 
:2· :0 " N 

> E "' 
' 

' 

•, 

.nnn 

• ,g ~ 
'O 1 E o 
~ ·-.. o 
> "' z 0: 

' ' . 
. 

. . 
. 

_} • 
• • 

300 350 400 450 500 550 500 650 700: 750. 
Longitud de onda· en nanómetros 

. Pi~ur_ai•,;3~46 Distribuci6n de Potencia Espectral 
p~ra una Lámpara de Vapor de Sod!o alta. 
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Designaci6n_de las'l4mparas.- Las designaciones de las--
... , 

14mparas de sodio de alta. presi6n no.han sido normaliza--... 

das por la Industria de lámparas. El ingeniero ·debe_ tener 

pr~c•íuci~~'::~n, no especificar o usar nomb.res comerciales -
'¡ . :, 

que p~oyoquen que lAmparas aceptables -queden descartadas. 

Las 14mparas de sodio de alta presi6n es.tan ·.disponibles. 

en bulbos, E, B'l', y T (ver fig. 3-37) •. Se utiliza una-­

combinaci6n de letras y ndmeros para designar la configu­

raci6n del bulbo. 

Características de operaci6n.-

Depreciaci6n ·de lumenes.- ·La curva de depreciaci6n de 

ldmenes de la 14mpara de sodio alta presi6n es una de las 

mejores de las l4mp;;¡ras del tipo de descatga de alta i~te~ 

sidad; Éf(J:eridimiento lum!nico al-final de la vida de la-
._,· 

misma; para altas potencias es 80%. (ver fig. 3..;47). 

tao .. • o 10 'ü 1-
:g 
• 10 i-• r: 

t .a i-•:o ... 
"l-20 1-

o 
o 

Figura 3-47 

.... , 

_1 1 1 1 1 1 

. - . 400W 

~ ..: 250 
-
-. _) 

. -
1 

'.1 
1 1 • .. -1 . 1 1 1. 

:r 4 ti 8 tO t2 t4 " 18 20 
Horas do operoctón ten mllee) 

Depreciaci6n de Ldmenes en una .L4mpar~ 
alta Presi6n • 
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Vida.- La vida var!a en función de la potencia, el circui 

to del balastro y del fabricanté. Ú r~go es desde - --:--

15,000 a 24000 hrs. para las 14mparas de alta potencia 

más comunes. ' . ~ . \: ~1; ·• 

·Distribución de energ!a.- La distribuci6n de energ!a para 

las lámparas de sodio alta presión es mostra~a en la fig. 

3-48, 
: ... 

Eficacia de las lámparas.- La e:t:icacia de las 14ritparas ;..._ 

de sodio alta presi6n var!a como funci6n de la posición -

de operación y de la potencia de la misma. 

70 w n a 82.9'' Lm/W 

ioo w • 88 a 95 Lm/W • 

150 w lOO a 106.7 Lm/W 

250 w • 102 a 120 Lm/1'1 • 

400. w . 118.8 a 125 Lm/W . 
1000 w : 140 Lm/W 

... : . ':·;.·-¡> 

.... 

Las lámparas de sodio alta presión tambi~n e~¡~tan dispon!_ 

bles en potencias que pueden ser operadas con bálastros~ 

de mercurio. Las potencias disponibles son 150, · 2is; 310 

y 360 W. Los informes de' los. fabricantes debén ser con--

sultados para una adecuada selecci6n del balastro para -

la lámpara. 

.· .· 
·, .· 

·' 
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Disposit:ivos,<'de ahorro de energía.- Es posible atenuar --

algunas potencias . de l~aras 'de sodi() . alta _presiO~ ., La -

l4mpara de 1000 w puede ser reduci_da .en un 38% de .su po-­

tencia total en aproximadamente 1_5 min. , con una reducciOn 

en la salida de luz en un 20% de los ldmenes nominales • 

. '' 

Enero(a abaorbld;~ohncla de entrada 

• Pérdidas 111 Potencio en el orco 101 ellctrodo 8ft ... 
.. 

' . . 

PerdldOI Ro di aciÓn da la daacaroo .. 
tadÁfllvaa .. ~ .C\ 

.,.. 
- ~ ... :-;f.~'·.::.,.-. . 

-·¡o: . 
... 

' ·. . .. ' 

Rodlaclon 
ultravlole· 

o.ata . 

' Pa'rdldoa de anatglo RadiaciÓn Radlacidn - visible Infrarrojo . 2I.R 2011. 

Figura · 3-4d Distribuci6n de Energía para la L!Jnpara de 
Sodio Alta Pres:l,~n con 125 lm/watt y 29.5% de ra-­
diación Visible. 
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Technology 
Description 
Compact fluorescent lamps are an 
energy-etticient, long-lasting 

substituta for the incandescent 
lamp. For example a 13-watt 
compact fluorescent lamp (about 
17 watts with the bailas!) provides 
1boutthe same illumination as a 
60-watt incandescent lamp and 
lasts up to 1 O times longer. 

Compact fluorescent lamps 
· have excellent color rendering and 

are avaiiable in a variety of sizes, 
shapes and ,.,iattages to meet most 
-any design application .. 

The new compact lamps are 
easy to instan ánd ~ise> Many · , .. 
have a starter in the pl~g b~s~- s~ ' 
that maintenance is generally 
limited to periodicallamp · 

Cantents 

Shape~ of Common Comj:;act FluorBSC6ntS _ 

replacement Previous sman .-.· ~xternai st~ríers, a~ w~Íl ~s ~-
tluorescent lamps were like smaller ballast, to operate them. 
standard fluorescent tubes with Compact fluorescent lamps 
double-ended bipin bases which were developed in the late 1970's 
made them hard to instan. and introduced to the U.S. market 
Furthermore, they required in the early 1980's. 

Compact fluorescent lamps . 
have significantly higher lumen 

TechnotogyDescription . . . . . . . . . . . . . ..•.... 1 
Current Products . . . . . . . . . . . . . . . . . . . . . . . . . . .4 

-output per unit length than 
conventional smalllluorescent 
lamps. This is due_ to the high 
phosphor loading which is 
necessary because of their small 

. diameter and sharp cerner, twin." 
tu be bu lb shape. 

Application Guidelines . : ................ , .... . 5 

Examples . ............. · ...•............. .9 
Guideline Specitications . ................. · .... 1 O 
Manufacturer!Product References . ............... _.11 

1¡ 
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These compact lamp,_s p(Oauce 

high lumen output because they 
utiliza high efficacy. high color 
rendering rare earth phosphors. 
Color temperatura is varied 
according to the relativa balance 
among the phosphors. 

All compact fluorescent lamps 
have good color rendering, with 
many choices of color temperatura 
(warmth or coolness) available to 
the designar. The 2,700 Kelvin (K) 

color temperatura is generally 
employed since it simulates the 
color of the standard incandescent 

·1arnp. 
They alf hiiVe a single ended 

base rather than the more 
awkward, double e!lded bi·pin 

T-5 diameter twin-tube rapid 
start!preheat lamps designad tor 
use with externa! rapid start and 
electronió ballasts. These 
lamps are generally higher­
output lamps, designed to . 
provide the lumen output of 
conventional fluorescent lamps 
in smaller packages. These 
Jamps can be dimmed with the 
appropriate electronic ballast. 

Speciál T·4 diamete'r rapid start 
lamps without an integral starter 
in the base of the lamp. These 
can be used with special 
dimming or low temperatura 
ballasts. 

· bases of the convenlional w1a::: · ·. · . Other Applicable · 
tluorescent lamps: .. ·. '· . . . ·· Technologies 

There are tour major'ramilies of 
compact fluorescen! lamps: 

2 

T-4 diameter twin-tube preheat 
lamps with starter devices in the 
base of the lamp. These lamps 
can use inexpensive reactor 
bállasts resulting iri an. 
economical altemative to 
incandescent lighting. 

T·4 or T·S diameter quad·tube 
preheat lamps (double twin-tube 
and four-finger), also having 
plug bases and integral starters. 
Some of these lamps use 
reactor ballasts; others require 
autotransformer/reactor types. 
These are designad to be a 

more compact, ~ighc_r lun¡~n,., ..•. ·. 
output variation ofthá iWiii-iübr;.''. 

The rapid start conipact 
fluonisc'ént lamps are capable of ' 
generatiíig about 50· 70 lumens per 
watt, · not: including ballast losses, 
when operated with a magnetic, 
electronic or dimming ballast. Their 
advantages notwithstanding, 
compact fluorescent lamps have · 
similar overall energy efficiency as 
severa! other technologies of equal 
lumen output including: 

• compact low wattage metal 
halide and white high press8re 
sodium lamps 

• conventional, straight or bent, T· 
5, T-8, and T-12 fluorescent 
lamps 

Typical Applica'tions 

The l()w-wattage co.mpa¡¡t 
tluorescent lamps are designad to 
be used in place of incandescerit 
Jamps in a wide variety of luminaire 
shapes aríd types .. The twin-tube 
style is especially good for task 
Jights and some wall sconces. "The ·. 
quaq tfJbe is generally better in 
dqwnlights and wallwashers, as its 
shape better approximates the. 
envelope of an incandescent lamp .. 

The largei, T·S twin tube lamps 
are well suited for most fluorescent 
applicatiorís, ranging lrom 
recessed troffers an(j indirect 
lighting to e~tenor garden and sign 
lights. The lamps are designed for 
fixtures having a 12" to 24" 
maximum illuminated lengths. 

. -··· .... " 

Retrotitting · 

The compact fluorescents with a 
medium edison screwbase socket 
are generally not as efficient, but 
do offer a means to Upgrade 
existing incandescent lighting. 
This lamp type is available wtth ·. 
either an electrónic ballast ora 
magneti.c ballast. The electronic 
ballastoperates al a higher 
ef~ciency and without noise or 
flicker .. 

lntegra/Ballast Screw-Based Compacr 
RuOrescent 
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rurrent Products 
L•" np products are classified by 
tr" American National Standards 
lr;titute (ANSI). Fluorescent 

la"lps fall into two classifications 

wr.<ch establish dimensional and 

er"ctrical characteristics: 

;tandard C78. 1 for rapid start 

'amps 
- . 

~Handard C78.2 tor prGh?'a.f:_':· .... r-

:amps 

E;;,:h manufacturer tends to ere ate 
"n<ilrketable" product names and 

ic¡onlifications. These names -

rr:a'-e for better marketing but are 
m.·re difficult to specify. Ongoing 

ANSI committee work has 

deceloped the proposed standard 
nc,nenclature used here. In most 
ca .;¿s the specifier will easily relate 
·· • popular product to the ANSI 

e. For greater ease in making 

thi' correlation, remember a lamp 

tuc·~ diameter of 1 O mm is about a 
T-~- anda lamp tu be diameter of 

1: nm is about a T-5. 

Switching 

Ail :ompact fluorescent larnps', !'k~ · · · 

ar' other fluorescent lamp, are 

ty¡:•''ally controlled by switching the 
ba:ast and lamp circuit on and off. 

Th; rated life given in the tables is 

a t: nction of the average time per 

st<. t. In frequently switched 
sit: .>tions, lamps will last fewer 

Df'':ating hours. 

4 

Some of the larger rapid start 

lamps operate on 265 mA ballasts 
originally designed to operate 4' 
F32 T-8 lamps. A manufacturer of 

an electronic bailas\ for T -8 lamps 

makes a version with 2 leve! (Off-
50%-1 00%) lighting control of all 

Jamps. This alternative to alternate 

ballast switching will also meet the 
California Code of Regulations' 

Title 24 mandatory multiple lighting . 
.leve! control requirement. 

Dimming 

Certain versions of the smaller 

quad-tube lamps can be dimmed. 

These require specialized dimmers 
and ballasts in order to work 

prope~y. At least two major 

dimmer manufacturers ha ve 
offered products to di m these 
tamps. Dimming range is typically 
down to 5% of lamp output. 

The T-5 diameter 270mA lamps 

can be dimmed with electronic 

dimming ballasts already on the 
market. Conventional fluorescent 
dimming equipment having a 

ballast and solid-state dimmer are 

not used. lnstead, the ballast 
varies the lamp's high frequency 

operation while maintaining 
filament power. lt is importan\ that 
filament power be maintained in 

the dimmed mode to preserve 
lamp lite. 

Residen tia/ Applications for Compact 

FluOrescen t Lamps 

Living Rooms 

Task lights 
S"'(ing-arm lights 
Undercabinet lights 
General downlighting 

Bedrooms 
Task lights 
Cfosetlights 

Bathrooms 

Ut/1/ty 

Mirror (makeup) lights 

General downlighting 
Showerltub light 

Stairs 
Laundry are as 
Atticslcrawl spaces 

Exterior 
Lanterns 

Garage lights 

Landscape lights 

Security lights . 

) 

' ' _i 



They are available either as a 

single unit consisting of the starter, 

the ballast and the lamp oras an 
edison screwbase so'éket ac1a[lter_,. 

., ___ J_¡¡.,,.~' -~·>-i 

that includes the ballast and a ... ,. 
'·''" 

separate lamp. The adapter unit 

permits replacing the lamp when it 

burn~ out whereas the single unit 
múst be replaced entirely. 

,, 
\.~:!-

Screw-Based Compact Fluorescent 

Fixture Design 

The exciting energy saving 

COMPACT FLUORESCENT LAMPS 

Balfast Options 

Normal Power Factor (NPF) Reactor Ballasts: ~vaflable for the sma/ler interna/ starter 
la_mps sizes. The 120 volt version is generall;' the feast (úpensive and smallest ballast 
option. They exhibir very low power factors (.45 for 120 vo/t, .25 for 277 volt) so extra 
caution must be taken to correcrly calcula te circuir loading when designing the electrical 
circuits. 

High Power Factor (HPF) Reactor Ballasts: Also for the smaller interna/ staner lamps, 
these baflasts conrain capacitance ro raise the power factor to .90. More expansivo anct, 
farger than the NPF rype, but they allow for conventionaf branch circuir design and lower 
instal/ation costs. 

Conventional Magnetic Energy Saving Bai/Bsts: The higher wattage lamps designed 
for rapid súut operation general/y opera te on single or m u/tiple lamp.ballasts similar/y to 
standard fluorescent famps types. Most ballasts are ~enerf}y efficient" type consistent 
with California and national bal/ast standards. 

EleCtronic.Ballasts: Sorne of the higher wartage i-5 twin r"ube lamps can bé operated 
by electronic ballasts designed specifically lor these lamps or that are rated for these 
/amps and 265 mA T-8 lamps. 

Dlmmíng Ballasts: The starterfess quad-tube lamp can be u sed with either a magnetic 
dimming Valla~t with appropriate wallbox dimmer, ora special electronic dimmer 8nd 
electronic dimming bailas t. Sorne larger famps wilf al so operare we/1 on electronic 
dimming and adjustable output ballasts. Check with rhe manufacturer. 

) possibilities of compact lamp Ballasting 
Special attention is called to the 
power factor of the ballast:· Nonmal 

Power Factor (NPF) ballasts have 

a low power factor. Power factor is 
the ratio of the actual powerof the 
lamp and ballast to the total 

volt-amperes (VA)' o! the lamp and 

ballast So a 13-watt lamp having 
a total lamp plus ballast load·of 17 

/ fixtures ha ve caused many : .. · 
· "''{'"'" .. 1.,, All fluorescent lamps require a 

manufacturers to rush products"ió 
· · ballast in order to start and operate 

market that are incandescent''' 
property. Medium-based screw-in 

fixtures with fluorescent sockets. 
compact fluorescent lamps and 

Specifiers should be cautious of 
compact fluorescent lamp adapters 

the following potential problems: have a ballast in the base: All 

overhe.ating which causes short other compact fluorescent lamps 

lamp and ballast life and low. are designed to have an externa! 

output (fixture design problem) ballast which needs to be specified 

ballasts and lamps making for each individuallamp type and 

acoustic noise (fixture and wattage. 

application problem) 

unusually low_or high bu lb wall 

temperatura causing significan! 
departure from rated lamp 
lumens (fixture design and 
application proble m) 

ballast factor and power factor 
of particular lampiballast 

combinations 

-watts at a power factor of AS' 
actually draws ~8 V A. Branch , 

', 

circuit current and overcurrent 
protection are based on VA. "i 
Whether using high power faCtor or , 

Jow power factor ballasts, the input 

current i nstructions of each bailas! 
, should be followed, and added, to 

design the circuit loading. 

'¡: 
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~pplication 
·· Guidelines · 

greatéramounts of light in a 

smallerarea, and to gain optical 
efficiency. These higher wattage 

compact fluorescentlamps are 

designed to operate better in 
normal lighting fixture interior 
ambient temperatures. Also, the 
high color rendertng quality of the 
compact lamp is maintained with 
every lamp replacement. 

..) 

. ./ 

In general, compact fluorescent 

lamps are best applied in one of 

these ways: 

·Asan energy-saving alternative 
to incandescent 1/ghtlng The 
smaller lamps are generally 

applied where incandescent lamps 

would typically have been u sed 
befare, such as in desk lights, wall­

mounted area illumination fixíures, 

undershelf fixtures, landscape 
floodlights, anda vartety of other 
applications. In most instances, 

approximately 1 compar.t 

fluorescentlamp watt replaces·3 to 
4 incandescentlamp watts. 

Therefore, a13 watt compact 

fluorescent provides approximately 
'he light of a 40-60 watt 

.ncandescentlamp. 

•As an alternative to other 
f/uorescent lamps In the lower 
wattages, other types of 
fluorescent lamps lack the 
convenient single-ended plug base 

and the consisten! good color 

rendering of compact fluorescent 

lamps. Many typical fluorescent 

applications for smaller lamps, like 

task lights and corridor lights, wiiÍ 
be better served using compact 
lamps. 

In new concepts and 
appllcations The long lile and 

high quality light of the compact 

lamps allows lighting effects which 
were formerly difficult to achieve 

due lo heat problems. 

Residential Applications 

Compact fluorescentlamps should 

be 'used éarefully in residential 
lighting design. The benefits of 

energy efficiency and long lile are 

sometimes outweighed by 
· concerns for the acoustic noise of 
so me ballasts, or by a negative 
reaction to the starting flicker of the 
preheat lamps. 

In general, use compact 

fluorescent lamps for all utility 

lighting applications, and as 

extensively as possible in the 

kitchen and bathrooms. Use them 
in enclosed fixtures ouíside 
(except in cold climates) in. 

In the higherwattages, T-5 twin lanterns and securtty lighting. Use 
tube compact lampsq_an IJe used them in hard-to-reach places. And 
instead of conventional straight'.".: ., ........ use them in task lights, especially 
and U-shaped tu bes to pro vide those types designed for the shape 

· and light of the compact 
fluorescent lamps . 

COMPACT FLUOREOSCENT LAMPS 

Color Optlons of Stsndsri:J Compsct 

FJuO~~s·~ent Lsmps 

Color Typ. Marches 

Tf!mP:, CRI 

2700K 80·83 Warm White 
Jncandescent 

3000K 80-83 Warm White 

lncandescent 
Halogen Other 
3000 Kelvin 

fJuorescent and 

H/Diamps 

3500K 80-83 Halogen Other 

3500 Kelvin 

fluorescef!l 
lamps 

4100K 80·83 Cool white 
Metal halide 

Other4100 

Kelvin 
fluorescent and 
HID/amps 

5000K' 85· C/050 and al/ 

other high color 

temperature 
fluorescent and 
H/Diamp 

• notas many products available as · 
other co/ors. 

The net result of a commitment 
""to using compact fluorescent 

lamps could be importan!: 5-10% 
of the lighting electrtcal energy 

used by every home could be 
saved if advaillage was taken of all 

acceptable fluorescent 

applications. 

5 
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Comp~l Fluorescent Lamps with Integral Base Starters. · ") 
( Ratsd .} 

ANSI '· .-np Code Rated System 1.., 

(\ 
(watt'f,.iJlh snd Typ/ca/ Typica/ Lamp Efflcacy 
tubin·.~ize/Twln Lamp+ Baila si Lite Lumensl 

' ora~· ... baseiPr:e- .·. Ballast Rsttid Factor HoUrs@ w~rt, 

Heat •• .?spld Srsn) 
.. 

-Wans Lumen 
····.·~ ~:-·. 

120 v. 3 hrs!start Ballast @25'C 

5W!4! .. "iG231PH .¡· .. 9 250 .95-1.0 10000 5W ReactoP 26-28 

7WI5T• .~iG231PH1 7W ReactoP 
• \ 

11 400 .89-.90 10000 32-33 
1 

9W!6'• (IG23/PH1 13 600 .79-.83 10000 9W ReactoP 36-38 

13w;r<TIGX231PH1 17 900 .95-1.0 10000 13W Reactor 50-53 

9W14 T •4G23-2/PH 13 600 .79-.83 10000 9W ReactoP 38-38 

13Wio' QJGX23-21Pf!2 17 860 .95-1.0 10000 1:3 W Reactor 50-53 

10W!5'··QJG24d-11PH • 16 600 
';'• 

.90-1.0 10000 10113WAutotrans.3 34-38 
13 10/13W Reacrorl 42-46 

13Wif."'· QJG24d-11PH 18 900 .90-1.0 10000 10113WAutotrans.3 45-50 
16 10/13W Reacro.-4 51-56 

18WI7'' QiG24d-2!Pfi2 25 1250 .90-1.0 10000 18W Autotrans.3 45-50 
22 18W Reacto.-4 51-57 

26Wié ., QJG24d-31Pfi2 37 1800 .90-1.0 10000 26WAutotrans. 3 44-49 
31 26W Reactor4 52-58 

15Wl~' OiGX32d-11PH 20 900 .90-1.0 10000 16W Reactor 41-45 

20W!f.' QJGX32d-2/PH 27 1200 .90-1:o 10000 22WReactor 40-44 

27WIT' CiiGX32d-31PH 34 1800 .90-1.0 10000 28WReactor 46-53 

Note$. 
1 Mo· .• ·;mmon famps when_standard twin-tube lamps ara specified 
2 Mr;· .• :;mmon {amps when standard quad tube famps are specified 

3 12C··Peration 
4 2n·.;:;eration 
5 Mur~:artage ballasts are availabl~ but ma"y resuft in fow turnen output and short famp lite. 

G23 (: : 1·) ? G24d-1 [9] w GX32d-1 @ ~ 
G23-: []J i 

G24d-2 [(Q] w GX32d·2 @ w 
GX2:: ~ w G24d-3 [[·~.J] w . GX32d-3@ lf ~ . 

GX2:J· ::J'·. i'' 
Compact Fluorescent Lamp Bases 

' . . 

. , E . 
,· 
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COMPACT FLUORESCENT LAMPS 
' : . . . 

: ~ . ' ';ompsct Fluo,..~.,, Rapiti-stot1/,.,~t Lomps 
.. ~~ .... 

.~ 

) 

ANSI ump (;ode 

18-20WI9TSfT!iG 11/PH-RS 

18WIIOT5ff!2G11!RS 

24·27W3!12TSfTI2G111PH·Rs3 

36·39W4116.5TSITI2G11!PH·Rs4 

4DW122.5T5ffi2G11 

Notes: 

T'ypltJIJ/ ' 
Lllmp+ 
Bs/IJJat. Rated 
Welll Lumene 

22 1250 

23 ··1250 
• 17 1250 

32 1800 .·· 
21 1800 ', •:,.- e~: ; 

. 51 2900 
26 2900 

50 3150 
36 3151! 

.BIJIIMI 
Fei:tor 
1lo v •. 

A111rage 
ump. 
Ufo· 

. Hou,.tp · 
:J hrs!etan . 

.91).1,0 ... 10000 

.90·1.0 . 20000 

.95-1.0 15000 

.925 10000 

.810 15000 

.925 10000 

.690 15000 

.925 20000 

.960 15000 

1 

· 18W 370mA Preheal 

18W 270mA Rap/d SfiiiT 
· 265mA 2/smp eiect.1 

· ,27W 340mA ·Rspld Sltu1 
265mA 2/amp elect.1 

39W 430mA Rapid Slilll 
265mA 2/amp e/ect. 1 

40W 265mA Rapld SfiiiT 
265mA 2/amp elec~. 1 

1 Specific data from one rrianufacturer using an instam-stan ballast. Ratings per lamp. 
2 Rated lamp lumens times ballast factor gives actual famp lumens at 25 degrees Centigrade (77" F). This · 

ya!ue is actuallamp lumens dividéd by (lamp+ballast) watts. · · 
3 24 watts with preheat ballast 
4 36 watts with preheat ballast 

TWINTUBE. 

QUAD TUBE ' 

QUAD TUBE 

· LONG TWIN TUBE 

1 
{ 

:f... ' 
'! 

·:: 
RIIH 

Syat.,Z 
l!lfluey, 
!WfiMIIl. 

wn 
(ip2S'C 

$1-57 • 
49-54 
7D-74. 

$2 
69 

!S3 
n 
58 
84 

1 
1 7 

\ . 
. '.·'···'··.t. 
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Four Pln Base Compact FluoreS-Cent Lamps for Electronlc Ballsst and Dlmmlng 
Applicatlons 

ANSI Lamp Code Lsmp Rated 
Wstts Lumens· 

10W15T4!0/G24q-1 10 600 

13W!6T410/G24q-1 13 900 

1BWm410/G24q-2 18 1250 

26Wi8T410/G24q-3 •. 26- 1800 

These larrips can only be dimmcd With specialfy d'esigned balfasts and specia/ly d~signed 
control or dimmer de vices. Do not dim compact f/Uorescent i'amps any other way · · .. 

l ~- [)J . '-~ 

G24q-1 ~ '· 

G24o-2 ~-- ~ 
G24q·3 ~- ~ 

Four P.!'n. Lamp Bases--· . 



t;:xamples 

General Downlighting 

Many corridors and lobbies·'ari'!.''· •· 
downlighted with round, recess~d 
fixtures. Typical designs call for 

incandescent "cans" or "tophat" 

luminaires. The more energy­

efficient solution uses downlights 

designed specifically for compact 
fluorescent twin-tube or quad-tube 

lamps. By careful selection, the 
specifier can choose a fluorescent 
luminaire which appears similarto 

standard incandescent downlights. 

A general rule-of-thumb is to use 
about 25% of !he required 

incandescent lamp wattage. In 

other words, use a downlight with 

two t 3-watt lamps to re place a 

1 00-watt incandescent lamp; two 
8-watt lamps to re place a 150-

-' watt incandescent lamp; and two 

26-watt lamps to ieplac2 a 200.­
watt incandescent la m p. Av~ii/ · · 
using compact fluorescent edison 
socket screw-in adaptors in new 

construction, as they are notas 

efficient and can be easily 

compromised by having 

incandescent lamps screwed in 
later. 

Whereas small differences in 
illumination may occur, savings 

potential with the fluorescent 

system is significan!. For example, 
to provide 15-20 footcandles in a 

corridor, fixtures are provided 

about every 30 square feet. The 
fluorescent scheme operates al 
about1.0 w/sf .. whereas the 
incandescent scheme opera tes al 

, over 3 w/sf. The savings of over 6 
Whr/sfiyr saves $0.60/sf/yr, or 

/ .oout $18/yr/fixture (.1990 ce-su;); ·· 

Added benefits result from a much 

longer lamp ~fe. The incandescent 

burns out approximately 1 O times 

during the life of one compact • 
fluorescentthus reducing 
maintenance costs. 

Outdoor Floodlights 

Many floodlighting'schemes for 

shorter walls, signs, etc. use a 
PAR-38 flood lamp. In many 

situations, a short fluorescent flood 
lamp luminaire would be better 

when ambient temperaturas are 

high enough for proper operation. 
Four-foot fixtures would be too 

long; a short, powerful fluorescent 
providing about 25% of the 

incandescent wattage would be 

COMPACT FLUORESCENT LAMPS 

appropriate. In this case, the 39-

- watt twin-tube fluore'scent, which is 
1'6-1/2" long, ·is possibly agood 

choice. The specifier alsó gairis 
the advantage·óf color options to 
match the floodlight with other 
sources· in !he area. 

. Savings poteiúial is significan·!. 

The fluorescent provides a better 

light for floodlighting and uses 45 

watts less than a halogen PAR and 
105 watts less than a standard 
PAR at every fixture. 

Commercial Applications for Compact Flu~·rescent Lamps 
-

General Lighting 
Recessed 2'x 2' troffers 
Recessed 1 ·x 1' rroffers 
Recessed 6" to g· dia. downlights 
Suspended designer luminaires ' 
lndirecr lighting 

Accent and Spec/alty Úghtin{j 
Recessed and track wal/washers 
UndercabineVunder-shelf /ights 
Cave lights 
Modular strip outlining 
Sign and display inrernal!backlighting 

· •.- Case display fighting · 

Decora ti ve and Portable ufihtíng 

Utility Light/ng 

Wall sconces 
Chandeliers 
Table.and !loor lamps 

·. Makeup and dres_s(ng lights 

Security lighti(fg . 
Step'lights 
Exit signs 
Task lighrs 

Exterior lllumina'tion 
Landscape floodfights 
Pedestrian post-top and bollard lighrs 
Step and under-raillights 
V anda/ resistan,t security lights 

9 
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ADVANCED LIGHTING TECHNOLOGIES APPLICATION GUIDELINES 

General lllumination 

Designers should consider 
compact fluorescent lamps in 

traditionalluminaire shapes and 

styles. For example, the use of 1 'x 

1' troffers in lieu of other types of 

downlights allows the use of 
efficient sources and electronic 

ballasts with good performance in 

recessed luminaires (peak light 

output is achieved in a ·normal non­
ventilated troffer luminai~e) .. 

Similarly, 2'x 2' and other typiis 61 · 

generallighting luminaires may be 

able te be used in a variety of 

applications with no majar 

drawbacks, keeping in mind that a 
22.5" compact lamp generales as 

much light as a two-foot U-lamp. 

Decorative Lighting 

Many chandeliers, sconces, and 

other types of decorative lamps 
can be fitted with fluorescent 
sources. For example, replacing 4 

. watfs of incandescent or 3 watts of 
halogen with 1 watt o! fluorescent 
in appropriate fixtures works out 

fairly well. Dimming is probably 
the only situation where this type 

o! replacement isn't recommended 

with 1990 technology.(expec't(to · 
be worthwhile by late-1990's),. · 

10 

Guideline 
SpeCifications 
Specifying compact fluorescent 

lamps is not difficult. There are 

severa! ways to make the 

preferred lamp and ballast 
selection clear. 

Lighting Fixture 
Schedules 

Most lighting designs list fixtures 

by type or "tag" in a schedule. 

This schedule often contains all 

information needed for lamps and 
ballasts. To properly specify 

compact fluorescent lamps, 

however, it is recommended that 
slightly more information be 

contained in the schedule than 
often en_countered. 

lt is recommended th.at the 

specifier identify one manufacturer 
who makes all lamp products and 
use this nomenclature throughout. 
This way, the competitive bidder 

can easily list his/her 
corresponding lamp numbers in a 

generalletter of proposed 
substitution. 

Occasionally, there may be a 

specific lamp type which is unique 
to the specifier. For example, onfy 

on'e manufacturer makes a 

"dimmable" quad lamp in 1990. lt 

may help te separately identify and 
list this lamp by naming the 

manufacturer in the lamp 

specification column. 

Standard Specifications 

Most commercial projects use 
. variations of standardized 

specifications based on the 

Construction Specifications 

lnstitute (CSI) recommended 
formal. This shorter specification 
formal is better for smaller or le!S 

· complex projects: 

2. COMPACT FLUORESCENT 
LAMPS 

a. Rapid Start lamps per ANSI 

C78.1. 

b. Preheat lamps per ANSI C78.2. 

c. Tri-color phosphor having a 

minimum CRI of 80 with a 

correlated color temperature of 
(2700) (3000) (3500) (4100) 

(5000)K unl.ess.scheduled or 
noted otherwise. 

.d. Lumen output, rated lamp life, 
and turnen depreciation 
determined in accordance with 
lES testing procedures and 

equal to published values in 
(XYZ Manufacturer) 
(year/edition) catalog. 

e. Replace detective famps 
occurring within 90 days of 

beneficia! occupancy. 
·.: 

f. Approved Manufacturers: (List) 



COMPACT FLUORESCENT LAMPS 

<. 1 

/ 

_fghting Fixture Schedule for Project XYZ 

Tag 

F1 

F2 

F3 

Descriptlon · 

Oownlight r día. 
clear alzak · 

Downlight 1'X 1' 
parabo/ic Ctear 
a/zak semi­
specular louver 

Downlight 2'X 2' 
s/otted- T /ay-in 
parabolic clear 
alzak semi­
specular /ouver 

General Requirements 

Lamp 

(2) 3000K 
13 W!lT 4fl!GX23/PH 

(3)3000K 
1BWI10T5!T/2G 11 

(2) 3500K 
40WI22.5T5/TI2G11 

Ballast 

HPF 

Electronic 

Standard 
·Energy 
Efficient 

Vo/1 

277 

277 

277 

Watt 

35 

51 

87 

1. Lamps and balfasts shal/ meet applicable standards of the California Energy Commission (CEC), 
Amedcan National Standards lnstitute (ANSI), National Electrical Manufacturers Association (NEMA), 
and Underwriter's Laboratorios (UL). Luminaires shall be UL listed. Ballasts "and other rñaterials sha/1 
be UL recognized or listed as appropriate. 

i 
3. 
4. 

Electronic ballasts shall be Brand X, modela. 
Lamps sha/1 be made ¡ .. _~ r:-'7F._ . .FFF, or GGG. Do not mix manufacturers of the same typf! lamp. 
{lnsf1t1 any. Other pro¡e~-i ;~~·: . .-;;;~me,1~s here.} 

t:xtensive Specifications 

Construction Specitications 
lnstitute (CSI} recommends that 
more extensive technical 
specifications be written for 
complex projects or projects which 
are being built overseas. Although 
significantly longer and more work 
for the specification writer, these 
specifications protect the design 
against substitution by inferior 
copy-cat products made by 
manufacturers over whom the 
designer has no control. 

Manufacturer/Product References 

Manufacturer 

General Electric 
Mitsubishi 
Osram 
Panasonic (Matsushita) 
Philips 
·syJvania 

Advance 

Elecrronic Ballast Technology 
Magnetek 
Ouality Service Electronics 
Radionic 
Robertson 
Schumacher 
Valmont Electric 

Product(s) 

Lamps, most types 
Lamps, sorne types 
Lamps, most types 
Lamps, sorne types 
Lamps, most types 
Lamps, most types 

Ballasts, magnetic and electronic 
Ballasts, electronic 
Ballasts, magnetic and e/ectronic 
Ballasts, magnetic · 

Ballasts, magnetic 
Bailas:::, magnetic 
Ballasts, magnetic 

Ballasts, rriagnetic and electronic 

(lnclusion in this list does not infer applicability or endorsement. 
Additional companies maya/so manufacturar these products.) 

Product 

LLL #333 

AAA #222 

000#222 

11 



. Compact Metal 
·-Halide .a.nd ·White 

HPS Lamp~ 

Technology 
Description 
Metal halide and high pressure 
sodium are types of High lntensity 

Discharge (HID) lamps. Until 
recently, metal halide lamps were 

gene rally only manufacturad in 

They produce brilliant white light in 

a comparatively small are tube. 

Curren! products include: 

Single-ended lamps with 
medium bases (32-175 watts) 

Single ended bi-pin bases (35- ·. 

150 watts) 

r' wattages (175-1500) and 

) 1<-. _" envelopes with mogul bases. 
Most high pressure sodium lamps 

suffer from poor color rendition. 

• Double-ended recessed single · 
contact (RSC and Fc2) lamps 
(70-250 watts) 

Compact versions ofboth types of Each of these lamps uses one of 
lamps offer the possil¡ility of high severa! possible chemistries._ The .. 
efficacy (from 50 to 60 lumens:r.er· ._ rare earth chernistries typically 

· Watt) in.lower wattage packag~s.c.': .' .. !ound in most doubl.e-ended lamps . 

. . compact metal hilllde l~mp~ are gen~r.ally provide excellent color 

the result of new developments in rendllion, but al t~e expens~ of 

manufacturing methods allowing effica~ .. The sod1um scand1um 
smaller wattage lamps to be made chemlstne~ of medium based . 
with smaller envelopes and bases. lamps prov1de good color rend1tion 

and lower cost: All metal halide 

. 

Contents 

Technology Description ..... , , ....•. , .....•• , . 1 
Current Products . ......•........•.......... . 3 · 

Application Guidelines . . . • . . . . . . . . .' . ·. . . . . . . . . .3 

Guideline Specifications . . . . . . . . . . . . . . . . . , . . . . . 6 
l"vample . ..... , ........................ 6 

., lufacturer/Product References . ................ 6 
) 

/ 
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. 

,, 
' 
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lamps are susceptible to lamp-to­

lamp color differences, color shilt · 

over lile, and moderate rated lives 
of 5000-10,000 hours for most 
compact lamps. 

· Whfte hlgh pressure sodlum 
(HPS) lamps are moderately long­

lile lamps, (1 o,ooo hoiJrs). ·While a 

major drawback of conventional 
HPS lamps is poor color rendition, 

.white HPS lampshave very good 
incandescent like color rendition, 

(2600-2800K, 70-80 CRI). · · 

T-7 €) r!.l;.tfi'§"W 

T-9.5~~ 

G-12 

ED-17 

.R-38 

CommC?n High ÚJtensity Discharge Lamps 



ADVANCED LIGHTING TECHNOLOGIES APPLICATION GUIDELINES 

Curren! products are all 
compact lamps. The compact 
lamp wattages of significan! 
interest are 35, 50, 95, imd 100 
watts, using medium based 
envelopes. These products 
generally have a color rendering 
index (CRI) of 80 or more and a · 
correlated color temperatura of · 

· 2600-2800 K, making them appear .. 

very similar to incandescent light. 

Efficacy and Efficiency 

White high pressure sodium 
-lamps generate a warmishwhite 
light. Color temperaturas o! 2600-
2800 K appear similar to slightly 
dimmed incandescent lamps. 
Note: White HPS lamps can have 
color-life, after which the color 
quality and the color decay are 
siinilartd'standard col~r HPS 
lamps.·· 

Ballasts 

All HID lamps require ballasts to 

Both metal halide and ~:nite ~.igh.. . . operate. In addition, sorne lamps 
pressure sodium lamps ha ve,., · · ·" require an externa! starting igniter 

reasonably high efficacy;: to generate high-voltage pulses 
generating 50 to 90 lumens/watt. needed to begin the lampare. The 
In addition, the compact are tubes distancebetween lamp and ballast 
allow optically efficient reflector depends on the starting method. 

design in luminaires o! acceptable Sorne manufacturers o! smaller 
small size. lamps, ballasts and igniters do not 

recommend remote ballast 

Color 

Metal halide lamps generate a 
white light. Most compact lamps 
ha ve clear envelopes, although. 
sorne lamps are available with 
phosphor coatings. Metal halide 
lamps tend lo be either warm tone 
(about3000 K) or cool tone (about 
4100 K). Color rendering indicas 
(CRI's) vary from 65 lo 93. 

Comparad to ine<iri<¡tescgnt o.~.'-"' 

locations. 
The American National 

Standards lnstitute (ANSI) 
publishes standards for metal 
halide and high pressure sodium · 

. ballasts. • 

halogen lamps, low.colór - · · · ,._ · 

temperatura metal halides wili' · 

often appear slightly pinkish, and 
high temperatura metal halides will 
appear slightly greenish. 

2 

ED-17 Bulb 

~,.,. 

... 

E/ectronlc Ballasts There are · 
three electronic ballasts types·· . 

available: 

OC electronlc ballast designad 
to drive a speclfic, proprietary 
compact metal halide lamp (not 
ANSI standard) 

• hlgh·frequency electronlc 
ballast to drive a specific 

·· .. compact metal halide lamp 

(ANSI standard lamp) 

• electronlc regulatlng ballast 
for white high pressure sodium 
lamps 

Electronic ballasts, which are 
expected to evolve slowly into the 
HID marketplace, províde superior 
color consistency over the lamps 
lile by maintaining constan! are . 
power.· 

Electromagnetlc Ballasts Most 
ballasts are electromagnetic types 
such as reactor, autotransformer, 
regulatoior constan! wáttage 
autotransformer. 

Burning Position .· · 

· Most metal halide lamps have a 
. )imited number of acceptable 

burning positions. Lamps are 
designated BU for base up,· BD for 

base down, HOR for horizontal 
(±45 degrees), or U for universal. 

This is a function of the lamp 
chemistry and how metal vápors 
enter and stay in the are stream. ·· · 
Disregard for operating position 
ratirigs will resuH in short lamp lile 
and peor color rendering .. 

¡· 
• 

( 



COMPACT METAL HALl DE ANO WHITE HIGH PRESSURE SODIUM LAMPS 

~ ~'xtures ·, •• Application 
' } AH metal halide lam~s requii!.~~:-:c 'Guidelines 

,~ ,_ '. , .. 
enclosed fixture or other r;rotactive 

· measures. This will protect 
against possible end-of-life lamp 
ruptura and can also provide UV 
filtering when required. 

Other Appli~able 
Technologies 
Compact white HPS and metal 
halide lamps are the highest 
eflicacy point-sources in moderate 
fumen packages. However, in 
certain situations, other sources 
might be more applicable, such as: 

Typicaf Applicatiohs 

Compact HID lamps are point 
sources which lend themselves to 
projection and floodlighting 
situations as well as general 
illumination. The best interior 
applicati01is are those where lights 
are left on for long periods; or 
switched on a time clock, such as 
corridor or display lighting. Small 
HID's are especially good choices 
for all kinds of outdoor lighting, 
including architectural, landscape, 

. parking, and security lighting. 
All HID lamps require warm-up · 

and restrike periods, so frequent 

halogén capsule and infrared­
reflecting halogen lamps, 
especially in wallwashi(lg. and 

. display lighting situatións _ 
__ . switching installations should not 

; ) 
1
'-. .. compact and full ~i~e · , ·:·· 

fluorescent lamps, especially in 
area lighting and wall-washing 
sHuations 

• high-wattage metal halide,-
. standard HPS and white HPS 
generally ofier much higher 
efficacies !han compact HID 
lamps and would be u sed for 
large area lighting 

Current Products 
Curren! products are iimited but 
growing in number and 
manufacturers. Each 
manufacturar has determinad the 
best p1oducts for its market. 
Ultimately whole series_(¡( __ ··_ ,, ";,; ,, ._:. 
universal replacements in al_l · 
wattages are expected to ba 

J (f¿a,ble. 

· u~ilize these HID lamps. The warm- · 
up period is from 2 to 4 minutes 
and the restrike period is from 1 O 
to 15 minutes. In addition, lamps 

· of these types can only be dimmed 
witll highly-specialized dimmers 

· and ballasts. The effect of 
diniming is not nearly as appealing 
or as extensiva as incandescent or 
fluorescent. Lamp etficacy and 
color stability suffer when HID's 
aren't operated at full light. 

o 

In general, compact HID lamps are 
best applied in one of the following 
ways: 

• .E:nergy-efflclent Fl~ and· 
Display Llghtlng In suitátile 

· inodern himin~ires, HID 1imíps 
·can be u sed for a wide variety" of 
retail display and floodlighting . 

. situations, includlng track, 
recessed, and surface . 
installations. 

• Energy-Efflclent Lamps In 
Conventlonal General 
Llghtlng Luinlnalres As long 
as switching is not a concern, a 
wide variety of opportunities 

.. ,: 

exist to use éompact HID lamps 
for area lighting in both interior 
and exterior situations. · · . 

&l~í4® 
~nwm.· 

~. . ·. cE!~tlí%i!? . 
@tS ;--a 212 

Double Ended Lamps 
\,• . with' Fc2 snd RSC ends 

:~·. 
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ADVANCED LIGHTING,TÉ·C~NOLOGIESAPPLICATION GUIDELINES 

Standard Lamps 

The standard 40 watt F40-type 
lamp is argon gas-filled. The most 

common· phosphor is the 
halophosphate "cool white". The 

standard cool white lamp is rated -

at 3050 lumens when operated on 

a laboratory relerence ballast in 

free air at 77'Fahrenheit. (These 

ratings have recently been 
reduced by about 3% due to 
removal ol sorne minor 

_ constituents that have been 
declarad toxic.) 

The large demand lor the 40 

watt F40 lamp resutted in mass· ···c. · 
production and low cost. Thc,~~~t . 

popular conliguration in the ·1970's 

was two F40T12 lamps on a 

ballast that draws approximately 
96 watts, including ballast losses, 

· and generales at least 92.5% of 

the rated light in open air ata 
temperatura of 77' Fahrenheit. 

The ballast manulacturers' 

design parameters establish a 

minimum percentage ol the 

· refEirence light output that is called 

the 'ballast lacto~·- The ballast 
factor is delined as the ratio ol the 

actual \ight produced by the lamp­
ballast system to the relererice 
light output o! the same lamp on 

an ANSI relerence ballast. 

In 1982 California required that 

more "energy-efficient" (EE) 
ballasts be used reducing the 
power of the 2 lamp 40 watt F40 

lamp-bal\ast system would draw to 
about 86 watts with the same light 

output. Federallaw wi\1 require _ 

these bal\asts to be used 

through()ut the U.S. jn April1991_. 

"Enei'gy Saving" Lamps 

In response to the energy crises ol . 

the 1970's, lamp companies 
introduced halophosphor F40T12 . 

lamps lilled with an argon-krypton 

_gas mixture, rather than only 

argon. These lamps may be 

operated suitably with a 40 watt 

F40 T12 ballast, but because ol 

the difieren! gas mixture, draw 
about 34 watis per lamp. These 

lamps are coated with a 
transparent conductiva coating to 

lower the high starting voltage and 
- have a lower light output rating. _ 

With the 40 watt F40 ballast, light . 

output is lurther reduced since this 

systern has a lower ba\last iactor 
(about 87%) comparad to the· 
standard lamp-bal\ast system 
(92.5%). By using this lamp as a 

retrolit in ovar illuminated spaces 

the savings ol 5 or 6 watts per 

lamp reduces energy use by 7%. 

The "energy saving" 

·:' ~- ·_- ·. ~~~~~~~s:~~;s1~::n~3e~ ::'~ 

Common F/uofes.cenr Lamps 

.2 

retrofit solution to the energy 
problem. Although its unit wattage 
is reduced, it also has a lower light 

()Utput. When operated on a 
1 -

F/uorescent Lsmp De~ignatl~n~ 

F(B}n(Td)(l)color(lmod) 

whete 

F 

(8) 

means fluorescent 

means "bent• or u~ 
shaped • 

l,· 

n 

,. (Td) 

color 

mOd 

(} 

_ wanago Íamily or tength; · 
· ·by 9onvention. · 

means tubular, ó'B's of 
an inch dlameter 

color .temperature in Ke/vins 

is some variation like 
•energy saving• or 
"extended output' 

means optional (doesnT 
always appear) 

Al/ manufacturers use variations of this 
nomenclature, mostly for advertising ~ ... J '.J or "aue na me" Juentificatión 

standard or energy efficient 

magnetic ballast it only gener<ites 
about 87% ol its reference light at 
7T Fahrenheit. This lamp-ballast · 

system is less energy efficient !han .• 
the standard argon-gas lamp, 
ballast system, since.it generates 

. fewer lumens per watt. This is due 
.. to increased ballast losses. In 

addition, these lamps cannot be 
dimmed as easily as standard 40 
watt F40T12 lamps, and they are 
more sen~itive to temperatura. -

,•_: .. u .• )_. 

i ,_ 

o 
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Er'"'"'ient T-12 · · · These lamps are commonly known 
T-rf~hosphor Lamps . as "energy-saving plus"(32 watt 

·, . · · -"~~"-;>:·:, F40T12/ES/plus) lamps. 
More efficient versions of the,._,. ,. __ All energy saving plus lamps are 

standard s1ze F40;12 lamps5e argon-krypton gas-filled (34 watt 
ava1lable that use rare earth 't~- F4or12/ES) lamps with the added_ 
phosphors to achieve higher lumen 

cutout device. The lamp cost 
output. Two types are offered: increase is amortizad quickly. 

thin coa! that raises output Reduced wattage may result in a 
about 3% · slightly improved fixture efficiency 

. dueto improved thermal · 
thick coat that results in a 5% 

performance. 
light output gain .. 

An operational drawback of this 
See !he table "Lamp/Ballast . product is that a restrike time of 
System Comparison- Two Lamp" about .1-2 minutes exists if the 
for performance benefits of the tri- lamp is extinguished and then 
phosphor lamp types compared to immediately restarted.- Sorne 
the halophosphor "cool white". In manufacturers, but not all, have 
addition to the increase in derated the lamp lile by 25% when 
efficiency, these lamps offer operated without energizad 
superior color rendéring cathodes. In géneral, the' energy 
capªbilities; above 70 CRI forthin savings make this ·a cost-effective 

__ ) _ <"'f: ,nd above ·a o <:;_RI for th_i9.~ •. .·, .. trade off even with the reduced lile. -
coat. The standard cool white···- ... 

... ,, 
lamp has a CRI of 56. • 

"Energy Saving Plus'' 
Lamps · 

"Extended Output" 
Lamps 

.Anóther product worth considering 
is the "extended output" version of 

In a rapid start lamp, it is possible the standard F40T12 lamp, 
to disconnect the lamp heater designated here asan 
filament alter the lamp is F40T12/EO. (The "EO" 
operating. This saves the cathode nomenclatura is not u sed by any .· 
heater wattage, about 2.5 watts manufacturar: curren! products use 
per lamp, with only a slight loss in . sorne sort of manufacture(s trade 

light output. name o~ designation.) These are 
11 the disconnection of the premium versions of the standard 

heater occurs in the bailas!, any . lal!lp which, dueto gas till and 
lamp can operate this way. (See · more efffcient phosphors, generate 
Heater CutoutBallast in ttíe -· : more light with a slight increase in 
Energy Ellicient and Electronic lamp watts. These lamps typically 

__ ,;Bailas! Guideline) For retrofit deliver about 7%.to 9% more light. 
applications a speci;;l lar;np with a · · · · 

. "t_l;:: ... ,. -~. 

cut-out de vice in the_ lamp is;ussd. :··- • •· 

' ( 
) 

. ~Ull-SIZE FLUORESCENT LAMPS 

Curr_ent Product~ 
There are two new types of lamps 
·that have improved efficacy 
(lumens per watt) comparad to the 
standard fluorescent lamp/ballast 

.. system. These are the T8 and T10 
lamp familias. 

By using a smaller dia~eter • 
lamp and a bailas! specifically 
designad for it, the potential for 
greater energy efflciency exists. 

1" m T-8 

1 1/2" rn , .. 
,-· .. 

Msdium Bipin Based Lamps · 

,.· 

T-S.Lamps · 

The latest efficient product is the . 
T-8 lamp system. lntroduced in the 
American market in 1982, these· 
lamps are now made by the majar 
U.S. lamp manufacturers, and 
have the medium Bipin bases of 
the T-12 lamp allowing them to fit 
the same sockets . 

. The T-8 lainp operates al 265 
milliamperes current,so !' willnot 
be properly matched if operated on 
a standárd F40 T-12 type lamp. 
bailas! designad for 430 
milliampere operation. · However, 
there is only a minor c6st 

3 
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ADVANCED LIGHTING TECHNOLOGIES APPL CA 

Lamp~Ba/Jast System Compsrlson TwoLsmp 

,_ Test 
--. .r.. .... -:sBI!ast '· Rotod 

Lamps BallastS ·· --'F;rcto/' Lumens 
. 1'"•· ... 

F40 T-12 MagneticEE 
.. 

:94 5734 
4100K40W .. 
Halophosphor 
Cool White . 
3050Lumens 

F40 T-12 MagneYcEE .94 6110 
4100K40W Heater Cutout .83 5395 
Thin Coat ~ectronic .851.88 552515720 
Tri-Phos'phor 
3250Lumens 

F40 T-12 MagnedcEE .94 6204 
4100K 40W Heater Cutout ·.83 5478 '· 
Thick Goat Electronic .851.88 561015808 
Tri-Phosphor 
3300Lumens 

F40 T-12ES MagnedcEE .87 4959 
4100K34W Heater Cutout .80 4560 
Thin Coat Electronic .821.87 467414959 
Tri-Phosphor 
2850Lumens 

F40 T-12 ES Magnutic EE .88 4928 
Plus . .. . . 

4100K32W .. -· . 

Thin Coat 
. .··· 

Tri-Phosphor • 
2BOOLumens 

F40 T-10 MagneYcEE .95 8840 
4100K42W Heater Cutout .84 6048. 
Thick Goal Electronic .,84/.88 604916336 
Tri-Phosphor 
3600 Lumens 

F32T-8 MagneticEE .94 5452 
4100K 32W Electro ni e .861.97 4988/5626 
Thin Goal 
Tri-Phosphor 
2900 Lumens 

Note: Open air barelamp tests as per ANSI G82.2 

ti 

friON GUIDELINES 

. ..... . . " 

Sr_stem 
Watts Etncacy Wans 
Input LPW Input 

. 88 •65 Base 100% 

88 69 100% 
72 75 82% 

69174 77183 78o/ol64% 

88 71 100% 
72 76 82% 

69174 78164 78%/84% 

72 69 ., 82";{, 
58 79 66% 

57163 74183 65%/72% 

67 74 76% 

90 76 102% 
76 80 88% 

721.76 84183 82%186%. 

72 76 82% 
62166 77191 70%175% 

Comp_aratlve 
· Lumen 

Output 

Base 1000.4, 

.·. 
107% 
94% 

96%1100% 

108% 
96% 

98%1101% 

.. 
86% 
80% 

82%186% 

86% 

.. 

119% 
105% 

105%1710% 

95% 
87%198% 

System 
Efflcocy 

. 
·Base 100% 

. 
107% 
115% 

11 8"1.1128% 

109% 
117% 

120'%1129% 

106% 
121% 

114%1128% 

114% 

' 
.. 

117% 
123% 

128%1129% 

116% 
118%1140% 

.( 

( 
) 

•' 

V 
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FULL-SIZE FLUORESCENT LAMPS 

Ce Rendering 
Spec/fylng Lsmp Colors 

1 

8oth T-8 and T-10 technologies 
Color Vsrlous 

use the rare earth tri-stimulus Te m p. Trsdsnsme 
phosphors which give better color · Ke/v/nti: ·:: .CRI. :_ Deslgnstlons• Mstchea' 

rendering quallties than the 3000 70+ . SP30 lncandescsnt 
standard T-12 lamp. The standard 030 Hslogen. 

T-12 cool white lamp uses Spec30 • 
"· 

halophosphate phosphors with a 80+ SPX30 

CRI of 50+ and color temperatura 0830 

of 4100K. The variety.of.~91or 
30U 

/ AX30 
temperaturas now available witi'H:•,: ~, · 30K 

rare earth phOsphors i'equires t~o. .· 
3100 70+ 31K lncandesceni 

designar to specify a lamp·color Ha/ogen 

temperatura as part of !he lamp 
35()0 70+ SP35 Ha/ogen nomenclatura. 

035 
Manufacturers presently otfer Spec35 

either high color rendering (CRI 35K 

above 80) or moderately high color 80+ SPX35 
rendering (CRI between 70 and 0835 

75). In general, the higher color 35U 
AX35 

rendering lamps cost more than 35K 

the · >rately high color 
4100 70+ SP41. Metal 

rena~ .. .19 lamps. 041 Hslide 
Not all manufacturers offerall Spec41 

lamp colors, nor do all 41K 

manufacturers offer both high color 80+ SPX41 

. rendering (CRI 80+) and moderaté 0841 
41U 

color rendering (CRI 70+) in a AX41 
similar product. In íact, at present 41K . 

all T-10 lamps are high. color 
5000 80+ 50U Oaylight 

rendering (CRI 80+) ahd each ,.;.• ..... AX50 

manufacturero! T-8 lamps ott'é'rs' .. ·· 1 

either moderate color renderirig'ú · 
* These are some design~tions of s~lected majar manufacturers. To be *!Ssuréd of the 
proper color temperature and CRJ, check each manufacturer's data to detéfmine the exact 

high color rendering, but not both. color designation. · 

7 
~-
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AOVAN CEO LIGH!ING,TE~~.~~~~GIES APPLICATION GUIDELINES . , 

Application 
Guidelines 

. . ~· .. 

Advanced technologies in full-size 

fluorescent lamps are used in 

making rapid-start straight and 
U-shaped lamps with unit lumen 

output comparable to the standard 
40 watt F40T12 lamp. Applications 
generally include all situations 

where an F40T12 lamp would 

have been suitable. 

T~12 Lamps 

Retroflts Consider use of "Enei'gy 
Saving Plus" lamps in applications 
where a 1 lo 2 minute restrike time 
can be acceptecf ·· '.· .,. 

'··· 

New Constructlon Consider' .. !se 
of efficient tri-phosphors .and·· 

1 
"extended output" lamps when 
their extra output allows· design 

with fewer luminaires or fewer 

lamps per luminaire. 

·--~- . :' 

.. ~· · .. 

¡ 

8 

T-10 Lamps 

Retroflts · Good applications for 

T-10 lamps are existing situations 

where delamping (alone, or 

combinad with other retrofits like 
imaging reflectors) may produce 

unacceptably lo~ lighting levels. 
T-10 lamps are designad 
specifically for these situations. 

New Constructlon Although T-1 O 
lamps were initially introduced as a 

retrofit they can be considerad for 

new construction applications 

where a higher lighting leve! is 

required. For example, common 

lighting design problems can be 
solved using standard luminaires 
and T-12 EO lamps. Without 

changing !he lighting design, a 
13% increase in lighting leve!, with 
only' a 5% increase in power, can 

be obtained by using T-1 O lamps 
and appropriate luminaires. 

· .. -

T-8 Lamps e: ' 

. Reirotits' In retrotit situations 

involving F40T12 lamps, where the. 

existing bailas! must be changed . 
\'\_•\'· 

the T-8 lamp/ballast retrofits are .. 
often very cost effective. However, 

if the existing bailas! is an F40T12 
energy efficient, in good conditio~n, 
the.n a T12 system retrofit is cost· 
beneficia!. ,, 

'; .. : i ' 

New Constructlon T-8 lamps ¡¡re 

excellent for all,.new installations 
.;.. 

including: ·' .,<: 

• offices 
., . 

retail Stores 
.... -·· ' . 

commercial and Industrial · 

Light_ing r.-;':· : ~-~j~ 
special applications like task; 

lights, undercabinet lights, cove 

lights, and surface and :··;1 
decorativa lights :· .. ;¡;. 

T-8 lamps are generally superior to 
any T-12 technology based upon 

efficacy and color rendering. '· 
Considering that T -8 lamps could 

make many popular luminaires 
. more efficient, a T -8 system with 

magnetic ballasts will typically'•: 

' provide 8.% to 9% more light aí 4% ·. 
· to 9% fewer watts than a system 

using F40T12/ES lamps with equal 
color rendering. The lamp cost for 

: ... larger commercial projects in major 

metropolitan areas is about the 
same. 

'.:?-. 

' 

.· )'. ~-,-

) 
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'} Examples 

) 

;) 

New General Lighting 
Systems · · -... , · ·-"~!;··: ·.•· ;, 
A typical generallighting sy~-l~m- . 
using standard 3" deep cell; ·semi­
specular, competitiva parabolics 
utilizes three-lamp trolfers on 8' by 
1 O' centers. The following results 
can be obtained using non-air 
handling, high-efficiency parabolic 
troffers in a room with white ti! e. 
ceiling, light-colored walls and 
normal carpe! color .. 

A Retrofit Situation 

A traditional lens troffer design 
''"m the early 1970's utilizas 4-

P, troffers on 8' by 8' centers. 
Theresulting system generales 
about 88 footcandles maintained, 
(RCR=1) al 2.7 w/sf using F40T12 
lamps, and aboui 84 foótéar.dles.at ........ 
2.4 w/sf using F40T12/ES lall)ps·. 

A survey of office spaces would 
· reveal that the lighting levels are· · 
excessive for sorne office lighting 
situations. Average illuminance 
levels between 50 arid 70 
footcandles are presently 
considerad appropriate for most 
olfice tasks. Therefore, an 
excellent energy-saving 
opportunity exists. The designer 
examines severa! options: 

... , . \. 

i 

FULL-SIZE FLUORESCENT LAMPS 

S mal/ . Large 
Room ·.Room 

Lamp Bal/sst (RCR:5) (RCR:I) Re/at/ve 
Type Type Footcandles• Footcandtes• Wlsf Efflclency 

· F40T12 · Magnetic 41 59 1.65 1.00 
F40TI2 Electronic 40 56 1.22 1.32 

F40T12JES Magnetic 36 52 1.35 1.08 
F40T121ES Electronic 35 51 1.13 1.25 
F40T121ES+ Magna tic 33 49 1.25 1.o6 · 
F40T121EO Magnetic 46 66 1.68 1.10 
F40T10 Magnetic 48 69 1.66 1.15 
F32T8 Magnetic 39 59 1.31 1.20 
F32TB Bectronic 44 67 1.12 1.56 

.. Consult lES recommended lighting levels. 

.. This table wi/1 be updated as the blank tablas in the Luminaires and Ughting Systems 
Guideline are completed. 
Ca/culated using Lumen Method. Bee Computer Aided Ughting Design guidaline for 
discussion of benefits o~ Point~by·Point Ca/culations. 

Lámp!Ballast 
Act/on (A/1 mag.:ES type) 

Delamp F40T121Magnetic 
Delamp F4DT121Eiectronic 
De/amp!Reflect. F40T121ES · Mag. 
De/amp!Reflect. F40T12JES - Elec. 
Delamp F40T10!Magnetic 
De/amp!Reflect. F40T10!Magnetic 
De/amp!Reflect. F40T121EO- Mag. 

_Delamp F32T8/Magnetic . 
De/amp F32TBIE/ectronic 
De/amp!Reflect. F32TB!Magnetic 

Consuli ÍES recommended lighting Jevels. 

Check the bailas!. JI it is not ari 
"energy-efficient" type, it almos! 
always pays to replace with a 
new ballast. Options include . 
T12 energy efficient, T12 
electrqnic, T-8 energy efficient, 
or T-8·efectronic. 

. 

SmatiRoom · LsrgeRoom 
(RCR:5) (RCR:1) 

Footcandles" Footcsndles• 

30 44 
29 43 
39' 57 
40 60 
35 53 
54 81 
50 75 

. 28 42 
32 48 
37 55> 

• Luminaire efficiency can be . 
increased by 1 O% to 15% 
through the use of a specular 
imaging reflector retrofit. 

Delamp, leaving 2 lamps in · 
each luminaire. (Caution: 
disconnect unused ballast from 

. ' 

,, o 



. ADVANCED LIGHTING TECHNOLOGIES APPLICATION GUIDELINES 

Guideline 
Specifications 
Specifying any of the more 

energy-saving fluorescent lamps 

is not difficult. Most of the 
products are now generally offered 

through majar electrical distributors 

across the U.S. In the case of T-8 
lamps, many manufacturers of 

commerciallighting equipment 

consider T-8 to be a standarcl 

option. 

... 
Lighting Fixture .. 
Schedules " 

Most lighting designs lis! fixtures 

by type or "lag" in a schedule. 
This schedule often contains all 

information needed for lamps and 

ballasts. To properly specily . 
fluorescent lamps, however, it is 

recommended that a few special 
notes be included to clarify the 
designer's intent. Please refer lo 

the suggested "Lighting Fixture 
Schedule". 

Using lighting fixture schedules 
· is an excellent method to properly 

specify lamps. There are several 

reasons: 

Lighting fixture schedules are 

used to quickly identity ..• ;.;·. 
. " 

luminaires. 

Ughting fixture schedules 
contain mosto! the necessary 
information for complete 

specification of lighting on most 

projects. 

Most contractors and 

distributors actually readthe 
tixture schedule, whereas 
written specitications are 
seldom read or reterred lo, 

10 

except by the contractor's office 

personnel. 

Standard Specifications 

Most commercial projects use 
variations of standardized 
specifications from the 

Construction Specifications 
lnstitute (CSI) recommended 
format. This shorter specification 

format is beHer for smaller, less 

complex projects. lt contains all 

the basic information to assure 

proper provision of the required 

lamps. 
Specifiers should be diligent as 

minar cost advantages and "value 
engineering" may be used to 
substituta the less efficient T-12 .. 

A Recommended Basic 
Specification 

The following specification may be 
used for T-8 lamps with a magnetic 

bailas!. . !)ee the application 
guideiine "Energy Efficient and 
Electronic Ballasts" contained in 
this handbook tor a specification 

guideli.ne for electronic ballásts. 

2.n FLUORESCENT LAMPS 

1. Meet applicable sections of 

ANSI C82 and C78. 

2. In general, lamps shall be 265 
' mA"T-8" rapid start type as 

follows: 

a. 2' lamps shall be 

17watt F17T8 

b. 3' lamps shall be 

25 watt F25T8 

c. 4' lamps shall be 
32 watt F32T8 

d. 5' lamps shall be 

40 watt F40T8 

e. 1' MOL U-lámps 

. shall be 16 waH 

FB16T8 

f. . r-5' MOL U~lamps 
shall be 24 watt 
FB24T8 

g. 2' MOL U-lamps 

shall be 31 watt 

FB31T8 

3. Color: lamps shall be 

(3000)(3500)(41 00) Kelvin 

correlated color temperatura. 

4. Color rendering index: lamps 
shall have a mínimum CRI of 
(70)(80) through the use of 
rare earth tri-stimulus 

phosphors or in combination · 
with halophosphate 
phosphors. 

5. Lumen output, lamp lile, and · 

lumen depreciatiori, as a 
function of mean lumens, shall 
be determinad in accordance 

with lESNA testing procedures 
and according to the ratings 
published in XYZ Manufacturar 

Catalcig dated 1990. 

6. Replace detective lamps 

occurring within 90 days of 

beneticial occupancy. 

7. Approved manufacturers (lis!). 

9: Any other project-speé:ific data. 

Extensive Specifications 

CSI recommends that more 

extensiva technical specifications 

be written for complex projects or 
projects being built overseas. 
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FULL-SIZE FLUORESCENT.LAMPS 

.. ,. <•.;· 

--,-----..-:.'"-.,--~'"':::'"t·~····· 
) Llght/ng Flxlure S1hedul~ ~or P.~~J.ecÍ X'(Z 

Tsg Descrlpt/on 

Fl 2'X 4' Parobolic 
Troffer, 18 ce// 

F1A 

F2 

floating door semi­
specular 3" deep 
louver heat extraer 
alf handling NEMA G 
tandem ballasted pairs 
per Title 24 

Same asFt 

2'X 2' Parabo/ic 
troller 16 ce// 
floating door 
specu/ar 4 • deep 
louver static NEMA F 

General Requlrements 

Lsmp 

(3}F32TB 
13500K. 

Sameas Ft 

(2}F831TB 
13500K 

Bsllsst Vo/1 Powor(5) 

Magnetic 277 100 
Energy Efficient 
(1} 2-/amp 
in"slave" and 
(2} 2-/amp in 
"master" 

Magneüc 277 103 
energy saving 
(1} 2-/amp and 

:::&~ .. (1} 1-lamp 

Electronic 277 90 
instant start '. ':::: 
JYpe AB.C 123 . ·' 
(2} lamp ballasl 

1. Lamps and bal!asts sha/1 meet applicable standards. of the American National Standards lnstitute 
··(ANSI), Naffonal Eleétric.7,t}(.arwfaclurers Association (NEMA), and Underwriters Laboratorios (UL). 
LuminB.ire!l Sh!!H.be UL Ji5t9d, Oi-lisr.id by other recognized testing agency. Balfasts and other materials 
shal/ b~ UL listad or recO{¡;:ifr.ed, as appr;..~priata, ballasts shall meet California E_nergy Standards. 

) '2. 

3. 

4. 

5. 

Electronic ballasts sha/1 be made by XXX manufacturer and sha/J be warranted for 3 years includiiig 
.material cost anda labor alfowance. · 

Lamps sha/1 be made by EEE, FFF, or GGG. Do not mix manufacturers o! same type lamp. 

. (lnsert any ~pecial project requirements here.) 

Power (watts) includes ballast fosses. 

Prod:JCI', 

LLf 123/ES PAIR 

• 

LLL 123 

LLL234 

Although significantly longer and 
more work for the specification 
writer, these specifications protect 
against substitution with inferior 

copy-cat products made by 

manufacturers over whom the 

designar has no influence. Al 

present, world-wide specifications 
are reasonably standard. 
However, the cost or unusual 

Manufacturer/Product References 

. -·· 

Manufacturer 

Genei-al Electric 
Mitsubishi 
Osram 
Panasonic (Matsushita) 
Philips 
Sylvania 

Producl(s) 

Lamps, most rypes 
Lamps, some types 
Lamps, mosl types 
Lamps, some types 
Lamps, mosl types 
Lamps, mosl types 

(lnc/usion in this /ist does not infer applicabiliry or endorsement . 

. 

nature o! an advanced lechnnl~r,¡y. Additional companies may also manufacturer these'products.) 
lamp may be acause'tor •' ·•,.::::., .... L_ _________________________ __J 

substitution with the less e!fi6{ent 
- 12 lamps. 

11 





FACULTAD DE INGENIERIA U.N.A.M. 
D•v•s•oN DE eDuc.Ac•oN···coNTINUA. 

ABIERTOS 
• ié;~. 

·----~ 
•· ,~ ·.•-... 

·u. .. ~ 
: "" i> {' 

ILUMINACION INTERIOR: · :· .::,), 

PRINCIPIOS, DISEÑOS Y APLICACIONES 

.. 
·, .;.:-

.· .. · 

... , '•:_·_.' 
. . { 

''· 

'- NIVELES DE ILUMINANCIA 
., . .. .. ". 

ING. CARLOS GARCIA ROMERO 

\' 

OCTUBRE 1992. 

r: .. 

Palacio de Minería Calle de Tacuba 5 Primer piso . Deleg. Cuauhtémoc 06000 México, D.F. Tel.:"521-40·20 · Apdo. ~ostal M-2285 



:.: .• ·.: J" 

lES LIOHTING HANODOOK 
1981 APPLIC.HION VOLUME ·. 

Lighting System Design 
Considerations 

SECTION 
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Emergency Lighting'/2-45 
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Psychological 
.considerations/2-1 
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Thermal considera.tions/2-

38 
llluminance Table/2-5 
Luminaire Spacing/2-32 
Physical · Considerations/2-

32 

. ;-' .. · :·~ 

Wiring/2-36. 

As an introduction io· the subject of lighting 
design, Section 1 discusses lighting design and 
lighting systems in general terms. On the other 
hand, Sections 5 through 18 provide specific de­
sign and evaluation inforrnation for the most 
comn1on interior and exterior facilities, and Sec­
tions 3 and 4 cover economics and energy man­
agement, in depth, as they relate to lighting. This 
section is presented as a bridge between ~he 
general design and the specific application dis­
cussions by providing material on design consid­
erations that apply to each of the application 
sections that follow. The 1981 Reference Volume 
provides the basic data and procedures as refer­
ence f?r design purposes. 

PSYCHOLOGICAL CONSIDERATIONS 

In the planning of !ighting systems, lighting 
designers should be sensitive to more than simple 
task requirements for reading, typing, sewing, 
shavirig, cooking, 'etc. They ·should, of course, be 
sensitive to the ad>:erse effects of glare. They 
should also become:·serisitive to the uses of sil­
houette, sparkle, focal emphasis; color, and other 
patterns of spatiallight, and become sensitive to 
the fact that the correct use of these patterns is 
fundamental in satisfying sorne space-activity re­
quirements-as when they need to .reinforce at­
traction or attention, reinforce impressions of 
spaciousness, stimulate sensations of spatial in­
timacy or warmth, and reirúorce impressíons of 
cheerfulness or playfulness. 

Categories of Environmental Lighting. In 
considering the space-activity requirements 

. ~- . :-.. 

mentioned above, there are basically two kinds 
of environmental lighting systems as disi::ussed 
below: · '· · 
l. Lighting systems. that flood a .space sorne· 
what indiscriminately with permissive illumi· 
nation from general overhead luminaires. These 
systems tend to be behaviorally neutral, in the 
sense ·that. they tend not to exert an intentional 
reinforcing or guiding influence on user impres­
sions or behavior. Instead, these systems are 
usually intended to permit: 
a. Easy perception of reading or manual tasks. 
b. Random circulation and unguided attention. 
c. Flexible relocation of furniture and work cen­
ters without changes in the room lighting. 

This type of system may, therefore, offer many 
· advantages in regard to uti!ity, flexibility and 

general clarit.Y. But for sorne types of activities, 
the resulting diffusion and uniformity are rather 
significant shortcomings due to the often bland 
psychological effect of the room when it is lighted 
in this manner. (It should be recognized that this 
blandness can often be relieved by a sensitive 
use ·or surface color.) · 
2. Systems that develop speci[ic patterns o[ light 
and shade to rein[orce selected information or .' 
room cues. This kind of lighting is much more 
active behaviorally, in the sense that suéh sys­
tems are gene rally in tended to reinforce a specific 
pattern 9f user ifnpression or behavior. As such, 

.this apprÜach requires more specific design in­
tentions. 

2-1 

These designs are often based ori the idea that 
light can he a ve hiele that influences users' selec­
tive attention or alters the information com:ent 
in rhe visual field. As such, these lighting designs 
shCJuld be carefully evaluated for their role in 
~:-:~.:1blishing cues that reinfnr('e ·users' under­
·:: ~ncling of their envirrJ[H11•:!:: ;ltlrl the 'activitie . .;; 
. ··~;ltnd tht"•!i1 . 

LJ 
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In this regard considera'tiun· shuuld be given to 
the following C3tegorj_es -of visual ~xperi.ence: 
a. The effect·.of ligK(.-_ofi .. üser qrient.ation and 
room comprehensiol). Sorne -lighting "patterns 
seem to affect persona1.orientation and user un· 
derstanding of the room and its art ifacts. For 

. example, spotÍighting or shelf-lighting affects 
u~er attention and consciousness; wall-lighting or 
curner-lighting affects user understanding of 
room size and ·shape. Together, these lighting 
elem€nts can establish or modify the users' sense 
of visual limits or enclosure. 
b. The effect of light on impressions of activity 
setting or mood. Other lighting patterns seem to 
involve the communication of ideas or impres­
sioÍ1s--'-with tbe suggestion that light is, in part, 
a med_ium that assists communication of spatial 
ideas and moods. ~ 

In this sense, spatial lighting pat.terns are be­
coming recognized as part of a visual language 
that can assist the designer in .irnplementing 
impn:ssions su eh as "somberness," "playfulness," 
"pleasantncss.¡" "·tension," 'etc. Similafly, the cte­
'igner cnn use lightpntterns to affect psychoso­
cial impre.ssi~ns such as '.'intimacy," "privacy" 
and "warmth." In other words,-lighting can be 
used in one\ \\'ay to produce a carnival-like at­
mospher.e an·d- in'_ <ÚF:ther. ~~·.ay to produce a som­
ber place for Quiet ll}~éiitati?TI· ~ightini can be 
used to produce a cold, impersonal public place 

¡. 

·-··.· 

Fig. 2-,1. Light. st ruct u re· rhodel indicat'lng 
tighling design decision for · affecting 
imprcssions o! rclaxation (and tension). 

·>; 
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or cun\'er:c.(-] ·, r:· warm, intima te plaC~ ~~·h€te one. 
feéls a grl'n •:r q-nse of privacy. More than es-, 
thttic amén ti:-.~ are to be considered here, be:-· 

·cause t.hesc- m;::·c,;sions or moods are oft"eri fun-. 
dament.al in ~A·~i:.::fying so~ne experience 2ñd· ac­
tivity requirc-mcJ_u.".) ln• á_' designed space. 
• . . • .1· ·' • 

"Light Strueture" :lfodels. There is consid­
erable "evidenre thot. light can (and does) mnke 
an identifiable C(:!J.tribution to the quality of a 
room-and this co'n;:ribution cle.arly goes beyond 
simplistic concE-p!~ oftask visibility. 

Qualitath·e inH~1ences can be identified 
through the use of "light structure" models that 
are developed with conten1porary research meth-· 
ods in the be ha doral sciences.'·' This concept is 
based on the theory that the experience of room 
lighting is1 in p3.rt, an experie_nce o.f recognizing 
and assimilating communicative patterns. There 
is the suggesti•m that patterns of lighf can convey 
information; P.nd that the brain Constructs an 
irnpres.sion of i. he phenomena.I ,,.·orld from this 
information. This concejit ofinformation content 
and "rneaning" furthc~r suggest.s that lighting 
shouJd be COrEidered not merely as a stimu]us 
but also as a "structure." 

An example of a ·~.light structure' 1 müdel is 
shown in Fig. ~-l. \!odels have been dewloped 
to serve as a pardal guide for the use of lighting 
c:ffect.s appropriatt: fvr various t.ask an'd non~ta~k 
applications. 

. . 

\~l~~i;1{j' >"~~ii~?f?!,~!~~~~!~1~1~1~~~~;,~~~1~~~~~~$~!::;'.·•.:,:é?(;'~~W;g~)~~!{~~:,§~}~~~r·-;;:,~:'i~~¡~[~~~~ 
.. _. /· 



' 
~·· 
:·. 

lES LIGHTJNG HANOBOOK 
1981 APPLICATION VOlU'-'E 

lmpressions of Rela.xation. lmpressio'n of 
relaxation.is an important subjective factor to be 
considered in the design of more casual areas, 
such · as waiting rooms, lounges, sorne resta u· 
rants, etc. It is a subjective visual impression 
that appears to be reinforced by the follov.ing 
lighting inf1uences (see Fig. 2-1): 
L Uniformity' (i.~.;-.::·reinforced by nonuniform 
lightii1g).. .. . . 
2. Distribution (i.e:'; reinforced more specificaUy 
by nonuniform walllighting). 
3. Color (i.e.,_ some studies indicate reinforce­
ment by warm colors of white light). 

Ongoing research in the behaviorial sciences 
will provide valuable knowledge about the influ­
ences of lighting quality and quantity on the 
humari organism. Lighting designers should seek 
the results of these studies for guidance in their 
design. 

lmpressions ofPerceptual Clarity. lmpres­
sions of perceptual clarity are an importan! sub­
jective factor to be considered in the design of 
work spaces. It is a subjective visual impression 
that appears to be reinforced by four lighting · 
influences: 

'

. Luminance (i.e., reinforced by higher lumi­
ance on the horizontal plane). 

· . Locational (i.e., reinforced by luminance in 
the central part of the room). 
3. Color (i.e., reinforced by cool tone, continuous 
speétrum light sources). 
4. Distribution (i.e., reinforced · by peripheral 
waU bl'ightness). .. ' 

· ... 
Impressions ofSpaciousness. lmpression of 

spaciousness is an important subjective factor to 
be considered in the design of circulation and . 
assembly spaces, such as corridors, lobbies, as­
sembly halls, etc. It is a sUbjective visual impres· 
sion that appears to be reinforced by uniform, 
peripherallighting. Color ofv.-hite light (warm or 
cool) appears to be a negligible subjective factor. 

ILLUMINATION CONSIDERATIONS 

In this section, illUmination considerations in· 
elude: illuminance, luminance ratios, visual com· 
fort, reflected glare, disability glare, veiling re­
flections, color and shadows. Each is an impor­
tant consideration and no emphasis is intended 
by arder of presentation or length of the discus­
sions that follow (sorne ha ve additional coverage 
i:1 other sectinns nf lhi.~ yolume and in the 1981 
:\;::ft:rence Volu¡:·, 

o 

/LLUMINANCE SELECTION 2-3 

. . 
llluminance Selection and Application 

A New n:•.tmlnance Selection Procedure. 
Sirice 1958 the Society has been publishing sin­
gle-value illuminance recommendations based on 
a. method established. at that time.• lri .recent 
years it became apparent, through on-going re­
search and design experience, that it was time to 
move away from the single-value "recommenda­
tions to a range approach-illuminance. ranges 
accompanied by a weighting-factor j¡úidátiÚ sys­
tem reflecting lighting-performance trends found 
in research. In 1979 the Society established such 
a new procedure.6 

Since early 1979 the Society's committees ha ve 
applied the new prcicedure in preparing new in­
terior illuminance recommendations• for this 
Handbook and for the Society's recommended 
practices and committee reports. 

lt is intended that this néw procedure will 
accommodate a need for flexibility in determin­
ing illuminance levels so that lighting designers 
can tailor lighting systems to specific needs, es­
pecially in an energy conscious era. Such flexi- . 
bility requires that additional .information be 
available to effectively use the new range ap­
proach-a lighting task must be considered to 
be composed of the follow;ng: 
L The visual display (details to be séen). 
2. The age oLhe observers. 
3. The importance of speed and/or accuracy for 
visual performance. · · · 
4. The reflectance of the task (background on 
which the details are se en). 

The visual display is the object being viewed­
it will present sorne inherent visual dífficl.tlty. 
The age of the observer is a predictor· of the 
condition of the observer's visual system. The 
importanCe of speed and/or accuracy distin· 
guishes between casual, important and critica! 
seeing requirements. The reflectance will deter­
mine the ádaptation luminance produced by the 
illuminance. TheSe characteristics, considered in 
concert, determine the appropriate amount of 
light for the lighting task. All four must be 
considered as comprising the lighting task. 

In applying the new procedure the first step is 
to determine a range ofilluminances appropriate 
for the visual .difficulty presented by the visual · 
display, the ftrst of the above characteristics; and 
then to determine a tárget value from that range 
on the basis of the remaining three characteris­
tics. The Society's application committees, on a 
conserisus basis, have established appropriate 

• At thi~ time-ill•¡rninances for e:o:terior" and fM ····ni.lin applications 
contin•1,. '-" h,. prr,•:ided as sing\e.value r•· -;:.:¡::<:::dJtion.....; e"t.:..hlished 

·,)[1 -~ ,.,,() ··rhll' b;,-;_. ::..:..,,, Fiir. 2-·2 .. Se .. a:.- · · ~ ~--¡ 
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ranges of illwnmances for \ arious types of visual 
displays. Experience and judgment played an 
obvious, important role in the vairing of visual 
displays and these ranges. Nine ranges, called 
Jlluminance Categories, have been established, 
pattemed after those in the ClE Report No. 29.7 

These are designated "A" through "1," covering 
i!luminance levels from 20 to 20,000 lux [2 · to 
2000 footcandles]. See Part I of Fig. 2-2. Further 
work of the application committees resulted in 
recommended ranges of illumjnance for specific 
visual displays (tasks) and areas (see Fig. 2-2, 
Parts II and Ill). 

Alternatively, if the inherent visual difficulty 
of a' visual display has been measured in terms of 
'its equivalent contrast, é, the Illuminance Cate­
gory can be determined from Fig. 2-3.' This table 
of equivalent contrasts and Illuminance Cate­
gories was establish~.d on a consensus basis by 
the Society's Comrriittee on Recommendations 
for Quality and Qtiantity of Iliumination. 

For a given visual display, a specific value of 
illuminance can be chosen from the recom­
mended range only if the second, third, and 
fourth characteristics of the lighting task are 
known; i.e., observers age, importance of speed 
and/or accuracy, and task reflectance. These 
should be determined at design time, by the 
designer in conjunction with the user. Specific 
target values of maintained illuminance cannot 
be determined befare hand by the Society. Thus, 
the recommendations for most interior lighting 
tasks consist of an Illuminance Category deter­
mined by the visual display. 

A guide for using the second, third and fourth 
characteristics of the lighting task, to determine 
a specific target value of illuminance, takes the 
form of atable of Weighting Factors (see Fig. 2-
4¡'. The designer or user determines the weight 
of each characteristic. A combined weighting 
factor then indicates whether the lower, middle 
or upper value of illuminance in the range is 
appropriate (see the procedure outlined below). 

It . can' be seen that over-all · design of this 
procedure makes.it;.~~_i tllu~inance selection pro­
cedure, where ·. ccinse·nsus-detennined recom­
Inended -ranges combine with user supplied in­
formation and judgment. The result is the deter­
mination of a specific target value of illuminance 
appropriate for the lighting task under consid­
eration. 

Lim.itations of the New'Selection ?roce­
dure. This illuminance selection procedure. is 
in tended for use in interior environments where 
visual performance is an important considera­
tion. lt has been developed from a consideration 

,_:.· .' 
. r•-: • •·· 

of experience and restarch results from visual 
performiuice experirÍ'IentS. Its use is then lirnited 
to applications whe're this information can be 
applied directly. Thus, the illuminance selection 
procedure6 is not used to ,determine the appro­
priate illuminances when: 
l. Merchandising is the principal activity in the 
space and the advantageous display. of goods is 
the purpose of lighting. · 
2. AdYertising, sales .prornotion or attr3.ction is · 
the p~rpose of lighting. · · · · 
3. Lighting is for sensors other than the. eye, as 
in film and teledsion ap¡:;lications. ' 
4. The principle'purpose Of lighting is to achieve 
artistic effect.S. · · · 
5. Luminance·· r8tios ha ve a greater · import.3.[)ce 
than adaptation luminance, as when it is desired 
to. achieve a particular psychological or emo­
tional setting rather than provide for Visual per-
formance. · 
6. Minimum illuminances are required for.safety. 
7. Maximum illuminances are establishéd to pre­
vent nonvisual.effects, such as bleaching Ór de­
terioration due io ultraviolet and infrared radia­
tion in a museum. 
8. Illuminances are part of a test procedure for 
evaluating equipment, such as for surgicallight­
ing systems. 

Procedure for Selecting llluminances. The 
procedure pro,idés a method for determining a 
target maintained illuminance \'alue for a single 
visual task, and as such will not assure an ade­
quate illuminance leve! for a given space'. This is 
especially true for those spaces in which a variety 
of visual tasks occurs. To help assure appropriate 
task illuminance as well as pro,ide potential for· 

'increased energy savings, the designer should 
consideran illuminance target as the quantity of 
light required on 'the pla'ne of the task. 

The designer should be aware of, or assume, 
the potential 'isual tasks to be performed within 

. the space. The illuminance leve! deteri-ciined us­
ing this procedure is a function of the. 'isual 
characteristics of that task. Therefore, the irn­
portance, durarion and difficulty of each task in 
the space must be considered as each may dicta te 
a different illuminance level The irnportance of 
providing various illuminance levels cari then be 
rated accordingl)•. Multiple leve! lighting sys­
tems, segregarion of certain visual tasks, nonun­
iform lighting systems, or single leve! systems to 
meet the commonly occurring most criticál visual 
task reqliirerrieñts, are options the design.er must 
consider for system optirnization. 

The four stép procedure described below re­
quires the d~igner to select an lllun1inance Cat· 

Conlin~c-t 011 pag~ 2-20 
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Fig. 2-·2. Currently -Recommended ll!uminance Categories and llluminance Val u es for Lighting Desig~_:_ 
Target Maintained Levels · 

The tabulation tha_t follows is a consclidated listing of the 
Society's curren! illuminance recommendations. This listing 
is intended to guide the lighting desif¡ner in selecting an 
appropriale illuminance for design and evaluation of lighting 
systems. · 

Guidance is provided in two forms: (1 ). in Parts 1, 11 and 111 
as an 1//uminance Category; representing a range of illumi.:. 
nances {see page 2-4 for a method of selecting a value 
wilhin each illumlnance range); and (2). in parts IV, V and VI 
as an lfluminance Value. llluminance Cat~ories are repre­
sented by letter designations A through l. llluminance Values 
are given in lux with an approximate equivalence in footcan­
dles and as su eh are intended as rarget (nominal) values with 
deviations expected. These targel values also represen! 
maintained values (see page 2-24). 

This table has been divided:inlo the six parts for ease of 
use. Par! 1 provides a liStiiig o(both llluminance Categories 
and llluminance Values for generic types of inti:!rior activities 
and normally is lo be used when llluminance Categories for 
a specific Are a/ Activily cannot be found in parts 11 and 111. 
Parts IV, V and VI provide:target maintained llluminance 
ValuEis for outdoor facilities, sports and recreational areas, 
and transportation vehicles where special considerations 

· apply as discussed on page 2-4. 
In all cases the recommendations in this table are based 

on the assumption that !he Hghting will be properly designed 
lo take into account the visual characteristics cif the task. 
See the design information in the particular application sec­
tions in this Application Handbook for turther recommenda­
tions. 

l. llluminanCe eategories and llluminance Values for Generic TyPes al A~tivities in lnleriors 

Type ol Activity llluminance Ranges of llluminances 
Relerence Work-Ptane · Category 

'"' Footcandtes 

Public spaces with dark surroundings 

Simple orientalion for short lemporary 
visits 

A 

B 

Working spaces where viS·~a_r fa5ks -"a~ e e 
only occasiona!ly performed 

Performance ot visual tasks of high con­
tras! or targe size 

Performance of visual lasks of medium 
contras! or small size 

Performance of visual tasks of tow con­
tras! or very small size 

Performance ot visual tasks of low con­
Iras! and very small size over a pro-

D 

E 

F 

G 

20-30-50 

50-75-100 

100-150-200 

200-300-500 

500-750C1000 

1000-1500-2000 

2000-3000-5000 

2-3-5 

5-7.5-10 

10-15-20 

20-30-50 

50-75"100• 

100-150-200 

200-300-SOO 

General lighting 
throughout spaces 

lllumiriance on task 

longed period llluminance on task, 
---------'---------------------------~-'--- obtained by a com-

500-750..:.iooo bination of general 
and local (sup"ple­

Performance of very prolonged and ex­
acting visual tasks 

Performance of very special visua·r tasks 
of extremely low contras! and ~mal\ 
size 

H 5000-7500-10000. 

10000-15000-20000 1000-1500C2000 menlary lighling) 

11. eommercial, lnstitutional, Residential and Public Assembly lnteriors 

Are a/ Activity· 

Air terminals (see Transportation terminals} 

Armories 

Art galleries (see Museums) 

Auditoriums , 
Assembly 

'. s.:.cial activily 

Banks (also see Reading) 
Lobby 

General 
Writing are:J. · 

Tellers· <;;tatirms 
For fuotnotcs, ;e-.; p:¡~t ~_::-¡-,, 

llluminance 
Category 

C' 

C' 
B 

Area/ Activity 

Barber shops and heauty par!ors 

Churches and synagogues 

Club and lodge rooms 
Lounge and reading 

·· .eonference rooms 
eonferring 

llluminance 
Category 

E 

(see page 7 -2)• 

D 

D 
eritical.seeing (refer to individual task) 

Court rooms 
e 
E' 

e · Seating area · .'·. ·: •. 
. 0 . Court activity area 

--~~~-._L._ Dance h-:;~!~ :_~~-~sco~~equ~------- ___ B __ 
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Fig. 2-2. Coatinued 

11. Continued 

Area/ ACINity 

Oepots, terminals and stations 
(see Transportation terminals) 

Orafting 
Mylar 

llluminance 
Category 

!-Hgh contras! media: India ink, plastic leads. 
sofl graphite reads E3 

·· · · Low ~onirast ¡·n~edia;· ~ard graphite leads F3 

Vellum 
High contrast E3 

Low contras! F3 

Tracing paper 
High contras! E3 

· 

Low contras! F3 

Overlayss 
Lighl table e 
Prints 

Blue line E 

AreaiActivity 

Health c.:~re facilities 
Ambulance (local) 
Anesthetizing 
Autopsy and morgue17

• 
18 

Aulopsy, general . 
Aulopsy table 
Margue. general 
Museum "':. 

Cardiac lunction lab 
Central sterile supply 

lnspection, general 
tnspectk.íri . '. · · 1 

Al sinks 
Work areas, general 
Processed storage 

. Corridors, 1 

Nursing areas-day 
r..;ursing areas-night 

: ' 

llluminat~ce 

Category 

E 
E 

E 
G 
D 
E 

.•. E 

E 
F 
E 
D 
D 

e 
B Blueprints E 

Sepia prints F Operaling areas, delivery, recovery, and !abo· 
ratory suites and service E 

Educational facilities 
Classrooms 

Genera[ (see Reading) 
Drafting (see Drafting) 
Home economics (see Residences) 
Science laboralories E 
Lecture rooms 

Audience (see Réading) 
Demonstration F 

Music rooms (see Reading) 
Shops (see Part 111, Industrial Group) 
Sight saving rooms F 
Study halls (see Reading) 
Typing (see Reading) 

Sports facHilies (see Part V. Sports and Recrea~ 
tional Areas) 

Cafeterías (see Food service facilities) 
_.Ooi"rylitories (see Residences) 

Elevators; freighfarid :p.3ssen9er 

Exhibition halls .: .. , . 

Fire halls (see Municipal buildings) 

Food service facilities 
Dining areas 

e 
e' 

Cashier D 
Cleaning C 
Dining 8 6 

Food displays (see Merchandising spaces) 
Kitchen E 

Garages-parking (se e page 1 4-24) 

Gasoline stations (see Service stations} 

Graphic design and material 
Color selection 
Charting and mapping 
Graphs 
Keylining 
Layout and artwork 
~hotographs, moderate detail 

F" 
F 
E 
F 
F 
E" 

Critica! ca re are as, 1 

General 
Examina!ion· 
Surgical task lighling 
Handwashing 

Cystoscopy rooin 17
• 

111 

Dental suile11 

Genera! 
lnstrument tray 
Oral cavity 
Prosthetic laboratory; general 
Prosthetic labOr.ato,.Y, work bench 
Prosthetic laboratory, local 
Rece~ ery room, general 
Recove,Y room, emergency examination 

Dialysis unit, medical 11 

Eleva!ors ' 
EKG and specimen room 17 

General 
On equipment 

Er:oergency outpatient 17 

Genera! 
Local 

Er-::ioscopy._rOoms.''· 18 

Ge-neral 
Peri!OnE-Dscopy 
C"ldoscopy 

E,..c.rr.ination and trealment rooms 17 

Ge-ne:ral 
Local 

Ere s.urgery'r.•e 
Frc:ch.:re room' 7 

Genera! 
Local 

lnr.atation therapy 
La:.Ora!cries' ~ 

S~irr:en co!lecting 
. Tissue laboratories 
J..'i:roscopic reading room 
Grcss spe:-cirr.en review 

For footnotes, see page 2-19. For illuminance rang~:s fur E'Rth IlluminanC"t" C..!:c-~<•ry. ~ p.a~t' ~-5. 

·e 
E 
H 
F 
E 

D 
E 
H 
D 
E 
F 
e 
E 
F 
e 

B 
e 

E 
F 

E 
D 
D 

D 
E 
F 

E 
F 
D 

E 
F 
D 
F 

'· 
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Cr¿r:1istry rooms 
Ba:teriology rooms 

General 
Reading culture piares 

Hei.,atology 
Lir.e:-.s 

Scr1ing soiled linen 
Ce:-.lral (clean) linen room 
S-e .~ing room, general 
Se.~ing room, work area 
Un-en closet 

Lobty 
Locker rooms 
Medica! lllustration studio' r_ 1 ~ 

Medica! recOrds 
Nurseries 11

- .. 

Ge-nera1 111
_ 

Otservation and 
Nursing stations 17 

General 
Desk 

tre.3.:men1 

Corridors. day 
Corridors, night 
Me-dication station 

Obstetric delivery suite 17 

Labor rooms 
General 
Local 

Birthing room 
Delivery area' 

Scrub, general 
General 
Delivery table 
Resuscitation 

Postde!ivery recovery area 
Substerilizing room 

Occupationaltherapy11 

Work area, general 
Work tables or benches 

Pa!ients" roomsn 
General' 8 

Observation 
Critica! examination 
Readíng 
Toilets 

Pharmacy 17 

General 
Alcohol Vault 
Laminar llow benc!l 
Night tlght ->-; 

Parenteral solution room 
Physical lherapy departments 

Gymnasiums 
Tank rooms 
Treatment cubicles 

Postanesthetic recovery roóm 17 

General' 11 

Local 
Putmonary function laboratories' 1 

;· .. 

ILLUMINANCE CA TEGORIES 2-7 

Fig. "2-2. Continued 

11. Continued 

llluminance 
· Category 

E 

E 
F 
E 

D 
D 
D 
E 
8 
e 
e 
F 
E 

e 
.E 

D 
E 
e 
A 
E 

e 
E 
F' 

G 
G 

(see page 7-1 5) 
G 
E 
8 

D 
E 

8 
A 
E 
D 
D 

E 
D 
F 
A 
D 

D 
D 
D 

E 
H 
E 

Area/ Acti11ity 

Radiological suite' 7 

Diagnostic section 
General' 11 

Waiting area 
Radiographic/lluoroscopic room 
Film sbrting 
Barium kitchen 

Radiation therapy section 
General' 8 

Waiting a~~a 
lsotope kitc:;~en. general 
lsotope kitchen, benches 

Computerized radiotomography section 
Scanning room 
Equipment maintenance room 

Solarium · 
General 
Local for reading 

Stairways 
Surgical suite ' 7 

l!luminance 
Category 

A 
A 
A 
F 
E 

8 
8 
E 
E 

8 
E 

...• e 
D 
e 

F Operating room, r;;~neral 18 

Operating table (see page 7-12) 
Scrub room 18 

lnstruments and sterite sup¡jly room 
Clean up room, instruments 
Anesthesia storage -

. Substerilizing roOm 
Surgical induction room 17

· 
18 

Surgical holding are a 17
• 
18 

Toilels 
Utility room 
Waiting are as 17 

General 
Local lar reading 

Homes (see Aesidences) 

Hospitals (see Health care facilities) 

Holels 
Bathrooms, for grooming 
Bedrooms, for reading 
Corridors. ele•:::'!t9rs and stairs 
Front desk 
Linen rOOf!l 

Sewing 
General 

Lobby 
General lighting 
Reading and workicig areas 

Canopy (see Part IV, Outdoor Facilities). 

Kitchens (see Food service facilities or Resi· 
dences) 

Llbraries 
Reading ar!3as (see Reading) 
Book stacks (vertical 760 mil1imeters (30 inches) 

above floor) 

E 
D 
E 
e 
e 
E 
E 
e 
D 

e 
D 

F 
e 

e 
D 

Active stacks . D 
lnactivé stacks a 

Book repair and binding D 

Fur fu.,tnutf'.~. sec pu¡:e :!-!!l. Fur illumin:mn; r.w _ _., f••r t'a~·h [llo1r11inarwt> Cutegflry. see pil~t' :,!.:;_ 
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. Fig. 2-2. Contin~ed 

11. Continued 

Area/ Ac.tiv_ity 
: .·, ' ~ ' ---,---'----"-""'-'.-"" .... 

lllum1nance 
Category 

Cataloging ... ·''·-. . 0
3 

Card files E . 
Carrels, individual study areas (see Reading) 
Circulation desks O 
Map, picture and print rooms (see Graphic design 
· and mat~rial) 

Audiovisual areas O 
Audio listening areas D 
Microform areas (see Reading) 

Locker rooms C 

Merchandising spaces 
Alteration room 
Filting room 

Dressing areas 
Fitting areas 

Locker rooms 
Stock rooms 

F 

O 
F 
e 
O 
O Wrapping and packaging 

Sales transaction area 
Circulatior1 

. ·,· E 
(see page 8-6)8 

(see·page 8-6)8 

(see page B-6)8 

(see page 8-6)8 

Merchandise 
'Featuie display 
·show ·windows .. 

i.' Motels (see Hotels) 
·' 

Municipal buildíngs-fire and pollee 
Police 

ldentification records 
Jail cells and interrogation rooms 

Fire hall·. .•.. . .•. · . 

M1..1seums 

F 
O 
O 

; Displays ·af non-sensitive rnaierials O 
;Displays of sensitive materials (see page 7 -29)2 

Lobbies, general gallery areas, corridors C 
Restoration or conservation shops and labora-
. todes·· E 

~ Nursing homes (see Health ca re facilities) 

· Offices 
Accounting (see Reading) 
Conference areas (see Conference rooms) 
Drafting (see Dratting) 
General and prívate otfices (see Reading) 
Ubraries (see Ubraries) 
Lobbies, lounges and reception areas . 
Mail sOrting · 
Off-set printing and duplicating area .· 

Post offiC,es (see Offices) 

Reading 
Copied tasks 

Ditto copy 
Micro-fiche reader 
Mimeograph 
Photographs, moderate detail 
Thermal copy, peor copy 
Xerograph 
Xerography, 3rd generation and greater 

e 
E 
O 

E' 
812.13 t 

O 
E'' 
F' 
O 
E 

A.rea/Ac:iviry 

Electronic data processing tasks 
CRT screens 
lmpacl priríter 

good ribbon · . 
poor ribbO.fl ~ .';: ·: 1 

••••••••• 

2nd carbon a.nd greater 
lnk jet printer 
Keybóard reading 
Machine rooms 

Active Operations 
Tape storage 
Machine area 
Equipment service 

Thermal print 
Handwritten tasks 

#3 pencil and sotter leads 
#4 pencil and harder leads 
Ball-point pen " 
Felt-tip pen 
Handwritten carbon copies 
N•:>n pholographically reproducible colors 
Cha!i<.boards 

Printed tasks .... 
6 point type 
8 and 1 O point type 
Gloss'Y magazines 
Maps •·. 
News.print 
Typed originals 
Typed 2nd carbon and later 
Telephone books 

Residences 
General lighting 

Conversation, relaxation and entertainment 
•. · Passage are as . . . 
Speciflc vis!Jalta5ks:?O 

. Dining 
Grooming 

Makeup and shaving 
FulJ.-length mirror 

Handcrafis and hobbies 
\'lorkbench hobbies 

Ordinary tasks 
Oitficult tasks 
Critica! tasks .. 

Easel hobbies 
lroning 
Krtchen duties 

Kitchen counter 
Critica! seeing 
Noncritical 

Kitchen range 
Oifficult seeing 
N:>ncritical 

Krtchen slnk 
Oii~icult seeing 
Noncritical 

Lau •jry 
Pre;)"aration and lubs .. 
Was.her and dryer · 

For íl'o:notes. s.ee page 2-19. For illuminance ranges for each IlluminanC"t' C~:t-r(·::-·. ""'='t' page ::!-&. 

llluminance 
Category 

O 
E 
E 
O 
O 

O 
O 
e 
E'' 
E 

E' 
F' 
O' 
O 
E 
F 
E' 

E' 
o' 
o" 
E 
O 
O 
E 
E 

B 
B 

e 

O 
O 

O 
E 
F 
E 
O 

E 
O 

E 
O 

E 
O 

O 
O 
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Fig.- 2-2. Continued 

11. Continued 

Areu, Activity 

Music study (piano or organ} 

llluminance 
Category 

.Simple scores O 
Advanced scores E 
Substand size scores F 

Aeading 
In a chair 

Bociks, :nagazines snd r.ewspapers . O 
Hai"ldwriting, .•:n;~~ciductions and poor 

copies 
In bed 

Normal 
''· 

Prolonged serious or critica! 
Des k 

Primary task plane, casual 
Primary task plane, study 

Sewing 
Hand sewing 

Oark fabrics .. !ow contras! 
Ught lo medium fabrics . 
Occasional, high contras! 

Machine sewing 
Oark fabrics, low contrast 
Light to medium fabrics 
Occasional, high contras! 

Table games 

Restaurants (see Food service facilities} 

E 

D 
E 

D 
E 

F 
E 
D 

F 
E 
D 
D 

Safety (see page 2-45) 

Are a/ Activlty 

Schools (see Educational facilithis) ·., 
Service spaces (sP..e also Storage rooms) 

· Stairways, corfidors 
Elevators. freight and passenger 
Toilets and wash rooms. · 

Service stations 
Service bays (see Part 111, Industrial Group) 
Sales room (see Merchandising spaces)' 

Uluminance 
Category 

e 
-e 
'e 

Show windows (see page 8-6) 

Stairways (se e Service spac.~s_) 

Storage rooms (see Part 111, Industrial Group} 

Stores (see Merchandising spaces and Show wln-
dows) 

Televislon ........ '. (see Section , 1) 

Theatre and motion picture houses (see Section 11) 

Toilets and washrooms C 

Transportation terminals 
Waiting room and lounge 
Ticket counters 
Baggage checking 
Res! rooms 
Concourse 
Boarding area · 

e 
E 
D 
e 
B 
e 

IH. Industrial Group 

Area/ Activity 

Aircraft maintenance 

Aircraft manufacturing 

Assembly 
,, Simple . ·.·.e.,, ... 

Moderately difficult 
Ditficult 
Very diHicult 
Exacting 

Aut~mobile manufacturing 

Bakeries 
Mixing room 

Face of shelves'. 
lnside of mixing bowl 

Fermentation room 
' Make-up room 

Bread 
Sweet yeast-raised products 

Prooling room 
Oven room . . . . , 
Fillings and other ingredients 
Decorating and icing 

Mechanical 
Hand 

Scales and thermometers 
\V;apping 

'-·· 

IIIUminance 
Category' 

(see page 9-12)21 

(see page 9-, 2)21
• 

D 
E, 

F 
G 
H 

(see page 9-17)21 

D 
D 
D 
D 

D 
D 
D 
D 
D 

D 
E 
D 
D 

:Area/ Activity 
llluminance. 
Category 

Book bindin9 
F01ding, assemblinQ, pasting 
Cutting, punching, stitching 
Embossing and inspection .... ·~· 

Breweries 
Brew house ... · ...... . 
Boilin·g and keg washing 
Filling (bottles, cans, kegs) 

Building construction (see Part IV, Outdoor Facm-· 
tie~} , . · 

Building exteriors (see Part IV, Outdoor Facilities) 

Candy making 
Box department · 
Chocolate department 

Husking, winnowing; fat extraction, 
and refining, leeding 

Sean cteaning, sorting, dipping, 
wrapping 

Milling 
Cream rriaking 

Mi)l'.ing, ·cooking, molding 
Gum droPs añd jellied forms 
Hand deCOrating 
Hard candy 

Mi~ing, cooking, molding 

crushing 

packing, 

D 
E 
F 

D 
D 
D 

D 

D 

D 
E 

D 
D 
D 

D 

Fn~ :'<Jo~ notes, ~e pa¡;e ~-19. For illuminance ran,.:o:s for e~ch ll1~1minance Calegory, see pallt" 2-5. 
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-Fig. 2-~- Continued 

111. Continued .· 

Area/ Activity 
1\lurTfinance 
· Ca\~goiy 

llluminancé' 
Co:iteg ory · 

Die cutting and sorting 
.Kiss.making and wrapping 

Cannlng and preserving 
lnitial grading raw material samples . 

Tomatoeis 
Color grading and cutting rooms 

Preparation · 
Preliminary sorting · 

Apricots and peaches 
Tomatoes 
0\ives 

Cutting and pitling 
Final sorting 

Canning 
Continuous-belt canning 
Sink canning 
Hand packing 

Olives 
Examination of canned samples 
Container handling 

l~spection 
Gan unscr3m~lers .... 

.. _Labeling r{nd· C~~t"urd.ñg 

Casting {see FoÚndries) 

Central stations (see Electric generating stations) 

Chemical plants (see Petroleum and chemical 
plants) 

· Clay and concrete Products 
Grinding, filler presses, kiln rooms 
M0Jding, pressing, c\eaning, trimming 
Enameling 
Color and glazing-rough work .. 
Color and glazing-:-fine work 

Cleaning and pressing industry 
Checking and sorting 
Dry and Wet cleaning and steaming 
lnspection and spotting 
Pressing 
Repair and a1teration 

Cloth products 
Cloth inspection 
Cutting 
Sewing .. 

-Pressing 

Clothing manufacture (men's) 

E 
E 

D 
E 
F 

D 
E 
F 
E 
E 

E 
E 
D 
E 
F 

F 
E 
D 

e 
D 
E 
E 
F 

E 
E 
G 
F 
F 

1· 
G 
G 
F 

ReceiVing, opening, storing, shi¡)ping O 
Examining (perching) 1 
Sponging, decating, winding, measuring O 
Piling up and marking E· 
Cw!tir:g ... ::·:···.··········-······ G 
Pattern mdkic.g; pr~r.aration of trimming, piping, 

can\Jas· ariCt" shOU!der pads E 
Fitting, bundling, shading, stitching O 
Shops . F 
lnspection G 
Pressing F 
Sewing G. 

Control rooms (see Electric generatlng statfons- . 
_interior) 

Corrid,ors (see ·serVice spaces) 

Cotton.gin industry 
· Overhead equipment-separators, driers, grid 

cleaners, stick machines, conveyers, feed­
ers and catwalks 

Gin stand 
Control console 
Un! cleaner 
Bale press 

Dairy farms (See Farms) 

Dairy products 
Fluid mil k industry . 

Boi\er room 
Bottle storage 
Bottle s.o[ting 
Bottle washers 
Can washers 
Cooling equipment 
Filling: inspection 
Gauges (on face) 

· Laboratories 
Me\er panels {on tace) 
Pasteurizers 
Separators 
Storage· · refrigerator 
Tanks. vats 

Ught interiors 
Dark interiors ..... . 

·: .Thermometer (on tace) 
\'t'eighing JOOm 

. Scales 

Oispatch boards {see Electric generating 
stations- interior) 

Ore-dging (s-ee Part IV, Outdo~r" Facilities) 

Electrical e-quipmenl manufacturing 
lr:1pre';r.ating 
lr-sulating: coi\ winding 

Ele<:tric generating stations-interior (s.ee also Nu­
clear power p\ants) 

;._¡r--conditioning equipment. air preheater and tan 
fl:;-.or. ash sluicing 

Aux.iliaries. ·pumP:S~ tanks, cornpressors, gauge 
are a 

2-at1éfy rooms 
Boilef plat1orms 
Bwrner platiorms 
Cable room· 
Ce=.! handlinQ systems 
Goal pu!·,·erizer 
Concer.sers. deaerator 

t-. ea ter floors 
Control rooms 
· tJ.ain cor,trol boards 

floor, e..-aí)Orator floor, 

Aux.i!¡~_ry cor.trol panels . 
0;-eratoi-"s station 

For footnotes, see page 2-19. For illuminance r_angcs for each llluminan~: C-l-:i:-f·;·r:-·. 1-(.--t- p-3¡::e :!--5 .• 
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D 
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E 
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D 
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LES UGHTLNG HANOBOQ¡<; 
1981 APPUCATLON VOLUl,'f ILLUM/NANCE CA TEGORIES (INDUSTRIAL) 2-11 

Fig. 2-2. Continued 

IJI. Continlled 

Area/ Activity 
Uluminance 
Category 

Maintenance and ...,;nng areas O 
Emergency operating l~htir.-J e 
Gauge reading O 

Hydrogen and carbon dioxiCe rr..ar.i!ckl area e 
Laboratory E 
Precipitators B 
Scree·n house e 
Soot or slag blower platfonn e 
Steam headers and thrott1es . . . . . . . 6 
Switchg~ar .and motor control centers · O 
Telephone anrJ .. ·:·.r:::·~m~J.nicat)on equipment 

rooms D 
Tunnels or galleri"•.~. piping and electrical s· 
Turbine building 

Operating floor D. 
Below operating noor e 

Visitor's gallery e 
Water lreating area D 

Electric generating stations-exterior {see Part IV, 
Outdoor Facilities) · 

Elevators (see Service spaces) 

Explosives manufacturing 
Hand furnaces, boiling tanks, stationary driers, 

stationary and gra·1ity crystallizers O 
Mechanical furnace. generators and stills, me· 

' chanical driers. eva¡::.orators, filtra!ion, me-
chanical crysta11izers O 

Tanks for cooking, extractors, percolators, 
nitrators O 

Farms-dairy 
Milking operation area (mi!king parlar and stall 

barn) 
General e 
eow·s udder O 

Milk handling equipment and storage area (milk 
house or milk room) 

General C 
Washing area E 
Bulk tank interior E 
Loo M in<:; platform . . C. 

Feec!ing -area ~ .• ::;:. !:·~'-" !eed a!ley, pens, loase 
housing teed área) . . e 

. Feed storage are"o-forage · 
Haymow A 
Hay inspection area e 
Ladders and stairs e 
Silo A 
Sito room ... _ . . . . . . . . . . . e 

Feed storage area-grain and concentrate 
Grain bin A 
Concentra!~ .s.to;ag.e ~re·a· 8 

Feed processing area . . . . . .. , . . . B 
Livestock housing area (community. maternity, in­

dividual cal! pens. and loase housing hold-
ing and resting areas). 8 

Machine storage area (garage ·a,;d rr.achine 
shed) B 

Farm shop area 
Active storage area B 

1 

Area/ Activity llluminance 
Category 

General shop area (machinery repair, rough 
sawing) O 

Rough bench and machine work (painting, fine 
storage, ordinary sheet metal work, weld· 
ing. -medium benchWork) O 

Medium.-"bench and machine work {fine woOd­
Workiilg .. drill press, metal lathe, grinder) . E 

Misce!laneous areas 
Farm office (see Aeading) v 1 

Restrooms (see Service spaces) 
, Pumphouse e 

Farrns-poultry {see Poultry industry) 

Flour milis 
Rollirig, sifting, purifyiilg E 
Packing O 
Product control F 
eteaning, screens, man lifts, aisleways and walk-

. ways. bin checking O 

Forge shops 

Foundrtes 
Annealing {furnaces) 
eteaning 
Core making 

Fine 
Medium 

Grinding and chipping 
lnspection 

~in e 
Medium 

Molding 
Medium 
Large 

Pouring 
Sorting 
eupola 
Sha~eout 

Garag"es-service 
Repairs 
Active traffic areas 
Write·up 

Glass works 
Mix and furnace rooms, pressing a11d lehr, glass-

blowinr machir:es 
Grinding, cutting, silvering_. 
Fine grinding, beveling, polishing 
lnspection, etching and Cecorating 

Glove manufacturing 
Pressing · · 
Knitting 
Sorting 
eutting 
Sewing and inspection 

Hangars (see Aircraft manufacturing) 

Hat manufacturing 
Oyeing, stiffening. braiding. cleaning, relining 

E 

D 
D 

F 
E 
F 

G 
F 

F 
E 
E 
E 
e 
D 

e 
D 
E 
F 

G 
F 
F 
G 
G 

E 

For footnotes, see p.l¡:e :!-!!J fur il!umin:m,·e r.111:.'':,. f•lr e:1ch llluminun~·e Category, set' pagt' :!~-5. 
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fig. 2-2. Continued 

111. Continued .. 
Area/ 'Aclivity 

11\umir.ance 
Categol')' 

Forming, sizing, pouncing, flanging, finishing, 
ironing F 

Sewing G 

lnspectlon 
Simple O 
Moderately difficult E 
Ditficult F 
Very difficult G 
Exacting H 

!ron and steel manufacturing (see page 9-63)21 

Jewelry and watch manufacturing G 

Laundries 
Washing 
Flat work ironing, weighing, listing, marking 
Machine and presS finishing, sorting 
Fine ha~d iro~ing .,. 

Leather manufacturing 
Cleaning, tanning and strelching, vats 
Cuttlng, fleshing and stutfing 

' Finishing and scarfing 

Leather ~orking .. -. . . · 
Pressing, Wiñdfrig-;. g·,-a:¿;,·,~ . . . . . . . . . 
Grading, m8.f~h~ng, cutting, scarfing, sewing 

Loading and unloading platforms (see Part IV, Out-
. door Facilities) 

Locker rooms 

Logging (see Part \V, Outdoor Facilities} 

Lumber yards (see Part IV, Outdoor Facilities) 

. Machina shops 

D 
D 
E 
E 

F 
G 

e 

Rough bench or machine work O 
Medium bench or machine work, ordinary auto­

matic machines, rough grinding, medium 
buffing and polishing E 

Fine bench or machine work, fine automalic ma­
chines, medium grinding, fine buffing and 
po\ishing G 

Extra-fine bench or machine work, grinding, fine 
work H 

Materials handling 
Wrapping, packing, labeling O 
Picking stock, classifying O 
Loading, inside truck bodies and freight cars ." e 

Meat packing 
S\aughtering O 
e1eaning, cutting, cooking, grinding, canning, 

packing O 

Nuclear power plants (see also Electric generating 
• .. &'•dtiO'lS) 

AUXm3rY buil~.ú:·J: U::··.·..;·:;trolled access areas e 
eontro1led 8ccess areas 

eount roo In· · E23 

Lab0r8tory E 
Health physics office F 
Medica\ aid room F 
Hot laundry O 

--~--

Area/Activity 
llluminance 

Category 

Storage room e 
. EnQiñeered safety features equipment . . . O 

Diesel generaior buildiñg · D 
FÚel handling buiiding 

. Operating floor D 
· Below operating floor e 

Off gas build.ing e 
Radwaste building D 
Reactor building 

Operating floor D 
Below opera'ting floor e 

Packing and boxing (see Materials handling) 

Paint m.:nufacturing 
Processing D 
Mix comparison F 

Paint shops 
Oipping, ¿)mple ·spraying, firing D 
Rubbing, .-:-•dinary hand painting and finishing art, 

slericil and special spraying D 
Fine hand painting and finishing E 
Extra·fine hand painling and finishing G 

Paper-box 1 manufacturing E 

Paper manufacturing 
Bealers, grinding, calendering . D 
Finishíng. cuning, · trimm.ing, papermaking ma-

chines · · E 
Hand countir.-J; wet end of paper machine E 
Paper machirie reel, paper inspection, and 

1 laboratories F 
.'Rewinder F 

P~rking areas 

P7troleum al'ld chemical plants 

Plating 

(see page 14-24) 

{see page 9-51 )21 

D 

POiishing and burnishing {see Machine shops) 

Power plants {s.ee Electric generating stations) 

Poultry industry {see also Farm-dalry) 
Brooding. production, and laying houses 

Feeéing, inspection, cleaning e 
Charts and records D 
Thermorr.elers. thermoslats, time clocks O 

Hak.heries 
Ger.eral area ar.d loading platform e 
l~sije incuba tors · O 
Dut•biog station F' 
Se.; i."''g H 

Eg; hé.':'-~íir-g. packing, and shipping 
Ge-neral cleanliness . E 
Egg c;waiity inspec\ion E 
Lo~:!ifl;¡ platiorm, egg storage area. etc. C 

Eg;) processing 
Gen¡;,ral lighting E 

Fe"~ pro.:.E-ssing plan! 1 
Ge-neral {ellcluding killing and unloading 

ae~ E 
Govemment· inspection statio'n and giading 

stat>::;".r.s ·· · ,., : E· 
Unlca:ing · and ki!ling area . e 

For footnotes, see page 2-19. For illuminanre ranges for eae:h Illuminanre C.~:.:.t-¡:,,;:·. !-H' pr..¡:t" ~-S. 
•\ . 
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lES UGHTING HANOBOOK 
1961 APPUCA.TION VOLUME ILLUMINANCE CATEGORIES (INDUSTRIAL) 2-13 

Fig. 2-2. Continued 
----.-----------------~~~~~--··~~--------------111. Continued ' 

Area/ Activ~ty 
llluminance -llluminance 
CateQory Are a/ Activity Category 

----~·-~--~----~------~~-r--------~--------------~--
Feed siorage .·,•. ~·.:;: ~·. 

Grain, fe.ed rations '· 
Processing 0 ···· 
Charts and·records 

Machine storage area (garage and machine 

e 
e 
D 

shed) B 
Printing Industries 

Type foundries 
Matrix making, dressing type E 
Font assembly-sorting O 
Casting E 

E:rinting plants 
Color inspection and ·appraisai F 
Machine composition E 
Composing room E 
Presses E 
lmposing stones 
Proofreading 

.......... F 

Electrotyping 
Molding, routing, finishing. leveling molds, 

trimming ........ . 
Blocking, linning 
Electroplating, washing, backing 

Phótoengraving 
Etching, staging, blocking 
Routing, finishing, proofing 
Tint laying, masking 

Receiving and shipping (see Materials handling) 

Railroad yards (see Part 1y, Outdoor Facilities) 

F 

E 
D 
D 

D 
·E 
E 

Rubber g?ods--me~~~-~~-:::.~1 
Rubber.tir.e nia"nufactudng· 

Safety 

. ' ~-.. 
{see page 9-56)21 

(see page 9-56f 1 

(see page 2-45) 

Sawmills 
Secondary lag deck B 
Head saw (cutting area viewed by sawyer) . E 
Head saw outfeed B 
Machine in-feeds (bull edger, resa"':s. edgers, 

trim, hula saws, planers) B 
Main mili floor (base lighting) A 
Sorting tables O 
Rough lumber grading D 

.-Finished lumber grading F · 
Dry lumber warehouse (planer) C 
Ory kitn colling shed B 
Chipper infeed B 
Basement areas 

Active A 
lnactive A 

Filing room (work ~reas) E . 

Service spaces (see also Storage rooms) 
Stairways, corridors . . . . . . . . . . . . . B 
Elevators, freight and passenger 8 · 
Toilets and wash rooms C 

Sheet metal works 
Miscellaneous machines, ordinary bench work E 
Presses, shears, stamps, spinning, medium bencti-

-~ E 

Punches 
Tin plate inspection, galvanized 
Scribing 

Shoe manufacturing-leat~er 
Cutting and slitching= . ., ... , · 
· Cutting tableS _;, ..... . 

' .. 

Marking, buttonholing, skiving, sorting, vamp~ 
ing, counting 

Stitching, dark materials 
Making and finishing, nailers. sole layers, welt 

beaters and scarfers, trimmers, welters, 
lasters, edge setters, sluggers, randers, 
wheelers, treers, cteaning, spraying, butf­
ing, polishing, embossing 

Sh0e mai1ufacturing-rubber 
Washing, coating, mili run co.mpounding 
Var'nishing, vulcanizing, catendering, upper and 

Sote cutting 
Sale 'rolling, lining, making and finishing 

processes 

Soap manufacturlng 
Kettle houses, cutting, soap chip and powder 
Stámping, wrapping and par.king, fi!Hng and pack-

ing soap powder 

StairWays (se~ ~ervlce spaces) 

Steel {see lron·and steel) 

Storage battery manufacturing 

Storage rooms or warehouses 
In active 
Active 

E 
F 
F 

G 

G 
G 

F 

D 

D 

E 

D 

D 

o 

B 

Rough, bulky items 
Small ilems 

............... e 
D 

Storage yards (see Par! IV; .Ü!,Jidoor F~éitities) 

Structural.steel fé:ibrication E 

Sugar refining 
Grading E 
Color in$peclion F 

Testing 
General O 
Exacting tests, extra-fine instruments, scates, 

etc. F 

Textile milis 
Stapte fiber preparalion 

Stock dyeing, tinting O 
Sor1ing and grading (wool and cotton) E 18 

Yarn manufacturing 
Opening and picking (chute feed) O 
Card::1g (nonwoven web formation) 0 2

•. 

-Orawing (gilling, pin drafting) . O 
Combing 0 2

• 

Ro~·ing (slubbin.g, fly framé) E 
Spinning <Cap spin"ning, tWisting, texturing) E 

Yarn preparation 
Winding, quilling, twisting E 
Warping (beáming, sizing) F18 

Warp tie~in or drawing~in ·(automatic) E 
~~~--------~--------~~--~-

f,-,,·,· .. ,,.. ·l 19 F ill · r h 111 · e, · ; ···:~e~·-.:~~e page ~- . or um1nance ran¡.:,s nr "':1<: ummanr.:e a egory. s .. , ¡:;,•:·- >··· 
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LIGHTIIJ~ SYS.TEM DESIGN CONSIDERA TIONS 
L.-;, LI'JHTING Hi.,lli.·' t · 

"!.•:-'' J..PPUCATION V(),-. 

t · Fig. ·2-2. Continued 

111. Conrinued 

Area/Aclivity 

Fabric production 

llluminance 
CaleQory 

Weaving, knitting, tutting F 
Jnspection . . G16 

Finishing 
Fabric prepara !ion (desizing, scouring, bleach~ 

ing, singeing, and mercerization) O 
Fabric dyeing (printing) O 
Fabric finishing (calendaring, sanforizing, suedw 
-· ing, chemical treatment) E16 

lnspection . G 16-.25 

Tobacco products 
' Drying, slripping 
· Grading and snrting 

Toilets and wash rooms (s;;a::. S·..."t."tice spaces) 

D 
.F 

Area/Activity 

Upholstering 

Warehouse (see. Storage rooms), 

Welding 
Orientation 
Precision manu~l arc-welding. 

Woodworking 

llluminance 
Calegory 

F 

D 
·H 

Rough sawing ~1.nd bench work D 
Sizing, planing, rO'ugh sanding, medium quality 

m achine and bench work, gluing, veneering;, 
cooperage . O 

Fine bench and machine work, fine sanding and 
'finishing' · E 

IV. Ouldoor Facilities 

Area/ Activity 

Building (construction) 
General construction 
Excavation work 

Building exteriors 
Entrances 

Active {pedestrian and/or 
conveyance) 

lnactive (normally locked, 
infrequently used) 

Vital locations or structures 
Building surrounds 

Buildings and monuments, 
floodllghted 

Bright' surroundings 
Light surfaces 
Medium Íight surfaces 
Medium dark surfaces 
Dark surfaces 

Dark surroundings 
Ughl surfaces 
Medium lighl surfaces 
Medium dark sur1aces 
Dark surfaces 

Lux 

100 
20 

50 

10 
50 
10 

150 
200 
300 
500 

50 
100 
150 
200 

Bulletin and poster boards 
Bright surroundings 

Ughl s~rtaC_es . 500 
Dark slirtaces · · · , .• ~: 1000 

Dark surroundings 
Ught surfaces 
Dark surfaces 

Central station (see Electric 
generating stations­
exterior) 

Coa! yards (protective) 

Dredging 

Electric generating stations­
exterior 

Boller areas 
Calwalks. general areas 

200 
500 

2 

20 

20 

Footcandles 

10 
2 

5 

1 
5 

15 
20 
30 
50 

5 
10 
15 
20 

50 
100 

20 
50 

0.2 

2 

2 

Area/ Act!vity 1 

. Stairs and platfo'ms 
Ground leve! areas includ­

ing precipitators, FD 
and ID fans, boltom 
ash hoppers 

Cooling towers 
Fan deck. platforms, 

stairs. valve areas 
Pump areas 

Fue! handling 
Barge unloading. car 

dumper, unloadir'tg 
hopp.;!rs. truck untoa(j.;. 
ing, pumps,. . gas 
metering 

Conveyors 
Storage tank.s 
Coa! siorage piles. ash 

dumps' 
Hydroelectric 

Powemouse roof. stairs, · 
ptatiornr and intake 
dt:cks . ~ .. · 

lntet ~d discharge water 
area 

lntake stfuctures 
Oe-ck and lcydown area 
Value· pits 
lniet Wate-r area 

Parking areas 
Main plan! ¡:G.rking 
Secor:Gary p.a..ril:ing · 

SubStat>on · · 
HorizoñtaJ ger.eral area 
VertX::al tas.\..s 

Trans!-:,or..e-r ya:Cs 
HcrizC("',\al c;e;.eral area 

Turbire.are.a.s 
Bui;;;;.g S~...rrc-unds · 
Turti~e a:-.:: r.eater Cecks. 

For footnOlt'S, Sl.'C pnge 2-19. For illurninance ranges for eat·h Hluminom<"t' Ca:<"i'·::-:•. ,...: ..... ~·~-;- ·_!-). 

Lux 

50 

50 

50 
20 

50 
20 
10 

2 

50 

2 

50 
20 

2 

20 
10 

20 
50 

<20 
50 

20 

50 

o 

Footcandles 

5 

5 

5' 
2 

5 
2 
1 

0.2 

5 

. ,0.2 

5 
2 
0.2 

2. 
.1 

2 
5 

2 
5 

2 

5 

'· 

1 
1 

1 

1 

1 

1 

r 
rt 
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1981 APPUCAT10N VOlUt.'E, _ ILLUMINANCE VALUES (OUTDOOR) 2-15 

Fig. 2-2. Continued 

IV. Continued 

Area/ Activity Le> Footcandtes Area/ Act_ivity Lu> Footcandles 

Entrances, stairs and Hump and car rider classifi-
platforms so' S'· : cation Yard 

Flags, floodlighted {see Bulle-
Re~ei-.:ing yard 

tin and pos ter boards} 
Swi!ch points 20 2 
Body of yard 10' 1 

Gardens' 9 Hump area 50 5 1 
General lighting 5 0.5 Flat switching yards 
Path. steps, away from Side of cars (vertical) 50 5 ¡¡ 

house 10 Switch points 20 2 
·; 

Backgrounds-fences. T railer-on-flatcars 
watls, trees, shrub- Horizontal surface of 
bery 20 2 flatcar 50 5 ': 

Flower beds, rock gardens 50 5 Hold-down points 
Trees, shrubbery, when (vertical) 50 5 

emphasized 50 5 Container -on-fla tcars 30 3 
Focal points. large 100 10 

Roadways (see.page 14-8) 
Focal points, small 200 20 

Gasoline station (see Service 
Sawmills (see alsn logging) ,, ~ 

Cut-off saw · ·' 100 10 ,. ' 
stations in Part ti) 1, .¡ 

Log haul 20 2 :: ~ 

Highwa'ys (see page 14-8) Log hoisf (side lifl) 20 ¿ 
¡ ' 

loading ~nd unloading Primary lag deck 100 10 
i pla!forms .200 20 Barker in-leed 300 30 

Freight car interiors '100 10 Green chain 200 to 30026 20 to 3026 

1 lumber strapping 150 to 20026 15 ~~ 2026 

logging (see also Sawinills) 

1' 

Lumber handling areas 20 2 i •' 
Yarding 30 3 Lumber loading areas 50 5. 

i -! 
Lag loading and unloading 50 5 Wood chip storagr: piles 5 0.5 

; . 
Lag stowing (water) 5 0.5 11 ~. 
Active log slorage Service station (al grade) are a ! Dark 'surl'ounding 

'• 
(land) 5 0.5 ' 

Log booming area (water)- Approá.ch 15 1.5 

foot traffic 10 Orive""tay 15 1.5 ) 
' 

i Active log handling area PUmp island area 200 20 

' (water) 20 2 Bu'ildi~g faces (exclusive 
.¡ ~ 1001 -4 101 -4 l·,: log grading-water or,land 50 5 of glass) J .,,, 

lag bins (land) . 20 2 Service areas 30 3 
·¿;,. __ Landscape highlights 20 2 

Lumber yards 10 Light surrounding ,, 
Parking areas (see 14- Approach 30 3 ' page ~: 24) Driveway 50 5 
Piers Pump island area 300 30 ' 

't 
Freight Building faces (exclUsive ' 200 20 ' 
Passenger of glass) 300 1

-4 301-4., 
,_, 

200 20 
Active shipping are a Service areas . 70 '7 

"surrounds 50 5 landscape highlights 50 5 1 

Prison Yards 50 5 Ship yards 
Ouarries 50 5 Gener31 50 5 " 

Ways 100 10 ' Railroad yards 
Retarder classification yards 

Fabrica! ion arr;..ns 300 30 

Receiving yard Smokestacks with advertising 

; 
Switch points 20 2 r:nessages (see Bulle· 

I·P::. Body. of yard ..... 10 1 tin and poster boards) 

HUmp a·rea lvertic=>l~ .. 200 20 Storage yards 
ContrOl tow'e·r ana r~·::.:_;.j·e;:. · · Active 200 20 

'·.,;/~·,:..~ ... area (vertical) 
" 

100 10 :1nactive 10 
Head end . .. 50 5 
Body 10 1 Streets (see p3qe 1 4-8) j 
Pull-out end ' 20 .2 Water tanks with ;, :J .... erti&ing 

·-¡~': . 
Dispatch o' forwarding méssages {ste Bulle- ~ yard 10 tin and pes ter boardsl 

Fllt footnotes, see r~~':' :!-!:• 
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Arca/ Ac:ivity 

Archery (ir:Jdoor) 
Targef, tournament 
Target; recreatioi:;';:··:.~: .. :·.~ :.:•:. 
Shooling tiñe, toumament 
Shooting line, rec;i::alional 

Archery {outdooi) 
Target, toumament 
Target. recreational 
$hooting line, tournament 
Shooting line, recreational 

Badminton 
Toumament 
Club 
Recreational 

Baseball 
Majar reague 

lnfield 
Outfield 

AA and AAA league 
lnfield 
Outfield 

A and B league 
lnfield 
Outfield 

C.and·o league 

50014 
30014 

200 
100 

10014 
5014 

100 
50 

300 
200 
100 

1500 
1000 

700 
500 

500 
300 

lnfield 300 
Outfield 200 

Semi-pro and municipal teague 
lnfield 200 
Outfield 150 

Recreational 
.lnfiel<;i 150 
Outfield .: ·. 100 

Juniqr league.(CI~$$ !:znti c;a:>S 
11) . . ••••.. 

lnfield 300 
Outfield 200 

On seats during game 20 
On seats befare and after game 50 

Basketball 
College and professional 
College intramural and high 

school 
Recreational (outdoor) 

Bathing beaches 
On land 
150 feet lrom shore 

Billiards (on table) 
Tournament 
Recreational 

Bowllng 
Tournament 

Approaches 
Lanes 
Pins 

Recreational 
Approaches 
Lanes 
Pins 

500 

300 
100 

500 
300 

lOÓ 
200 
sao~· 

100 
100 
300 1

• 

Fig. 2-2. Continued.· 

V. Sports and Recreational Areas .... 

,. 

Foótcandles 

so u 

301
• 

20 
10 

101• 

5" 
10 

5 

30. 
20 
10 

150 
100 

70 
50 

50 
30 

30 
20 

20 
15 

15 
10 

30 
20 

2 
5 

50 

30 
10 

3" 

50 
30 

10 
20 
so~· 

Area/ Activity 

Bowling on the green 
Tournament 
Recreational 

Boxing or wi'estling (ring) 
Championship 
Professional 
Amateur . ·".· .... 
Seats ·during b~;~j-
Seats befare and atte.fbout 

Casting-bait, dry-fly, wet-fly 
Pier or dock 
Targe! (al 24 meters r.eo feet} lar 

bait casting and 15 meters 
[50 lee!] for wet or dry-fly 
casting) 

Combination (outdoor) 
Baseball/football 

lnfield 
·outfield and football 

Industrial sottball/football 
lnfield 
Oulfield and football 

Industrial softball/6-man fool­
ball 

lnfield 
Outfield and football 

Croquet or h;Jque 
Tournament .. 
Recreational 

Curling 
Tournamenl 

Te es 
Rink 

Recreational 
Tees 
Rink 

Fencing. 
Exhibitions 
Recreational 

Football 
Oistance from nearest sideline lo 

the larthest roW of speéta­
tors 

Class 1 Over 30 meters [1 00 

100· 
50 

5000 
200~ 
1000 

20" 
50 

100 

200 
150 

200 
150 

200 
150 

100 
50 

500 
300 

200 
100 

500 
300 

~ootcantlles 

10 
5 

. 500 
·;·200 

100 
2 
5 

10 

S" 

20 
15 

20 
is 

20 
15 

10 
5 

50 
30 

20 
. 10 

50 
30 

feet] 1000 1 00 
Class 11 1.5 lo 30 meters [50 lo 

100 feet] 500 50 
Class !JI 9 to 1 5 meters (30 to 50 

feet] 300 30 
Class IV Under 9 meters (30 

feet] 200 20 
Class V No fixed seating 

facilities 100 1 O 
11 is generally conceded that the distance be­

tween !he spectators and tt"le play is. the first 
consideration in d~termining the class and Hghl­
ing requirem•:nts. However, the potenlial sealing 
capacity of th-e 51-ands should also be considerad 
and the following ratio is suggested: Class 1 for 
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Area/ Activity 

over 30,000 spectators: Ctass 11 lor 1 O.:::o:oJ lo 
30,000: Ctass 111 lar 5000 lo 10.000: a:--:' C!.?.ss 

.. IV for under 5000 spectators. 

Footba11, Canadia(l-rugby (see 
Football} 

Football, six-man 
High school or college 
Jr. high and recreational 

Golf 
Tee 
Fairway 
Green 
Oriving ,-ange . ., 

Al 180 meters [2ÓÓ Yards] 
Over tee area 

Miniatura 
Practica putting green 

Gymnasiums (refer lo individual 
sports listed) 

General exercising and 
recreation 

Handball 

200 
100 

50 
10, 301<& 
50 

so·· 
100 
100 
100 

300 

Tournamenl 500 
Club 

lndoor-four-wall or squash 300, 
Outdoor-two-court 200 

Recreational 
lndoor-four-wa11 or squash 
Outdoor-two-court 

Hockey, field 

Hockey, ice (lndoor) 
College or professional 
Amateur 
Recreational 

Hockey, ice (outdoor} 
Colfege or professional 
Amateur 
Recreational 

Horse shoes 
Tournam~nt 
RecrcatiOn~f' 

Horse shows 

Jai-alai 
Professional 
Amateur 

Lacras se 

Ptaygrounds 

OUoits 

Racing (outdoor) 
Auto 
Bicycle 

Tournament 
Competitiva 
Recreational 

Dog 

., . -... 

200 
100 

200 

1000 
500 
200 

500 
200 
100 

100 
50 

200 

1000 
700 

200 

50 

50 

200 

300 
2oo 
100 
2C'J 

ILLUM/NANCE VALUES (SPORTS) 2-17 

Fig. 2-2.• Conrinued 

V. Continued 

Footcandles Lux Footcandles Area/ Acti~ity 

Oragstrip 
Staging area 

----~------------

20 
10 

S" 
10 
10 
10 

30 

50 

30 
20 

20 
10 

20 

100 
50 
20 

50 
20 
10 

10 
5 

20 

100 
70 

20 

5 

5 

20 

30 
20 
10 
30 

Acce!eration. 400 meters 
[1320 feet] 

Deceleration. first 200 meters 
[660 feet] 

Oeceleration, second 200 
metersJ660.1ee!J .. · . ·: . . 

Shutdow'ri; · 250 meters [820 
feet] ·• 

Horse 
Motor (midgel of motorcycle) 

Racquetball (see Handball) 

Rifle 45 meters [50 yards]-out-
door) 

On targets. 
Firing point 
Range 

Rifle and pisto! range (indoor) 
On targets 
Firing point 
Range 

Rodeo 
Arena 

Professional 
Amateur 
Recreational 

Pens and chutes . 

Roque {see Croquet) 

Shuffleboard (indoor) 
Tournament 
Aecreational 

Shuffleboard (outdoor) 
Tournament 
Recrealional 

Skating 
Roller rink--" · 
Ice· rink, indoOr 
Ice rink, outdoor 
Lagoon, pond, or flooded area 

Skeet 
Targets al 18 meters [60 feet] 
Firing points 

Skeet and trap (combinatlon) 
Targets at 30 meters [1 00 feet] 

for trap, 18 meters [60 feet] 
for skeet . r 

Firing points 

Ski slope 

Soccer {~ee Football) 

Softball 
Professional and championship 

!nlield 
Outlield 

Semi-professional 
lnfield 
Outfield 

100 

200. 

150 

100 

50 
200 
200 

100014 

200 
100 

500 
300 
100 

50 

300 
200 

100 
50 

100 
100 

50 
10 

30014 

so 
10 

500 
300 

300 
200 

10 

20 

15 

10 

5 
20 
20 

so~· 

10 
5 

100u 
20 
10 

50 
30 
10 

S 

30 
20 

10 
5 

10 
10 

5 
'1 

3014 

5 

50 
30 

30 
20 ____________________ _. .. - _____________ , ____ ... ---

1! 
i! 
1 r 
1 
1 

11; 
'(! 

t 
1~ 

~ 
1 
¡, 

1 

1 

~1 
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Area/ Activity 

_lnduslrialleague 
lnfield 
ou,field 

Recreational (6-pole) 
lnfield -t-
Outfield 

Slow pitch, tournament-see in­
dustrial league 

Slow pitch, recreational (6-
pole)-see recreational (6-

pole) ~ 

Squash (see Handball) 

Swimming (lndoor} ~-~ 
Exhibitions 
Recreational Í­
Underwater-1 000 (1 OOJ larijp 

lumens per _ square meter 
[foot] of surface area 

Swimming (outdoor) 
Exhibitions 
Recreational 

Lux 

200 
150 

100 
70 

500 
300 

200 
100 

Fig. 2-2. Continu_ed 

V. Continued 

Footcand!es 

20 
15 

10 
7 

50 
30 

Area'/ Actlvity 

Tennis (indoor) 
Tourryament 
Club 
Recreational·. 

Tennis (outdoor) 
Tournament 
Club 
Recreational 

Tennis, platform 

Tennis, table 
Tournament 
Club ...... . 
,Aec'ieation.al .· . .,, . ·: . 

Trap 

• • • • 1 

Targets- .. !.11· 30 meters [1 00 feet] 
Firing .po;r;ts 

Volley ball 
Tournamenl 
Recreational 

., 
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· -lux 

1000 
750 
500 

300 
200 
100 

500 

500 
300 

'200 

300 14 

50 

200 
100 

Footcandles 

1 

\ 

100 
75 
50 

30 
20 
10 

50 

50 
30 
20 

20 
10 

'l 

Underwater-600 (60) lamp lu­
. mens per square meter 
[f00!] ,)f"surfa~~P. area 

··-.;-,-,--------,-,--::-----'-----~--,/~----------------
VI. Transportation Vehicles 

Are a/ Activity 

Aircraft 
Passenger compartmenl 

General 
Readin!iJ (al seat) 

·Airports 
Hangar apron 
Terminal building apron 

Parking area 
Loading area .. 

Rail conveyances 
Boarding or exiting 
'Fare tiox {rapid transit trciin) 
Vestibule {commuter and inter-

city trains) 
Aisles 
Adve_rtising cards (rapid transit 

and commuter trains) 
Back-lighted advertising cards 

(rapid transit .and com­
muter trains)-860 
cd/m 2 (250 fL) aver­
age maximum. 

Reading .......... _ . _ .. 
Rest room (inter-city train) 
Oining area {inter-city !r-ain) , 
Food preparation {inter-city 

~--- . tr .. 'lin) .. 
Loulige {inter-..:i::/:~.'J.:, ... ~ •. · 
· · General lighling · 

Tabie games ·._._ 
Sleeping car 

General lighting 
Normal ree;Cing. 

!-'or (,,.,,., .. . '"- :..:- i:: 

Lux 

50 
200 

10 

100 
150 

100 
100 

300 

3003 ' 

200 
500 

700 

200 
300 

Footcandtes 

5 
:20 

' ~. 

0.5 
2" 

10 
15 

10 
10 

30 

30' 
20 
50 

70 

20 
30 

10 
30' 
70' 

Area/ Activity 

Road Conveyances _. 
Step well and a_dja'Cent Qround 

area 
Fare box 
General lighling (for seat selec­

tion and movement) 
City and inter-city buSes al 

city stop 
lnter-cily bus al country 

1 
stop . . . . . . . . . ... 

School bus while moving 
School bus al stops 

Advertising cards . 
Back-lighted advertising cards 

(see Rail conveyances)-
Reading 
Einergency exit (school bus) 

. ' 

Ships J 

Living Areas 
Staterooms and Cabin_s 

Generai !ighling 
Reádirig and wriling 
Pro:c'nged seeing 
Baths (general !ighting) 
Mirrors (personal 

groomin9) 
Barber shop and beauty 

par!or · 
On subject '. 

. Da y rooms 
General lighling 
Desks · 

Oining :ooms 
rT'essrooms 

Lux 

100 
150 

100 

20 
150 
300 
300 

-100 
300 1S.J 

700 1$.3 

100 

500 

500 
1000 

200 

Footcandl8s 

10 
15 

10 

2 
15 
30 
30 

303 

5 

10 
30 18,3 

70111,3 

10 

50 

50 
100 

20 

' ! 
. [ . >: 

' 

• 
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Fi"g. 2-2. Continued 

VI. Continued 

Area/ Activity 

Enclosed promenades 
General lighting 

Entrances and passageways 
General 
Daytime embarkation 

Gymr"i<::S;iums. 
General Úghti~:CJ ~·:-:.'·-~ ·:-... ·, 

HosPital . ·· · . 
Dispensary ·(general 

lighting) 
Operating room 

General lighting 
Doctor's office 
Operating table 

Wards 
General Jighling 
Reading 
Toilets 

Libraries and lounges 
General lighting 
Reading 
Prolonged seeing 

Purser's off1ce 
Shopping areas 
Smoking rooms .. 
Stairs and foyers '. 

Recreation areas 
Ball rooms 

· Cocktail lounges 
- Swimming pools 

General 

Underwater 

lt.:x 

100 

100 
300 

300 

500 15 

3001 '1 

20000 

100 
300 
200 

200 
3001e.J 
70016.3 

200 1 '1 

200 
150 
200 

Footcandles 

10 

10 
30 

30 

10 
30 
20" 

20 
30~6.3 

701e.3 
2016 

20 
15 
20 

Outdoors-600 [60] lamp lumens/square meter 
(foot] of surface area 

lndoors-1000 (100] lamp lumens/square meter 
{foot] of surface area 

Theatre·· 
Auditoriúm"· · 

General 

··.,,.,.,. 

Ouriilg picture · · 

Navigaling- Areas 
Chart,room 

General 
On chart table 

Gyro room 
Radar room 
Radio room 
Radio room, passenger 

foyer 
Ship's offices 

General 
On desks and work 

labres 
Wheelhouse 

10015 

1 

100 
50016 '3 

200 
200 
10016 

100 

50016,3 

100 

10 
·. 501'1.3 

20 
20 
1016 

10 

1 In elude provisions lar higher levels for exhibitions. 

Area/ ActivitY 

Service Ani:1s 
Food prep.:.."'alion 

General :: ·. 
Butcher sh6p 
Galley 
Pantry 
Thaw room 

Scutleries 
Food storage (non­

refrigerated) 
Refrigerated spaces (ship's 

stores) 
Laundries 

General 
Machine and press finish~ 

ing, sorting 
Lock'ers 
Off ices 

General 
Reading 
Passenger counler . 

Storerooms 
Telephone exchange 

Operating Areas 
Access and casing 
Battery room 
Boiler rooms 
Cargo handling · (weather 

· deck) 
Control stations (excepl nav-

igaling.areas) · .. 
General 
Control 'Con soles 
Gauge afld control 

boards 
Switchboards 

Engine rooms 
Generator and switchboard 

rooms 
Fan rooms (ventilation & air 

conditioning) 
Motor rooms 
Motor gener2tor · rovms 

(cargo handling) 
Pump room 
Shaft a!Jey 
Shaft a!Jey escape 
Steer'lng gear room 
Windlass rooms 
Work~hops 

General 
On top of wo~k bench 
TaiJor shop 

Cargo holds 
Permanenl luminaires 
Passageways and lrunks 

1 Specific 1imits are provided lo minimize deterioration effects. 

20018 

20018 
30016 . 
20018 
200 16 

200 1'1 

100. 

50 

500 
50 

200 
500 18 '? 
500 1'1'3 

50 
200 

100 
100 
20018 

200 
300 
300 
300 
2001'1 

100 
200 

100 
100 
100 

30 
200 
100 

30016 

50016 

50016 

301 '1 

100 

Footcandles 

2016 
20 1 '1 

30~ 8 

20111 
201'1 
2016 

1.0 

5 

2016 

50 
5 

20 
5018,3 
501'1.3 

5 
20 

10 
10 
201'1 

S" 

10 
·20 

10 
10 
10 

3 
20 
10 

J Task subject to veiling refleCtions._ llluminance listed is not an ESI va!ue. Currently, insufficient experienc·e in the use ot 
ESI targel values precludes !he direct use·of Equivalen! Sphere lllumination in lhe present consensus approach lo recommend 
illuminance values. Equivalen! Sphere llluminalion may be used as·a tcol in determining the effectiveness Ot controUing veifing 
reflections ano as a part of the evalualion of lighting systems. · 

4 llluminance .,<dues are listed based on experience and cu.v: : .:us. Value.s. r'etate to needS d:Jrir:.:¡ v·ari_?us religious 
cerernonies. 

s Degradation factcrs: O:--.··'·. 

1 
1 
i 

1 

:l. 1 
1 
1 
1 

i 
1 
1 

! 
. i 1 
ji 

1 . ' 
1 
' 

1 

1 
1 
' ., 
1 :¡ 1 ., 1 

lt 
t¡ 

¡o 
il 
J
i. 
·'· 

:; 
1 

•1 

\. 
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·\ 
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! 
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i 
1 
1 
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Fig. 2-2. Continued 
6 Provide higher Jevel o ... er food service cr selection areas. 
7 Supp!ying itlumination as in Celi..,·ery rc-:m must be avai!able. 
8 llluminance values C.;·oeloped for variC(JS Cegrees of store area activity. 
11 Or no! Jess than 1,!. the leve! in the aCjacent areas. · 
10 Only when actuaJ equipment servlce is in process. M ay, be achieved by a general lighting system or by locatized or 

portable equipment. · · · 
11 For color matching, the speCtral quality of the color of lhe.lighl source is importan!. 
12 Veiling reflections may be prodüced on glass suriaces. 11 may be necessary to lreal plus weighting factors as minus in 

arder lo obÜ!.in proper illuminance. · · 
13 Especially subjecl lo veiling refleclior.s. 11 may be necessary lo shield th~ task orlo recrien! it. 
1" Vertical. · · 
t:s llluminance values rr.ay vary \'iidely, é~pending u pon !he e~fect desired, the decorative sch.eme, and the 'use made o{the 

room. 
" 1 Supplementary !ighting should be pro~JiGed in this space lo produce the higher levels required lar specific seeing tasks 

invo!ved. · " 
11 ·Good to high color rendering capability should be considered in these are as .. As lamps of higher luminous efficacy and 

higher color rendering capability become available and econon1icatly feasible,' the!y should be applied in atl areas of heallh 
care facilities. · · 

18 Variable (dimming or swilching). 
u' Value's·b'as~ on a 25 per ceñt reftectance, which is average for vegetation and typical outdoor surfaces. These figures 

must be adjusted to.~¡~·-···.;:-:...;: .-~n~r.tances of materials lighted for equivalen! brightnesses.' Levets give satisfactory brightness 
patterns when viewed troin dimly lighled terraces or interiors. When viewed from dárk areas they may be roduced by al lea.st 
1h; or they may be doUb:t..-d when a high key ¡g desired. · 

20 Generarrigtiling sllould IÍot be less than 16 of visual task itluminance nor less than 200 lux [20 footcandles]. 
2 ' lnduslry representatives have est8blistled a table of single illuminance values which, in their opinior,, can be used in 

preference lo employing reference 6. llluminance values for specilic operations can alsO ce determined using illuminance 
categories of similar tasks and acti~Jities found in this .table and the application of the appropriate weighllng factors in Fig. 2-
4. ·~ 

22 Specia! lighting such that (1) the luminous are a is 18rge enough to cover the surface which is being inspecled and (2) the 
tu mi nance is within lhe limits necessary lo obtain comfortable contras! conditions. This involves the use cf sources of Jarge 
area and relalively low~lumM"lanc~ in which the source luminance is !he prinqipal fac_tor rather !han !he illuminance produced 
at a given point : , ' 

:l
3 Maximum Jevels-contro!led sYstem. 

2" Additionallighting needs to be provided for níainlenance only. 
2:s Color temperature of the !ight source is importan! for color matching. 
28 Select upper le ver for high speed conveyor systems. For grading redWood lumber 3000 lux [300 footcandles] is required. . . 

egory· based on types of visual tasks to be per­
formed in the design space. Each category pre­
scribes a range of illuminances pennitting the 
designer to establish a target illuminance respon­
sive to several task and observer characteristics, 
including the importance of speed and/or accu­
racy in performing the task, and the age of the 
observer. 

Step 1. Define Visual Ta.sk. Determine the 
type of activit.y for which the leve! of lighting is 
to be selectod (q;.; ':c~c!ir,:; typed originals). Also 
establish· the plaÍ'~ of the 'vi~ual task to which 
the illuminance le_:el is to be applied. · . 

Step 2. Select Illuminance Category. Select 
the appropriate Illuminance Category from one 
of the following: 
a. Fig. 2~2. Parts II and III-when a review of 
typical tasks re\reals specifi.c ta.~k types. 
b. Fig. 2-2, Part 1-if specific task.s cannot be 
established, · generic task descriptions must be 
used. · 
c. Fig. 2-~-if an equivalen! comraor (C) ha; 
be en detern· ~,\,_<:. 

Step 3. Determine Illuminance Range. Re­
ferring to Fig. 2-2, Part 1, and using the Illumi­
nance Category selected in Step 2, determine the 
recommended range of ~.ll.rriinanC.es. 

Beca use ofthe characteristics of the functions 
in Categorieo A. through C, illuminances áre re· 
quired over t!1e en tire area of the interior space 
considered. For instance, in a lobby area, one 
visual task is walking to an elevator lobby. This 
visual task remains constant throughout time 
and space; therefore, a general leve! of illumina­
tion should be provided throughó'ut the lobby. 

Categories D through F, however, arefor tasks 
which remain relativelv fixed at o<io location for 
meaningful visual j:Jert'órmance; although tasks 
may change considerably from one location to 
another within a given space. For example, an 
accounting office. may have a secretaria! pool 
where ¡·eading felt,tip-pen hand-written notes 

· and proofreading typed originals are prominent 
tasks, while at the same timé accountants may 
be reading u.c,-.puter printouts. Each tack calls 
:·,-;r .1 p:' ··· .. ¡. · :\luminance k·:t;l f-,r ;::.:::··:factory 
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visual performance, and so each ta.sk should be 
lighted·· accord_ingly. Therefore, Categories D. 
through F-·should.hoi/.;;;•1i:•d w the appropriate 
task areas·only. · .. 

Categories G throu"gh I are for extremely dif­
ficult visual tasks, and may be difficult to illu­
mlnate. For practica! and economlcal reaso~, 
lighting systems for these ta.sks. may require a 
combination of general over-all illumination and 
task area illumination. Becau..<e of the unusual 
c'onditions associated \\ith ta.sks in Categories G 
through !, very careful analysi.s is recommended. 

Step 4. Establish flluminance Target 
Value. From the range of illuminances deter­
mlned in Step 3, a design illuminance is to be 
established based upon severa! factors. These 
factors vary depending u pon the \isual task. For 
Illuminance Categories A through C use step a, 
below, for establishing a design illuminance. Use 
step b for Categories D through l. · 

a. For Categories A Through C. To establish 
an appropriate illuminance target value, the 
designer should be familiar v.ith the design 
space and intended occupants, to the extent 
that the fol!o.,.ing information can be deter­
mined: 
(1) Occupants ages (e.g., if the design space is 
an eleV~~or .Job by in a senior citizens' housing 
complex; then cc:i',");• .. :'-.• ages of the housing 
occupants). . . 
(2) Surface reflectances (e.g., if the design 
space is a building lobby, and the floor is to be 
slate, with walls of teak, their reflectances 
must be established). 

After the above information has been estab­
lished, the designer may determine an appro-

Fig. 2-3. llluminance Categories of Fig. 2-2, Part 1, 
for Measured Equivalent Contrast Values of Task Vis­

ual Displays. 
Equivalen! Contras! Ct 

over 1.0 
. 75-1.0 
.62- .75 
.50- .62 
.40- .50 
.30- .40 
under .30 

llluminance Category• • 

o 
E 
F 
G 
H 

' Ut:e 200 lux [20 lootcandles) and omit use ol Fig. 2-4 and 
footr.cte (' ') below: 

• • lt task reflectance is between 5 and 20 per cent use next 
higrt::: :!luminance category: i.e., Oto E, E to F. etc. lf less than 5 per 
cent l.:St: two categories highér. 

. . t A., <:e~er~i!l~d using a vis1bility meter and the procedun1 outHned 
In A,;(er'"nce 8. 

Now· ~.l:hc~gh: Si:et:ili'~' ~¿·~:·-,;~~·,ii'contrasts are estab!i.s~~d sci­
en:r~JC;;IIy, a· consenS:us. r··:c·:· ~·-~"' r--;:;s DIO'<::n t.:~.; .. : .r·, ~ -::.Jtllishing 
<:Orre-:;c"~l'!t!ing ll!t.:winan-:f; (F.:.;·,; : · : ~ 
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Fig. 2-4. Weighting Factors to be Cons.idere,d in Se-. 
lecting Specific llluminance Within Ranges of Values 

for Ea.ch Cate.9ory. 

a· For llluminance Categories A throligh C 

Room and Occu- Weighting Factor. : 
pan! Characleris- ., - ·o -, ·-- .1'77-~ 

tics 
. . , '-t . .. . 

Occupants aQes ul,dér 40 40-55 Ovl!r 55. 

Room surlace Greater than 30 to 70 per less than 
rettectances • 70 per cent , cent 30 p'er cent 

· ~-;·b. For lllumrnance Categones O through 1 

Task and Worker Weighting Factor 

Characteristics 
-1 o +1 

Workers ages Under 40 40-55 Over 55 

$peed and/or Not lmportant Critica! 
accuracy• • importan! 

Reflectante ol task Greater than 30 to 70 less than 
background' ' • 70 per cent 30 per cent 

• Average we1ghled surface rellectances, mcludlng wan, ftoor and 
ceiling rellectances, if they encompass a· larga pOrtian al the lask 
area or visual surround. For instance. In an elevator lobby, w~ere the 
ceiling height is 7.6 meters (25 feet). nelther the task nor the visual 
surround encompass the ceiling, so' only the floor and wan reflec-
tances would be consid,f:red. · · · 

• • In determiri;,c;·g Whether speed and/or accuracy is not impo'r­
tant. importan! or ~· itlcal, !he following questions need lo be an­
swered: What are the time limitations? How importan! is it to perform 
the task rapidly? Wil1 errors prqduce an unsafe condition or prOduct? 
Will errors reduce productivity 'and be-costly? For example, in reading 
lor leisure !he re are no time limitations and it is not impartan! to read 
rapid!y. Errors wi11 not be costly and will not be relatad lo safety. 
Thus,.speed and/or accuracy is not Importan!. lf however, prescrlp~ 
!ion notes are to be read by a pharmacist, accuracY !s critica\ because 
errors could produce an unsafe condition and time ls importan! lor 
customer relations. 

• • • The task background iS that portlon of the: i'S.sk upon which 
the meaningful visual di: vlay is't:Xnibited. For axample, on this paga 
!he meaningful visual display ·includes each letter' whlch combines 
with other letters to form words and phrases. The display medium, or 
task background. is the paper. which has a reflectance of approxi­
mately 85 per cent. 

priate target·value from the lliumlnance Cat­
egory by using Fig. 2-4a as follows: 
(a) Review each of the two characteristics and 
determine the appropriate weighting factors 
(-1, o, +1). 
(b) Add the two. factors algebraically taking 
into account the signs . 
(e) If the total factor is -2, use the Jowest of 
the th.ree illuminances in the established range; 
if the total factor is +2, use the highest of the 
three illumlnances; otheiwise use t!Íe middle 
illuminanc¡,¡. · 
b. For Catc"-·ories D Through l. At this point 
the designer should become thoroughly famil· 
iar with the anticipated task and anticipated 

· space occupants to the extent that the follow­
ing informatíon can be established: 
(\) The precise task considered (e.g., if the 
t:-. ''·· L..: -.l!ng ccm;pu~er _print~uts, obtain a. 
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5ample to 'detemline the reflectance of the 
computer paper alone-this is the task back-
ground reflectance). • 
(2) Occupant ages (e.g., if the task is.Writing 
payroll checks, and only the senior account­
ants perform thi.s t~k. then e.stablish the ap· 
proximate ages of the senior accountants). 
(3)· Importance of speed (e.g., if the occupants 
are under abnorrnal time' constraints, as in a 

•. ne,\vscopy proofreading room, 'then speed 
might b~ cg,!·.~i·:~~r.~? critical). 
(4) Importam·e Ói accuracy (e.g., if accuracy 
could be a üie-death matter as in prescription 
reading/filling, then accuracy is considered 
critical)'. · 

-After the above informar ion has been estab­
lished, the designer may determine an appro­
priate target value from the Dluminance Cat­
egory by using Fig. 2--4b as follows: 
(a) Review each of the three characteristics 
and determine the appropriate weighting fac­
tors (-1, O, +1). 
(b) Add the three factors algebraically, taking 
into account the signs. 
(e) If the total weighting factor is -2 or -3, 
use the lo\vest of the three illuminances in the 
establishecl range; if the total factor is +2 or 
+3, use the highest of the three illuminances; 
otherwise use the midclle illuminance. 
(d) When designing spaces \\ith tasks in Cat­
egories O through !, it is recommended that 
200 lux (20 footcandles] be regarded as the 
mínimum acceptable horizontal illuminance 
for the general, non-task area. 
Proper determination of the weighting factors 

requires information and judgment on the part 
of the user..·C,_:c:~ced values are poorsubstitutes 
for infofmaÚon and ~an result in over or under 
design. Whenever póssible, design information 
should be üsed in determining values of the 
weighting factors for each characteristic of the 
lighting task. 

Simplification of Steps 3 and 4. Fig. 2-5 is 
provided as a means of combining the tables 
referred to in Steps 3 and 4 as a short cut method 
once Steps 3 and 4 are understood. In Fig. 2-5, 
the · Dluminance Category from Step 2 and 
Weighting Factor information (age, speed and 
accuracy, and reflectance) are used to directly 
select the illuminances in lux (if footcandles are 
desired, divide by 10). For a rough estimate of 
reflectances a gray scale marked with per cent 
reflectances may prove helpful. Where surfaces 
are in color, the l\!un;ell ,·alue scales for judging 
rt:lh-ctanc~ .... :ill ;--:,¿. :>Jtmd ro be helpful. Sec: Sec­
Lion .-)uf th· .. ; : · ;·_·.:~-erence Volu:·::c:·. 

,., __ ·,.;·. 

Example of llluminan·ce Selection. A class­
room in a high .school is to. be relighted. The 
designer in consultation with the teacher and 
school administrators has determined the follow- . 
ing: ...... _ 
l. The-::~sk~is re_ading mimeograph material with 
a reflect.~.nce of about 80 per cent. 
2. The students are teenagers. 

. 3. The students practice typing to ilnprove speed 
and ·accuracy, thus speed and. accu'racy are con­
sidered to be importan t. but not criÜcal. · 

Using the above step-by-step procedure: 

Step l. The visual task is clefined above. 

Step 2. Referring to Fig., 2~2' an'· IÚuminance 
Category o'f O is found under: Reading, Mimeo­
graph, on page 2-8. 

Step 3. Referring to Part I of Fig. 2-2, the illu­
minance range is found to be 200-300-500 lux [20-
30-50 footcandles]. 
Step 4. Referring to Fig. 2-4b ancl the above 
information; the weighting factors selected are: 
-1 for workers' ages; O for speed and/or accuracy; 
and -1 for reflectance of task background. The 
algebráic sum is -1 +0 -1 = -2. Therefore, the 
illuminance .to be selected is the lowest value, 
i.e., 200 lux (20 footcandles]. 

If the task were reading #3-pencil hand writing 
on 80 per cent reflectance paper and the students 
were older (an adult education course), the Illu­
minance Category would change to E, the illu­
minarice range would become 500-750-1000 lux 
[50-75-:.GO footcandles], and the weighting factor. 
for age would be O. The new algebraic sum of the 
weighting factors is O + O -1 = -'-1. Therefo.re, 
the illuminance to·be selected is the mid val u e in 
the new rarige,ci.e., 750 lux (75 footcandles]. 

By referring to Fig. 2-5 after step ·2, the illu­
minance can,be selected without referring to Part 
I of Fig. 2-_2 or t~Fig. 2-4._ 

ApplicaJion of lllumin~nce Values Se­
lected. The use of selected illuminance values 
may be influencéd by work areas involving many 
visual tasks. The designer, usually through 
clientjoccuparit/designer interaction, must eR­
tablish the task of prime importance, with the 
subsequent heirarchy of remaining tasks. Simi­
larly, the time duration of each task, worker ages, 
expected task- performance, and task character­
istics must be determined. If all or many of the 
tasks require similar lighting quálities, then the 
designer might design the _lighting system to 
meet one task, and will therefore meeUhe ma­
jority of the other tasks' requirements. If how­
ever, the tasks vary consider~bly in lighting re­
quirements, th_en tbC: ·dt·.-·dgnu :~hr)ldd considL·r 
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Fig. 2-5. llluminance Values, Maintained. in Lux, for a Combination of llluminance Categories and User, Room 
and Task Characteristics (For llluminance in Footc~.ndles, Divide by 1 0). 

a. General Lighting Throughout RoOm 

Weighting Facto.-s !Iluminan ce Categories 

A~era;~ ot Occupants Avera;= P:<:m Surface 
A B e 

~'i~S Ae~~:a-ce (¡:-er cent) 

Under 40 1 o .. e-r 10 20 50 100 

30-70 20 50 100 

ur .. :er 30 20 50 100 

40-55 Over 70 20 50 100 

30-70 30 75 150 

Under 30 50 100 200 

Over SS Over 70 30 i"S 150 

30-70 50 100 200 

Under 30 50 100 200 

b lllummance on Task 

·• '•Wei:;hting F<1~tors llluminance Categories .. ·---~· .. -~;:7- • 

Average of Work:; Demand for Task Background 
Speed an':./or Aeflectance (per D E F G·· H .. l'' ers· Ages Accuracy• cenl) 

Under 40 NI Over70 200 500 1000 . ,·.2000 . •· 5000 10000 

30-70 200 500 1000 2000 5000 10000 

Under 30 300 750 1500 3000 7500 15000 

' ' 
1 Over 70 200 500 1000 2000 5000 10000 

30-70 300 750 . 1500 3000 7500 15000 

1 Under 30 300 750 1500 3000 7500 15000 

e Over 70 . 300 750 1500 3000 7500 15000 

30-70 300 750 1500 3000 7500 15000 

i under30 300 750 1500 3000 7500 15000 

40-55.': NI Over 70 200 500 1000 2000 5000 10000 

30-70 300 750 1500 3000 7500. .15000 

Under 30 300 750 1500 3000 7500 .. 1SOOO 

1 Over 70 300 750 1500 3000 7500 15000 

30-70 300 750 1500 3000 . 7500 15000 

Under30 300 750 1500 .3000 7500 15000 
-· >--3ooo e Over 70 300 750 1500 7500 15000 -30-70 300 750 1500 3000 7500 15000 

Under30 500 1000 2000 5000 10000 . 20000 

Over 55- ' 1 NI Over 70 300 750 1500 3000 7500 15000 
:·.;, .. , '. ... 30-70 300 750 1500 3000 7500 15000 

Undcr 30 300 750 1500 3000 7500 15000 

1 Over 70 '300 750 1500 3000 7500 .15000 

30-70 300 750 . 1500 . 3poo . 7500 15000 

Und~r 30 500 1000 2000 5000 10000 20000 

e Over 70 300 750 1500 3000 7500 15000 

30-70 500 1000 2000 5000 10000 20000 

Under 30 500 1000 2000 5000 10000 20000 

. NI = no: 1mr.0rtar.t. 1 - ;mr.--:·:.:nt. and C = cnt1cal 
'· Ob\aine-~ ':::.- ;::-, ..:..:.r~L-:;;r·.-.· .. :.-- -:.i ::;eneral and supplementary lighting. 
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multiple leve! systems, variable controrsystems 
or a combination of systenl.S m· arder to accom~ 
moda te a num!Jer of tasks of \·arying \isual re­
quirements-in an e·t\~.i~·:;: Bc.;_momic manner. 

The target values .obtained .. from this proce­
dure are convtntioñ8J illuminance values in lux 
or footcandles and are values to be maintained 
in sen ice. For many ,;su al disp!ays this is a 
rea3onable indicator of display 'isibility. Sorne 
di3plays, however, can exhibit ,·ei!ing reflections 
and serious contras! loss as indicated by a super­
script 3 in Fig. 2-2. In these cases, the illuminance 
alone is not a reliable indicator of visibility; the 
contrast of the display must a1so be taken into 
account. Equivalent sphere illumination (ES!) is 
a measure of \isibility that takes both illumi­
nance and contrast into account. 

Currently, insufficient experience with the use 
of ES! target values precludes the direct use of 
ES! values .as part of the consensus approach 
recommendation process. Thus, the recommen­
dations are in conventional units of illuminance. 
However, ES! may be used as a too! in determin­
ing the effectiveness of controlling veiling reflec­
tion and as part of the evaluation of lighting 
sysrems .. 

The target values of illuminance for Illumi­
nance Categories Ato C are acerage maintained 
illuminan"'cc~. and the lumen method, using 
zonal-cavity ·calculu.tu~ :~..:o:-fficients of utilization 
for luminaires, or for daylighting, predicts such 
average il,luminance Ya.Iues. The target values of 
illÚminance obtained for visual displays in the 
last six categories (D through !) are localized 
values, that is, maintained illuminance on the 
task and point calculation methods are appro­
priate. In either case. the procedure for determin­
ing light loss factors.should be used in calculating 
maíntained average or poinf illurninances. See 
page 9-1 of the 1981 Reference Volume. 

Luminance Ratios 

Luminances in the visual field which surrounds 
an object or a task can have different effects on 
visual ability depenuing upon the areas in volved, 
their location with respect to the line of sight, 
and their actual luminances as compared with 
that of the task. These luminances may produce 
a decr~ment in visual ability, visual corrfort, or 
both. For this reason, the luminances of the 
various surfaces in the visual field should be 
corHrolled and limited. 

\\'h:6 'thel'2 is· a b.r~~ differE':nce·in lumínances 
;·,. ··.-.t:·en a~·ea:s:¡;; h"¡:~'i: ;~;?::;í'J.nce ratio), for ex-

arnple a large difference between the Iuminance 
of a task and that of a bright window dutiÍ1g the 
da y or a· dark "indow at night, th~re may be 
!osses in the ability to see the task display if one 
!ooks away from the task to the window and then 
back at the task. This is due to transient,adap­
tation and the ch¡¡nge~: in sensitivi\y of the 'eye'. 
(see Section.3 of the 1981 Reference.Yolume). If 
the ratio is high, there also may be a reaction of 
discomfort. 

As a guide for design purposes, luminan.ce ratio 
ümits ha ve been recommended for various appli­
cations, such as offices, educational facilities, in-· 
stitutiÜns, industrial areas and residences (see 
Sections 5 through 10). For additional guidance, 
recommended limits of reflectances (both upper 
and lower), of large area sulfaces, are given for· 
the same applications. The use of these reflec­
tance limits, along with a selection of appropriate 
colors, should help · to control luminances and 
'keep withb the ratio limits \vithout creating a 
bland and uninteresting environment. 

Visual Comfort 
- . . . \ 

Visual discomfort may occur when excessively 
high luminances are within the visual field. High 
luminances alsq can distract and even reduce 
visibility (see above). 

When luminances and their relationships in 
the field of view cause visual discomfort ·but do 
not necessarily inte.rfcre with seeing; the· sensa­
tion experienced by an · observer is termed dis­
comfort glare. It usually is produced by direct 
glare from light sources or luminaires which are 
too bright, inadequately shielded, or of too great 
an area. Discomfort glare also can be caused by 
annoying reflection of bright areas in specular 
surfaces (known as reflected glare). The latter 
should not be confused with veiling reflections 
which impair visual performance rather than 
cause discomfort. · · · 

Both maximum and average luminances of a 
potential glare source are significant factors iri 
evoking a ·~!are sensatiori, but average lumi­

i'nances are 'recognized as bein-g the more perti­
nent. A rating sy~tem based on the degree of 
freedom from discomfort glare in a Iighting in­
stallation caJ:,od Visual Comfort Probability 
(VCP), uses a•;,orage luminances. This system 
evaluates lighting systems in terms of rlirect 
glare. · It is an estimator of the fraction vf the 
otiserver population which will accept the light­
ing system and its enVironment as hBing com­
fortable. u.5ing the perception r1f :;hre due to 
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direCt light from luminaires to rhe observer as a 
·criterion. 

This evaluation of conúor. is based on the 
follo\\;ng factors which influence subjective judg­
ri.lents of visual comfort: room size and Shape; 
room surface reflectances; illuminance·Ievels; lu· 
m.inaire type, size, ·luminance, maximurn lumi-

.. nance and light distribution; number ¡rnd loca­
tion of luminaires; luminance of the et\tire field 
of ,;e,~; observer location and line of sight; and 
differences in indi~dual glare sensiti~ty. 

Extensive investigations and analyses (See 
page 3-12 in. the 1981 Reference Volume) ha ve 
resulted in a-compn.~i.-:c:.ns: \·.e:::tandard discornfort 
glare evaluation procedure which takes these 
factors into accounL The final product of the 
evaluation procedure is a \"isual Comfort Prob­
ability (VCP) rating of the lighting system ex­
pressed as a per cent of people ~ewing along a 
specified line of sight who "ill be expected to 
find it acceptable. 

VCP can be calculated for specific lighting 
systems and given observer lines of sight (see 

'page 9-71 in the 1981 Reference Volume). How- / 
ever, in arder to systematize the calculations, to 
aid in the development of VCP tables, and to 
perrnit comparison of lurninaires, standard con­
ditions ha ve been adopted:9 

l. An initiallevel of 1000 lux [100 f<iotcandles]. 
2. Room surfaces of 80 per cent for the effective 
ceiling cavity reflectance, 50 per cent for the wall 
reflectance and 20 per cent for the effective floor 
ca,;ty reflectance. 
3. Mounting heights above the floor of 2.6, 3, 4 
and 4.9 meters (8.5, 10, 13 and 16 feet). 
4. A range of room dimensions to include square, 
long-narrow, and short-wide roorns. 
5. A standard layout invol~ng luminaires uni­
formly distributed. throughout the space. 
6. An observation-p'{;·;:,<- ;. ~-:meters (four feet) in 
front of the·center oF.the rear .wall and 1.2 meters 
(four feet) above thé fioor. . 
7. A horizontalline of sight directly forward. 
8. A llmit to the field of ~ew corresponding toan 
angle of 53 degrees above and directly forward 
from the observer. 

By consensus, direct glare will not be a prob­
lem in lighting installations if all three of the 
following coriditions are satisfied.9 

l. The VCP is 70 or more; 
2. The ratio of maximum•-to-average luminaire 
luminance does not exceed five to one at 45,· 55, 
6.5, i5 and 85 degrees from nadir crosswise and 
lengthwise; and .. 
3. rvraximum luminaire luminances crosswise and 

· Brightest 6 .. S4 square Cl:!ntimet.,r; r•.Jnt' -.¡u:lr" ind1) arca. 

VIS!JAL COMFORT 2-25. 

!engthwise do not exceed the'following values: 

Ang-lc Abo\·c 
Nadir 

(di:!Jirf.>es) 
45 
55 ' 
65 
75 
85 

" !\olaximum Luminance 
(candelas per · . 
squUre· meter) · (footlamberts) 

. 7710· :. , .. __ , 2250 
5500 .1605 
3860 . 1125 
2570 750 

.~· 1695' 495 

The principa; research used to establish the 
VCP system involved luminances of a magnitude 
compatible with fluor~scent lamps. Furthfrí-, the 
most extensive field validification utilized light­
ing systems typical of fluorescent luminaires. Al­
though the mathematics can be applied to ·vir­
tually any situation, extrapolation to signifi­
cantly different ~su al fields has not ·béen validi-
fied. · · 

The VCP system is based on empirical rela­
tions derived from a variety of experiments. lt 
has been concluded that differences of 5 percent­
age points or less are meaningless, i.e., if two 
lighting systems do not differ by more than 5 in 
VCP, the VCP system pro~des no basis for judg­
ing a differerice in ~sual comfort. Here, it is · 
assumed that this entire difference is due to the 
light.ing systems. Artifacts. introduced by using 
different computational procedures for two light­
ing systems can further spread the VCP values 
for two systems that are not dentonstrably dif­
ferent.10 

An alternate simplified method of providing 
an acceptable degree.of comfort has been derived 
from the formulas for discomfort glare. This sim­
plified method is based on the premise that lu- · 
minaire design'Crs do not design different units 
for rooms of different sizes, but c<insidP.r the 
probable range of room sizes and design for the 
"commonly found more difficult" potential glare 
situation. (In rooms less than 6 meters (20 feet) 
in length and width, the luminaires ·are largely 
out of the field of view.) This simplified ro•thod · 
is only applicable to flat ':>ottom luminaires. Se e 
page 9·73 in the 1~81 Reference Voh;me. 11 

Reducing Discomfort Glare. Discomfort 
glare can be reduced by: 
l. Decrea,ing the luminance of lighting equip­
ment or other sources of objectionable glare, 
such aS windows and overhead skylights, relative 
to the over-all!uminance. . 
2. Diminishing the area of uncomfortable lumi­
nances (with leve! of constant luminance). 
3. Increasing the angle between the source and 
line of.sight. 
4. Increasing the general luminance in the room 
(~i:+: r.\"":\: recommended lumino.nce ratios). 

j 
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Reflected Glare 

Glare resultil1g from specular reflections of 
high luminance in polished or glossy surfaces is 
known as reflected glare and, as mentioned 
above, it may cause discomfort. If the reflections 
are of high luminance and of significant area, 
they also máy produce disability glare if near the 
line of sight and may prove distracting to work­
ers.12 Bright reflections of small size often do not 
cause reflected g!are but provide enhancing re­
flections, desired sparkle, such as in jewelry, 
glassware or tableware on display. When specu­
lar reflections of high or low luminance veil the 
visual task, this effect is known as veiling reflec­
tions. (See below.) 

There is little in the way of research to quan­
tify the visual irnpact of reflections in specular 
surfaces: Generally, the conditions which cause 
reflected glare are sufficiently obvious as to in­
dicate the lighting solution. In general, large area 
low luminance sources are preferred . where the 
task has even' a sma!~ ~-"''!"~e 0f specularity. Ad­
ditional consideraticns in· this regard are dis­
cussed in the various applica:tion sections. For 
example; finishes · on office furniture ánd equip­
ment should be matte. 

Disability Glare 

Disability glare is caused by stray light within 
the eyes, producing a veiling luminance upon the 
retina! irnage of an object to be seen, resulting in 
red uced object visibility (see page 3-12 in the 
1981 Reference Volume). In most interior light­
ing situations, disability glare does not present a 
severe problem if discomfort glare and ref!ected 
glare are minimized and luminance ratios are 
controlled as discussed above. However, in the 
case of roadway lighting; vehicle headlights, and 
certain types of industriallighting, the effects of 
stray light may hav,e to be taken into consídera­
tion. 

;'. ' 

Veiling. Refl.ections 

For years .lighting desi¡;(;érs ~nd those engaged 
in vision research havl! ~-ecognized that substan­
cial losses in con'trast, hence, in visibility and 
visual performance, can result when light soui-Ces 
are reflected in specular or semi-specular visual 
tasks.'."· 14 This has been known as the general 
subject of reflected glare. The effects vary from 
the ieflection of an incandescent filament in a 

poUshed metal surfcce at·tine·e~treme;, ilJ wlu~h 
cáse the result is arinoying, distracting' and disa­
bling, from the visual standpoint, to the other 
extreme where there is a reflection of a large 
luminous area in ,the surface of a magazine· 
printed on dull or matt'e _paper. With the latter, 
the effect may be undetectable by the naked eye 
and may be almost unmeasurable by instru, 
ments. The term "reflected glare" is reserved 
toda y for effects toward the first extreme and the 
term "veiling reflection" for effects near the sec- . 

. ond. Perhaps the greatest and certainly the most . 
insidious problem is the reflecdon of luminaires 
or skylights in semi-specular and semi-matte sur­
faces such as a printed page ~d pencil writing 
on paper. 

There are a great many.factórs that contribute 
to veiling reflectiollil and each of them individ- .. ·. 
ually has long bcen known. The problem isto·· 
integra te the effects of these interrelated factors. 
Much has been learned, particularly the contri­
butions ;made by Illuminating Engineering Re­
search Institute (IER!) research. 

Factors Cau~ing Contrast Loss~ In. the 
study of cbntrast losses due to veiling reflections, 
the visual task (print.ing .o• l[andwriting on ¡¡apei 
are usually conside''"r! as the visual' tilsk in the 
following discussions), the workers' Oríentation 
and viewing angle, and the lightmg system all 
must be analyzed. · 

The Visual Task. The specularity of paper 
covers a wide range of degrees and modes of 
appearance. Most papers consist of rough ·fibers 
that have been matted together. Generally the 
fibers are somewhat shiny in themselves, but 
beca use of their random orientation they reflect 
light more or less equally in all directions. The 
harder the paper is pressed the more specular it 
becomes. Sorne papers are filled with clay o~ 
other coating so that the surface is very smooth. 
Sorne papers are actually glazed. The.luminance 
of the paper rlepends both,on the amount of light 
being diffusely ;·oflected from it and whatever 
bright surface may ,be reflected in it. This reflec­
tion may be discernible as in the case of coated 
papers or glossy photographs, but frequently it is 
so indistinct as to go undetected even thotigh 
serious losses in visibility occur. 

The specularity of the graphic medium-pen­
cil, pen, ink, carbon, etc.-again covet:s a ·yery 
wide range. The degree of specularity.'depend's 
on how the medium Fo.'depS&ited. For'example, a 
very soft pencil briisÍ!ed lightly across rough 
paper would leave a very diffuse mark. On the 
other hand, a hard pencil applied · wiih pressure 
on a smootf. surface can be very shiny. The 
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Fig. 2-6. An exampte of black printing on glossy papar. In 
the photograph above, a spotlight is located behind the 
camera in a position to cause minimum veiling reflections. 
The upper right photograph shows the same task lighted by 
a troffer that is positioned above and in front of the task in 
the offending zone. Nóte the subtle character ot the sp8cular 
reflections so that the toSs of contrast is not immediately 
obvíous: Note also that the specutar reflectioñs occur in 
different positions on different tetters. The photograph al the 

. right shows the same paper with a spotlight in the offending 
zone which creates !he maximum veiling reflection effect. 
This condition might be called reflectad glare. The image on 
the page is apparent as are the hightights in the letter stroke. 
Note.how·highlights tend to occur along the edges of the 
letter-indiCatirih ~tlat '~A. type has.embossed the paper. .... - ~· --~ ''•·"·· ,. 

luminance · of· tJ>e :m.Ik. again depends on the 
amount of light being diffusely reflected from it 
and the retlection in it of luminous areas. There­
fore, when considering task contrast, both diffuse 
and specular retlectá.nce of both paper and 
graphic medium should be considered as well as 
the retlection of light sources in relation to the 
illuminance leve!. Figs. 2:6 and 2-7 illustrate a 
range of conditions of veiling retlections. 

If the paper and the graphic medium could be 
considered as being perfect planes, the problem 
would be simpler than is the actual case. The 
pressure applied by the pencil, pen, typewriter 
key or printing type actually embosses the paper. 
The groove thus created causes the reflection of 
the light source to occur from positions on the 
ceiling other than the normal angle of reflection 
from the plane of the paper. Thus the part of the 
ceiling that is causing the problem may not be 
immediately. obvious. 

Consideration should be given to whether the 
tru.k is lying in a horizontal plane or is slanted as 
is the case of a letter being hand-held, a book on 
a slanto-d "~hool desk top, or a pencil drawing on 
a vertical''draíti;:~·~c-c.d Chalkboards in class­
rooms; merchar~.~e in stores, and signs are tasks 
of prime importance that lie in a vertical plane. 

., 

• 

The relative importance ofvarious tas~ and the 
. planes in which they occúr álso should b.e conSid­

ered. For eXamiJ!e.:ofSce lighting'should' really 
be designed not just in terms or'á 'task lY:ing flat 
on a desk but also for oríe hand-held at about 45 
degrees. · 

The .. Worker. The orientation of the worker 
with respect to the tasi< greatly intluences the 
magnitude of the effect of veiling reflections. 
First, for one eye position :and one point of re­
gard, a simplified relationship, between the eye, 
the task, the perpendicular to the task, and an 
"offending zone" lean be established. See Fig. 2-
8. lf the task were 'perfectly speéular and flat, the 
offending zone · would· merely·, be,¡¡. point: How­
ever, sihce. the· types of tasks involved here are 
more or less di.ffui;ing, the theoretical offending 

. point becomes eltlargéd to. an offending zone. 
. Now if tht•·eyéis i.ri such a pÜSition.that the rays 
of light•frcm the offehding zone· are'·reflected 
toward it, veiling ieflections will OCCUr. The angle 

. of reflection. is coñSidered as the' 0e~!Íg angle. 
·· A.s thé' viewif{g .. angie ·mere ases; effed:S · of .the 
specular characteristics of the paper and the ink 
or pencil increase. 

lt has been found that people work throughout 
'~ .. ; . ·,-
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a range of viewing angles15
• 

16 with a peak at 
about 25 degrees as indicated by the approximate 
frequency distribution curves for office workers 
and for schoo! children shown in Fig. 2-9a. Fig. 
2-9b shows that 85 per cent of seeing occurs 
within O to 40-degree viewing 'angles, with higher 
anglas used for only occasional glances. This is 
due to foreshortening of the task and to the 
increased viewing distance (see Fig. 2-9c) and to 
the resulting increase of task difficulty as shown 
in Fig. 2~0d: On.'.tEi.·. :·_;;:;;;?).seems reasonable to 
use' O· to .. ·40 :Oegr:e.es -~~l.hif_practical range of 
viewing angles.for úesign purposes. · · 

Next the location and orientation.ofthe worker 
and the task in the room must b~ · evaluated. A 
worker with his back to a wall and facing out 
toward the center of the room has the maximiun 
ceiling area as a potential offending zone. Fur­
thermore, he has relatively little light coming 
from behind him which would cause little or no 
veiling reflections. A worker facing. the wall 
would have minimum veiling reflections (not an 
appealing posiiion psychologically). A person in 
the center of the room has light falling on the 
task from all directions. The ceiling may or may 
not constitute the offending zone, depending on 
the viewing angle. 

/¡ 
,., . : 

Flg. 2-7. The upper-.. ;&ft'-phdt'ograph shows· penCi1 steóo­
graphic notes lighted by' a spotlight located behind the cam­
era. lt can be seen that in· this case the pencil stroke is . 
retatively light because even in the darker parts Of the stroke, 
areas of white paper ·show through. The photograph directly 
above show3 the same task with the spotllght in the offending 
zone (above and in front .of_ th6 task). As is frequently the . 
case with . this type of task, negativa contrast or · contrast 
reversa! occurs where the pencil stroke can actually become 
brighter than the paper. In the 'photograph at the left the 
same task is lighted with an indirec.t liQhting sys~em. 

, . C) : .,- .. 

Flg. 2-8. Generalizad description of.angular_relatlonships 
in analyzlng veiling reflectlons. 
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V1EWING'ANCil! (FROM. VERTICAL) IN OECill!ES 

rU" Of SfEINCi OCCURS 
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VIEWING ANGLE {fftOirll VERTICAl.). IN OECREES 

• 

VEILING REFLECTIONS 

'Pencil ha'ndwriting as viewed al 25 degr•.•• from lfle vertical­
typical vlewing angle for rnosl people. 

Same tosk 01 above viewed al ¿Q degrees. Task difflculty is 
about 8 times thot at 25 degrees. ·· 

So':"~ task as abave viewed ~1 6.0 degrees. Tosk·d¡·ffitvtty is 

more tkon 100 times that al 2.5 degreet. 

Fig, 2-9. Task viewing anglas. a. People use a range of viewing angles in their work but the peak is about 25 degrees. b. 
Eighty-five per cent of seaing occurs within a ranga of O to 40 degrees, wlth seeing at larga anglas limitad lo occaslonal 
glances duelo forashortening and increased viewing distance. c. Photographs of an actual pencil handwriting sampla as Seen 
at viewing anglas of 25, 40, and 60 degrees. d. Curve showing the relativa 'difficulty of the p6ncil handwriting shown in e as 
measured with the Visual Task Eva/uator. 

The Lighting System. The worst condition is 
represented by a highly concentrated, very bright 
source with maximum candlepower directed to­
ward the task. It is also likely to be uncomforta­
ble as one lookS around the rooín, and it may 
create shadows that interfere with writing, etc. 
Paradoxically, it is also the condition under 
which thé w9rker Ca!'_}'ln~t. e~.sily escape veiling 
reflections by tilting tl:ie' task so that the reflected 
rays do not reach his e:)e. When the task is truly 
a flat surface this is an effective solution. Because 
of embossing and curvature of many ts.skS such 

• 

·:.· 

as bookS aiid magazines, reflections are not so 
easily:eliminated:' · · · · · ... · 

Another cond ':.iori would be a luminous dome 
placed over the ·,:,.orlier and the taSk. Here the 
effect of veiling reflections would be reduced; but 
could not be escaped since there would ah(!lys 
be a luminous area· in the offending zone. Fur­
thermore, through ·a··rather Wide 'rarige of illu­
minances the lighting'áystern wouldgenerally be 
considered comfortable .. ·. . . . . './ 

Between these . two conditions líes• ,the:·:fuU 
range--.. or' lumi~aires.·::.r~.Y.illioi.ls sizes_sp~~ed so· ·aS 
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to occupy various proportions of the ceiling and , 
employing materials that produce varying can­
dlepower distribution. 

Lighting materials with reference to horizontal · 
tasks rñay be compared ás follows: 

Ditfusi'ng. At small viewing angles (looking 
nearly straight down. at the task) this material 
has the mm_imum luminance exposed to be re­
flected m .th? tí\sk );{úlOJ.~~;viewing ~gles it. 
tends to have the h1gliest kmmance. This helps 
reduce veiling reflecúons· but timds to reduce 
visual comfort per unit area. 

Prismatic. A wide range of materials comes 
under this category, but generally they tend to 
expose gniater flux toward the work for small 
viewing angles. Many of them have good light 
control at large viewing angles. Prismatic mate­
rials have been designed to produce special flux 
distributions referred to below. 

Louvers. These materials expose the maxi­
mum luminance to the work at srnall viewing 
angles. They generally have lower lurnihance at 
large viewing angles. Translucent louvers have 
the least control; opaque louvers next; and spec­
ular parabolic wedge louvers ha ve the maximum. 

Polarizing. Available materials of the flake or 
!ayer type ha ve a degreeof diffusion that exposes 
less lurninance to the work than prismatic or 
louver materials. They have less luminance at 

' large angles than diffusing, about the same as · 
prisrnátic, and more than opaque louvers. 

Polarization can reduce veiling reflections. The 
effect is greátest at large viewing angles and least 
at small vieW:ing angles. For any single ray ·of 
light, polar!z8.ti0n iP,;;::.·.i:r}.~.n~_-p-~rpendicular to the 
task always.terids to :réduce veiling reflections. 

These ha ve been ·· terrried "iádial" polarizers 
beca use in azimuth they produce the same degree 
of polarization in aJl directions. "Linear" and 
"dichroic" polarizers can also be useful-partic­
ularly for specialized application. 

Special. New optical designs of luminaires and 
materials ha ve been produced with candlepower 
distributions that reduce the flux coming from 
the offending zone arid minimize the luminance 
directed to the eye of the worker. While there 
are distinct variations in effective illumination 
and visual comfort for various orientations and 
positions of the worker, very significant improve­
ments are provided in controlling veiling reflec­
tions. 

Guides for Reducing 'Veiling Reflections. "' .... 
The Task. Where possible the written or 

printed task should be on matte paper using non­
glossy inks. The use of glossy paper· stock and 
hard pencils should be minimized. 

. ,., __ , -·~ 

The Worlkr. The orientation and t!Íe position 
of the worker is very. importan t. The desirable 
position only can be determined by actually de­
terminihg CRF-):alúes (see page 9-63_ in the 1981 
Reference Volul!ie). lt is also true that various 
orientations wili produce varying degrees of Vis-
ual comfort. . · , '•;~ · 

The Lighting System In smaller spa~es such 
as offices where 'desk positions can· be deter-· 

' mined, substantial gaiÍls can be made . by not 
posiÚonirig liglltmg. equi¡iment m t:J:le gerieral 
are a abo ve and forward ofthe desk: Positioiis· on 
either side and beHit>d ''ú1e'worker are ·preferred. 
Where desk. positions are random, as in Jarge · 
general offices, it is desirable to have as much 
light as possible reach the task from sources 
outside the offending zone. Taken to the extreme 
this will suggest the utilization of over-all ceiling 
treatments. 

Any decision on a lighting installation should 
be made on an over-all basis rather than on any 
one factor. Thús in addition to considering the 
illuminarice · and the effect of veiling reflections 
produced by a lighting system and the material, 
the efficiency of the system and the visual com-

. fort in the ·space should be consideretl as prime 
factors. 

Methods of Evaluatiori~ Those tasks which. 
are -subject tO''veiling reflections are subject to 
the',;,;sibility cri~eria known as equivalent sphere 
illumination (ESI). ESI is best used as a tqol in 
determining the effectiveness of controllinfveil­
ing reflections and as part of the evaluation of 
lighting systems. The concept of ESI can best be 
understood by reviewing sorne. basic:principles 
behind ESL .. 

The concept begins .by the establish¡neri~::of a 
reference lighting>:condiúon. Sphere Jighting 
(perfectly diffuse Ilghtil)g) is used as the refer­
ence, since spheres are relatively easy to con~ 
struct and have repeatable illumination charac­
teristics. Sohere illumination is not said to be the 
best lighting condition. and does not necessarily 
dictate the use of diffuse light in the real envi­
ronment. lt is an arbitrary benchmark type of 
Jighting used to measure relative visibility poten­
tial. This reference lighting condition is,such that 
the same amount of (sphere) illumination will 
always produce the same amount ·of visibility .. 

Equivalent sphere illumination is the same 
concept, except taken one step furtl¡er-to the 
r•'al lighting environment. The ESI of a visual 
task in a real environment is the equivalent 
i'.luminance produced by a:sphere which makes 
1.he task as vbible in the' sphere as it · is in the 
real environmer.t. That is, the visibility of the 
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task in the reru eilYironment is equivalent to that 
produced by a certain amount of sphere illumi­
nation. Thus, the term Equivalent Sphere Illu­
mination. ESI is analogous to a measure ·of visi­
bility in the real environment and as such can be 
used as a too! in evaluating lighting equipment 
or altemate lighting schemes. 

Erroneous evaluations can result if ESI is not 
completely understood. The visual task, the ob­
servers orientation in the space, the lighting sys­
tem, and the detrimental effects of veiling reflec­
tions all play a part in the determination of ES! 
values. See Sections 3 and 9 of the 1981 Refer­
ence Volume for discussions of visibility, veiling 

0 reflections and ESI. 

• 

Color 
',, ·- ·~ ~::,· • .< .• ,_. 

The impoitimce ·a(roi~'r in illuminating engi­
neering and particularly lighting design should 
not be underestimated. An entire section (Sec­
tion 5) in the 1981 Reference Volume is devoted 

7500K 
ho¡;¡h CRI IIUOiescents 
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5000K 

. ..... ,, 
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fluoresce'Ot lamps 
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Unolorm 
overca~1 sky 

Average noon son 

Average mo~ture 01 
s1.m and skyhght 

Oefux'e 
whote mercury 

Warm 
deluxe mercury · 

100-watt 
oncanóescent lamp 

25-wa!! 
•ncandescenllamp 

Cantlle llame 

Flg. 2-10. Correlated color temperatura in kelvins, of sev­
eral electric light and daylight sources. 
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COLOR 2-31 

COLOR TEMPERATURE IN KELVIN 

Fig. 2-11. Experimenls16 have shown the preferred color' 
temperatura of light sources at various illuminance levels (the 
unshaded area). Color temperatures-illuminance combi­
nations in the tower shaded area produce cold, drab environ­
ments, white those in the upper shaded area .can produce 
overly colorful and unnatural appearances. ··. 

to the basic concepts of color, chromaticity, color 
rendering and · the use of color. The lighting de­
signer is referred to thiH material, especially the 
portion on the use of color on page 5-18. 

There often is confusion. between two color 
characteristics of light . sources-chromaticity 
and color rendering_:_and especially their use. In 
simple· terms, chromaticity refers to color ap­
pearance of a light source, or its color tempera' 
ture. (Fig. 2-10 diagrammatically shows. the ap­
proximate color temperatures in kelvins of sev­
era! electric · light sources and daylig'ht.) Color 
rendering refers to the ability of a light source, 
with its particular chromaticity, to render colors 
of objécts as one wculd expect them to appear at 
the same coloi-:temperature, A•useful. too! in 
selecting an ·appropriate color · temperature is 
shown in Fig. 2-11, which has been devebped 
from experiments by Kruithof." If in the design 
process the designer has selected an illuminance 
leve!, Fig. 2-ll can be referred to in selecting a 
light source color temperature that should be 
acceptable, in that it produces neither a- ¿:>Id, 
drab nor too wárm, ~vc:rly colorful envirOnrnent. 

Shadows 

The direction of illumination is especially im­
portant when viewing three dimensional objects. 
As is illustratod in Figs. 2-12 and 2-13, shadows 
can aid or hmder the seeing of details. In the 
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case of curved .and .faceted surfaces which are 
polished or semi-polished, the direction of the 
lighting is. irnportant in controlling highlights. 
Sorne shadow contributes to the identificatioil of 

·forro. . 

Luminaire Spacing 

At one tirrie in the past, "good lighting" was 
specified in terms of horizontal illuminance with 
the criterion that the point-to-point variations 
did not exceed plus or minus one-sixth of the 
average value. Even if this were an acceptable 
basis, an installation which provides uniform hor­
izontal illuminance may still represent a poor 
lighting installation. For example, if there is in· 
sufficient overlapping of luminaire distributions 
as may occur with sharp cut-off luminaires near 
the maxirnum calculated spacings, the illumi­
nance at many points can be unidirectional with 
the consequential strong shadows, dark areas 
with single lamp ,failures, etc. 

Today, with our broader understanding of the 
requirements for good lighting, it is quite possible 
that the old concept of an average horizontal 
illuminance leve! plus or minus one-sixth will be 
violated in the process of designing good lighting. 
However, n•Üá.lly tl-o,c<O "till will be a requirement 
that 'the ill~nÍinan~e it>eet Jome degree of uni-. 
formity. ·· · ··-··- · · 

Many factor8 contribute to the total quality of 

\ 

Flg. 2-12. Harsh shac;to~s ~roduced 
by unidirectional illumination· (left) and 
soft sh8dows produced by dlffuse illu­
m!n8:1ion"(right). 

Flg. 2-13. Multiple shadows (upper left) are confusing; sin­
gle shadows (center) may confusa but can help; diffused 
light (to·Ner right) erases the shadows. 

a lighting system. Horizontal work-plane illumi­
nance representa only one aspect. Horizontal il­
luminance at other levels throughout the space 
cannot be ignored. The.directional qualities of 
the illuminanc~ at specific points within the room 
can be considered in terms of cast shadows, 19 

vector and sCala:r illuminance,20 vertical compo­
nents of illuminance," and the like. Often, ';ary­
ing visual tasks occur at different locations within 
the space. These and similar factors must be 
considered for lighting system evaluation. In SF­
cific cases, sorne factofs me.y be extremely irn­
portant while othérs C!lll be safeJy omittetl-from 

,, 
¡ 



• 

l 
lES UGHTING HANOBOOK 
1981 APPUCATION VOLUME 

consideration. Nevertheless, the lighting de· 
signer must deliberately make the choice, 

In those situations for which a relatively uni· 
form illuminance is ah accepted _performance 
criterion, certain.guide!ines can be an irnportant 
aid to the lighting designer in determining the 
luminaire layout. To achieve acceptable uniform­
ity, luminaires should not be spaced too far apart 
or too far from the walls. Spacing ·limitations 
between luminaires are related to the intensity 
distributio"rr oNhe .h~'llinaires, placement of the 
luminB.ir~~ \v:ithin. tht/~:_Oóril; and the reflectances 
of the room surfacP.s. The· principal factor for 
direct, semi-direct and general diffuse luminaires 
is the mounting height above the work-plane; for 
semi-indirect and indirect luminaires, it is. the 
ceiling height above thé work-plane. 

The lighting designer often is faced. with the 
problem of selectirigluminaires that are potential 
candidatas for a particular design, and the Lu­
minaire Spacing eriterion (Se) is a parameter to 
assist in this decision. This standard method of 
classifying luminaire spread (Se) is given nu­
merically, (See the 1981 Reference Volume, Sec­
tion 9.) It is a spacing of luminaires expressed as 
a fraction or multiple of the luminaire mounting 
height above the work-plane. 

·The Be is a measure of the beam spread or 
coverage of the direct component of illuminance 
from direct and semi-direct illuminaires. It is a 
guide to permit the designer to evaluate the 
potential suitability of a luminaire befare execut­
ing a complete design analysis. The se permita 
a designer to separate luminaires into two cate­
gories for a particular lighting layout: those 
which.are·likely to produce reasonably uniform 
horizontal 'illuiniM!'.8P. ~nd· those which will not 
produce "uÓiform horh.(n;tal'illuminance in a spe­
cific layoÚt patterzJ. ·-It ·Mes· this by evaluating 
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8FT 'LUOIIESCENT GROOPS (""RTIAL ROWS) 

Flg. 2-14. Spacing dimensiona (in feet) to be usBd In rela~ 
tion to Spacing Criterion (SC). MouOting_height.is frOtn lum¡.. 
naire to work-plane for dlrect. semi-directand-Qe'nerB.i-:.(Ufluse 
luminaires and from e-~·Üirt\i t;{Work-plan'e for seml-indlrect 
and indirect luminaires. '· ·". 

one a.Spect of uniformity at a few select points. 
This limited evaluation can be based on a lumi­
naire characteristic alone (iuminaire intensity 
distribution) and consequently is a property at­
tributable to the luminaire. 

The immediate use of such se values is to 
estimate the relative direct coverage of lumi­
naires. Further, there is a general trend that the 
uniformity ofhorizontal illuminance decreases as 
the spacing be tween luminaires is increased. Fig. 
2-14 illustrates the spacing between lwriinaires." 
The product of Se times the mounting height 
(MH) gives a spacing which generally is in the 
vicinity of thP. dividing point between a reason­
ably acceptable uniformity of horizontal illumi­
nance and a rloticeably poorer uniformity of hor­
izontal illuminance. 

As a general trend, horizontal illuminaitce will 
tend to be relatively uniform for luminaire spac­
ing less than that given by the se, and uniformity 
will tend to decrease as the spacing exceeda that 
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Flg: · 2-15. (a) Ughting layout using equal sPacing between continuous rows of luminaires~·(b) Layout is changed to provlde 
higher illuminance near sida walls. (e) By addlng four more unlts on each end, layout (b) can be modified to provlde 80 per 
cent more llght near the end waUs and prevent possible scallop effects. Oimensions are in feet. 
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given by the Se. eeltain luminaires' may pro­
duce a horizontal illuminance where the uniform­
ity is acceptable over a specific limited range of 
spacings. In such cases the se is not an applica­
ble measure for the luminaire. Here, the manu­
facturer states specific spacing instructions 
rather thím giving an se value. . 

The commonly used practice of letting the 
distan ce from the luminat·es to the wall equal 
one-half the distan ce between rows (see Fig. 2- · 
15a) resulta in inadequate illuminance near the 
walls. Sin ce desks · and benches are frequently 
located along the walls, a distance of 760 milli­
meters (2'h feet) from the wall to the center of 
the luminaire should be employed to avoid ex­
cessive drop-off in illuminance. This will !acate 
the luminaires over the edge of desks facing the 
wall or over the center of desks that are perpen­
dicular to the wall· (see Fig. 2-15b). To further 
improve illuminance uniformity across the room, 
it is often der.iraqle to use somewhat closer spac­
ings hetwee'if oüter rüi~·~.;·:ú:. -!~'J:ninaires than be· 
tween central rows, t.e kirig care t.o be sure that 
no spacing exceeds tl:ie maximum .permissible 
spacing. · 

To prevent excessive reduction in illuminance 
at the ends of the room, the ends of fluorescent 
luminaire rows should preferably be 150 to 300 
millimeters (6 to 12 in ches)· from the walls, or in 

·no case more l)lan 610 millimeters (2 feet) from 
the walls. Even the 150- to 300-millimeter (6- to 
12-inch) spacing lea ves much to be desired from 
the standpoint of uniformity and, where practi­
cable, the arrangement shown in Fig. 2-15c is 
much more satisfactory. With this arrangement, 
the units at each end of the row are replaced by 
a continuous row parallel to, and 760 millimeters 
(2 1h feet) from, the end wall. In the example 
shown, 5 units were replaced by 9 units providing 
a potential increase in the illuminance at the end 
of the room of 80 per cent over what it would be 
with the layout shown by Fig. 2-!5b. This tech- . 
nique not only improves uniformity but also 
eliminates scallops of light on the end walls and 
provides a uniform wash of light on ali fotir walls. 

Another excellent method of compensating for 
the norrrial rduction in .il]uminance that may be 
expected ·a.t'the--endé~~:;~o'\i..t{-i,:; to use a greater 
number of lámps in t!'.·' end units; Still another 
technique is to pro vide additional units between 
the rows at each end. The units could be either 
parallel or at right angles to the rows. 

Spacings closer than the maximum permissible 
are often highly desirable to reduce harsh 
shadows and 'veiling reflections in the task as 

• For example, wffie sharp cut·off blitwing distribution luminairea. 
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wéll as further 'improve Úniformity. This .is par­
ticularly true for dfrect and semi-direct equip­
ment, and spacings that are .substantially less 
than the ríiaxirnum permissible spacing should · 
be seriously considered. 

The fol!owing formulas can be used to cali:u-
late the values: · 
l. For individuB..uy mounted luminaires, · the 
wall-to-luminafre spaciilg shouldbe: 

Wall-to-Lurninaire Spacing = 
Luminaire-to-Luminaire Spacing 

3 

2. For individual units or vosswise spacing of 
continuous rows: · 

Mínimum Number of Rows = 
Room Width 

Maximum Sp.;·~ing 
Allowed · 

3. For lengthwise spacing in continuous ro':"s:. 

Maxirnum Number of Units Pér Row =. .>. 
... .. Roo ni. Le'~ttli ::!:' 0:3 

; Luminafre Length 

(allows 0.15 meters end spacing when lengths are 
in meters) 

or 
Room Length - l. 

Luminaire Length 
• 

(allows one-half-foot end spacing when lengths 
are in feet) · 

Mínimum Number of Units Per Row = 
• 

o . 
Room Length - 1.22 

Lumiilaire Length 

(allows 0.61-meter end spacing when lengths are 
in íneters) 

• or 
Room Length - 4 

Luminaire Length 

(allows two-foot end spacing when lerigths rce in 
feet) 

... o· 
Dimming Devices '· 

·.~ ~· 

The most practiciil m'ethod of coritrolling light 
output for nearly every purpose is to control the 
electrical input to the light source. There are 
severa! methods by which this may be accom­
plished, based on one oftwo principies: the input 
current can be varied by changing the amplitude 
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of the current, or it can be varied by changing 
the amount of time during a cycle that it is 
permitted to flow. . 

Change .in a¡nplitude can be accomplished by 
resistance··c!IDPner~~··~~1i~:~~n?]~ic rheostatic dim·~ 
mer, one·of th~ earli~st cQntrols:developed,.is still 
made and offe!"§ fe~t"'Ures which prescribe ita use 
under certain circümstances. A resistance dim· 
mer is connected in series in the circuit and the 
voltage which appears across the lamp is equal 
to the line voltage less the voltage ,drop (IR) 
across the resistance dirnmer. To vary the 
amount of light, adjustment to the rheostat is 
made by moving a contact which adds or silb­
tracts resistance to the circuit. The dirnmer ca­
pacity must be selected to match the lamp load 

. fa:irly closely if dirnming control to blackout is to 
be achieved. The resistance loss in the dirnmer 
is an appreciable percentage of the lampload at 
low luminance levels, liberating large !imounta of 
heat which must be disposed of and consuming 
considerable power. 

Change in amplitude can also be accomplished 
by continuously adjustable autotransformers. A 
single !ayer of copper magnet wire is wound over · 
an iron core to form a toroid. Each wire turn is 
"bared" to form a commutator for the carbon 
brush. Wheñ a 120-volt" ac line is applied to this 
winding; sliding the brush fróm turn to turn 
allows tap¡:ing.off the desired ac output voltage. 
Wire size, number ut,·t~.::ns, i.~ld brush dimensions 
ha ve been ·carefully ctesigned so brush contact is 
made with the next.· iurn befo re leaving the pre­
vious conductor, assuring perfectly smooth, flick­
erless type of light control of almost infinite 
fineness from zero to fui! luminance. A dimmer 
of such design has excellent regulation-there is · 
no visual change in light intensity as lamps are 
added or removed from the circuit, and it will 
also diro equa:lly well a:ll· sizes of lamps at the 
sarne time. Autotransformer dimmers provide 
fairly good efficiency up to a maxiroum of 95 per 
cent. Although solid-state dirnmers have tended 
to replace autotransformer dirnmers, 1000- to 
2000-watt units are still available. Larger capac­
ity · autotransformers (above 2000 watta) are 
available with motor drives." 

The saturable reactor was the first of the elec­
tronic type or phase angle control dirnmers. It 
consista of a magnetic core associated with de 
and ac windings. By adjusting the current of the 
de winding, the inductive reactance of the ac 
winding may be varied smoothly from approxi­
mately zero to its maximum value. Saturable 
reactors are not in much use today in lighting 
applicatioru;••bt·oaus~. 'lf th~ir weight, size and 
sloWness q("'tesPoh.Sé;:·!f,.'~:é\··.~r. because they are 

•¡ 
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good in the coíitrol of very heavy loads, they do 
f.ill sorne requirements. , . . ,.. :,, 

Thyratron tu be control is anoiher of thé" earlier 
electronic methods. A gating iype of-control is 
obtained from a thyratron tube when ac vóltage 
is applied to its plate and an ac voltagé" of ad­
justable phase is applied to ita grid. As the.¡phase 
angle between the_ypltage, on the plate~ aiiii'gnds 
is adjusted, the f.úbe cán be ma"de •to conduct 
various length portions of the cycle. Two thyra­
trons are connected back to back so that each 

· one may conduct during each half cycle. While 
response •is very rapid, al! fi.lamenta in this tu be 
system must be preheated approxiroately Y.z min­
ute or more. Should a power failure occur during 
use, the need to preheat becomes a great incon- . 
venience. 

Magnetic amplifiers. or self saturating reactors · 
became popular as high power dirnmers · for a 
short period. Although the performance of this 
type of system was general! y good, it · was re­
placed by thyristor controlled dirorriers because 
of their size and weight advantages. 

Solid-state electronics has virtually taken over 
the field of preEent day dirnming equipment, 
from the 600'watt wallbox dimmer to the 100-
kilowatt or higher theatrical or architectural sys­
tem. The thyristor has become the mai:p. com­
ponent in niost incandescent and fluorescent 
dimmer manufacturing. The original solid-state . 
equipment designs utilized dual back-to-back sil­
icon controlled rectifiers (SCR). This arrange­
ment has given way to the equa:lly ·reliabh) but 
more cost·efficient triac de\lices in most diriuriers 
rated at less than S kilow~tta. However, many of 
the larger theatrical units rated at 6 and 12 
kilowatta still employ dual SCRs because of the 
lack of high current triacs. 

Becaust thyristors are fast switching devices, 
sorne radio frequency interference will be gener­
ated unless suitable filtering is designed into the 
dimmer. Extensive filtering is generally provided 
in larger architectural or theatrical systerns to 
completely eliminate any possible interaction 
with sensitiva equipment. While solid-state dim­
mers are typically 98 to 99 per cent efficient, they 
still ha ve to dissipate heat, and cool operation is 
the key to long dimmer lifetime: 

Thyristor controlled fluorescent dimmers are 
being applied in niany commercial applications, 
such as confereri~c rooms, offices, restaurants, 
schools and churches. 

Recent advan~es in device technology and cir­
cuit design have made it possible to dim-,:high 
intensity discharge lam¡:is (see Section 8 of the 
1981 Reference Volume). It has also become 
practica! to convert low frequency ac to high 
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frequency ac in arder to improve the efficacy of 
standard fluorescent lamps. Further advances 
have been made in energy management of light­
ing through integrated circuit technology. Auto­
matic dimming system control by means of pho­
toelectric feedback, time programming, and 
other computer controlled demand limiting are 
all availablé. Photoelectric devices can adjust the 
lighting to allow for lninirnum power corisump­
tion when daylight is available. Time program­
ming can automatiCally adjust light levels to suit 
task changes, such as . from work to leisure to 
cleaning or security modes. Computer operated 
controls can ·he l,!Sed to reduce light levels to 
reduce the loAd iri peak;:,;j·~.n.l;:J:li perioda. 

Solid-state dirnming,offersthe following: 
For incandescent souf.C'éS . 
l. Full range adjustability of light for various 
tasks or moods, down to zero light output. 
2. Energy savings-only 1 to 2 per cent of the 
connected load is dissipated in the dirnmer. · 
3. lncrease in lamp life-lamps willlast up to 20 
times the rated life at 50 per cent light output 
(70 per cent power). 
For fluorescent sources 
l. Continuously variable light output down to a 
fraction of a per cent of full output, with no 
discernible color shift. 
2. Power control-per cent energy savings equal 
to the per cent,Jight reduction down to about 50 
per cent light output (see Fig. 8-46 in the 1981 . 
Reference Volume). 
For high intensity discharge sources 
l. Range of light output control from 2 per cent 
minimum for mercury to 40 per cent minirnum 
for metal halide and high pressure sodium lamps. 
2. Power control-energy savings nearly the 
same as showll in the fluorescent power curve, 
down to 50 to 60 per cent light output. 
Energy mana::¡ement de_vices as previously men­
tioned· can ·lie· effect~V-~}.::.:/a~n:Eed to all sources 
listed above:· .. < 

Wiring for Lighting 

Every electric lighting system, regardless of its 
size, scope, simplicity or complexity should have 
a well designed, trouble free electrical wiring 
system. Its size and capacity, its electrical char­
acteristics (voltages, frequencies, phases, etc.), 
feeders, branch circuit layouts, and switch and 
dimmer-controls, must all be specifically selected 
and designed to conform to the layout and design 
of the lighting systerns which it is to operate and 
control. 

Lighting designers should know the basic fun- · 
damentals of electrical wiring system design to 
insure that they can óbtain the maximum flexi­
bility and efficiency froin. the lighting systém: · 
Quite often lighting de~igners are the consulting 
electrical erigineers on ·the project. In this case, 
they usually are qúalified to desiÍ¡n and specify 
the electrical wiring system for the lighting. How­
ever, if the lighting designer8-áie not qualified to 
design the elei:trtcal 'Wiring systeni, they should 
seek the services-of a qualified electrical con­
sultant or electrical.·contractor when designing 
the lighting system, to insure that the wí.ring 
·system and controls will provide all the lighting 
variations and flexibility that is desired and in­
tended. All electrical syste.rns múst be designed 
and installed in accordance with the provisions 
and requirements of the National· Electr!l:al 
Code and other local' <ir stiÍte code requireniénts, 
and the electrical consultant is qualified to in­
elude these provisio'ns and requirements in the 
design and specifications. 

The first Etep in the design of the electrical 
wiring system is to determine the total electrical 
load for the lighting system. On large projects, it 
may be desirable to break down the lighting load 
into logical sub-loads, for serving individually · 
from separate load centers. These sub-loads can 
then be further broken down for individual 
panelboard control. On smaller projects, this usu­
ally resol ves itself into selection and location of 
one or more lighting panels, each convenieritly 
located near the · center of the lighting load it 
serves, compatible with the character, use, imd 
structural configuration of- the building.· ',:· 

When lightin¡;· loads ha ve been determined, 
the characteristics of the electric power supply, 
such as voltage, phase and frequency, must be 
considered and evaluated -in order to selece op­
timum locations for load centers and prui.el-
boards. .. 

For relatively small projects of 100· kilovolt­
amperes or less, most utilities supply 120/208-
volt three-phase four-wire, 120/240-volt thr~e­
phase four-wire, O.' ·.~ 120/.!40-volt ·single-¡Íhase 
three-wire service. For larger projects, 277/480-
volt three-phase four-wire service is usually 
available. Lighting loads are usually served with 
120 volts or 277 volts fr0m these systerns. Low­
voltage light sources which may be incorporated 
in the lighting system may be operated at their 
rated voltages by using small dry-type step-down 
transformers operating from any of the higher 
standard voltages. · 

Care should be exercised in the selection of 
voltage dueto certain proVisions ofvarious codes 
which prohibit the use or restrict the use of 
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higher voltage lighting devices in various occu­
Pancies. 

V arious techniques for switching, sUch as half 
switching four-lamp fluorescent luminaires, or · 
row switching to provide various lighting levels 
should be employeil for energy conservation. 

The requirements of energy conservation sug­
gest the use of short three-phase home fun cir­
cuits in order to minimize energy losses. For 
wiring economics as well as energy conservation, 
high power-factor ballasts should be specified for 
discharge type lighting. . 

Outdoor lighting systems generally employ the 
same techniques for wiring system design. 
Longer distances involved require voltage drop 
calculations to be perfonned to assure·adeqtiate 
voltage at the luminaire. Systems will usually 
perfonn adequately when the voltage drop does 
not exceed 5 per cent at the farthest outlet. 
Higher voltage luminaires, such as those oper­
ated on 480 volts may generally be used outdoors 
when permitted by codes to reduce the size and 
quantities of circuit conductors, 

In the· Uruted St,t.o.• nO-hertz power is almost 
univ"ersal for ÜghÜng··~ysteflis. However, lighting 
designers and elecc.dcal' consultants so me times · 
consider the use of high-frequency electric power 
for the operation of fluorescent lighting systems, 
especially when the advantages of high-fre­
quency operation are important (see Section 8 of 
the 1981 Reference Volume). One such advan­
tage · might be the reduction of the excessive 
weight o~~ormal ballasts used for 60-hertz 
p . r. An · er might be to obtain the maximum 
Ji~ outp · of the fluorescent lamps being con­
sidered for the project. In earlier installations, 
frequeilcies of 360, 420, and 840 hertz were used.,. 
More recently, a 3000-IÍertz system has been 
used, whic)l reportedly converts power from 60 
to 3000 hertz at about 93 per cent efficiency, 
compared with over-all conversion efficiencies of 
only 80 to 85 per cent for the · earlier model 
converters operating at the lower frequencies. 

Total system efficiency, from system electrical 
watta input to system usefullumen output, must 
be considered to properly evaluate a lighting 
system's efficiency. The evaluation ofpartial sys­
tems often leads to erroz\eous conclusions. Low­
est watts per luminairé does not guarantee lowest 
lighting· eriergy··us~, hr the .~ystem. 

The totlll electrical ioad'i'equired for the light­
ing system is first•'~alcúlated ·in total watts or 
kilowatts. For · púrposes of selection of trans­
formers, main switchboards, circuit breakers, and 
other similar electrical distribution considera­
tions, kilowatts (kw) or kilovolt amperes (kva) 
are used. However, when con verted to "watts per 
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square meter (foot),''· the term becomeá .. [Ínore 
Á <· .... ' 

meaningful and usefüL not only to the lighting 
designei, from ¡¡,<_· stMdpoirit of rui economical 
lighting system, but also to the air-conditioning 
and heating engineers. The chart shown in Fig. 
2-16 shows maintained average illurninanc.e for 
each of a· variety of h.iminaires based on their 
wiring capacity expressed in watts per square 
meter (foot). The data in this chart are only 

. approximate, and are based on a room of average 
shape with a Room Cavity Ratio of 2.5 and for 
high reflectances of 80 per cent for the ceiling 
cavity, 50 per cent for the walls, and 20 per cent. 
for the floor cavity. For more accurate resulta, 
data for specific luminB.i.res, and for specific sized 
rooms and reflectan ces should be used. However, 
th~ chart is useful for quick appraisals when one 
type of luminaire is being considered versus other 
types, especia,ily in eai-ly stages of the lighting 
design procedi]fe. 

Rooms with ÍJUmerically higher Room Cavity 
Ratios will require higher loadings (watts per 
square meter (foot) ); with lower Room Cavity 
Ratios, the loadings will be correspondingly re­
duced. With other parameters constant, the re­
quired loading for any luminaire in an area with 
another Room Cavity Ratio·is inversely piopor­
tional to the Coefficients of U tilization ·assoCiated 
with the Room. Ca,;ty Ratios of the two areas. 
Similarly, changes in reflectances will also affect 
the required loading in inverse proportion to the 
Coefficients of Utilization associated with the 
reflectance conditiorul. 

The wiring system should be designed to pro­
vide0maxinium flexibility with adequate capacity 
foi: present and anticipated future needs. Over­
loading or excessive extensions of circuits, in 
addition to the hazards involved, resulta in a 
lowering ofthe light output of both incandescent 
filament and fluorescent lamps. As an example, 
the light output of an incandescent fllament lamp 
is about three per cent less for each volt the lamp 
is operated under its rated voltage. Fluorescent 
lamp light output is also affected by undervoltage 
operation but, not to so great an extent; starting 
difficulries and.reduced lamp life may also result. 
For further information, see Section 8 ofthe 1981 
Reference Volume. .,. 

With gaseous discharge sources, the wáttage 
consumed and the current carrying capacity re­
quired will, in general, be greater than the rated 
wattage of the light sources. Provision for auxil­
iary wattage losses and for power fsctors· .. !o',Ver 
than unity must ··h2 ma<:io in the ·.viring system. 
Mercury, metal hiillde, and high pres!Íure sodium 
lamps require a warm-up period of severa! min­
utes. During. this time, or with certain types of 
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Fig. 2-16. ApProximate ·wiring ca­
pacity to provide a given maintained 
illuminance leve! in a room of 2.5 Room 
Cavity Ratio by means ?' the follo'wing: 

A - lndirect .. incandescent filament (sil­
ve red bowl) 

8 - Direct .. inca"ndescent filament (with 
• ,.. 1"1 " 

d1ffuser) r+. : -~-. . J..•l","'.t~ ... ..,. . .. 
C- Direct. in'ca,.ildescent lit8ltamt~:··:.1 

(downlighl) - ,."A.,., 
· D- General diffuse, incandescent lila­

ment 
E- Direct. incandescent filament (lens) . ~­
F- Oirect, incandescent !Hament (in- . ~ 

dustrial) v 
lndirect, fluoreScent (cove) ~ 

G -lndirect, fluorescent (extra high ii 
i output) 

H - Oirect, fluoresCent (extra high out-
put) (louvered) 

1- Direct, fluorescent (louvered) 

J- Luminous ceHing, lluorescent 
K- Direct, fluorescent (lens) 

Oirect, HIO (mercury) 
L- Oirect/Semi-direct.- fluorescent (in­

dustrial) 
M - Direct, metal halide 
N- Direct,.high pressure sodium 

auxiliaries, the current may be as m u eh as twice 
the operating current. Wiring capacity must be 
provided for the starting current where· it exceeds 
the operating current. 

MinirrfunÍ ·'wti-ing_~,::~~~dty requirements are 
giveri in the N'aíio,;ariiecÍt !cal Code. The pur­
pose of the Code is t:1o practica! safeguarding of 
persons and buildings and their contents from 
hazards arising from the use of electricity for 
light, heat, power, radio, signaling, and other 
purposes, and compliance with its requirements 
does not insure adequacy either for present use 
or future growth. · 

Although the National Electrical Code does 
not pu,.Port to be a design manual, the lighting 
designer and engineer should . be familiar with 
minimum lighting circuit capacities; i.e., Section 
220-2 of the 1978 National Electrical Code. The 
circuit capacities required are frequently far in 
excess of that required by modern efficient light­
ing systerns. 

Wiring design inforrnation based on current 
good practice for specific applications may be 
found in the following publications: 

IEEE Recommended Practice for Electric 
Power Systems in Commercial Buildings--,1974, 
IEEE No. 241, lnstitute of Electrical and Elec­
tronic Engineers, N ew York. 

. ~ . 

'·~ .. 

lUX 

MAINTAINED FQQTCANDLES 

·, 
Agricultura/ Wiring Handbook--1971, Edison 
Electric Institute, ·Washington, DC. 

.JEEE Recommended Practice for Electric 
Power Distribution for Industrial Plants--1976, 
IEEE No. 141, New York. 
Electrical Systems for Power and Light-'-1964, 
McGraw-Hill Book Company, New·York ..... ··. 
Standard Handbo0k for F.:lectrical ETigiTie~rs~ 
McGraw-Hill BookCompany, New York. 

Electrical Engineers' Handbook-John Wiley 
& Sons, In c., N ew York. 
American Electricúins' Handbook-McGraw-
Hill BookCompany, New York. · · 

THERMAL CONSIDERI\TIONS 

The Total Environment 

Today, mo~e. than ever, architectural and en­
gineering design .philosophy reflects conscien­
tious efforts to provide man with a "total physical 
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environment". To accomplish this objective al! 
facets of the building's interiorBystems must be 
successfully coordinated since they al! are de­
pendent upon one.another. 

The physical and psychological elements 
which influence this design flow include such 
diverse faétors a5 sight, sound, therffial·cornfort, 
spatial organization and esthetics; The integra­
tion of these factors cannot be realized without 
the combined efforts of al! those who deal with 
them in their design process. 

As recently as the late 1960's lighting engineers 
and designers utilized quantity of illumination as 
the primary factor in their designs while paying 
little or ho attention to energy control and con­
sumption. However, as modem techn9logy in the 
fields of light and vision advanced, the direction 
of design .th~Qry shifted toward qualitative as­
pects and de:emt}:l;:-:~.i.~·c,,.~ ;:~e quantitative. Con· 
cepts ofEquivalen( Sphere Illumination and Vis­
ual Cornfort Probailility prove<l tbat better con, 

·.!/ t;rol' (1f thé, visible part of the spectrum' could 
·.· reduce lighting watts and increase visual quality. 

Even with these reductions in lighting watts the 
part of the spectrum which is emitted as heat 
still contributes significantly toa space's thermal 
environment. Since it is impossible to eliminate 
this heat from the light source, it is important 
that it be manipulated so that it can work advan­
tageously within the environment. 

Heat from light sources is useful in replacing 
building heat losses during the heating season. 
Since the building's thermal needi; vary not only 
seasonally but from area to area within the struc­
ture, control of lighting heat and integration with 
the heating and cooling system are essential. 
This is particularly evident when the thermal 
factors dictste that the interior zones be on a 
virtually contim:ious cooling cycle. Good design 
today requires provision for efficient utilization 
or dtssipation of the lighting heat. 

Cornfort· i:>aram·ot:·frc.. ; 

Témperature. A'nyÜght ~~urce adds heat to 
the interior in which it operates. This creates a 
relationship between lighting and room temper­
ature and, in turn, human thermal cornfort. How­
ever, cornfort depends not only on the room 
temperature, but other factors, as well. 

Heat gains and losses in a room result from 
heat transfer through walls and ceilings, heat 
transfer with air changes, solar gain from radia­
tion through transp•ll'ent surfaces such as win­
dows, electric lighting, heat emitted by people, 
and heat from occupational processes in the 
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space, such as tiom produ~tion equipment, com- · 
puters ~d office machines. The proportion of 
heat gain from each factor viuies WJdely, depend­
ing on building design, use of the space, climate, 
etc. Procedures for determining the magnitude 
of various loads are outlined in handbooks pub­
lished by the American Society of Heating, Re­
frigerating and Air-Conditioning Engineers 
(ASHRAE). 
· Any source of energy which changes the tem­

perature is terrned sensible heat. Convection en­
ergy from lamps is sensible heat which raises the 
air temperature .. Lamps also produce ra<liant en­
ergy which ·aoes not heat air directly, but is 
converted to s<msible heat when intercepted and 
absorbed by a person or surface. 

Use. of lamps of higher efficacy,. such· 'as flu­
orescent or high intensity discharge, will provide 
a given illuminance leve! with less heat than with 
incandescent lamps. However; · incandescent 
lamps frequently ha ve characteristics. 'which 
make them a superior. choice for ari ;ipphcation, 
regardless of effir:<,cy. · 

Humi<lity. Luminaires usually do not impact 
the humidity in the space because they ·neither 
add nor remove moisture from the air. Since the 
human body regulates its temperature by evap­
oration of moisture from the skin a8 well as by 
radiation and convection, humidity is iinportant. 
Air has the property of sharing space with water 
vapor up to a specific !imount. The variation of 
water vapor below this ·maximum, expressed in 
per cent, is called relative humidity. 

· Relative humidity is measured by comparing 
wet bulb and dry bulb thermometer readings. 
The wet bulb type has its bulb area covered with 
a wet cloth. Evaporation willlower the wet bulb 
reading below.the dry .bulb, toa degree depend­
ing on the arr.')UJÍI ofwater vapor in the air. With 
the two readi!'gs and a psychrometric chart the 
relative humidity m"y be determined. Since a 
·Iuminaire may raise the dry bulb tempero t.ure in 
a space, the relative húmidity may charige while 
the amount. of water vapor. in the air remairiS 
constant. . . . . . . 

Relative humidity values o ver 90 per cent are 
.called extreme, between 60 and oo'p<ir e,orit,hu­

. mid, between 40' c\nd m per cent norrrial. anrl 
under 40 j:Jer cent áry. These are generalizations 
since ambient temperature, air motion, and ac­
tivity make apprecil:ible differences in the appar­
ent sensation .experienced. 

Comfort Limits. Human satisfaction is a re­
sponse to severa! interacting variables. These 
stimuli cannot be considered separately; they 
must be considered together as each affects the 
action of the others. The· dry bulb temperature, 

• 
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water vapo·r-preesu;;e., mefln radiant tempe"rature 
d . 1 .,. ·all-- "'''""'''t"< ., al . an all" ve oc_n;y· -·au_eL·vi·],lt.'_~cr-nenn enVU"on-

ment. Both si:eady-stat,•.,arid non-steady state 
criteria for these stimuli must be satisfied. 

Research performed by ASHRAE prior to 
1974 resulted in the specification22 ofthe-comfort· 
envelope as shown in Fig. 2-17. This specification · 
covers a wide range of environmental applica­
tions such as offices, bornes, schools, shops, the­
atres, etc. It applies for average clothing and 
activity. 

ASHRAE recommends that the dry bulb tem­
perature be adjusted for any change in mean 
radiant temperature by: 

. where: 

ADBT = DBT + MRT 
2 

· · ADBT = adjusted dry bulb temperature 
DBT = dry bulb temperature 
MRT = mean radiant temperature• 

The relative humidity should be maintained 
between approximately 20 per cent and 65 per · 
cent while the air velocity, without regard to · 
direction, in the occupied zone is controlled to 
less than 0.~5 me\e,rs per seco.nd (70 feet per 
minute) at any- Pa:irít. ··- ,;~:_,:~-~1 ''"·¡·, ._ ~-. 

Additional rese;,_,.ch . ·"·""' .hee; performed at 
The Institute of Enviroiunental Research at 
Kansas State University under ASHRAE con­
tract. "· 24 These studies pro vide methods for 
varying the comfort cnvelope for lightly clothed 
persons·and sendentary activity." 

Further research has been carried out by Fan­
ger'6 beginning in 1966 at Kansas State Univer­
sity and continued at the Technical U niversity 
of Denmark. From a comfort equation developed 
by Fanger it is possible to predict a combination 
of environmental factors that produce a "com­
fortable" environment for a clothed person per-
forming any selected activity. · 

The details of all these methods of defining 
comfort levels are beyond the scope of this sec­
tion. The reader should consult the references 
for more detailed information. 

Lighting•Load on Alr Conditioning 

Fig. 2-18 gives one example of interior load 
distribution in .a particular office building. The 
amount of heaCgliiri' t';i:.-.w•h the exterior ma­
sonry is small·.· eno:úgh. t~,'-8/neglected. Fluores-

• The uniformsurface temperat~re ofan imaginary blac·, enclosure 
with which man exchanges the same heat by radiation u in the actual 
environment. 
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Fig. 2- í '/. Comfort envelope. 22 

cent lighting is provided consuirung 27 watts p~r 
square meter (2.5 watts per square foot). !t. is 
a5sumed that V enetiari blinds will be- lowered 
during corresponding sunny hours. 

In typical buildings, factors such as solar ra­
diation through windows, heat trarÍsmitt~d :, 
throughwall and roofs;_':ind Óoling ofventilation 
air, people, and machines comprise 50 to 80 per 
cent of the total cooling load. The refrigeration 
and/ or air handling capacity required for lighting 
may be reduced if sorne of the principies de­
scribed la ter in this section can be applied. 

For the building of Fig. 2-18 the relative mag­
nitude of all heat sources at the time of the total 
building peak cooling load is shown in Column A 
of Fig. 2-19., For comparison, analyses of the 
total cooling load for two other installations are 
shown in Columns B and C. The buildings are 
based on 27 and 32 watts per square meter (2.5 
and 3 watts per square foot) respectively. 

Electric Lamps as Heat Sources. Electric 
lamps are efficient convert~rs · of electric power 
to heat energy. Eooh ,,;att of electric power con­
sumed by a lamp r,enerates 1 watt (3.4 British 
thermal units per hour) of heat, just as any 
electric heating device, The energy takes two 
principal forrns: ( 1) condu'ction-convection en: 
ergy, and (2) radiant energy (including infrared, 
light and ultraviolet). From this it is obvious that 
only a part of the energy generated by electric 
lamps is light. However, light itself prl)r.lucc• 
heat. It does not heat:'s,ir.as-.convection sources 
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do, but it raises the temperatura of any surface 
which absorba it. 

A knowledge of the relative amount of eaéh 
type of energy emanating from an electric lainp · 
can be helpful in analyzing its performance 1md 

" the effect it may ha ve on thermal considerations, 
Figs. 2-20, 2-21, and 2-22 show approlrimate data 
for sorne representativa fluorescent, incandes­
cent an<f hlgh inteilsity discharge lamps; respec­
tively. ·TJies.¡walue,~o~e for lamps suspended in 
space utiaer'spécffiF~ating conditions.27 Low 
energy b8.nasts w,:}!.,exhibit lower ballast losses; 

Fig, 2-18. Example of Cooling Load Distribution in 
One Modern Office Building 

Exterior Offlces • 
Interior 

Heat Source 
OHices 

North East South West 

Glass 46%' 70% 65% 69% -% 
Lighting 30 18 20 17 39 
Occupants 20 8 11 10 55 
Miscellaneous 4 4 4 4 6 

Totals 100% 100% 100% 100% 100% 

' Per cent at time of maximum load In each office. 

Fig. 2-19. Example ·ot Cooling Load for Sever~l 
Types of lnstallalions 

Offlce Chain 
Clinic Building Store e 

A 8 

GlaSs 16% 6% 15% 
Lighting 22 20 17 
Aoof and watts 1 12 33 
Occupan~s. 21 34 16 
Ventitation~, .... ·-\ .. ' 35 22 ,19 
System P.!3·.,o.;er ~-:: ~:;Út;":J~; :·~1\.~.·-::·; 4 

,l.,., ····100% ... 100% 100% 
· · Gta:ss and lighting 38% 26% 32% 

Flg. 2-20. Energy Output for Sorne Fluorescent 
Lamps of Cool White Color (Lamps Operated at Rated 
Watts on High Power Factor, 120-Volt, 2-Lamp Bal-

lasts; Ambient Temperatura 25 oc (77 °F) Still Air) 

T y pe of En~rgy 
96 lnch PG17t T12 

40WT12 T12 (1500 (1500 
(800 mA) mAl m A) 

Light 19.0% 19.4% 17.5% 17.5% 
lntrared (es!.}' 30.7 30.2 41.9 29.5 
Ultraviolet 0.4 0.5 0.5 0.5 
Conductlon-convec- 36.1 36.1 27.9 40.3 

fion (est.) 
Ballast 13.8 13.8 12.2 12.2 -
Approximate average 41 oc 45 oc 60 °C 

buib wall tempera- (1 06 °F) (113 °F) (140 °F) 
ture 

Pnnc1pally lar lntrared (wavelengths beyond 5000 nanometers). 
t Groov.es sldewaya. 

" .... , • 
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Flg. 2-21'. Energy Output for · Soma lncandescent 

· Lamps 
1QO..Wan· 300-Watt 500-Watt 400-Watti 

Typ8 ol Energy (750:.hour (1000-hour ( 1 OOQ..hour (2000-hour 
·.lite)· ... 1_119)" . Ufe) lite) 

light ~'1·-tti.o% 11.1% 12.0% 13.7% 
lnfraredt . . .-72.0 68.7 70.3 . 67.2 
Conduction- 18.0 20.2 . 17.~ 19.1 

convectlon 

• Coiled-coll filament. 
.. , 

t Prlncipally near infrared (waVetengths from 700 to 5000 nano--
meters). .-

~ Tungsten-halogen lamp. 

Flg, 2-22. Energy Output for Some.'l:ligh;,;r,tensity 
· . p;scharge· Lamps ·,. _ · 

400-Watt 180-Watt 

Type of Energy 
400-Watt 400-Watt High Pres- Low Pres-
Mercury Metal Hallde su re su re 

Sodium Sodium 

Ught 14.6% 20.6% 25.5% 29.0% 
· lnfrared 46.4 31.9 37.2 3.7 
Ultraviolet 1.9 2.7 0.2 o 
Conduction-con- 27.0 31.1 22.2 49.1 

vection 
Ballast 10.1 13.7 14.9 18.2 

and although total lamp energy .and bulb wall 
temperaturas will differ, the lamp energy propor­
tion may be considerad typical for low energy 
lamps as well. Energy output for an individual 
luminaire in space', or for a system of luminaires 
installed in·~ room is likely to vary considerably 
from that for lamps alone. 

Luminaires as Heat Sources. Performance 
characteristics of luminaires are wt:Ú docu· 
mentad in terms of luminous efficiency, light 
control and candlepower distribution because 
equipment designers have been conceined pri­
marily with the purposeful distribution of visible 
light. Now it is;.necessary to coilsicer'tlÍe' total 
energy distributic;·n or"any lumirlali·e destined to 
become a component of a building. 

From Figs. 2-20, 2-21 and 2-22 it can be seen 
that the high percentage of energy converted by 
electric lamps is radiation lying predominantly 
in the near infrared or far infrared regions-the 
proportions depend on the light source. Because 
the properties of lighting materials are different 
in the range from visible to invisible radiation, it 
is important: to consider the under!ying physics. 

Fig. 2c23 shows that sorne materials used in 
luminaires can be good reflectora of light and 
good absorbers of far. infrared. Severa! materials 
used to transmit light show sigriificant differ­
ences in the far infrared reflectad. 

Any quantitative analysis of luminaires as heat 
sources sho1.1ld ,15sume conditions of temperatura 
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Flg. 2-23. Properties of Lighting Materials. 
(Per Cent Reflectance (R) and Transmittance (T) at Selecled \Vávelengths) 

Visible Wavelengths Neai lntrared WavelenQths Far lntfared Wavelengths 

Ma-terial 
400 500 600 1000 2000 4000 7000 10,000 12,000 15,000 
nm nm nm nm nm nm nm nm nm nm 

A T A T A T A T A T A T A T A T A T A T 

Specular aluminum 87 o 82 o 88 o 97 o 94 o 88 o 84 o 27 o 16 o 14 o 
OiHuse aluminum 79 o 75 o 84 o 86 o 95 o 88 o 81 o 68 o '49 ·o 44 o 
White synthetic enamel 48 o 85 o 84 o 90 o 45 O. 8 o 4 .o 4 o 2 o 9 o 
White porcelain en- 56 o 84 o 83 o 76 o 38 o 4 o 2 O. 22 o 8 o -9· .o 

amel 
Clear glass-3.2 milli- 8 91 8 92 7 92 5 92 23 90 2 o o· o 24 b 6 o 5. o 

meters (.125 inch) 
Opal glass-3.9 milli- 28 36 26 39 24 42 12 59 16 71 2 o .o o 24 ·o· 6 o 5 o· 

meters (. 1 55 inch} . .~: \ 
Clear acrylic-3.1 milli- 7 92. 7 92 7 92 4 90 8 53 3 o., 2 o '2 o 3 o 3 o 

meters (. 1 20 inch) 
Clear polysty'rene-3. 1 9 87 9 89 8 90 6 90 11 61 4 o 4 o 4 o 4 o 5 o 

millimeters (.120 ,, 
inch) 

White acrylic-3.2 .r:nilfi( ., 18 15 34 32 30 34 13 59 6 40 2 o 3 o 3 o 3 o 3 o 
meters (.125 inch), -.: ._,. .. ;;·: '<';. ''3'2'- 29 White pcliystyre~_e-3. 1 20 t'a· 30. 30 22 48 9 35 3 o 3 o 3 O. 3 o 4' o 
millimeters (. 1 20 ,·._. 

inch) , 'ii .. 
~hite vinyi~0.76 milli- 8 72 8 78 8 76 6 85 17 75. 3 o 2 o ,_,3 .. o 3 o 3 , .. 

meters (.030 inch)· · 

Note: (a) Measurements in visible range made with General Electric Aecording Spectrophotometer. Reflectance with black velvet backing for 
samples (b) Measurements at 1000 nm and 2000 nm made with Beckman DK2-R Spectrophotometer. (e) Measurements al wavelerigths greater 
than 2000 nm made wilh Perkin~E!mer Spectropholometer. (d) Aeftectances in mfrared r81ative 19 evaporative atuminum on glass. 

stabilization, constant voltage, and service posi­
tion. In this state, total energy may not follow 
the distribution of light energy. Howevér, it will 
be helpful to compare total energy distribution 
with the general classifications assigned to can­
dlepower distribution curves. 

Thermal distribution characteristics would 
narrow the CIE classifications to (1) semi-direct, 
(2) direct-indirect, and (3) semi-indirect, as illus­
trated in Fig. 2-24. Totally direct or indirect 
lighting classifications are un!ikely in total en­
ergy distribution curves. Of the two general dif­
fuse lighting classifications, direct-indirect would 
be more appropriate. 

Severa] .test methods have been emplóyed to 
assess the total energy distribution from a par· 
ticular luminaire. One involves an adaptation of 
photometric techriiquc:·./f-•;·o ,others involve cal­
orimetr:Y, indnding a tor1tiriUOus water flow cal~ 
orimeter28 and continUOuS aii- flow calorime-

·?S 30 ters: · Though procedures and equipment var-
ied widely, test results were of the same arder of 
magnitude.'11 

Testing guides for determining the thermal 
performance of luminaires ha ve been published 
by ADC,' !ES and NEMA. lES approved a new 

• Air Oiffu!lion Council. 

test method in 1978 which considers the effect of 
plenum temperatura and air return in the light 
output. The test also provides data on heat dis­
tribution and power input dependent upon re· 
turn air flow through the luminaire.32 

Lighting Systems as Heat Sources. Visual 
and thermal conditions are two of the most ini­
portant considerations in a planned interior.en· 
vironmént. Visual comfort is partly due to quan­
tity and quality of illumination. Thermal comfort 
is the result of a proper balance in temperature, 

UGHT DISTRIBUT!ON ClASSIFICATIONS 

~~,6.mm~ lOOll.J o 90CLYO sow u 40) 10 lO T o 
' DIHUSlN(i DIRECT-

DIRfCT SEMI-OIRfCT ENCLOSURE INOIRECT SEMI- iNOIRfCT 
GENERAL OIFFUSE INDI~ECT 

~--~~~~~~~~~~--TOTAl ENERGY OISTRIBUTION ClASSIFICATIONS • \'... 

~,. .. 
1 

~,. TOWO 
SEMI·DIRECT OIRECT • INOIRECT SEMI- INOIRECT 

Flg. 2-24. UgM distribution curves by CIE classifications 
of luminaires, compared wilh typical total energy distributlon 
types. Upward and do1mward components are in percentage 
ranges. 
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relative hurnidity and air motion. If these factors 
are to be fuily evaluated, consideration should be 
given to ... the total energy distribution of lum.i­
naJres: ~tJi~~tréla.~,tqv,~.l}j.~.;_t~ roqm surlaces, and 
to the type of coudítiufung'system contemplated. 

. While totál en&gy shówd' Ultimately be con­
sidered withih the building envelope, cornfort 
conditions will bé primarily affected by that por­
tian of the energy distributed into the occupied 
space. Thus, actuallighting and heating charac­
teristics will be influenced by lumfuaire perform­
ance, ambient temperatures, surrounding mate­
rials and surface reflectances .. 

The ASHRAE Fundamentals Handbook cov­
ers the calculation of space load due to lighting 
for various lum.inaires and ventilation arrange­
ments.33 Generally, the instantaneous heat load 
from the lighting system is expressed using the 
relationship: ·.• . 

p, = p, x BLF x CLF x UF 

where 

P, instantaneous heat load from the 
lighting system in watts (multiply by 
3.4l"to get Btu/h) 

P, = total lamp ¡iower in watts 
BLF··· = . baLiast load factor-

__ <;.:.inCantié'Sh:.ilt~\:BLF = 1.00 
rapid:st.art·fluorestent, BLF = 1.08 to 
1.30 .· ., 
high intensity discharge, BLF = 1.04 
to 1.37 

CLF cooling load factor, a factor that al­
lows · for the type lumfuaire, furnish­
ings, room envelope, length of time 
lights aré on, etc. See reference 33. 

t t IIA01ATI07 
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UF 
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utilizatjon factor, percentag~ of in­
stalled power in use expressed as a 
decimal. For conmiercial applications 
such a8 stores, UF is generally unity. 

Luminaire mounting has an im.¡iortaDt ¡:ole in 
the distribution of thennal energy. Fig,¡2-25 il­
lustrates typical .. heat flows for vanÓuif.types of ' 
ceiling-to-lum.in\ilie relationshi¡Ís: "Total energy 
distribution involves all three mechanisms of 
heat transfer-radiation, conduction and convec­
tion. Although .the illustration shows a fluores­
cent lum.iniúre, HID lum.inaires exhibit similar 
patterns. The input of the suspended lumfuaire 
in Fig. 2-25 (A) would be convected and radiated 
in all directions to be reflected or absorbed and 
reradiated. Essentially, all of the input energy 
would remain within the o.ccupied space. 

Heat transfers from bhe surface mounted 
· semi-direct luminaire in Fig. 2-25 (B) involve 

radiation, conduction and convection. Assuming 
good contact with the ceiling, upp"er sUrfaces of 
the luminaire will transfer energy to or from the 
ceiling by conduction. Since many acoustic8.! ceil­
ing materiaL5 are also good thennal inswators, it 
may be assu[!ied that temperatures within the 
luminaire Will be elevated. Thus, lowe! luminaire 
sUrfaces will tend to radiate and convect to the 
space below at a somewhat higher rate;' Unless 
the ceiling material is a good heat conductor and 
can reradiate above, essentially all of the input 
energy will remain in the space. 

A different situation exists Whep, ,co~tPqnents 
of the system are·separated from the space. The 
recessed lumin~Íre in Fig. 2-25(C) distributes 
sorne portian of input wattage above the sus-" 
pended ceiling. The actual ratio is a function of 
luminaire design and plenum and arnbient con­
ditions. For most recessed static lumfuaires, the 

V,QI.t.TION 

~ l co~vecnoN 
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Fig. 2-25. Effecl of. ceiling-to-luminaire relationship u pon lighting sYSiem heat 
transfer. Fluorescent luminaire has direct-inQirect total energy distribution classifl-
cation. (A) Suspension mounting. (8) Surface · m•>unting. <C> Recessed. 
(0) luminous and louvered ceiling. (E) Heat transfer Jum1naire. · 
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ratio is very nearly 50 per cent above the ceiling 
and 50 per cent below. 

Lighting systems of .lumingus and louvered 
ceiling types are illustrated in Fig. 2-25 (D). A 
similarity with the heat transfers of Fig. 2-25 (A) 
is noted. Although luminaires ru·e separated from 
the occupied space, plastics and glass used in 
luminous ceilings are good absorbers of infrared. · 
White synthetic enameled·louvers· are also good 
absorbers, whereas. aluminum louvers reflect a 
high percentage of infraTed. Unless sorne means 
of controlling the energy is employed, al! of the 
electrical input energy also remains in the occu-
pied space. "· "'.' . .'. ,·· .. < ,,,,.," •• · 

Heat traru~fer rec·essed: iüñúnaires are illus­
trated in Fig. 2-25 (E). Here, the convected and 
radiated component to the space have been re­
duced considerably' while the upward energy has 
increased a proportional amount. U nder· certain 
conditions it is possible for the space load to 
consist almost entirely of light energy. The ma­
jority of the power input to the luminaire is 
directed upward where it can be captured by the 
system and be subject to sorne form of control. 
Laboratory tests conducted in accordance with 
!ES procedures32 will provide energy distribution 
data for evaluative purposes. However, the total 
system must be evaluated because heat removal 
to the plenum may raise plenum temperatures 
which Cause conductive heat transfer back 
through the ceiling and floor to the space below 
and above adding thermalload back to the space. 

Task/ambient systems have a different light­
ing energy distribution. Care must be exercised 
in the selection of the cooling load factor (CLF). 
Depending on the installation, it may be neces­
sary to calculate task and ambient heat loads 
separately. 

It is possible to have both systems completely 
within the space.' Tb" ,;~·üu!d)Je the case if sus­
pendedor suzface-mónntedluniinaires were used 
for ambient lighting With task lighting being in­
corporated into the furniture or with suspended 
or surface-mounted luminaires being used for 
both. In this case, the entire input power is 
instantaneous space load. 

With recessed luminarres utilized for ambient 
lighting and either suspended or furniture 
mounted for task lighting, the heat loads must 
be figured separately as only the task lighting 
load is entirely instantaneous space load. The 
recessed luminaire heat contribution may be con­
sidered less depending upon the CLF. 

Systems can also utilize recessed luminaires 
for both task and ambient lighting. Here, both 

·would impose a heat load which would be re­
duced by the CLF. 

Benefits of lntegrated Oesigns 

The benefits of integrating building heat in 
lighting designare: (l) improved performance of 
the air conditioning system, (2) more. efficient 
handling of llghting heat, and (3) more efficient 
lamp performance. . . .. 

The control and removal.of lighting heat·ciíi(i~¡;;;·. 
reduce heat in•,.thé' occupied space, reduce aii'""~.;/~ · 
changes and fan ·horsepower, lower temperature · 
differentials require'd in the space, enable· a more 
economical cooling coi! selection beca use c:f, the 
higher temperature differential acros8 the coi!, 
and reduce luminaire and cei!ing temperature 
thereby minimizing radiant effects. 

The degree to which any of these benefits.m1;\Y 
be obtained depends on many variablus. such as. 
the quantity of eriergy involved, th~· type of heat 
iransfer mechanism, the temperature difference 
between source and sink, and the velocity and 
quantity of fluids and/or air available for heat 
transfer. However, in most applications lumi­
naire temperature will be higher than room tem­
perature so fluids at room temperature can be 
effective in heat transfer. Any unwanted heat 
that can be removed at room temperature or 
above can be removed ·much more economically 
than at lower temperatures. 

The full benefita of integrated design can be 
achieved only through the combined efforts of a 
design team. which should in elude architects, 
space planners, interior designel"S, electrical ene 
r,r:ineers, mechanical engineers, illuminating en~ 
gineers and cost analysts ... · 

LIGHTING FOR SAFETY 

lmportance. Safe conditions are essential to 
any inhabited space and the effect of ·light on 
safety must be considered. The envil'Orur;ent 
should be designed J.o hélp compensaté fo/ the 
limitations of human capability. Any factor that 
aids visual effectiveness increases the probability 
that a persori will detect the potential cause of 
an accident and acf to correct it. 

In rnany instances where illurnination is assó- · 
ciated with accidents, the cause is attributed to 
inadequate illuminance levels or poor quality of 
illumination. However, there are many less tan­
gible factors associated with poor illumination 
which can contrib\lte to many accidents. Sorne 
of these are: direét glare, reflected glare. a.nd 
harsh shadows-all of which hamper seeing. Bx­
cessive visual. fatigue itself niay be· an element 
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~(· .... ;: ... ~:4::;.;::,"·~~·$,: 
leading t~warci acd<ianfs. AcCidenta may ¡Uso be 

· .' ·prompted by the delayed eye adaptation a person 
· experiences when moving from bright surround­

ings into dark ones and vice versa. Sorne acci­
denta which have been attributed to an individ­
ual's carelessness could have been partially due . 

. to difficulty in seeing from one or more of the 
above mentioned factors. The accidenta might 
ha ve been avoided through the use of good light­
ing principies. 

ll!uminance Levels. The lighting recommen­
dations in Fig. 2-2· provide a guide for efficient 
visual performance rather than for safety alone; 
therefore, they are not to be 'interpreted as re­
quirernents for regulatory minimum illuminance 
leveis. 

Fig. 2-26 has been developed to list illumi­
nance levels regarded as absolute minimums for 
safety alone. To assure these values are main­
tained, higher initiallevels must be providéd· as 
required by the maintenance conditions. In those 
areas which do not have fixed lighting, localized 
illumination should be provided during occu­
pancy by··portable or material handling and ve­
hiele mo:~ntea ligh:_;¡-,;-¡ ,,1L,:pment. 

Other · Factoro>! ·A visuiilly safe installation 
must· be free· of excessive glare and of uricon­
trolled, large differences in luminances. Appro­
priate guides to limiting glare and adaptation 
effecta are given earlier in this Section in discus­
sions of luminance ratios and visual comfort. 
Maximum luminance ratios are important to 
avoid temporarily noticeable reductions in visi­
bility because of changes in eye adaptation whim 
alternately looking at areas of widely different 
luminances. 

Flg. 2-26. llluminance Levels for Safety • 
HazardS ReQui;-ing 

Visual Detection 

Normalt Activity 
Leve! 

llluminance Levels 
Lux 
Footcandles 

Low 

5.4 
0.5 

Slignt 

High 

11 

Low 

22 
2 

High 

High 

54 
5 

• Minimum illuminance lor safoty ot peopte, absoluta minimum at 
any time and at any toCation on anY plana where safety is relatad to 
seeing conditions. 

t sPeciai~C~ñdniOns -m¡:;~·- r~Quire ·dlfferent illuminance levels. In 
sorne case~··higil~r-lfiveiS\ ::1::t!:·u~i~quired as for example where 
security is ""'factor. tn' sorne- other cases greatly reduced levets. 
including total darkness. "'''-' be.neces·safy, specillcally in situations 
invotving manutactU~ing, handling, use. or processing of llght-sensi­
tive materials (notably In connectlon with photographic products). In 
these situations alternate methods of insuring safe operations must 
be relied upon. 

Note: See specillc application reports of !he lES for Quidelines to 
mínimum illuminanc8s for satety by area. 

L/GHTING FOR SAFETY. 2-45. 

illumination Evaluation. AÍthough the 
proper quality·and quantity of illuininatji>Ii,,may 
be designed for sdety ,;n an are?., it iS nece8sary 
to knowwhethei the désign meets requiiementa. 
A staridard procedure, titled "How to Make a 
Lighting Survey,"'"' has been developed in co­
operation with the U.S. Public Health Service: 
This staridard proc~dure is recommended for use 
in survéys of lighting for safety. · 

EMERGENCY LIGHTING 

Consideration should be given to emergency 
lighting needs early iidhe planning stages of a 
building. Corisultation between the owner and/ 
or occupier. of the premises, the architect, the 
lighting designer, the utility, ánd others con­
cerned, should be arranged when, or perhaps 
befare, the notrnallighting planning is discussed. 
The installation contractor should b~ made 
aware of emergency lighting requirementa at the 

· earliest po8sible time. 

Detinitions •. The following definitions are 
given for the terms used in this section: · .i 

Emergency lighting: Lighting prii,:id~rúfÓr use 
when the power::·,lupply'for the·'normal"lighting 
fails, to insure thát escape routes can be effec­
tively identified and used. 

Exit: A way out of the premises that is in­
.tended t.o be used at any time while the premises 
are occupied. 

Emergency exit: A way out of the premises 
that is in tended to be used only during an emer­
gency. 

Escape route: A route from a point inside the 
premises to an exit or emergency exit. 

Normal lighting: Al! permanently installed 
electric lighting normally used when the prem-
ises are oc.cupied. · 

Cuides for the following are not ·provided here 
but are defined so that th.ey are clearly excluded 
from this section. · 

Safety lighting: That part of emergency light­
ing that is pruvided to insure the safety of work­
ers having to remain at work when the .. normal 
lighting fails. 

Standby lighting: That part of emergency 
lighting that is sometimes provided to enable 
normal activities to continue. . 

Basic requirementa for escape lighting · are 
specified by federal . codes and fr'c<¡Uüll·:ly are 
strengthened by' ioc'ii..l ''todes. Th~ 'material that 
follows refers only to emergenc·y lighting •.vithout 
regard for the type or locati_on of the emergency 
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power, which may be- emergency motor driven 
generators, central battery systems, central in­
verter systems, unit inverters or unit equipment. 

Emergency lighting is ~écified by the Life 
Safety Code (NFPA 101) to be necessary in 
certain interiors where people work or meet, in 
order to enabl;'them .tr, ]·oc,,,~ the interior safely 
~n the eVent Eh~t.3.~ e;¡é"r~~;;cy\Situation arises 
due to the failure of tW••nohnal power. Refer­
ences to that code, 'as well as any existing local 
codes, shÓuld be made at all times. 

Design Requirements for Emergency 
Lighting. 

When the normallighting of an occupied build­
ing fails, irrespective of the cause, the emergency 
lighting is required· to fulfill the following func-
tions: · 
l. lndicate clearly and unambiguously the es­
cape routes. 
2. Provide illumination and a comforting visual 
environment along the escape routes sufficient 
to facilitate safe movement along them toward 
and through the exits and emergency exits pro­
vided. 
3. Permit ready identification of all fue alarm 
call points and flrefighting equipment provided 
along the escape routes under emergency lighting 
cOnditions ... -

·.,.., .,, •! 

Escape R~Ute t~di~-~Ü?í\:,.-t\~~ns are required 
to be illumina"ü,d in tin;c ,Qfemergency to insure 
that from any poim within the premises an es­
cape route can be easily identified and followed 
m an emergency. 

All' normal exits should be illuminated at all 
times when the premises are occupied. This light­
ing shotild, practically speaking, be externa! to 
the exit·signs themselves. , 

Where direct sight of an exit or emergency exit 
is not possible, a directional sign or series of signs 
should be provided. They should be so placed 
that a person following them will be progressed 
toward the nearest exit or emergency exit. 

Exit signs cannot be counted on to be visible 
to many people at distances of more than 30 
meters (100 feet), and should not be expected to 
be visible at longer intervals on long escape 
ro u tes. 

- lllumination of Exit Signs. Either of the 
following_ methods of illumination ~ay be used: 
'(a) lamps externa! to the sign and (b) lamps 
contained within the sign. lt is recommended 
that the method of illumination of exit signs 

" .•. . , ·' .. ~~~~:\;~~.Ce-;.~~~; 
. . <~-~ .. 

_/''· 

describéd under (b) be used--within any area 
where the norm21Jighting- rila y be delibera te! y 
dimmed or extingtii,~hed, e.g., pla:C.s of entertain-
ment. · 

In the event of failure of the supply i:o ti\ e 
normallighting, escape ro u te signs should-receive 
the power needed for illtimination from the emer'­
gency lighting supply. Power for exit signs should 
be unswitched or ha ve the switch accessible only 
to authorized personnel. _ _ . .-. ~ _;·.;'-; 

Visual lmpact and'ii..é'¡iibility offuternally 
llluminated Signs. lmpact and legibility of exit 
signs are depéndent upon luminance, si.Ze, view­
ing_ distance, contrast, positioning and uniform-
ity. . ' . 

Luminance: Where codes exist, an illuminance 
of 54 lux (5 footcandles) on the face of the sign is 
usually specified. !Iluminan ce is an inappropriate 
parameter for- internally illuminated signs. Cur­
rently research is being done along this !in e; but 
a lumirí.ance of 7 to lO candelas per square meter 
(2 to 3 footlamberts) on the lighted area of the 
sign seems to be a reasonable leve! and parame­
ter, beca use it · appears ·to be adequate under 
emergency lighting conditions, is measurable, 
and pro vides better contrast _under normallight. 

Size: Letters must have at least a 19-millime­
ter ('14-inch) wide 'siroke and must be at least 150 
millimeters (6 inches) high. 

Viewing distance: In an emergency, an eXit 
sign should not be expected to be useful a:C.· a 
distance greater than 30 meters (lOO feet). 

Contras!: Once other parameters have been 
met, this is a remaining important párame'ter. 
See luminance above. Transilluminated letiers 
usually pro.;ide the best visibility. Color Óf-leit~i-s·· 
is not an important pÓint,"s'o long .aS-· adequate 
light and contrast are provided. There seems to 
be little differentiation between dark letters on 
light background or illuminated (light) letters on 
dark or opaque background. Contrast is the im­
portant consideration. 

Positioning: The location of the emergency 
exit sign will usually be determined by the desir­
able Iocation under normal power conditions 
since, except for emergency exits, emergency ex.it 

. signs mark the location of normal exit doors. 
Uniformity:_ The exit sign face should be uni­

formly lighted, with a variation of not more than 
a factor of 2 above or below the average lével 
over the lettered area. 

All exit signs in a collective·area should be of 
a similar color and ~esign, ·aS an aid to ready 
identification. · · 

Extemally Illuminated Exit Signs. Exter­
nally illuminated exit signs vary so greatly_. :in 
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design, material, color and printing .that stand­
ards are difficult to establish. NFPA 101 requires 
54 lux (5 footcandles) on the face of the sign. 
However, consideration must be given to con­
trast, glare, veiling retlectance, as well as relia­
bility of the emergen e y power ·so urce for the 
extemallight, bÚt the minimum letter size must 
adhere to that given above. 

Egress Route Emergency lllumlnatlon 

llluminance. The horizontal illunlinance of 
any escape route should be not less than 1 per 
cent of theaverage provided by the nonnallight­
ing, with a nlinimum average of 5 lux (0.5 foot-
candle] at f1oú,. lev.~L i, • _ . . 

, .o "· .. ' •·":,-, ,"".:''f·~-· .. 
llluminance Ur.iformity. Jlluminarice uni­

fonnity is more easily'achieved by using a greater 
number of la.nlps with lowei light output than by 
employing a lesser number of more widely spaced 
units with higher light output. 

A unifonnity ratio (E=,/Emin) of up to 20:1 
along the center line of an escape route is desir­
able for safe movement. A val u e of 40:1 should 
not be exceeded. 

Visibility of Hazards. By itself, illuminance 
is not a sufficient criterion of visibility, since it 
refers only to the light falling on a surface and 
not the amount reflected back to the eye.Lunii­
nance is really the only relevant measure." 

!t is recommended that al! potential obstruc­
tions or hazards on an escape route be light in 
color with contrasting surroundings. Such haz­
ards include the nosings of stair treads, barriers · 
and walls at right angles to the direction of 
movement. · 

In restricted areas such as corridors, light-col­
ored decoration throughout is an advantage and, 
under emergency conditions, prominent vertical 
surfaces can assist considerably in defining the 
escal?e rO'!t~ .. :? ' · ·_:, ~: -~~ .. ~ . .'~.· .~: . 

Locatfon of E¡fcqss :Luminaires. A lumi­
naire should be provided for each exit door and 
emergency exit door and at points where it is 
necessary to emphasize the position: of potential. 
hazards, sufficient to light that area to a leve! of 
30 lux (3 footcandles]. 

The tloor are~ to be so lighted should be a 
square at the threshold of the point of egress 
that is double the width of the egress opening, or 
equal to the width of the corridor, whichever is 
less. lliuminance measurement should be on the 
horizontal. 

Examples of such areas are: 

EMERGENCY LIGHTING' 2-47 

. l. lntersection of corridors. 
2. Abrupt changes of direction of the eit'ess path. 
3. Staircases. Each flight:of stairs should·receive 
direct light. , ' 
4. Other changes of floor leve! that rriay consti- · 
tute a hazard. 
5. Outside each exit and emergency exit, · and · 
clase to it. 

Additional lamps, as required, should be lo­
cated so as to ensure that the lighting throughout 
the escape routes complies,.with the recommen­
dations for píinimum illunlinance and . illumi­
nance unifonn.ity given above. 

Windowless offices occupied by.less than five 
people nonnally should not require emágency. 
lighting, provided proper escape route light' ex.ists 
in the corridor. 

Handicapped peo¡ile and other special situa·-
. tions could be an exception. · . 

A room nominal! y occupied by five Óri more 
people and not otherwise requiring 'émérgency 
light, should hav~' an illuminanc'e 'at the door 
equal to the egress route, ora glass paneled door. 
U nder these circumstances, so lid doors should 
be avoided. 

lllumination of Fire Alarm Call Points 
and Fire Fighting Equipment. Fire alanÍl cal! 
points and frre fighting equipment provided 
along escape routes should be illunlinated either 
by emergency lighting or by normal electric light­
ing or daylight at al! times while the premises are 
occupied. 

Length of Time an Em4!!_rgency Lighting 
System Shol:ld Operate Without 
Rechargirig 

The time required to evacuate a premise will 
depend upon its size and complexity but it should 
normal! y be possible to complete an orderly evac­
uation, even of the largest premises, in less than 
one and one half hours. An owner, ilrchitect, or 
engineer, may agree that a lesser time, is.,(\i:.cept-
able. . .,, ,'. -,, .·. . . ' •·· 

With battery ot-erated emergency lighting, ad­
equate light must be provided without the bat­
tery voltage dropping below 87'h per cent of rated 
voltage within th~ required time. 

In an e·mergency, evacuation times may be 
considerably increased; for example, sorne of the 
escape routes may have been cut off, injured 
people may have to be found and possibly given 
on-the-spot medica] treatment, etc. The time for 
which escape lighting is required to operate will, 
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th~r.efm:e, · al¡f~Y~~ l.l,•)PJ![~J.J!'an the absoluta 
mmrmum tune reqwred'L(J•evacuate the prenuses 
under ideal c;nditions:{~~~ · "·' -- · .. ': 

Facilities design~d es¡iecially for older and par­
tially or wholly incapacitated people present spe­
cial problems and special attention should be 
given to this parameter under these circum­
stances.' 

Power Supply Systems for Emergency 
Lighting 

Emergency lighting is provided for use when · 
the supply for the norinallighting fails and must, 
therefore, be powered by a source independent 
from that of the normallighting. The recommen­
dations here are confined to illumination by 
means of electric lamps. Furthermore, becaUse 
this section is concemed primarily with perma­
nently installed emergency lighting systems, the 
oruy power sources considered are motor driven 
electric generators and combinations ofrecharge­
able seconda.ly batteries together with suitable 
chargers. . . 

The National Electrical.Gode section 70036 spe­
cifically. forbids ·the uie·•¿(fJv,,,;',~chargeable (pri­
mary) battenés for enú;rgency .lighting. 

\,- .. 
Generator-Powered Systems. Emergency 

lighting systerns should provide the required il­
luminance within a 10 second (NFPA101) period 
of the inte:Tuption of the normal lighting. lf, 
therefore, such a system is to be powered by a 
generator, it is essential that the generator can 
be run up to ita required output within the spec­
ified period, and that start-up be automahc on 
failure of the normal lighting. Care should be 

. taken that batteries for generator starting are of 
'a type specially designed for standby operation 
and are provided with suitable chargers. 

Battery-Powered Systems. A battery-pow­
ered emergency lighting system utilizing suitable 
rechargeable secondary batteries may be de­
signed for operation from a centrally located 
battery and charger combination (central sys­
tem) or from batteries located at the lamps them­
selves (unit equipment). The battery/charger 
con\bination should, in each case, be so designed 
that, after the battery has been discharged for 
the specified duration of the category of the 
system,"it shou!d b:?>caf'!".~le. ofagain supporting 
the emergency•·hghtii\g·ay.~tr.•m1:for one hour fol­
lowing a 24-holir rechan;e period, .. · 

All· central battery powered units should be 
adequately ventilated. 

Categories. Any emergency lighting system . 
may be designed to supply the'required load for 
any desired time. However, it must be design!'d 

· to supply the minimum illuminances '.as, esfábc 
l. h d bo . . . . ·• . - ·' 
IS e a ve. · ·.<:1 ': ~: •·~.-~. ~• •· ··. 

Special areas: . Allnost every · 'coriunercial 
building or apartment hoúse normally occupied 
by 100 persons or more will have areas requiring 

-special attention in the layout of the emergency 
lighting system. Examples are heavy machinery 
work areas, windowless stockrooms, restroonls 
and, particularly, stairwells. Emergency lighting 
for such areas oruy can b~ designed using good 
judgment and common sense. 

The need for exterior emergency lighting to 
light escape routes away from the building, 
should not be overlooked. 

Service and Maintenance · 

··~ 
All emergency_ . lighting systems should be 

tested and inspected at least every 30 days, no 
matter what type of emergency power is uset!, 

For large installations where responsible setÍú­
skilled personnel are not available, a service con­
tract with a responsible service organization 
should be provided. In sorne cases, this contract 
can be included in the specifications, Jor .•.the 
system, or it q¡ay be,.•négotiated lat~r. b~tween . 
the owner and the sen·ice organizatión.'·compe­
tent emergency lighting service organizations op­
erate in most cities. 

Criterla for Measurement of Emergency 
Lightlng ·· 

Beca use of the very low illuminances provided 
by emergency lighting and because oruy escape 
routes need to be lighted, lux (footcimdle) and 
waits per sqtiare meter (foot) are not suitable 
measuring critoria. Adequate visibility is really 
the oruy suitable criteria. However, at the pres­
ent time there appears to be no better way to 
specify that than in illuminance or luminance. 

Caution 

Section 700 of the N ational Electrical Code36 

contsins specifications for the installatio·n. of 
emergency lighting and these should be adhered · 
to. . .... ·+:!,: 

All emergency lighting equipment should carry 
!.·-:. • 
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the !abe! of a nationally recognized testing labo-
ratory. ' · 

ECONOMICS. 

Economic analysis is an important too! to be 
used in malüng lighting design decisions. It is 
based. or..,th.~.oecor¡omic impact of various alter-. 
natives;·'3.nd--a..sS~}~~J~i.t}~ ,the relevant variables 
are ex¡ii'essible ;~, monetary ,units. In comparing 
a number o f. different lighting systems, for ex­
ample, a life cycle cost study is not relevant 
unless a1l ;systems are. functionally acceptable. 
There is no monetary expression that says one 
altemative doesn't provide enough light, or that 
another alternative is a system with a great deal 
of discornfort glare. Therefore, the analysis as­
sumes that a1l alternatives are functionally 
equivalent. 

. Since money has a time value, a monetary unit 
( e.g., dallar, peso, etc.) at ime date is not directly 
comparable With the same monetary unit at an­
other date. It is not sufficient, therefore, to de­
termine the amounts of expenditures and re­
ceipts. It is necesary to determine the times of 
these cash tlows; This is the. essence of life cycle · 
costing. All expenditures and receipts for the 
anticipated life of the system or length of the 
study period are expressed in terms of present 
worth. 

For life cyc!e costing of a lighting system an 
evaluation is made of a series of payments which 
indude inicial cost, power costs, replacement 
la.Jnp "árid ·ballnst costs, cleaning and maintenance 
labor c03ts;~etc.~:·Lill'6.~yc!~·~ .costing is particularly 
usefui.itf determ:dng-the-most economical sys­
tem when a series of costs are likely over a long 
period of time. With power costs, labor costs, and 
replacement parts increasing at a rapid rate, the 
system with the least initial cost may be the most 
expensive alterna ti ve over the life of the system. 

For more specific information, see Section 3, 
Lighting Economics. 
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CONTENIDO · 

El PRocED IM 1 ENTO DE. CALCULO DE lli.IM 1 NAC 1 ON, AUNQUE MAS B 1 EN 
FACIL PARA El DISEÑADOR ÉXPERIMENTADO, EN'OCASIONES PARECE 
SER C04PLICADO PARA El PRINCIPIANTE. EN ESCENCIA n METODO 
INVOLUCRA EVALUACIONES PRELIMINARES, DETERM,!.NACION DE PARA-
METROS Y. CALCU.LOS. '· . . 

UNA DIFIC~LTAD DURANTE El ESTUDIO DE ESTAS NOTAS, PUEDE SER 
:,t\. 

LA CAREN(:ÍA .. Ó!':,f.~~.!liARIDAD-CON LA TERMINOLOGIA. AUNQUE LOS 
TERM 1 NOS DE EST.~ ~ NOUS SON EXPLICADOS CONFORME SON 1 NTRODU-. 
CID~, OTRAS DEFINICIONES PUEDEN REQUERIR LA REFERENCIA A o,.. r;:· 
TRAS PUBLICACIONES." j•: · · : ,·· 

ANTES DE ABORDAR LAS SIGUIENTES PAGINAS, LA DESCRIPCION DEL 
CONTENIDO DE ESTAS NOTAS PUEDE SER UTIL. .. 

1.- INTROOUCCION: UNA BREVE DEFINICION DEL SISTEMA; POR QUE 
ES llN4ADO "METOOO DE CAVIDAD ZONAL~, ETC. 

2.- CALCULO DE ILUMINACION; UNA EXPOSICION DE LAS RELACIONES 
BASICAS e-LA •ECUACION• O •fORMULA• ) DE LA CANTIDAD DE . 
ILUMINACION A LA CANTIDAD DE LUZ QUE ES GENERADA POR UN 
SISTBlA DE lllJliNACION. 

LA ECUACION BASICA DE EXPANDE PARA INCUHR UN NUMERO DE 
FACTORES LOS CUALES MODIFICA~ El C~PORTAMIENTO DE LA 
LUZ ENTRE El LUMINARIO Y El PLANO DE TRABAJO QUE VA A 
SER. I.LUM 1 NADO. 

' u~.~.:'-~-~~-.::.~.:~·= •.• ~: •• ;,,. i.. 
NOTA:' ESTci~':FACTQRES SE DEFINEN CONFORME SE PRESENTAN 
PERO LA fORMA DE DETERMINARLOS ES EXPLICADA HASTA·QUE ... 
LA ECUACION ESTA COoiPLETAMENTE DESARROLLAD/~. 

3.- ECUACIONES DE TRABAJO: SON LAS EXPRESIONES MATEMATICAS 
PREVIAMENTE DETERMINADAS. ESTAS SON LAS fORMULAS "DE­
SARROLLADAS• LAS CUALES SE UTILIZAN PARA LOS CALCULOS. 

4.- DETERMINACION DE FACTORES: El PROCEDIMIENTO PASO POR PA­
SO PARA lA EXACTA OETERNINACION DE LOS FACTORES •DESCO­
NOCIDOS• LOS CUALES VAN A SER SUSTITUIDOS EN LAS •ECUA-
CIONES DE TRABAJO•. ··· . .. . _,., ' 

.• . 

. ~':' 

i 
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ARREGlO D~ LUMINARlOS: UNA EXPUCACION DE C()IO DISTRIBUIR',LOS 
l!M INARIOS QUE SE HA CALCULADO SON NECESARIO.$ ,.PARA PR9~0RC:fo:...-
NAR lA llUMINACION .REQUERIDA. "'" . . •· • 

EL DESARROLLO DE CADA UNO .DE lOS FACTORES SE ILUSTRA MEDIAN­
TE •EJEMPLOS" BASADOS EN El SIGUI ENTE PROBLEMA: 

( 1) LOCAL 1 NDUSTR 1 Al . .. . . . . . . 
(2) NI YEL DE ILUMINACION M INIMO: 1180 LU}f~S . >.'' 
(3) LAMPARA A UTILIZAR: LUCALOX DE 250 WATTS (LU250/U) 
(4) LUMINARIO A UTILIZAR: N° 16, PAG. A-4 

. (5) CONDICION DE SUCIEDAD: "MEDIA .. ;•. 
(ó) MANTENIMIENTO DEL SISTEMA DE lll.Jo41NACION: CADA l4. 

MESES 

.. <·· 

. ¡ ""; . 
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. CALCULO DE lli.J41 NAC 1 ON POR . El 
METOOO DE CAVIDAD ZONAL. 

-;:t---

----~ 

l.- 1 NTROOUCC 1 ON 
-~· .-.n 

.,,~ 
•: .. , 

(p-~,.. /~, ' ·.f-~t,.•?J...t'.$1,,.,...::) 

El ·¡,¡ETODO,,,_Q'f: c·A:VIDAD ZONAL PARA El CALCULO DE ILUN 1 NAC 1 O~, 
DESARRCllADO POR LA SOCIEDAD DE INGENIERIA DE ILUMINACION~.· 
( lES), DETERMINA LOS NIVELES-DE ILUMINAQI,ON~PROMEDÜ) DE, 

. '· 1\ 1 

LA LUZ EMITIDA POR LOS LUMINARIOS DENTRO DE UN ESPACIO CE_. 
RRADO. ESTE METODO ES PREFERIDO SOBRE OTROS NO PORQUE SEA 
NECESARIAMENTE MAS EXACTO, SINO PORQUE ES RELATI VAN ENTE -
SIMPLE Y FLEXIBLE. SUS RESULTADOS SON GENERALMENTE MAS -

.REPRESENTATIVOS DE UNA SITUACION DE ILUMINACION REAL Y -­
PUEDE SER APLICADO A CUALQUIER TIPO DE SISTEMA DE ILUMINA 
CION EN LOCALES RECTANGULARES O DE FO~AS ESPECIALES. 

EL TERMINO •cAVIDAD ZONAL• SE DERIVA DE SUPONER QUE El ES~. 
PACIO EN CONSIDERACION ESTA DIVIDIDO EN CAVIDADES SOiiiREPUES 
TAS ( MAXIMO 3 ) E INVESTIGA EL COMPORTAMIENTO DE LA LUZ EN 
CADA UNO ANTES DE QUE LA LUZ ALCANCE El NIVEL ( El •PLANO-;­
DE TRABAJO• ) EN El CUAL SE LOCALIZA l~ TAREA VISUAL. 

ESTAS NOTAS EXPLICAN ESTE FENOMENO, TAMBIEN 
EXPUCACION DEL PROCEDIMIENTO DE CALCULO DE 

. SO POR¿ PA:SQ,,,(, fON EJEMPLOS APROP 1 ADOS ) • 
. ~- - ~-~- . . '·: -

-~ _:;::~ -· ----··----· 

2.- CALCULO DE ILUMINACION 

PROPORC lONA UNA 
llliMINACION PA-

:'• 

···'.'. )::. 

El CALCULO DE ILUMINACION ESTA BASADO EN LA DEFINICION DE 
LA CANTIDAD DE ILUMINACION: El "LUX". 

( 1 ) . LUMENES 
LUX = AREA ( EN METROS CUADRADOS ) . 

LA ECUACION ES BASICA: EN ES~ A SE ASUME QUE T,ODA LA .LU~ G!_ 
N ERADA ( LUMENES ) SE VUELVE ILUM 1 NACI ON. EN H PLANO DE TRA 
BAJO. EN REALIDAD, EXISTE UN GRAN NtJ.iERO DE PARÁMETROS QUE 
DEBILITAN El SISTEMA DE J'LUMINACION. ESTE METODO DE ILUMIN~ 
CION INVOLUCRA CUATRO DE ELLOS- Y El I.~GENIERO DE ILUMINA­
CION LOS Ca.IPENSARA MEDIANTE LA APLICACION DE FACTORES ADI­
CIONALES EN LA ECUACION ( ~ ): 

·-, .. ·. 

1 
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. . . .~ -~ ,. 
,':' < ~. • •• ,. 

COEFICIENTE DE UTILIZACION (GU) · ¡ · 
DEPRECIAClON DE LOS Lli-IENES DE LA lAMPARA (DH) 
DEPRECIACION POR POLVO EN EL LUMINARI.O (DPL). 

·oEPRECIACION POR SUCIEDAD DEL LÓCAL (DPSL) 

El.PROPOSITO ESCENCIAL (Y PROCEDIMIENTO MAS LARGO) DEL 

2 

METODO_,OE CAVIDAD ZONAL. ES LA DETERI-UNACION DELCOEFICiE!i t 

TE O E UT lll ZAC 1 ON .• 

~------------------------------~~~. ---------------J . --·. 

COEFIC.IENTE DE UTILIZACION (CU) 
.":~~" _e·: . ,,-:~.!~.~-;;~''_,,~~\.. ' 

LAS LAMPARAS'DE'UN LUMINARIO GENERAN UNA CANTIDAD CONOCIDA 
DE LUMENES, PERO UNICAMENTE UNA PORCION DE ESOS LUMENES SA 
LE DEL LUMINARIO. El RESTO ES ABSORBIDO F·OR EL LUMINARlO­
MISMO (AL PORCENTAJE QUE ES EMITIDO SE LE DENOMINA LA "EFI 
CIENCIA" DEL LUMINARIO). LA LUZ QUE ESCAPA SUFRE PERDIDAS­
POSTERIORES- DEBIDAS A LA GEGIETRIA DEL 'LOCAL Y A LA RE­
FLECTANCIA INICIAL DE SUS SUPERFICIES. ENTONCES, El CU ES 
El PORCENTAJE DE LUZ GENERADA POR LA. LAMPARA QUE FINALMEN­
TE INCIDE EN El PLANO DE TRABAJO. ASI [A ECUACION (i) SE 
MODIFICA: 

(2) LUXES ~ LUM EN ES x CU 
AREA • 

FACTOR DE PERDIDA DE LUZ (FPL)o 

'. 

, ... 

EL TIEMPO IMPONE UNA REDUCCION GRADUA{DE ILUMINACION; LOS 
LUMENES DE SALIDA DE LA lAMPARA DISMINUYEN. LA SUCIEDAD DE 

~~~~R·~~E~U~;~,~~~~~~~c~~~~~!o ~\~~:~~E~ e ~~E ~~ ~~~~~D~~ ~ ~~ 
MINA,CION ·usUAlMENTE ES CALCULADO CGIO UN VALOR MANTENIDO_: 
(UN N 1 VELM 1 N IMO RECGI ENDADO ),, El .D 1 SEÑO DE ILUM 1 NAC 1 ON RE­
QUIERE UN NIVEL INICIAL MAYOR; POR TANTO, LA tCUACION (2)­
DEBE SER MODIFICADA MEDIANTE LA INCLUSION DE "FACTORES DE­
DEPRECIACION" COMPENSADORES. 

DEPRECIACION DE LOS LUMENES DE LA LAMPARA (DLL) 

COMPENSA LAS P[RDiDAS DE LOS LUMENES·DE SALIDA. EL FAC 
TOR Dll ESl) PROPORCIONADO POR EL FABR !CANTE DE LA LAMPA 
RA. 

·.·~ ·-· 



1 

r 

1 

1 

1 

1 

1 
1 

r 
1 

1 

l 
' ! 
l 
' 

t 

1 

! 
! 

1 

1 

¡ 
1 

1 

1 

i 
1 

1 

' 
o 

DEPRECIACION POR POLVO EN El li.JoiiNARIO (DPL) 
.·!:~ . 

-. 1 1 '. 

Ca.I~E-~SA J.AS PE-RDIDAS OCASI'ONADAS POR LA ACI.JoiULACION DE 
PCiÚcl ·úf'l~~iíi;l"f>?,RAS Y LIJoll NAR 1 OS. El VALOR DEPENDE O El D 1 
SEÑO.DELf"i~iNARIO Y DE LAS CONDICI,ONESAMBIENTALES; POR 
EJEMPlO~ LA PERO 1 DA ES MAYOR EN UNÁ FUND I_CI ()~ I3ÍlE Elü Utl~';· 
OF 1 C 1 NA CON A 1 RE ACOND 1 C 1 ONADO Y FILTRADÍ:1 ~ El fACTOR DPL 
SE DETERMINA CON UNA EXACTITUD APROXIMADA MEDIANTE El ~ 
PLEO DE TABLAS APROPIADAS O GRAFICAS. 

DEPRECIACION POR SUCIEDAD DEL LOCAL (DPSL) 
. ' 

Ca.IPENSA LAS PERDIDAS QUE OCASIONA LA SUCIEDAD EN .LA RE-. 
FLECTIVIDAD DE LAS SUPERFICIES DEL LOCAL. ·DPSL SE DETER- · 
MINA MEDIANTE TABLAS. 

INCLUYENDO TODOS ESTOS FACTORES EN LA ECUACION (2) 

(3) LUXES = LUMENES X cu X Dll X DPL X DPSL 
AREA . 

FPL ES El PRODUCTO DE TODOS LOS FACTORES DE DEPRECIACION: 

• (4.):· :,:'·'' :fi~'tY::'r•~.ll ·x ·DPL x DPSL 
. -· ., . -·~ . . .. ... . ~ 

•, ' 

ENTONC~S, lA' ECUAC.ION (3) PUEDE SER EXPRESADA C().IO ·. ,. ·L-:·.:·-

(5) LUXES = LUMENES X cu X FPL 
AREA 

3.- LAS ECUACIQNES DE TRABAJO 

El DISEÑODE lli.JoiiNACION IMPLICA LA DETERMINACION DEL NUMERO 
TOTAL··DE LUMENES (POR,TANTO, LA CANTIDAD DE Ll.IMINARIOS) REQUJ; 
RIDOS PARA PRODUCIR UN NIVEL ESPECIFICO DE LUXES EL CUAL ES UN 
VALOR CONOCIDO. OTROS FACTORES DE LA ECUAC.ION (5) SON DETERMI­
NABLES. ENTONCES, ES CONVENIENTE TRANSFORMAR LA ECUACION PARA 
DETERMINAR El TOTAL DE liJoiENES DESCONOCIDOS .• 

' ' 

(6) LUMENES. TOTALES = 

<•'. <"_..,¡ -··· 

.. ··. 

6 

LUXES x AREA 
cu X FPL 

' . 
o -: 

o 
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CADA Lli41NARIO TIENE UN NI.Jo!ERO CONOCIDO DE LAMPARAS;, CADA . 
LAMPARA GENERA UNA CANTIDAD CONOCIDA D~ LUMENES. POR TANTO,' 
LA CANTIDAD DE LUMENES PRODUCIDOS DENTRO. DE CADA LUMINARIO · 

. ES: 
·,..,,·. 

(7) li.Jo!ENES POR LI.Jo!INARIO =N!' DE L·AMPS. x LUMENES 
r POR LAMP. . n 

'••: . 
·" • [>~¡ ,,.1~ 

EL PASQ,:fl~<'hih•GONSISTE EN DETERMINAR El NUMERO REQUERIDO 
<l ,. ,~ ., •• ,. ' " 

(N) DE LUMI~lAR!OS:--
o . 

LUMENES TOTALES 
( 8 ) N = -L I.Joi...::.,::E~N~ES~P'-:-O.:,.CR ""L~UM:.:;.:;;I N:::...A""'R..,.I ~O 

ES SIN DUDA MEJOR. PARA EL PRINCIPIANTE USAR LAS ECUACIONES 
(~), (7), Y (8). EN SECUENCIA. SIN EMBARGO ESTOS PASOS PUE-'. 
DEN SER COMBINADOS EN UNA SOLA ECUACION: 

LUXES x AREA 
(9 ) N= CUx FPL x,(LUMENES/Lf!M) .x (LAMPS/LUMINARIO) 

UNA VEZ DETERM 1 NADO "N", El D 1 SEÑADOR DE ILUM 1 NAC 1 ON TRANS­
LADA ESTA INFORMACION Al "ARREGLO DE LUMINARIOS". LA GEOME­
TRIA DEL LOCALY/0 LAS CONDICIONES MECANICAS PUEDEN REOUE-,­
RIR LIGERAS MODIFICACIONES A LA CANTIDAD DE LUM INARIOS. . . . ..... , 

·. ~~-¡ ¡- ' ·' .• ~-<·• 

' ' 4.- DETERMINACION DEL COEFICIENTE DE UHLIZACION 

COMO PREVIAMENTE SE ANALIZO, El CU. ES El PORCENTAJE DE LUZ, 
GENERADA POR UN .SISTEMA DE ILÜMINACION,OUE ALCANZA fiNALMEN-
TE El PLANO DE TRABAJO. ESTE VALOR DEPENBE DE LAS SIGUIENTES 
CONSIDERACIONES: 

0 LA EFICIENCIA DEL LUMINARIO Y SU CARACTERISTICA DE 
DISTRIBUCION DE LUZ. 1 

.. 
0 LAS PROPORCIONES GEOMETRICAS DEL LOCAL:· LA RELACION 

DE SUPERFICIES VERTICALES Y SUPERFICIES HORIZONTALES. 
' 

0 LAS REFLECTANCIAS DE LAS SUPERFICIES DEL LOCAL Y LAS 
INTERREFLEXIONES DENTRO DE nCAVIDADES ZONALES" DEFINJ. 
DAS •. 

7 

···-~ .· .. ' 
... ;,.:,:L ... .;;,., h: ,; .··~ ....• " 

. !<." . ' 
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"':::•· .::. '. d -o(l,~:;;:~~.'l;,, [~j '' ' 
. ;'l,, ' . ·-·.·. ¡ : 

EL CU APROPIADO SE EXTRAE DE TABLAS CALCULA['/_~. Y ·PROPqR~I~O~~~ 
DAS f'OR El FABRICANTE DEL UJMINARIO. (CADA ÜMINARIO TiENE 
SU PROPIA TABLA DE CU. ) LA ILUSTRACION SIGUIENTE, ES UN EJEM 
PLO DE UNA TABLA TIPICA. ANTES DEQUE ~'~ CU,.SEPUEDA EXTRAER:-

oES NECESARIO DETERMINAR VARIOS FACTORES DE ENTRADA. ESTOS IN­
VOLUCRAN CALCULOS PRELIMINARES Y/0 REFERENCIA A OTRAS TABLAS. 

LOS FACTORES DE ENTRADA 
SON: 

NTO DE REFLEC. 1.- PORCIE 
TANCIA 
LA CAV 
CHO (PC 

EFECTIVA DE 
lOAD DEL TE-
T). 

NTO DE REFLEC 

e r . 

- .. 
f..•- 50 ,.. 

~ 

o 

ele Uttllzad6n 

70 . '50 )O 

' 

10 50 so· 10 50 10 10 50 )O JO 50 

10 

"" 2.- PORCIE 
TANCIA 
~ ' :\ . DE LA PARED 
tPw· .~ ,,::./ . / -~ .. " ;·:.:· -----~\ . 

IICR" ~-de uti\iZIJd6n -• 20!'. J 
l de -ncie elec<ivo de piso IPo< = 20) . 

ON))E-CAV!DAD 3.- RELACI 
DEL LCC 
(RCR). 

~AL (RCL) o 

lf--U#!r 4/lut'L 

·c..a..' 1/.CI!.'~ JntÚ 
(le fYJ. t;l.l#. 

~dp 
;¡ra.nd.es 
h ma 

ine/iCA') ! .. ~-
'~ pe~u~ño!l) 

o 
1 
2 , 
4 
6 
6 
7 
8 

• 10 
L. 

.63 ············ffir··r· .$8 .$8 .S4 .51 .55 .M .M .53 . .sz ·.51 :! 
. 53 .50 .411 .sz .49 ·*7 .50 .48 . .48 : -~ ·' . 
.411 .45 .42 .47 · . .w .<Ji .(6: ·.4:1 .41 -tv"· · · JO 
·'" .. "j}" . v o·• "" " .40 .JII .a. .39 .38 .33 .38 ~ (, vJ. .l~ 
.38 .32::.36 .32 29 3! ¡o~ tt"'" ,.;" ~fl· 
.33 .28 . .33 .29 . -'0 (1 <JeC' Ji~ tfl 
.30 .211 .23 .. 3il .26 ~ . o ··~ ~ (11 
.%1 .23 .21Lj¡. . .¡-o, cPrfl ~~ 
.25 · t~ •\-e.. ltf p. e}-''-'· · · 

'- . e 

LAS "REFLECTANCI AS EFECTIVAS" SE EXTRAEN DE OTRAS TABLAS Y SON 
UNA MODIFICACION DE LAS REFLECTANCIAS REALES DE LAS SUPERFICIES 
DEL LOCAL. ESTAS ULTIMAS SON ESPECIFICADAS, MEDIDAS O- EN OC~ 
ClONES- ESTIMADAS. SIN EMBARGO, ES NECESARIO PRIMERO DETERMINAR 
LAS RELACIONES-DE CAVIDAD. 

DETERMINACION DE RELACIONES DE CAVIDAD 

SUPONGA UN t.:Ócf:t'ÚCTANGULAR DIVIDIDO EN TRES CAVIDADES HORIZON 
TALES, CÁDA·j¡'¡~A'(iMITADA VER.TICALMENTE PÓRLAS.PAREDES: . ' -

:·. ·"~ · .. -: . 
. ¡ ~r; · ·.,. · " . . 

(1) LA "CAVIDAD DEL TECHÓ"- ENTRE EL TECHO Y<UN PLANO IMAGINARIO 
EN LA PARTE 1 NFERtOR DE LOS LUM 1 NAR 1 OS. 

(2) LA "CAVIDAD DEL LOCAL"- ENTRE .EL PLANO DE LOS LUMINARIOS Y 
UN PLANO IMAGINARlO SOBRE LAS SUPERFICIES DE TRABAJO (ESCRI­
TORIOS, HERRAMIENTAS, ETC.). 

o 

8 
o 

5 

1 
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LA "'CAVIDAD DEL PISO•- ENTRE El PLAN<) DE TRABAJO Y El ... 
PISO. • 

,,,, . 

- -·- - - --PA.- ""' A.6 ¡....,.¡_,.•S 

" .. 
. . (\ 

Plano d<t lrabaio - - ---',\ 

NOTA: SI LOS LUMJNARIOS ESTAN EMPOTRADOS EN El TECHO, O SI 
LA SUPERFICIE DE MONTAJE ES POCO PROFUNDA, liQ. EXISTE 
CAVIDAD DEL TECHO. SI El PLANO DE TRABAJO COINCID~ CON 
EL PISO, NO EXISTE CAVIDAD DEL PISO. SIEMPRE EXISTE U­
NA CAVIDAD DEL LOCAL. 

DENTRO DE ESTAS CAVIDADES, LA LUZ DE INTERREFLEXION SE COM­
PORTA DIFERENTE CUANDO LA RELACION DE ARF.A VERTICAL SOBRE -

.HORIZONTAL DIFIERE; POR LO TANTO, El PRIME2 PASO PARA DETER­
MINAR ESE COMPORTAMIENTO IMPLICA LA DETERMINACION: LAS RELf.. 
ClONES DE AREA VERTICAL SOBRE AREA HORIZONTAl EN CADA UÑA-:: 
DE. LAS·C~IV!Pl;nf.~ •. ESAS SON LLAMADAS .. RELACIONES DE CAVIDAD" 
( RC) • ·• . ,< , -~,, ·: : • . 

. .' ~ ·- ' . 

PARA ENTENDER ESTAS RELACIO­
NES RC, SUPONGA UNA CAVIDAD 
CUYAS DIMENSIONES SE MUES-­
TRAN EN LA FIGURA ADJUNTA. 

A. 

(1) EL AREA DE CADA PARED FRONTAL O POSTERIOR ES (H x A); O, 
El AREA COMBINADA ES 2 (H x A). 

(2) El AREA DE CADA PARED LATERAL ES (H x l); COMB 1 NADA, 
2(H X L). 

1 

(3) El. AREA TOTAL DE PAREDES ES : (2(H x A) + 2(H 
SIMPLIFICADO, 2H (l -t A); • · 

xL)];o,_ 
. .: ·.,(_t; 

. ; ,., .. 

·. /'-. ~ Ti.;}~~:~:~f :~-
- ... . '·· 

·¡ . 

• 
. .. , 

6 
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¡ 1 ~ 
~~ 

i 1 r 
1 • 1 ·'¡· '1 
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1 
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(4) EL AREA DEL TECHO Y DEL PISO ES (L x A); COMBINADO, 
2(L X A). • 

(5) POR TANTO, LA RELACION DE AREAS VERTICALES SOBRE HORI­
ZONTALES (LA RELACION DE CAVIDAD) ES: 

RC _ 211 (L +A) _ H(L'+ A) 
- 2 (L X A) - L X A 

· .. '. : ..... : 

REFIRIENDO AL CU TABLA (PAG. 5 ), SE NOTARft QUEU COLlJoiNA 
IZQUIERDA TIENE VALORES DE RELACION DE CAVIDAD DEL LOCAL - ': 
(RCl..) O.,(RCR) DE 1 A 10. SI SE SUSTITUYEN DIMENSIONES REA- , •. 
LES Ó ufi:oJ)\i,}¡,c~. LAS RELACIONES DE CAVIDAD PARA lA MA-­
YORIA DE HlCM.ES CAERA ENTRE 0.2 Y 2.0. LAS RELACIONES DE . 
CAVIDAD PARA TECHOS Y PISOS ·SERIAN AUN NAS PEQUEÑAS. PARA .·.·.•··. 
ESTABLECER NIJIEROS DE RC NAS CONVENt ENTES PAP.A ENTRAR A . ._ 
LAS TABLAS DE CU, LAS RC'S ESTAN ARBITRARIAioiENTE MULTIPLI­
CADAS POR 5 - UN ARTIFICIO QUE NO MODIFICA LA RELACION: 

RC = 5H (L + A) 
. LX A 

SE PUEDE AHORA DETERMINAR LAS TRES RELACIONES DE CAVIDAD; 
NORMALMENTE, PRIMERO RCL (RCR EN INGLES) 

RCL 
5HCL (L + A) 

l X A 

. . ; ... . .. 
__ \:' :._". ~-"_,~¡~-~~::/~<:::~~ ~ 

~----,.. . RCT = 
Ma~ -------.,-1 .. 
~ 

. t ,; --------. . . \lcp__, 

"'-----..J.&. RCP = 

" 

5HCill_ + A) 
l X A 

5HCP(t:+A) 
l X A 

LA LONGITUD Y El ANCHO SON CONSTANTES: ENTONCES,· SE PUE­
DE CALCULAR RCL Y EN FUNCION DE EST~RCT Y RCP (CADA UNO· 
ES PROPORCIONAL Al OTRO DE ACUERDO A SU VALOR DE H): 

• 

RCT = RCL HCT 
HCL 

RCP = RCL HCP 
HCL 

7 

• • 

t 
! 
' 
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EFECTIVAS DE LAS CAVIDADES~ 
(O¡ ~ • • ; .•• '' • • ;¡ ~~- ,~\;, _ _..·, 

UN PASO. NAS ·SE NECES 1 T A PARA OBTENER LOS DATOS~i.SUf] C 1 ENHS PARA 
LA DETERfoiiNACION DEL CU:. "LA DETERMINACI-ON DE LAS "REFLECT'ANCIAS 
EFECTIYAS DE TECHO Y PISO". 

' 
ES IMPORTANTE QUE EL ESTUDIANTE DISTINGA ENTRE LAS REFLECTANCIAS 
REALES DE UNA SUPERFICIE Y LAS REFLECTANCIAS tFECTIVAS DE LA CA-

-VIDAD. CUANDO LA LUZ SALE DEL LUMINARIO LO HACE EN VARIAS DI.REO­
CIONES. CUALQUIER RAYO DE LUZ "REBOTA" CONSIDERABLEMENTE DE UNA 
SUPERFICIE A OTRA. CADA REBOTE CAUSA ALGUNAS PERDIDAS (POR ABSOR 
CION) Y LA POSTERIOR DISPERSION DE LA PORCION NO ABSORBIDAEN _: 
MAS RAYOS EN MUCHAS OTRAS DIRECCIONES. ESTE ES EL PROCESO DE IN 

' TERREFLEX 1 ON QUE PRODUCE REFLECTANC 1 AS EN LAS CA VI DAD ES LAS CUA: 

.. 
,· 

LES PUEDEN DIFERIR DE LAS OBSERVADAS EN LAS SUPERFICIES BASICAS 
(TECHO O PISO) DE LAS CAVIDADES RESPECTIVAS~ 

LAS REFLECTANCIAS EFECTIVAS DE LAS CAVIDADES SE EXTRAEN DE LA~TA-
BLA 1 (UN.~. PARTE DE ESTA SE MUESTRA ABAJO) . 

(".,·:;. 

, ·····1 !·: · ··· ~:-Í'~~;,';.,·;r.r~-;-_; • 

PARA .. OBTEI1ER'L:A'REFLECTANCIA EFECTIVA DE LA CAVIDAD DEL,TE-
CHO ( PC'r): . ,, :. :. · 

. . ' . . . . ; -:~ ·• :·\·' t' ,, . . . . ~-.. 

(1) ENTRE A LA COLUMNA IZQUIERDA DE LA TABLA CON RCT • 
. (2) ENTRE A LA LINEA SUPERIOR CON LA REFLECTANCIA REAL DEL 

TECHO. •. 
(3) ENTRE A LA SEGUNDA LINEA CON LA REFLECTANCIA REAL DE LA· 

PARED. 
(4) OBTENGA LA REFLECTANCIA EFECTIVA DE LA CAVIDAD DEL TECHO 

EN LA INTERSECCION DE (1) CON (2) Y (3). 
. 6 

PARA OBTENER LA REFLECTANCIA EFECTIVA DE LA CAVIDAD DEL.PI-
SO (PCP): • 

·'' 
(1) ENTRE A LA COLUMNA IZQUIERDA DE LA TABLA CON RCP~ · 
(2) ENTRE A LA LINEA SUPER 1 OR CON LA REFLECTANC lA REAL DEL 

PISO. • 
(3)'ENTRE A LA SEGUNDA LINEA CON LA REFÍECTANCIA REAL DE LA 

PARED. :.• 
(4) OBTENGA LA .REFLECTANCIA EFECTIVA DE LA CAVIDAD DEL PISO 

·7EN"LA!'hfl'ú<SECCION DE (1) CON (2) Y (3). 

! 11 

i. ·., . ·, .. 

:· ~· . 

' . 

8 

'o 1 
' ' 

1 
.• . 
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' 

I.J 
1.4 
1.8 
1.8 
1.0 

116 82 78 76 72 89 118 63 110 67 
81111077T.IIlll851124e6762 
14 711 711 71 ft1 63 • li6 13 60 
&17873flll84801i61360tll 
8377 181360 

SELECCION DE LAMPARAS Y LUMINARIOS 

17 16 14 13 12 11 JO 08 G7 
18 J& 14 iJ 12 U JO 00 G7 
18J7161412 u 0011807 
19 17 16 J4 13 11 00·118 118 

18 16 14 13 11 00 118 118 

EL PLANTEAMIENTO DE UN SISTEMA DE ILUM.INACION PRESUPONE QUE­
EL DISEÑADOR HA ESTUDIADO EL PROBLEMA Y HA DETERMINADO AL NE­
~~os UNA SELECCION TENTATIVA DE LA C()4BINACION. LANPARA-LUNINA­
RIO,,LOS PARAMETROS QUE DEBERA HABER CONSI~ERADO PREVIAMENTE 

, ¡ 1 NCLUYEN: ·" 
f 

'1 .r· 

1' ·~ 
¡, 
¡, 
' 1 

fUNGJ.ONES Y/0 ACTIVIDADES EN EL LOCAL 
•· ILtiM 1 NACi'C•t4·:~U\NT EN 1 DA R EC()I ENDADA 
:~GEONETRI.;i;' DEL''CCICAL Y REFLECTANCIAS DE 
•·ECONOM 1 Á DE ENERGI A Y DE PESOS . . 
CONSIDERACIONES ESTRUCTURALES, ETC. 

LAS ~UPERFIC.ÍES 

.. : 
~ ' 

..... _......,,, . 

' ' 

LA SELECCION DEL LUMINARIO DEBE SER PREVIA A LA ÍNVESTIGACION 
DEL CU EN TABLAS (LAS CUALES, RECUERDE, 'ESTA~CALCUL~DAS PARA 
LUNINARIOS ESPECIFICOS). AL MISMO TIEMPO, ES VENTAJOSO DETER­
M IN:4R lOS LUNENES DE SALIDA DE LA LAMPARA PROPUESTA.;.. LO CUAL 
SE OBTIENE DE DATOS PROPORCIONADOS POR EL FABRICANTE óE LA LAM 
PARA. XI -

SUPONGA QUE SE CONTINUA LA INVESTIGACIONc?DE DATOS, ALGUNOS DE 
ELLOS HAN SIDO DETERMINADOS EN l9S EJEMPLOS PREVIOS, Y A»ORÁ 
SE HA DECIDIDO USAR: 

o ., ..... 

•• 
••... ;_~,, ·, .• r. 

12 

, ...... " ..... 

9 

1 



(1) 
(2) 

.. "-t~ .... ._, ~··--· 

• ,., .. 
,,,'.¡ •.•. ,.·,, . 
¡:~,, f' , .. , 

LAMPARAS C.E. DE 250 WATTS LUCALOX (LU250/BU) 
UJliNARIO DE HID, CURVA DE DISTRIBUCI.ON AMPLIA, 
TO. (N° 16 EN TABLA 2). .. ' 

. ' 
• r __ • ..,•,-.. . 
.• '; .. r ~ .::·• •· 

TIPO.DIREC-

PARA ESTE CALCULO, INTERESA LOS LÚMENES INICIALÉS DÉ SALIDA DEL 
LU250/BU• DIRIGIENDOSE A LA PAGINA APROPIADA. DEL CATALOGO DE LAM 
PARAS, LA DETERMINACION DE LOS LUNENES ES U~A SIMPLE EXTRACCION: 

UUII!PARAS GENERAL ELECTRIC DE D~SCARGA DE ALTA INTENSIDAD 
' ., .. 

.......... c.a.&.aaa.....-atiiiCIISIIDIIIICIPfOALUAHTADQ ' -
...... fA' .. , .... Vodo ~IIUES-i-..... 8IID - ... va- OIIO(IMII' 

~ .... .. .... .. 
-a.t u" ......,.., DI • 8!:SCIIII't!OI C...110 

,.:.-( ... ~~ UTA&.OGO ..... -;:;:.- J "" .., .. 
..._.,_ .,, 1 .... ... _ 

.. CIA\.~OIQI 

1 '' 

LAMPARAS .UJCALOX ® (de v.,or de Sodio ea AltJ PriSiiml 1 
,'; 

.. "' 

258 WAm···:' .. ' 1'1·~-~~.~·. '1'~··) ' 
'· -;-- "-···· 

: E-11 • ...: • ~ t.U2ill 17!:/Ñ 2< 75{1 

2J 'ó t,.. . e~ ........ LliUIIIS - LAAD ' l•.OOO 3\lOOO 21.:Jl'J 1 •• _ 

:m E-l!" UIZIIIID - DIFUSO 22851' 127 2•.101 26000 23.400 

••Am .. .. 

Zt IE-11. -· -e-oc. LUOIIII •.-m• ~ l 2.1.16 1' 6 . 24.101 ~.O:>J. ~5.1XXl 

~ - ·-·~tll LU4DDID - DIFUSO , 28 ?J na 24.1XXl 47.51.,~ ja:!.~O 

NOTESE, OTRA VEZ, QUE TODO EL TRABAJO DE LAS PAGINAS PREVIAS HA 
SIDO PARA ESTABLECER LOS DATOS QUE SON PRELIMINARES PARA LA OB­
TENC!ON DEL COEFICIENTE DE UTILIZACION YNO SON, POR SI MISI-10S, 
m;¡; PARTE DEL CALCULO DE ILUMINACION. SIN EMBARGO,. SE ESTA PRE­
PARADO - AL FIN - PARA REFER.IRSE A LA TABLA DE LA CUAL SE PUE-
DE EXTRAER El CU. . · 

dxTRACCION DEL CU 
. ' lfN. INGENff.!?O NQ CALCULA LOS CU'S; ELLOS SON CALCULADOS DE MEDI­

C,IONES DE' 'PUHNC!fí l~'\IINICA EN LOS LABORATORIOS FOTOMETR ICOS DEL ,. . . ~ . -. . . ' 
r¡..BRICANTE. UNA'StCCION DE U TABLA 3 DE CU SE MUESTRA, A CONTJ-' 
NPACION. .. ' ' ... •·· ... ·· ,,'; .. 1 :.· .•. :. 

,. .... . .. 

PARA EXTRAER EL CU; 

(1) ENTRE A LA COLUMNA DE RCR CON [L VALOR APROPIADO. 
(2) ENTRE A LA LINEA SUPERIOR .COiil PCT 

.: l :~ 

lO 

• 



., 

11 . '"·. . 

.. , 
(3) 
(4) (l), (2) y (J). 

'l)e lü\e.. 1, ,.,. ~tcl 

.. 

n.rr u cet."' vulR " ... ~--..... ....... ~--­, ..... _ ...... 
dad. 

• 
··~ 

"'.!.!' ~-

' -· ) :/ 

EN OCASIONES ES NECESARIO INTERPOLAR VALORES rif' cú"PARA OOTE~:. 
NER EL BUSCADO. LOS VALORES DE CU VARIAN CASI LINEALMENTE~ POR 

. lO QUE LA INTERPOLACION A UTILIZAR ES liNEAL. . . 

LAS TABLES DE CU ESTAN CALCULADAS PARA LOCALES QUE TENGAN UNA 
REflECTANCIA DE lA CAVIDAD OH PISO DE 20%. SI El PCP QUE SE 
HN\>A VARIA NOTABLEMENTE DE 20%, ES NECESARIO CORREGIR El CU 
CON UN •fACTOR DE MULTIPLICACION". 

AJUSTE DEl CU 

LA TABLA 3 SE USA PARA ESTE PROPOSITO. El PROCEDIM 1 ENTO DE EN­
TRADA ES EXACTAMENTE El MISMO CllE El DESCRITO PARA El USO DE 
LA TABLA DE CU: RCR EN LA COLtioiNA IZQUIERDA;tAS REFLECTANCIAS 
EFECTIVAS DE lAS CAVIDADES DE TECHO Y PISO A LO lARGO DE LAS 
liNEAS SUPERIORES. EL '"fACTOR DE ·MÜLTJPLICACION• SE EXTRAE DE'' 
LA INTERSEt;C!ON •. 

:.· ·:,í > .. :~~:-~ .. -·. ;~·~:-:;::/::< :· ~ -~ 

t Ll. .i .• 

~ . ¡-: .. 
-- .. · .:. ~ 
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¡. 

1' 1 

~({Ir. 
~- . ' 

1 '1 

EL'CU •AJUSTADO• ES SIMPLEMENTE El PRODUCTO DE .ESE FACTOR Y El 

CU ORIGINAL. 

. C x FACTOR DE MUÚIPliCACION 
CUAJUSTADO = UORIGINAL 

y ES El VALOR QUE ENTONCES YA A SER USADO E.,.: LA ECÜACI ON (6) 
PARA CALCULAR LOS LlJ4ENES TOTALES. • 

S liCia 
Efoo liooa 

-~ ---.,.. 
........ 

e .... ... _ .... -.. 
R 'r "n 
ele~ ---1 

2 
1 .. 
i 

• 7" 

.. 
,. se • 10 ,. 

,..an• ndl!ectlltc:fa_ efacd• ... cawldad de plao (2n = UIO 

l.GD 1.CBI 1.G15 
.an 1.011 I.CIIil 
.11111 1.1154 1.012 
.Ga I.CK5 I.CID 

1.011 1.018 I.CIIII 
.Ga 1.CID 1.1111 

1.017 1.11211 1.018 ::.:<-
8 .OH 1.11:11 I.IIU 

•- Ej&mglo: 
10" E 1 C.\1 o+t"Aldo 

" 
0 ". 

• ~p~ Pani10Scla 
, ... f!")• '';-~~ g.j&. 

E 1 {Ador « ""04' · 
Pr' -· • """" ..,.... .. __,. 
-~ ... A.hll-5) --~ 1 -- -- .115 .INO 

.111 _.., .11511 .11118 
kL ..... 

$ .MI 
1 •• .7 --8 .ao 
• --JO --

-~- ·;-.·,; '• ... 
e --·<~·} r•~·-··--:.;~~~}¡-~W1--;·;\-, · 

.. ,... ,_ .. '". -~-- ~' 

.113 .Mil 

.940 .963 
.m 

.1150 .llliO 

.954 .11115 

.!llill .11811 
~ 

.\11"..45 

.962 

.1167 

.972 

.Wli 

.m 

· . \:ip\;c:oc¡"" ,M bt4 

U.b'- e!o : O. 'J5l 

J 
. ·. c.uu.m..,..,:: o.c.s-o. 'JS1 = o."s' 

o c.en ~ dec.<-\eo!. 

kv::: o."~ 1 

•: . 
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lOS FACTORES DE PERDIDA DE lUZ 

EN LA PAGiNA 2 SE DEFINIERON TRES FACTORES QUE CONTRIBUYEN EN LA 
. - . ' 'l ' " 

REDUCCION DE IL!Jo!INACION: DLL, DPL Y D~~'· CADA UNO ES UNAPREDl 
CCION, EN PORCI ENTO, DE LA CANTIDAD DE lUZ QUE •soBREVI VIRA• ES­
TOS EFECTOS REDUCTORES SOBRE UN TIEMPO DETERMINADO. EL PRODUCTO 
DE TODOS ESTOS ES LLAMADO El FACTOR DE PERDIDA DE LUZ (fPl). 

DETERMINACION DE LA DEPRECIACION DE LOS LUMENES DE LA LAMPARA 
(DLL) • ... 

LA TASA DE DEPRECIACION DE LOS LIJ4ENES PARA CUALQUIER LAMPARA 
PUEDE PREDECIRSE EXACTAMENTE Y GRAFICADA Y TABUlADA. EN ESTAS NO 
TAS, SE CONSIDERARA DLL C(Jo!O LA DEPREC 1 AC 1 ON QUE SE ESPERA CUAN­
DO LA LAMPARA HAYA SIDO OPERADA POR UN TI DI PO IGUAL A APROXI~IAOA 
MENTE El 70 %DE SU VIDA NC»41NAL PR04EDIO. -. . - _,...,, ,-. ~.- . ·- . 

ú . --~ :. r; " -" • " ::<-~t-::.·; ;:: :::~:.., ;.\ . 
LA DETE~INAC!O~'OE DLl ES UNA SIMPlE EXTRACCION DE LA TABLA .4. 

;- ._ ·' 
·- .. 1 

13 

~ 
UJMEN 

e\, Ü~ To.bk 1i~ p.,."-") 
T 1 PO DE LAMP • WATTS FAC!QR• 

HID 
IIERORY+ 

Ht7SDX3'>-22 
H25COX37-!S 
~X33-l 
H:;OC)(1)X36-1~ 

1000 

l.LJCAt ox ® 
TODAS LAS POTENCIAS 

84 
81 

72 
80 
79 

ESTANDAR 
fue~~~,--------~--~~ 
WHtSO 150 90 
UJH215 215 90 83 .. 

., . 

· E¡~melo: 
~to"'¡A el ~~ • 

uA4 lo.""'P'L" lUC6.\.0X 

M 250 w.& (LU2.SO) 

pll = 0.&1 

DETERMINA~ló~·~ÚE/lA DEPRECIACION POR POlVO EN El LUMINARIO (DPl) 

·,"" ; .... . ._,;-; 
ESTE ES UNA •suPOSICioN• BASADA EN LA '"CONDICLON 1Q.E SUCI,EDAD~, -
EN El TIPO DE LIJ.iiNARIO ·y EN LA PRACTICA DE MANTÉNIMIENTO DEL-­
CONSUMIDOR (O.CLIENTE). ES POSIBLE UNA EXACTITUD RAZONABLE NE-.:_-
0 IANTE El USO DE GRAFICAS (Ca40 LA MOSTRADA ABAJO). LAS CUALES EL 
lES HA DESARROLLADO PARA SEIS CATEGORIAS ·oE LUMINARIOS (VER TA--
BLA 5). . 

16 
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1 

1 

' 

) 

PARA DETERM I_NAR DPL .. 
. - .- - ' . ~ 1 

( 1) ENTRE A LA Ll NEA_ 1 NFER 1 OR. CON El '"CICLO DE MANTEN 1M 1 ENTO .• ,ASU . ..-.~¡ -. 
MIDO':" (EN MESES). 

( 2) S ~·~A:i Árí·t~~R'ÜJLH ASTA 
SUC 1 EDAQ,'". ESPERADA'. 

LA ·1 NTERSECC ION CON LA '"CONO IC 1 01( DE 
~- ~ói :~ ··s: f.\ .~Y,~'· 

..,. - . ' i . ~: .... ; ~. 
-~:>.:;~_ {)'~r ¡. . · ;.r i\ 

(3) SIGA. HACIA LA. IZQUIERDA HASTA LA ESCALA VERTICAL •. 

(4) EXTRAIGA El DPL. .ú. 

~ (.DE le.~\4. 'S, ,...~. ~l) 

-
' ~- -

!u ~;::::: . . 
...... 

~ ., .:.... ~ ::--
.... :....; ::: ¡..... ... T- f: ... :-- "" ,.., ..... ... -.... ::- ¡.... e 

Uefn4?lo: 
. . ' . . . + 

CA~or;a. del lu.M;NlriO m 
..... r-- .... i' ¡..; 7" r- .. 

' 
.... .. ~ -¡-.. 

r"-""' .... 
... ~ . e,. .•.. . ~A:: 

l1 r:- • " ,f"~-:.J.il."):..."""" 
•• - _., ., ~ • 1 J 

- ·~ :-, ,.,. -· ~.' --. . -~ 
:;.. .. 
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'.; r: • .;:~~-: ,_·:·::.···.· 

DETERMINACION DE LA DEPRECIACION POR SUCIEDAD DEl LOCAL (DPSL) 

LA DHERM 1 NAC 1 ON DE DPSL ES S IM llAR Al DE· DPL - MAS. EL USO DE -
DE UNA TABLA DISTINTA A lA TABLA DE CU. ESTA INVOLUCRA LA IDENTl 
FICACION PREVIA DEL TIPO DE CURVA DE DISTRIBUCION DEL llJ41NARIO 
(DIRECTO, SEMI-DIRECTO, ETC.) ( . ·-' · /. . A-") 

- f)e(llfltgO~ Clt A_ fH-1• _ IJ 0 

PARA DETERMINAR DPSL, USE lA TABLA 6. 

A. REF 1 ERASE A lA PEQUEÑA GRAF ICA EN LA PARTE SUPER 1 OR _JZQU 1 ERilA. 

' . 
(1) ENTRE A LA LINEA INFERIOR DE LA GRAFICA CON- EL CICLO .DE,. 

MANTENIMIENTO PROPUESTO 'EN MESES. . 

(2) SIGA HACIA ARRIBA HASTA LA INTERSECCION. CON LA CURVA CÚE· -­
-PERTENECE A LA '"CONDICION DE SUCIEDAD'" ~RIENTAL ESPERA--· . -. :- . ,,__ . 

< Q~::.'0 .. ~'~_t:;:,;~:~:::-~.r_-~:;··,, 
. "" -··. ---~''• 

. 1 ' 17 
" . ' . ,, ... 

.1 
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1 
5.- ·ARREGLO DE LUMINARIOS 1 

1 1 . 

·1 

• 

UN ELEMENTO ESCENCIAL DEL DISEÑO DE ILUMINACION ES EL •ARREGLo• 
- UNA DISTRIBUCIÓN DE LOS LUMINARIOS DETERMINADA POR El DISEÑA­
DOR. ( EN OCASIONES, -~~ NECESARJO PROPORCIONAR ;'"DETALLJS•_ ADI-
CIONALES Y •sECCIONES" VERTICALES DEL ARREGLO) . . . 

EL lOCAL SE DIBUJA A UNA ESCALA ADECUAOA.,(USUAlMENTE 1:50 6 _. 
1:100). EL EQUIPO DE ILIJUNACION SE IND.IC-A fRECUENTEMENTE POR 
SIMBOLOS: ,,;., . 

",i.: . . 

LIJMINARIO INCANDESCENTE .. O 
. -

"\~ ·:;_ ·'·:) :· 
;, 

1-----11 (LONGITUD. A ESCALA) DESIGNA UNA LAMPARA flUORESCENTE 

.___.) (.A ESCALA) DESIGNA UN LIJMINARIO fliJORESCENTE 

SE EMPLEAN SIMBOLOS ADICIONALES PARA DIFERENCIAR TIPOS DE LUMI- ¡ 
NARIOS • TODOS ·oEBERAN 'SER DIBUJADOS EN El PLANO DE TAL fORMA 1 
QUE INDIQUE SU UBICACION EN-El lOCAl ; . ~: 

· ALGUNAS,VECES El DIBUJO'SERVIRA PARA MOSTRAR LO IMPRACTICO DEL 
ARREGLO; POR EJEMPLO, PUEDE MOSTRAR QUE EL ESPAC IANI ENTO SEA _ 
EXCESIVO O MUY CONCENTRADO EN TALES CASOS PUEDE SER NECESARIO 
RECALCULAR. Y REUBICAR LUMINARIOS USANDO OTROS TIPOS Y/0 LAMPA--
RAS. . 

·EL PASQ,!_N.ICUL PARA EL ARREGLO ES DETERMINAR El ESPACIAMIENTO.· 

o 

O E LIJ>I 1 NAR i OS;,;~, ; • 

DETERMINACION DEL ESPACIAMIENTO 

A •. U.PIINARICS DE MONTAJE· INDIVIDUAL 

1.- DE:.TERMINE El "AREA POR LUMIÑAR!O .. · · 

AREA DEL LOCAL 
. AREA POR UJMINARIO =NUMERO DE UJ41NARI'OS 

,. 

2.-' DETERMINE El •ESPACIAMIENTO APROXI~ADO .. 

'~: 

A _ .... .,,. a= -,¡--

ESPACIAMIENTO APROXIMADO' =-JAREA POR LUMINARIO ..¡5=..¡:;- 1 

:;,. __________ .... _· ... _,..~------
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. 1 

1' • ·-~ ~~;_;~,--~~ ~t V ,~-R~--~~ ~~-.:~ 
··,f~'~ ...... ·' ___ .,, 

POR E:'Jt:l! PLO : 

AREA DEL LOCAL 
2 

= 2,500 111 

NUMERO DE LUMINARIOS = lOO 

a: 2,500 
lOO 

= 25 

}'.·' 

S = .../25 = 5 m (CENTRO A CENTRO) 
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~· 

~ :-~- ~~t ·¡. ,,,, 
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EN OTRAS PALABRAS·; S 1 LOS LlJ.I 1 NAR 1 OS SE 1 N.ST ALAN EN UN PATRON 
DE 5m X 5m, El ARREGLO SERA UNIFORME GE~ETRICAMENTE. 

~.,. 

TAL ARREGLO UNIFORME PUEDE SER DESEARLE PERO NO NECESARIAMEN­
TE APliCABlE: LA LOCAliZACION DE TRABES, VIGAS, VARILLAS U 
OTROS IMPEDIMENTOS PUEDEN FORZAR LA MODIFICACION, ENTONCES,­

. l~~)~'iS!Al<Ctl. ENTRE LUMINARIOS PUEDE TENER QUE INCREMENTARSE= 
EN UNA ~!:lfRECC!ON Y DECREMENTARSE EN LA OTRA; SI N EMBARGO, EL 

-~:¡~;~~~.LUMINARIO DEBE MANTENERSE TAN.EXACTAMENTE,,,~~p:,SEA 
., :·· . 

. B.' HilERAS CONTINUAS .DE lLIMINARIOS FLUORESCENTES. 

1.- DETERMINE El "AREA POR LUMINÁRIO" (c'().;o EN A) 

2.- DETERMINE El ESPACIAMIENTO DE· L.A HILERAS. 

o 
ESPAC l AM lENTO = AREA POR LUM 1 NAR 1 O . 

LONGITUD DEL LUMINARIO 
• • .. 

POR EJEMPLO: 

' AREA DEl LOCAL 150 m
2 

NUMERO DE LUMINARIOS = 56 

> , __ 

: .. ~; ::,;!-,O,~Z1.!,_Y.D DEL LUM 1 NAR 1 o = l. 22 m 
-····· . . ..... " J.;~- . ; . 

. ,,., ·.• ' ~:· .·-

• 

. •í 
;,.·· . 

APLICANDO •EsTE ~RAZONAM 1 ENTO Al ~PROBLEMA EJEMPLO" EN EL. QUE 
SETIENE: ;· · .... 

• 
-~--

1, 
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o 
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• -'!l: 

NH - 3.05 11 

S/MH = 1.5 

J.·. 

1 

'· 
·. 

¡; 

INSERTANDO ESTA I,NFORMACION .EN LA SECCION INTERIOR ~E LA 
. \ \ 

"HOJA DE TRABAJO'". ;.,.· ;;f; r& 

LA CANTIDAD DE LUMINARIOS Y El ESPACIAMIENTO 
TRANSLADADO A UN ARREGLO C()40 SE NUESTRA: 

¡, 

"'~.'30ZS l9.!o15 
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~F·; l·3.oc._. ". -~ :~ ~.,)- (. • V 
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. '· 
DE ACUERDO A·REC(J.IENDACfONES EN ARREGL'OS¡· El ESPACIAMIENTO 
DE 1.525 111 DE PARED l .. LÍ!'II~~,RIOS ESTA EN El LIMITE (VEf _ 
S 1 GUI ENTE SECC 1 ON). ··p: :\: ·:::; 

,h,~ ~····· ~: ·• ~' 
;~:.'. ~-:~:)"L/~;_:~. 
.. . ."' . 

150 2 .;:•. a = = 2 . 68 111 ·.. ·; · 
56 

s = 2.68 = 2.19 m 
1.22 

AQUI, El ESPACIAMIENTO PRACTICO DE lAS HILERAS PUEDE SER 
AUN DE 2m. (ESTA DETERMINACION DE ESPACI·AMI,ENTO, TAMB:I:EN­
SE ,APLICA .A LA D.l ST ANC 1 A .ENTRE CENTROS)., 

.. ,:;·._., ,;_~- •' .~- /,~:~~~-:¡.' :.;, . ,. . 
... 

• .J~ •. -. "'. ···~'. 

C(Jol PROBAC 1 ON O El M AX 1M O ESPAC 1 AM 1 ENTO: UT 1 Ll ZANDO LA' RtÚ-
~ .. "S/MH" 

'·" 

t_--

NORMALMENTE, CUALCUI ER PUNTO.bEL PLANO DE TRABAJO DEBERA 
'. ·. ~--~- --~-.... •: -."'~ ;:¡ -

SER llUM 1 NADO POR VARIOS LUM 1 NAR 1 OS -ASEGURANDO EL TRASLA-
~--"~-;;~·-~" ~ -._:~ ... -f~ . -

PE DE SUSRAYOS DE LUZ. : .. DEBIDO A QUE El DISENO DEL LUMINA 
RIO TIEN,E SUS PROPIAS~\:~A~~~T~~RISTICAS DE "DISTRIBUCION DE­
lUZ" (LOS ANGULOS DE SUS :RAYÓS DE lUZ), ES NECESARIO CONO­
CER SU RELACION MAXIMA:DE. "ESPACIAMIENTO A AlTURA DE MONTA 
JE (S/MH). ESTOS VALORES USÜALMENTE FLUCTUAN ENTRE 0.5 Y-
2.0 : ESTA INfORMACION lA PROPORCIONA EL fABRICANTE DEL 
LUMINAR! O 

El MAXIMO ESPACIAMIENTO ES El PRODUCTO D,EL S/MH Y LA ALTU­
RA DE lOS li.IMINARIOS ARRI.BA DEL PlANO DE TRABAJO 

,. 
1,. 2"' . . '·, '.~ .. 
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ESPACIAN! ENTO DE l;lii41NARIOS 3.6 ID 

ALTURA DE MONTAJE =.3m 
... (~ _. --~ . . ' 

A. S/MH = 0.6 • SMAX. = o.·6 " 3,.. 1.8,(3.6 ID DE. ESPACIAMIEN • 
TO ES EXCESIVO) 1 

8. S/MH = 1.5 • SMAX. = 1.5" 3 = 4.5 (3.6 m DE ESPACIAMIEN • 
TO ES CORRECTO) -

. ·· 
ESPACIAMIENTO PARED- A ·~'LUMINARIO -·· 

,i 1 ·1 '~;- ~t~i~~. ·,'!;t~ ' 
,J¡r,~. ~"-8*'i•-t'•"fi\: . '·--"'. '"'-~- -' .. 

EL ESPACIAIUENTO EXCESIVO, ENTRE UNA PARED Y LOS LUNINARIOS 
ADYACENTES PRODUCEN oós:'EFEéTOS ADVERSOS: . ' ,- 1 ~ 

(1) SE REDUCE LA ILIJNÜ~ACION' HORIZONTAL CERCA DE LA PARED. 

(2) SE REDUCE LA ILUI41NACION VERTICAL SOBRE LA PARED.:;> 
' ,_,- •. ¡..., .• _ • 

..... • • ''-~' ., ;~·:·.~:~·;; •• ,.-;._ ,. -· 1 • 

A t4ENOOO S(.LOcALIZAN EN ESAS AREAS ESCRITORIOS IMPORTANTES, 
MESA5 o:NAQtiiNAS DE TRABAJO. ESAS FUNCIONES REQUIEREN HIJ41-
NAC 1 ON f(\U 1 VA LENTE A LAS QUE SE LOCALI UtN. l'J~ EL ! NTERlOR DEL 
LOCAL. 

LA REDUCCION DE IUJIINACION EN LA PARED PERJUDICA EL ASPECTO 
EN UN N4B 1 ENTE VISUAL BUENO. , 

ES BUENA PRACTICA OBSERVAR LAS SIGUIENTES REGLAS. 
~1 • • 

' ' :: 
\ ~ ·'' . 
. . . / .. ~ 

IIIAXII:IO ~IWIBli..LIIIWW . :< ;_ ·'""'"~ :· •. 
RINCIOIN TIPO DE 1! 1 Mlii6CIOIII 1 ESNCIIIMIEINTO 

::1 -~~ 
___ ,. 

DE HILrERAS !IFSfAIII E IMXINO .. _ ~ :. . ,¡ 

. ¡, -q ,. . 

Of'ICIDIAS I'LIIORf$CENTE · .. 
:r .. 

. laiiiH :S0-50 ea . 60 CID. 
~--'U 

-e . \.¡ 
fi...UORESCoTE la DI H. 1/3 MH 1/2 IIH 

--~ 1 .¡~ ···-·-
j' . ' r~ 

.·. HID S/IIHaiiH 1/3 IIH 1/2 IIH 
"" • 1 • • ; ... 

~---.. -.-.:,.. .''"' .. ,_ ... ·' 
. , ,. ·:.··· •.) ¿J. 

1-• -
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UN ESPAC 1 AM 1 ENTO PARED-L!Joll NAR 1 O E XC ES 1 VO RESULTA EN UN BRl 
LLO EN LA PARED INSUFICIENTE (AB ; CD) • INSTALANDO LOS LU­
MINARIOS DE LA PERIFERIA CERCA DE LA PARED SE INCREMENTA 
LA ALTURA Y EL AREA. DE BRILLO CON UNA MEJORA RESULTANTE EN 
EL AMBIENTE VISUAL (A'B' ; C'D'). ESTA TECNICA BIEN MEJORA 

' lA CALIDAD Y El NIVEL DE ILUMINACION A TAREAS LOCALIZADAS 
ADYACENTES A LA PARED. 

SE RECAPITULA EN.U~A 
'' 

-;>-: --- ~. .... -

. . . ;;, .;: .,~...... . ···;," " ,. 

SUBSECUENTES PAGINAS FORMAN UN APENDICE DE DIVERSAS TABLAS 
DE REFERENCIA E INFORMAti()N .UTIL. .. 

TODAS LAS TABLAS (EXCEPTO LA 'No. ~) SON EXTRACTó)DEL 1 ES_ 
LIGHTING HANDBOOK, 1981 

TABLA 
No. 

1 
2 
3 
4 

D E S C R 1 P C 1 O N 

REFLECTANCI AS .. tFECT 1 V.AS 
COEFICIENTES DE UTILIZACION • 
FACTORES DE CORRECCION CU 
DEPRECIACION DE LOS .. LUMENES DI: LA LAMPARA 

i 1 " ' 

... ~~~aL¡nt~~ 2 ~ 
'-e 

o 
PAGINAS 

--,---

A·! '( ~· 1 . 
A.·?. 'r ... ., 

~S 
A- (o 

e' 

o· 



• 5 
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,, 

DEPRECIACION POR POLVO EN EL.LUMINARIO 
DEPRECIACION POR SUCI.EDAD OEL LOCAL 
TIPO DE CURVÁS DE D·fSTRIBUCION " 
HOJA DE TRABAJO EN .~CANCO 

_._r>:. •• 

~·-·" <W'.-<~·--., 
-~ . .. -~ .. 
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¡. .!·;; 
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:11 ... 
..J 

·''· . ;.: '.~·.r". ~- .. 

® {RCT • 

RCP • ·1 o.9l~l'c••lft.s 1 

4, 
._ ·.• CICLO DE , . · 

LUMINARIO N0 . _(_.,_TIPO--· _ CAT.OE MANTO ..m_ CONO. DE SUCIEDAD .t!ARJA. LIMPIEZ~IIESES_S/MHil 
{l • 

!!. · A.LAMPARA:~ LUMENES: 23 SOO e:·:; LAMPARAS : ....l.. D.UJMENES/LUMINARIO: 1 2:¡, SOO 
. . ' • :¡,·.;LUMINAR lO 

6. 0 DL.L 1 0.82.1 x@ DPL 1 0.60 1 x,®~~DPSL 1 0.9'i 1 • FPL :.1 0.'-1 1 
' .. ~~ . ' . --

7. 0 COEF.ICIENTE DE UTILI%ACION (tui: :~x ®lo.95~l• • ~,0CORR~GIOO: 'lo:, 51\ 
: .~·_: . " . ~ ; 

9. LUMENES TOTALES • UJXÉs. AREA • 
CU • FPL 

118o',. t8".os. ·1 51j?.,925. o. (o'f>( ., o. '1 . ·' 
~-"5"::=4':-'~.t.-9ii!.J2.1!o..i51!..' --- • 1 ~; :¡ 6 -1 20 

~·. !500 . 
• 

oH. 
. 1- .. 

AREA .TOTAL 

No .ILUMINARlOS 

_.;....J.\ $~2c.:..· .:::O_,S'-· __ __.._"_, 
2.0 I•Ho2~ 

..,z 
e!!! . -~1, ; t~) .. , ·' 

. . ~-

:E 
~S t 2 .. ,_o 
<"' e o. 

ESPACIAMIENTO 
APROX 1 liADO 

A. PARA '0Nio'ADES INDIVIO:UALES""VAL '-v 9:30 2.5 "·' , ; IMs\ .··. 

1 N/A.I 
., 
"' 

1 
i 
u 

B . PARA TIRA~ CONTINUA~·'· LONG ~T~I~ DEL ; • . • 

DATOS FINALES: No.' DE 
LUMINAR lOS 

t~ LUMII'ARIO 

20 ,:~::,ESPACIAMIENTO: ~~.o~•!,o' 1 LUXES: 11\SO 1 

~-~:5 X J,.5 . •l45lsi'\.,_LX• LT•::~AaCU COMPROBACION DE 
ESPACIAMIENTO ~HtL X ~MH • 

1 Dt rlneo 1 lineo 4 ) 

@ 
@ 

e 
@ 

PcT aPcP DE NOTAS . TABLA 1 

DE 'CATALOGO 

DE NOTAS. 

DE NOTAS. 

J·· 

DE LAMPARAS 

TABLA 

TABLA 

4 

~ 

1 ,. 

GE 

;;. ESPACIAMIENTO 
••... MAXIMO. 0. 

@ 
@ 

DE 

'DE 

NOTAS 

NO_TAS 

. TABLA 6 .. 
TABLA 2 

@. DE 'NOTAS·. TABLA 3 
.·, 

,;.·1. 
·;··· 

:· ')' 7 
® .. COMO SE ESPECIFIQUE 6 RECOMIENDE 
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Tabla No. 1 

Pomen~j& de IRil ~nolaa efectlveo de t~ o plm_ llfliD VIU'1asl oomblnaolonaa do ren.ctauclaa 

" de rolleo11n· 90 10 011 bue• 70 .o so ~ 

o . .' .. .. 
" de reflecten- 90 eo 7.~ t,O·BO ~o 30 20 10 o 90 eo 10 60 so ~o 50 20 10 o 90 to ro 6~· J~ "o 20 20 10 o 90 10 10 60 su ~o 50 20 10 o 90 ao 70 60 so Afi. ;'O 1o 10 ' 

el a de r•••d ,. •': ;:' .. ' -Aolaclón do " : ~~ ~ ' ~ .. ; .~· .. 
cavidad " 110 110 40 49 48~·; 46 40 ' .•0.2 119 8,1 'M., 87 Bll Sol M 84 84 82 79 78 78 77 77 76 76 73 74 72 10 69 68 e-, er,. 67 66 66 M 64 60' 59 59 69 68 37 66 66 M 68 

0.4 88 d ~!!G '84 1iJ 81 80 79 76 79 77 76 73 74 73 72 71 70 68 69 68 67 &':$:64 6.'1 62 61 68 60 59 59 68 37 M 64 68 32 110 110 49 48 48 47'~0~';;; 43 H • 
0.0 87 r.r, '¡¡.t · sz 80 70 77 7n 74 73 78 76 73 73 71 70 08 06 llll 63 60 67 65 t-/13' 61 ~9 M ~7 54 60 68 67 66 M 68 5I 31 110 46 ao 48 47 46 46 ~4';1~ 42 H : 
0.8 87 1111 fi~. 80 77 75 73 71 00 67 78 73 73 71 09 07 llll 6.'1 61 37 68 oo 64 o1 i:lí 68 /i() aa 6.'1 ao ao 57 66 M 64 31 48 47 46 43 ao 48 47 45 u~~~ 3D 38: 
1.0 so &1 ll'i 11 n n 6o oH 64 62 11 74 72 oo 67 os 01 oo 37 as 68 os 02 00 :-li 65 53 52 .'10 47 50 87 M 63 31 48 43 44 43 41 110 48 40 H 43 ~r'& ·ar 30 : 

" 

u 83 82 78 76 non 06 03 oo 37 70 73 70 67 64 61 68 M 63 61 07 64 61 60 67 64 ~O 4R iO 44 SO 66 64 SI 49 46 44 42 40 38 110 47 45 43 41 3{) 30 :16 34 : 
.. u.- 83 80 77 73 co (;5 62. 50 67.82 ;o 72 68 os 62 60 M 63 ao 48 07.!\3 60 68 M 61 47UH ~1 50 86 /l3 40 47 44 41 30 38 30 86 47 43 43 40 38 38 34 32 : 
u.· 84 10 1a 71·0? 63 ao 66 ·53 ao 74 71 07 03 00 67 63 50 47 44 01.6150 M 63 47 •a iJ·U 38 ao aa 02 48 43 42 39 37 38 33 60 47 44• 41 39 30 33 32 30 : 
1.8 83 ?8'73 no 1M oo 66 63 ao •e 75 70 06 62 68 64 50 47 44 41 00 01 58 M SI 40 42 40 38 3~ 68 M af 47 44 40 37 :16 33 31 60 40 43 40 38 38 31 30 28 : 
2.0 .. 83 '!7 72·07 02 5() 63 w 47 43 74 09 64 00 86 32 48 43 41 38 06 oo ao 32 49 4& 40 38 ao 33 68 64 w 40 43 39 38 33 31 29 110 40 43 40 37 34 30 :i8 20 : 

1.2 82 70 70 6!1 69 M W 47 4HO 74 08 _03 68 64 49 43 42 38 33 60 00 M M 48 43 38 30 34 32 58 3.1 40 45 '42 37 34 31 29 :i8 30404238303329i724: 

...... -····- 82 TB 09 64 M il3 48 45 41 37 n 67 01 ao a2 47 43 40 30 33 llll 00 34 60 46 41 37 38 32 30 68 63 48 44 41 30 32 30 27 26 ao tu 42 37 38 31 21 u 23 : 
. -2;8 ..... :: 

81 71 07 62 60 51 10 42 ~R l5 n oo oo M. 60 tli 41 3i!"Mc at 
. 

08 ao"54'49 45 to 38 33 30 :i8 68 63 4s 43 39 38 a1 :il!·:~f:üc :ao 40. 41 37 34 30 26 23 21 : 
2.8 Al 73 06 00 64 49 44 40 30 34 n 08 59 63 48·43 39 36 32 29 llll 59 63 48 43 38 33 30 28 20 68 63 47 43 38 34 29 i7 24 22 ao 40 41 ao 33 29 u 22 20 : 
8.0 80 72 04 68 6~ 47 42 3R 34 30 72 llll 68 32 '.r 42 37 3·1 30 ·i'l 04 as a2· 47 42 ar s2 29 i7 21 57 52 40 42 37 32 28 u 23 20 50 45 40 30 32 28 24 21 19 . --

... ,: . 3. ~ 79 71-03 116 60 43 10 3() 32 28 . 12 na 57 51 45 40 36 !IJ;:<S·25 64 aa at •n to 30 31-28 2a 22 57 61 45 41 30 :11 27 23 22 1S:»ao H 30 35 31 i7 23 20 18 
3.4 70 70 02 114 4B 43 3R 3< 30 27 71 04 116 40 H 39 34 32 27 24 64 57 ~o ~a :ID 35 29 21 24 22 57 &(45 40 35 30 20 23 20 17 Go 44 39 35 30 20 22 ID 17 
3.ft 78 00 01 63 41 42 36 :i2 28 26 11 113 64 48 43 38 3t 30 26 23 ro 66 4n 44 J8 33 28 26 2:1 20 37 ao 44 39 34 29 u 22 19 16 110 44 39 34 29 u· 2_1 t8 10 : 

< ·- 3.8 ... 78 00 60 31 ·~ 40 3~ 31 27 23 70 02 6.'1 47- 41 30 31 2!! 24. 22 63 .. ~ 49 43 37 32 27 24.21 ·lO. 37 so 43 38 33 29 24 21 19 15 . ao 44 38?.?4 20 u 2111 1a · 
4.0 . . 11 oo aa 51 44· 39 :1.1 20 2a 22 70 01 63 40 40 35 30 211 22 20 63.(1$ 48 42 30 31 20·23 20 17 67 49 42 37 32 28 23 20 18 14 ao 44 3:l>:J3 28 24 20'17 15 . . _, ~ .· 

~¡ .. 
4.2 :'77 02 a7 ao 43·37 32 211 24 21 ® 00 32 43 39 34 20 u 21 18 62'M· 47 41 sa 30 2& 22 10 10 ,60 40 42 37 32 27 22 10 17 14 110 43 a?'ii 2s 24 20 11 14 1 
u .. 76 01 66 40 42 30 31 '17 2<! 20 ()lJ 60 51 44 38 :1.1 28 24 20 17. 02 &;¡·. 40 40 34 20 2~' 21 18 1& :60 40 42 30 31 i7 22 19 18 13 110 43 :Í7 32 i7 23 19 10 13 : 
4.0 . 7!1 00 M 47 40 JS 80 20 22 IP oo 59 ~o 43 37 s2 i7 2~ 10- u 82 83 45 39 33 28 24_21.17 14 . 50 40 41 33 30 26 21 18 10 13 ao ü ao a1 20 22 18 1a 13 
4.8 .. 73 50 64 40 30 34 28 25 21 18 68 M 49 42 30 31 20 22 18 U 62 68 45 38 :12 27 23 20 10 13 li6 48 41 :u 29 26 21 18 u 12 110 43 38 31 20 22 18 13 12 1 

a.o .;- ~· 73 60 3.1 4~ 38 33. 28 24 20 10 OH 58 ~A 413ft JO 23 21 IH-14 01 G2 U :10 31 211 22 19 lO 1~ 60 48 40 34 28.24 20 17 14 11 110 42 38;30 25 21 17 14 !2 1 .. . ---.. 
:~ • 'o . . .. 

110 42 3.Í :2¡);2:1 IU 13 13 10 1 0.0 :~..n 01 411 4t a1 20 2• 20 111 11 1~1 r.r, H :111 31 'J7 :n 111 11> 11_1 IIU b!'-'H :13 28 24' IU'-16 13 OIJ M 45 37 :11 25 21 17 U 11 IYT 
.7.0 

'• --~~- ::·:~- ~: ~n~ ~! :~ :~:::: _04.6.1 41 30 2H.24 lO 10 12.07 38_48,38 :12-.21! 2'1.17, 14.11 011 a4 ~3 16 JO 24 20 15 12 oo oa 40 41 n. 2'1;:~)~,1S.H lJ !!1!,1 
8.0 (\2 60 :18 32 26 21 17 14. 11 06 6no:36 20 23 10· ilf i:1 tu o.~ 63 42 33 28 n 18 14 11 os 64 4o 40 3o· 25·.!w 10 • 12 10m·< 
0.0 .61) 52·3H 31 2~·21 1n 14 11 oa 01 40 30 30 23 19 15 13 10 04 ao 46.33 27 2118 14--12 oo 04 32 40,31 20 20 16 12 10 07 03 48 39 20 24''1'8 u·ll oo oi1 

10.0 M 51 30 20 22 19 U 11 00 04 60 46 33 '17 21 18 14 11 08 03 6~ 43 JI 26 lO 16 12·10 08 03 51 39 20 24 lA 15 11 00 07 02 47 37 i7 22 17 14 10 08 00 ( 

' Teche, piso. o ploo do 11 cavldod. 
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Tabla No. 1 

Porcentaje da laa ntllectenclaa afactlvllll da techo o plao para verlas comblneolonea da rwflactanclaa 

" dR reflectan- ·•o ·, •, 

ele bas·e· 
. 30 JO 10 o 

' 
e " do rolloclan· ·' •• • .: > • ~· 'Y '.f ' 

'· :.' ole do pored oo 10 10 •o 5o •o 3o 20 10 o oo 10 10 <lo 5o ',jo 3r•' 20 10 o 'O 10 70 60 JO •o JO lO 10 O 90 10 10 to JO •o 10 JÓ_; IC' o 90 10 10-to 10 •o JO 10 10 o 
-·~ ·-~~--¡ "':? '¡) 

·:;: Holaolón da , . 
·, . ? 

oa~ldad 
31 31 30 30 l~ '2¡! }il 28. 28 21 

' > :;; ..... .. 
-~ 40 40 30 39 39 38 38 37 !10 30 21 20 20 20 211 20 19 19 19 17 11 11 11 10 10 10 .li~'OO. ,jj, 09 02 111 111 01 111 01 01 00 00 o ~~ 

:.;.r~ 0.4 41 40 30 30 38 37 30 38 34 34 31 31 30 30 211J ~·~Íl 27 26 'lll :n 21 20 20 20 19 19 18 18 10 12 11 11 11 11 10 10 .ót.'iíg 08 01 03 03 02 02 02 01 01 00 o 
·~· 0.0 41 40 30 38 37 !10 34 33 32 31 32 31 30 29 28 ·ú~i;li 26 2& 23 23 21 21 20 19 19 18 18 17 15 13 13 12 11 11 10 10 :0(>.:/A 08 os oa 04 03 03 02 02 ot 01 o -~~ 

; . 0.8 41 40 38 37 30 38 33 32 31 29 32 31 30 29 28 -~";~a 25 23 n 24 22 21 20 19 19 18 17 10 14 15 14 13 12 11 JO JO 'IJQ;il3 07 07 00 Gil 04 04 03 02 02 01 o /: 1.0 42 40 38 37 35 33 32 31 29 27 33 u 30 29 27 2[;·24 23 n zo 25 23 22 20 19 18 17 10' 15 13 16 14 13 12 12 11 !O~ 08 07 08 07 00 03 04 00 02 02 01 o . ~ 

1.2 42 40 38 !10 34 32 30 211 27 26 33 32 30 28 27 26 23 22 21 lO 25 23 n 20 19 17 11 16 14 J2 17 14 14 J3 12 JI JO 09 07 08 10 08 07 011 08 04,00 02 01 o 

" .. 4. ' 42 3~,· 37 35 33 3J 211 27 25 23 34 32 30 28 26 24 22 21. ID 18 26 24 :n 21"!. 18 J7 10 14 13 J2 18 lO 14 J3 12 JI·JO 09 07 OÓ' . 11 00 08 07 oil 0(00 02 OJ o 
l. O 42 39:37 35 32 30 27 25 2.1 22 34 33 29 27 26 2.1 22 20 18 17 20 24 22 20 18 17 10 15 13 11 19 17 15 J4 J2 JI !iO 08 07 00 12 JO 09 O'T 00 08''03 02 01 O 
f.B 42 3.li 30 34 31 211 20 24 22 21 35 3.1 211 27 25 23 21 19 17 16 'TT 26 23 20 J8 J7 J5 14 J2 10 19 17 J5 14 13 11 09 08 00 05 13 11 00 08 07 00 04 00 01 o 
2.0 42 30 30 34 31 28 26 23 21-J9 38 33 211 20 24 22 :lO 18 16 14 28 U 23 :lO 18 JO 15 J3 11 00 20 J8 18 J4 J! JI 09 08 00 05 14 J2 JO 00 07 08 04 00 01 O 

. 2 2' 42 30 30 33 30 27 24 22 19 J8 30 32 20 26 24 22_JO. 17 J5 13 28 24 23 20 J8 JO 14 J2 JO 00 21 19 18 u J3 11 011 07 08 05 18 J3 JI oo 07 m 04 oo 01 o -,;; ;:-·, ;:, :4 43_~0_3§..~ 211 27 24_ 2J J8 J7 30 32 20 :lO 24 22 'J9·JO 14 12 29 .. 20.23.20 .. 18 ... JO JU2 10 08 22 19 J7 18 J3 lfiJII O'T;08.08. 18.1UI. ODJII. 011 04 .00 OJ O . •· • -- -~ r···-
' -. 1.6 43 311 35"32 29·2~1'23'20 J7 J3 30 32 211 23 23 21' 18 16 14 12 29 20 23 2(j' J8 J6' J4' 11 00 08 23 20 17 JS J3 11 09·-07 00 04 J7 Jt'12J0'08 OlÍ 00 00 02 o 

2.8' ., 43 30 38 32 28 25 22 JO 10 14· 37 33 29 25 23 21 17 13 13 11 30 27 23 20 18 J5 J3 11 09 07 23 211 J8 J8 13 11 oo 07 oa oo J7 J8 J3 lO 08 07 00 00 02 O 
. -3.0 43 39 33 31 27· 24 21 J8 10 13 3! 33 29 25 7l 20 J7 1& '12 lO 30 27 23 20 17 15 13 11 00 07 24 21.J8 18 13 11 09 07"08 03' 18 J8 J3 JHJO 07 Gil 00 02 O ... 
. 3.2 43 30 35 31 27 23 20 17 15.13.· 37 33 29 25 22 19 16 Ú 12 lO 31 27 23 20 J7 15 12 11 00 00 26 :a Js Jo 13 11 oo in oa o:Í 'J9 J8 14 11 00 07.03 00 02 o. 

3.•.4 __ ¡ 43 3o 34 30 20 23 20 17 14 12137 33 2o 25 22 JO 16 14 11 00· ~1 27 23 20 17 15 12 10 08 00 20 :n 18 10 13 JI 09 07 ()S 00 20 1_7 l4 12 OO. 07 Gil 00 02-0 
3.!! ,-. H 39 34 ao 20 :n 19 10 14 11 38 33 20 24 21 18 15 13 10 ooi 32 27 23 20 17 15 12 10 08 05 20 :n 19 J6 13 11 09 06 04 00 20 " 13 12 10 08 Gil 04 02 o ,. 
3 .. 8 44 38 33 211 26 22 18 ro 13 10" 38 33 n-24 21 18 1s 13 10 os 32-28 23 20 17 J5 12 10 07 05 2121 •o 11 11 1109 oo 04 m· 21·J8 J5.i2 10 08 oa 04 02 o 
4.0 44 38 33 20 26 21 16 15 12_10 . 38 3.1 ~B. ~4 21 18 1412 09 07 33 28 23 211 17 14 11 00 07 os 27 23 20 17 " 11 09 00 04 02' 22 18 15 13 10 08_611 04 02 o . .. - . . -· .. 

'··' 4.2 : 44 38. 33 20 24 21 17 15 12 10. 38 33 20<24 _20)7 14 12 Óll f11 33 28 23 211 17 14 11 00 07 04 28 24 20 17 I(Ü .09 00 04 02' · 22 19 10 '13 10 08 'oo il4 02 n 
4.4 -44 38 33 28 24 2017 1_4 1100 39 33 28 24 20 17 14 JI· 00 00 34 2~ 24 211. 17 14 11 00 07 04 28 24 20 17 14 .JI 08 00 04.02 23 19 18 ·J~ JO 08.00 04 02 O 
4.8 44 38 32 28.23 19 10 1• 11 OB 39 33 28 24 20 J7_13 .10 08 00 34 20 24 20 J7 J4 11 00 07 04 29 26 :lO 17 14 u 08 06 04 02 23 20 17 l:i 11 08 00 04 02 .O 

4.9 44 38 32 27 22 19 10 13. 10 08 30 33 28 24 20 17 13 JO 08 05 36 29 24 21117 13 10'08 00 04 20 25 211 J7 14 u 08 00 04 02 24 20 J7 u 11 08·00 04 02 o 

. 6.0 45 38. 3J ':17 22 J9 15 13 10 07 39 33 2~ 24 19 JO 13 10 08 05 35 211 24 20·18 13 10 08 00 04 30 26 20 17 1.~ 'u 08 06 04 02 ' . 25 2J J7 14 11 08 00 04 02 o 
: ~ ... " .... ~ . 

·;. 8.0 44 37 30 23 20 J7 13 JI OB 05. 39 33 27 :!3 '19 15 11 ()Ó 00 04 38 30 24 2o 16 J3 JO 08 05 02 31 20 2J Ja 14 ·:roe ·06 oo oi- 17 23 18 JI J2 ÓD 06 04 02 o 
' 32 27 21 17 13 'H)ll O'Hlil 01· .:¡a 24 J9 J5 12 09·00-04 02 o 

')-~:~ H 30,20 24 JO JO 12 10 07 04 40 33-20 :IH7 H· 10 OB·~ 03 30 30 24 20 15 12 09 07 04 02 
.. 33 28 23 18 15 11 09 00 03 40 33 26 21·'16 13'09 07'0.' 02· 37 30 23 19 15 12 00 06 00 01 33 27 2i 11 1a Í~'ót·~ m o(' !lió ta 20 ta 12 0o oo 04 02 o 

9.0 44 35 26 21 15 13 10,08 05 02 40 33 26 20 15 J2: 09 07 Ó4 02 37 29 23 19 14 11 08 08 00 01 34 28 21 17 13 JO ,07. 00 02 01 . iJ ia 20 1a 12 09 oo 04 02 o 

10.0 43 34 26 20 16 12 OB 07 05 02 40 32 24 19 14 11 08 06 00 01 37 29 :n 18 J3 JO 07 08 03 01 34 28 21 17 12 JO 07 05 02 OJ ll 118 20 J5 12 09 00 04 02 o 

• Teaha, ploo, a pita de 11 a.tYidtd. 
Ca"e•l• lES Hondbaok. 

~ ._ ...... 

·. ,. . ' .... 



' 
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UnldDd • diotribucl6n 
~~~~ con lento plano y 

· 16mparo ~Jeabodo porla. 

11 

Unidad de empotrar con 
difusor de vidrio. 

12 

~ 
. lAmpara do descarga de 

efta intensidad clara re­
tr8ctor de plistieo entre el 
ccA-Itrolente y la l•mpara. · 

13 

~ A 
Luminaio tipo c:errado can 
Ji>mpara incandesconte. 

14 

é 
Aelledor - -.tiJaci6n. 
Dislribución COIIC&JOacte 
con limpara clara do des­
carga de ol"' imensiclild. 
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ll'l&nl 30" de 1 sftscten cla .rectl,. ct. aMelad de pla:J (20'K = UlO) .. ,:.-
.'t·-~. 

·:- ·'-<' l";,.!·'o 

" ·-·~;:\ !F·-~· '-,~"-.--~~f{:: ., 
. ' . . ~ '" _,. .. .. ~- . ·' 
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1.07V 1.066 1.1156 1.017¡1.068 Ul57 1.0&8 1.0119:1.041 1.033 um: Ul26 l.CIZl 1.017:1:013 -~~~-010 
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.... , ·:• 
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1.055 1.1138 1.C'.lli l.OlS'l.G:iO 1.631 1.o:H 1.015il.OZ7 1.018 l. 012; l. 020 1.013 l.CDI'J.Olt 1.Cl09 

' 1.1152 1.033 Ul21 l.Oiljl.Ot7 1.()3() 1.020 1.ou¡I.Q:H 1.015 1.639:1.019 1.012 1.006:1.014 1.008 
1.00 1.029 1.018 l.Cll!l.OO U121i 1.017 l.ªL022 1.01~. 1.631'¡1.018 l.OlD 1.~1.014 1.008 
!.OH 1.m5 1.015 1.009!1.04-0 1-024 1.015 1.631' 1.020 1.012 1.00611.017 .1.0118. 1.001:1.01.3 1.007 
1.040 1.024 1.014 um¡Lm7 1.022 1.01t l. 1.019 1.011 Loosil.OI6 l.CIIIll 1.001•1.01.3 1.007 
Ull'T 1.022 1.012 l.m&IU134 1.020 Ull2 l. 1.017 1.010 l. 1.015 1.0111 1. ·1.0U 1.007 
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Piara 0% de nrl'lectllllncl afec:dllli • cavidad de· plao. 120" = 1.00) 

RetaciOrn: 
óe c.vi·' 
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Cad d8 
local 

1 .859 .&70 .m .8!16 .873 .1!8<: .893 .901 .il6 .92:3 .929 

1 

.948 .9M .960 .m .983 .9117 
2 .S71 .IISl' .G03 .1119 .886 .902 .S16 c928 .9:116 .1138 .S49 .95-4 .1181 .Wl .978 .1183 .!191 
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8 .1122 .SS'! .Wl .985 .929 .955 ... V75. .986 '.1163 .978 .991 l .970 . • 1183 ~99S ¡- .976 .988 .1198 
ll .928 .958 .975 .988 .1)33 .959 .980 .989 .966 .980 .993 .m .!1111> .996 .W6 .988 .998 
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.MEAN 

TIPO DE LAMP. 

~ 
7tiER30 

li!ATIS 
LIJEN .. -

FAC'I'!Je DLL .. . 

sooA 
19M 
1soPARISP ' EL 
~~'EL 
300MI'IF 
300RtSP & EL 
socviF 
soocvJF 
150CVIF 

QJIIRTZLDE R 

1'5 
tOO 
150 
150 
150 
300 
300 
500 

1000 
1500 

90 
. 93 

93 
84 

'89 
91 
94 
91 
92 .. 

Q25CCL 250 97 
Q250PAR38/9' 250 93 
Q25oPAR38A=L · 250 93 
Q5ooT31Cl. . . ." .!!()!) . . • 97. 

•,; ··';') , '}r!¿:.~-~:!.•·::\~~-
A 'u *ESC:ENTIE :.·U:·'·' -·~ .. · "' .. ; 
F~ ~-- 87 
F4Cil..W.I* 35. • 87 
F40CIIVS .o 90 
F4CJCW ._. 40 87 
F40W 1' • .o 87 
F4GCWX .o 83 
F40WX<SWl 40 83 
f96T1VCW/'IIM 60 93 
f96T12/LW/WM 60 93 
F96TJVCW 75 93 
F96Tl2/WW 75 93 
F96TlVC\1X 75 89 
F.aT12ICWIKJ 110 87 
f96Tt2.i'OVHW 110 87 
f96Tt~ 95 87 
f48PG17J'CW 110 72 
F96PG17J'CW 215 76 
F96PG17.1CWAIIM 185 76 
f48Tl2JCW/1500 110 72 
FMT~1500 215 76 

.. 
··~ .·-~.¿~ ' • 

.? ·;. . e-:;·· ·-.~ );::{;;~ :. "'!·: 

. ,.. ~~j>'.r ·-· 
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• 90 
93 
78 
85 
87 
92 
88 · ..... -

89 
78 

'96 
93 

'93 
96 

83 
. 83 
. 87 

83 
83 
73 
73 
89 
89 
89 
89 
85 
82 
82 

.· 82 
64 
67 
67 
64 
67 

; 

HJD ;; ~ : 
liS •'irt+ . . ·:· 
H1~22 
-H2500X37~ .. 
~1. 
H1CIOCIDX36 1r 

lt.LTI.,.YAPCR ~. 
f4V175 
MI17SJC 
MI250 

. M12501C. 
Dtl400.' .. 
1111400JC· 
Mi1000 
-DfllOOOIC · · · 

17!5 
250 
400 

1000 

175 
175 
250 
250 
400 
400 

1000 
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• USE EL FACTOR DE. LUNENES MEDIOS. 
CUANDO LOS CALCULOS INVOLUCREN 1-
LUMINACION PROMEDIO. 

. (BASADA EN LA LUZ DE SALIDA DE LA 
LAMPARA EN EL 40 AL 50% DE SU VI-
DA) . 

-USE DLC CUANDO LOS CALéULOS 1 NVO­
·lUCREN ILUMINACION MINIMA (BASA­
DA EN LA .ÚlZ DE SÁLIDA DE LA LAM­
PARA EN Ei. 70% DE SU VIDA. 

x LOS FACTORES PARA LAMPARASc';DE MER 
CURIO ESTAN BASADAS EN UNA VIDA 

. DE 24,000 HORAS. (: . 
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LA ADMINISTRACION DE LA ENERGIA ELECTRICA EN LA ILUMINACION 

DE EDIFICIOS DE OFICINAS, SE APLICA SOLAMENTE 

A INSTALACIONES EXISTENTES Y COMPRENDE CINCO PASOS: 

1. REALIZAR UNA AUDITORIA Al SISTEMA DE ILUMINACION. 

2. IDENTIFICAR LAS. OPCIONES PARA EL BUEN USO 
DE LA ILUMINACION. 

3. DESARROLLAR UN PLAN PARA EL BUEN USO 
DE LA ILUMINACION. 

4. IMPLEMENTAR EL PLAN DE ACCION. 

5. MONITOREAR LOS RESULTADOS OBTENIDOS Y 
MANTENERLOS ACTUALIZADOS. 



o 
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.. '. , .. 
-". -:..::.- ·.·,~ - .. '")·-_;._~·-~~·-..... :.. ..... ::----

1 AUDITORIA AL SISTEMÁ-t)É("iLÜMINACION. :··. ·-·'·. 
. . ~-- . 

: . . . . 

CON LA AUDI"TORÍA AL SISTEMA. ÓE ILUMINACIÓN SÉ OBTIENE 
EL CONOCIMIENTO DE LA INSTALACION EXISTENTE. · · 

EQUIPO REQUERIDO PARA EFECTUARLA: 

- LUXOMETRO. 

- MULTIMETRO GRAFICO PARA MEDIR: 
P-OTENCIA, VOL,TAJE Y CORRIENTE . . . 

- CAMARA FOTOGRAFICA DE REVELADO INSTANTANEO. 
. . . 1 

- GRABADORA PORTATIL DE QINTA. 

·-ESCALERA DE MANO. 

'- ; ,.. TAI3LA PARA TOMAR NOTAS CON PAPEL MILIMETRICO. 
' . 

- CINTA METRICA: 

· - FORMATOS PARA .EL LEVANTAMIENTQ. 
- • -~: - -· '<~ ' - • •• , ••• -- .· .. -.... '·, ... ' ·-~ . ,_, .... - -. :_ '' .... :: ~·~. 

REFERENCIAS: MANUAL DE ILUMINACiON DE L'A ·'lES'; RECOMENDACIONES SOBRE DENSIDAD 
• ". ' - • '!; •••• •• _ •. ,·::.: ., 

DE CARGA·E INFORUACION-TECNICA_ .. · .. -- ··: ; .·.··'"' . 

. -.;. - . 
' . 

___ _.J 
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11. IDENTIFICAR LAS OPCIONES PARA EL BUEN USO 
DE LA ILUMINACION. 

EXISTEN DIVERSAS OPCIONES PARA EL BUEN USO DE LA ILUMINACION 
COMO SON: 

- NUEVOS TIPOS DE LAMPARAS. 

- BALASTROS ELECTROMAGNETICOS DE ALTA EFICIENCIA Y 
ELECT RONICOS. 

- RÉFLECTORES ESPECULARES. 

- REEMPLAZO DE LUMINAR:OS. 

1 
\ 

- ADICION DE CONTROLES (MANUALES O AUTOMATICOS). 

SE REQUIERE CONOCER AMPLIAMENTE LAS OPCIONES 

PARA PODER IDENTIFICAR APROPIADAMENTE LAS ALTERNATIVAS 

DE AHORRO Y, EN ALGUNOS CASOS, REALIZAR PRUEBAS PARA 

ASEGURARSE DE LOS RESULTADOS. 

. ' ' . 



11 IU. 6ESARR0Ll.;:ÁR l.:fN ~PLÁN,PÁRA-'EL -~BUEN uso. 
DE LA ILUMINACION. 

1 --------------------------------------------

1 

1 

1 

1 

EL PLAf:4-PARA EL BUEN USO DE LA ILUMINACION IDENTIFICA 
LAS .OPCIONES QUE S ERAN IMPLEMENTADAS, CADA RECOMENDACION 
DEBERA IDENTIFICAR Y- CUANTIFICAR: -- . ' .. 

-~.. . 

-_ - EL AREA AFECTADA. 
. '. " ....... 

- LA NATURALEZA DE LA ILUMINACION POR INSTALAR. 

- LA CANTIDAD Y CALIDAD DE ILUMINACION POR INSTALAR. . . 

- CONSUMO DE ENERGIA ACTUAL Y PROYECTADA, ;_ 
AHORROS ESTIMADOS. ·· 1. - • 

- COSTOS DE. ENERGIA Y MANTÉNIMIENTO .ACTUALES Y 
AHORROS PROYECTADOS. -

- NATURALEZA DE LAS MODIFICACIONES PROPUESTAS. 

- BENEFICIOS GENERALES DE LA IMPLEMENTACION 
.. DE LAS MQDIFICACIONES (SEGURIDAD, PRECISION EN EL 

DESARROLLO -Ó¡:-_ LAS. TAR·É-AS~ P-ROp:uctiVIDAD, CONFORT). 
~ - ! -~ ,7.:..- -

. " -· 
'..,, .. ". :; -- ,~ . ... ·{' 
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111. DESARROLLAR UN PLAN PARA EL BUEN USO 
. DE LA ILUMINACION. 

- COSTOS QUE IMPLIQUEN EL CAMBIO. 

- VALOR ESTIMADO DE LOS BENEFICIOS GENERALES DERIVADOS. 

- DENSIDAD DE CARGA ACTUAL Y PROYECTADA. 

-TASA DE RETORNO DE LA INVERSION U OTRO INDICE FINANCIERO. 
~ 

ES IMPORTANTE TOMAR EN COSIDERACION LAS INTERRELACIONES 
··auE TIENE EL SISTEMA DE ILUMINACION CON EL 

AIRE ACONDICIONADO, LA DECORACION Y EL MOBILIARIO 
DEL EDIFICIO. -
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IV. IMPLEMENTAR EL PLAN ·oE .. ACCION. 

LOS PLANES PARA LA ADMINISTRACION EFICIENTE DE LA ENERGIA 
. - . . . .. 

ELECTRICA EN LA ILUMINACION DE LOS EDIFICIOS DE OFICINI\S 

FRECUENTEMENTE SE DISE~AN PARA IMPLEMENTARSE EN ETAPAS. 

LA SELECCION DE LAS OPCIONES PARA INICIAR LA IMPLEM
1
ENTACION 

DE LAS ACCIONES, USUALMENTE SE SELECCIONAN LAS DE MAYOR 

RELACION BENEFICIO-COSTO GENERALMENTE CON UNA 

MODESTA INVERSION Y ALGUNAS VECES MINIMA, EN SEGUNDO TERMINO 

SE SELECCIONAN LAS DE MAYOR TASA DE RETORNO DEL CAPITAL 

SOBRE LA INVERSION Y EN TERCER LUGAR LAS OPCIONES 

OlE REQUIEREN UNA -INVEFfSION SUBSTAN-CIAL DE CAPITAL. ·- -· ... ·.. . . - - . . ,, ' . ,· ,. 

'~=============================--=--=-=-==-========== - ·-· 
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IV. IMPLEMENTAR EL PLAN DE ACCION. 

ES APROPIADO INFORMAR A TODOS LOS EMPLEADOS ACERCA DE 

LOS CAMBIOS HECHOS EN LA ILUMINACION, YA QUE ELLOS ESTARAN 

· GUSTOSOS AL TENER UNA MEJORIA EN EL MEDIO AMBIENTE 

QUE IMPACTARA EN SU TRABAJO. ·· 

. AL TERMINAR LA IMPLEMENTACION DE CADA ETAPA ES CONVENIENTE 

EFECTUAR MEDICIONES, CON EL FIN DE VERIFICAR SI SE OBTIENEN 

LOS RESULTADOS PROYECTADOS, CON LOS AHORROS ESPERADOS. 

=========================- -
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V. MONITOREAR LOS RESULTADOS OBTEN-IDOS Y. 
MANTENERLOS ACTUALIZADOS. 

PARA LOS PROPOSITOS DE MONITOREAR EL PLAN DE CONSUMO 

DE ENERGIA ES NECESARIO MEDIRLO O CALCULARLO PERIODICAMENTE. 

LA CALIDAD PUEDE DETERMINARSE POR QBSERVACION Y EVALUACÍON 
·- . -

DE. LOS COMENTARIOS DE AQ~E~LOS QUIENES TRABAJAN EN EL AREA 

ILUMINADA;·CAMBIOS EN LA PRODUCTIVIDAD, RANGO DE. ERRORES 

Y OTROS FACTORES PUEDEN PROVEER iNDICÁCIONES DE LOS EFECTOS 

CAUSADOS POR LA IMPLEMENTACION DE LAS OPCIONES. 

EL PLAN DE LA ADMINISTRACION EFICIENTE DE LA ILUMINACION 

DEBERA ESTAR AL OlA Y REVISARSE CADA SEIS MESES, 

HACIENDO LOS CAMBIOS QUE SE REQUIERAN. 
·• . - . -"' . -- .. ·• :_ • ·<,--~··, .' ,. ¡: : -.· . ·' 
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.. - .. ~ .. .... .. ... . . .,.. .. .,.. 

. _.;":' ... .-

,. '7. 

• ' • r ·~ • 

' .. --

., .· - , .. ' .- --~ ... 



e""============="=============~=-~-==---====~ 

-

V. MONITOREAR LOS RESULTADOS OBTENIDOS Y 
MANTENERLOS ACTUALIZADOS. 

LA INDUSTRIA DE ILUMINACION REALIZA PROGRESOS TECNOLOGICOS 

MUY RAPIOAMENTE, POR ESTA RAZON, LAS PERSONAS A CARGO 

DEL PLAN OEBERAN HACER UN E~FUERZO PARA ESTAR AL OlA 

DE LOS ULTIMOS ADELANTOS EN LA TECNOLOGIA DE LA ILUMINACION. 

0 
~~=================================================== 
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CRITERIOS PARA LA IU~INACION DE OFfCINAS 



FACTORES AMBIENTALES LUMINOSOS 

Debido a que ae utilizan grandes periodos de tiem­

po en ambientaa de oficina, ea importante que el total de todos 

loa campoa vieualee eetan 

el u ir extremo• (1 imitadoa 

balanceados. Este balance puede in--

en cantidad o intenaidad) pero deben 

ctn.trarae predominantemente en relacionee de,_ l~minancia, reflec;. 

tan~-laa 'Y co't orea que no aean excea i vea. E 1 emb i ente 1 um i noao 

debe p~¡';initlr a loa mueculoa del ojo trabajar en tod-o au rango. 

1 
• 

;·' ,, • t'. f. ~--. +. 

. ' . ~ 

La luz natural ea deseable en el ambiente de una· ''' 

oficina y'puede aer pr6ctico tambien una variedad en el nivel de 

i luminencia y de cromaticidad. 
,_. 

. 1; 

';, f 

Tamblen ea conveniente, cuando sea posible pr-~po~ .. 
. . ) : ,~ .. , 

cionar viataa lejanas con el objeto de ofrecer una C·ongitud 

fu~al ·infinita, la cual relaja loa muaculoa de loa ojos. 

Para obtener un ambiente 1 um i no·ao be 1 anceado ea 

necesario. toll'!er en cuente lo aiguiente: 

:! 



* 
* 
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Acabados del local 

El mobiliario y el equipo 

El color 

las superficies del local, las cuales incluyen te­

chos, paredes y pisos, son factores importantes pera determinar 

lea relacionas de luminencie entre el equipo de iluminación y sus 

m6s lejanos alrededores, 

las ref 1 setene 1 es de las ·superf i e i es del 1 oca l. 

tienen un efecto considerable en la utilización de la luz. El 

techo las paredes y el piso actdan como fuentes de luz secundaria, 

y si sus acabados tienen las reflectencias recomendadas incremen­

tar6n le utilización de le luz y reducir6n 6 atenuar6n las som--­

bras, Similarmente, superficies del local con menores reflectan-. . . 
cíes ebsorber6n luz, reducir6n el coeficiente de utilización v 

afectar6n las relaciones de luminancia aceptables. 

El uso de acabados mate que tienen las reflectan 

cías recomendadas, previene contra las reflecciones especulares 

de luz, les cuales pueden distraer o pueden provocar relaciones 

excesivas de luminancia. 

.· ... ·. 



MOBILIARIO Y EQUIPO 
. ~1\ 

Reflectanciae de plano• de trabajo en. oficinas. 

En un ·eatudio efectuado recientemente en los 

Eatados Unidos se·encontro -que las reflectan--­

cias de los diferentes planos de trabajo fueron 

deede 20.1~ para una heliogr~fica azul a_ 91% 

para un eacrito a m~quina en papel blanco. 

La ref lectanc'i a del plano de t·rabajo m6s conve­

niente encontrada fu6 de 85%. 

Escritorios. Las cubiertas de escritori~s pue­

den ser las 6reas visuales més impcirtantes,en 

una oficina. 

Es esencial que astes superficies tengan acaba­

dos mate pera minimizar el deslumbramiento re-­

flejado, 

Es importante que las superficies verticales de 

.e ser i torios y archiveros tengan acabados con e 1 

rango recomendado de reflectanc'ias ya que gene-
. . 

ralm,nte, estoe muebles ocupan una porción sig-

nificativa del campo vieual. 



- Sistemas de muebles modulares, En oficinas 

grandes, los sistemas de muebles modulares oc~ 

pan una gran parte del campo visual, y debido 

a que loa componentes eatan sujetos s cambios, 

eu variación de configuración deberfa ser antl 

cipada. 

Con la iluminación integrada el mobi,l iario se 

deba tener cuidado de evitar que le brillantez 

del luminario quede en el campo de visión de 

otras personas. 

-Máquinas de Oficina. Las máquinas de oficina 

se comparan con la superficie de los escrito-­

rios en i mportanc i e vi su a 1 , ya que ocupan 1 a _ 

parte central del campo de visión. Para lo--­

grar comodidad ea necesario que los acabados 

tengan lee reflectancias recomendadas y que __ 

lee superficies brillantes sean eliminadas ya 

que. eón une pequeile cantidad· de estas pueden 

di atraer. 

Zonas de transición. Las zonas de transición 

y los espacios de circulación son apropiadas _ 

pera considerar el uso de colores, texturas y 

reflectancias que eetan fuera del rango descrl 

to anteriormente. En estas áreas, donde la 

permanencia es por poco tiempo y la concentra­

ción en trabajos individuales es menor, se 



... ,, .. , 

pueden usar mayores relaciones de luminancia, 

reflejos y brillos de colores para proveer int~ 

res y variedad en ~1 ambiente de la oficina . 

... ~ .. 

EL SIST&IA DE ILUMINACION 

{1. 

r.· El sistema de iluminación produce el medio ambie!)_ 

te visual. Es una combinación de fuentes de luz (artificial·y/ó 

natural) que crea lae luminanciae en lee cuales se trabaja, La 

luz de eetae fuentes incide en lee superficies del local inte--­

rreflej!lndose y produciendo finalmente luminanciaa. Son estas 

lun:inancias y las luminancias propias de ·las fuentes, las que 

se perciben cuando cuelquier'objeto es visto en el espacio. 

El sistema de iluminación puede seccionarse en 

varóos componentes que pueden ser controlados independientemente: 

Estos componentes incluyen el tipo de lum.inario, el arreglo de _ 

loe lu~i~e~ioe, los controles el4ctricos, la~ ventanas y traga-­

luces·; y el.'medio ambiente, ea-decir forma d~l cuarto, Superfi-­

c i ea / ref 1 ectenc i.ea, muebles· etc. 

!," 



.. '•· , ..... 
·~ • •1 .. 

EL LIJ.II NAR 1 O 

Un sistema de iluminación puede tener cualquier 
~ . -

n\.mero y tipo de luminerioa. 

Un luminerio esta constituido por vel'ios componen 

tea que, debido e su construcción ffeica, determinan su función, 

- LAmpares. Lea lAmparas son la fuente de luz 

del sistema. Se cuenta con una amplia variedad 

de lAmpares lea cuales eatan divididas en tres 

tipos bAsicoa: Incandescentes, Fluorescentes y 

de descarga de alta Intensidad, 

- Conjunto ffaico. Debido a que los luminarias 

son casi siempre visibles, su apariencia~ es 

importante. Se dispone de una ell!p) i~ y~ma c!_e _ 

estilos de luminarias _los cuales satisfacen la 

mayor parte de lea necesidades de los diseñado-

rea, 

- Caracteristicas fotom4tricaa. Las caracteristj 

cea fotom4tricas son descritas por medio de lu 

distribución de candelas del luminario, esto __ 
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·,nos indica como distribuye la luz el luminario. . ' ' . 

Mantenimiento. Pera asegurar que el sistema de 

iluminación funcione como fu6 dise~ado, se le 

debe dar mantenimLento al equipo de iluminación . 

Lea l6mparaa deben ser cambiadas periodicamen-­

te, el alambrado deber.§ reponerse cuando sea 

necéser i o y 1 ea• partes opt i.cas deben mantenerse 

en un eat.edo de 1 impieza· óptimo. 

Integración con otros sistemas. los luminarias 

deben i ntegrerae con e 1 ·si atema e 1 éctr i co, con 

'el sistema de aire acondicionado y con el medio 

ambienta. 

LA ~ISPOSICION FISICA 

El n6mero da luminarios depende· de la cantidad 

de luz requerida pare .alcanzar el nivel de .i lu­

minéci6n adecuado. 
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le localización de los luminerios es importaQ 

te en donde este implfcita une tarea visual. 

la adecuada posición de estos aumentaré la 

iluminación en el pleno de trabajo y el mismo 

tiempo deber_. ev it'er 1 o a reflejos ve 1 adores. 

le orientación ea el grado de rotación o 
···¡ 

incl inaci6n a la que esta sujeto el luminario. 

los luminarios pueden estar dirigidos hacia_ 

superficies u objetos. la orientación es la 

que determina el que un luminaria sea util iz_2 

do en forma indirecta o en forma directa. 

CONTROLES 

loa controles el~ctricos pueden ser ,considerados 

para economizar energfa y proporcionar fl.exibil idad. El eleva 

d~ costo de le energfe puede justificar sistemas de control muy 

sofisticados y su consideración ea muy recomendable. 

' 
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Existen numerosos aspectos de la luz natural que 

hacen que· su uao como fuente de luz. en oficinas· no so.lo sea 

deseable, sino tambien recomendable desde el punto de vista de 

economra y eatftica, 

El uao apropiado de 'la luz nat·ural requiere una 

p 1 aneac i 6n cu i dado a a por parte de 1 'di ael\ador. 
,, 

Para el mejor aprovechamiento de la luz natural, 

deben considerarse diversos factores loa cuales incluyen: 

Lea caracterfaticaa·de. la luz natural, su control, 

y ap 1 i cae i 6n , 

.· '· EL MEDIO AMBIENTE 

... :;. 

El medio ambiente luminoso este constituido por 

todas las superficies expuestas en el espacio, au posición, 

orientación y reflectanciaa carecteristicaa, Ea le componente 

final de luminario- medio ambiente y la combinación produce el 

medio ambiente luminoso, 

·--

9 
··· ... 
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El diaeftedor puede tener gran influencia sobre es­

tas .uparficiee, aunque rara vez puede tener control directo so~­

brc elles, 

Lo anterior represente loe componentes del sistema 

de iluminaci6~ Ahora vemos a ver que tipos de sistemas de ilumina 

ci6n existen, 

TIPOS DE SISTEMAS DE ILUMINACION 

El eiatema de iluminación ea una combinación de 

factores que intervienen el mismo tiempo pare proporcionar un 

ambiente luminoao, Criterio• ffaicoa y paicoffaicoa deben satis 

facerae entes de que le meyorfa de diseños sean considerados co­

mo aceptables. 

bieten dos tipos de sistemas de i luminaci6n: El 

directo y el indirecto, 

¡e 
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SISTEMA DE llUMINACION DIRECTO 

lea curvas de diatrib•Jci6n luminosa de luminarios 

directos varfa de concentrada o amplia, 
~ .... ' 

Dónde· la localización del plano de trabajo es,c~,-: 

nocida, la 'curva de distribución concentrada pu·ade emplearse P.a-
~t 

re aumentár la ilumineci6n'en le zona de trébajo, la·curva de. 
.. ' distribución concentrada puede utilizarse tambien para crear. 

un ambienté no uniforme,, pero se debe tener cuidado de evitar .;..... . 

sombrea desagradab'l ea que el si atema puede crear, las superf.i -,- . 

cies eepecularea talea como escritorios pueden causar deslumbra­

miento. reflejado debido a luces bajas concentradas • 
. ' 

/1 

,··,. 

.. •, ' :·~ ·::. ·' 
loa lumlnarioa con distribución amplia emiten más . , , 

1 u z a mayores 6ng'u 1 o a que 1 o a 1 um i ner i os con d. i str i bu e i ón e once!!_ 

trede, ~stoa.proporcionen m6s uniformidad y tfpicamente produz­

can m6a iluminancie vertical, Eatoa luminerios eatan sujetos a 

brillo directo y a problemas de comodidad, 

El aiatema de iluminación directo se caracteriza 

por el hecho de que les superficies de los luminarios ( contro-­

lentes, reflector, rejilla, etc,) son generalmente visibles y_ 

porque las superficies de trabajo es~an directamente i.luminadas. 

por loa luminerioa, 

'·: 



SISTEMA DE ILUMINACION INDIRECTO 

Los sistemas de iluminación indirecta se clasifi­

can en dos grandes categorías: de techo y perimetral. El sist! 

ma indirecto de techo hace incidir la luz sobre el techo mien--~ 

tras que el sistema perlmetral sobre l•s paredes. Amos tipos de 

sistemas pueden proporcionar la suficiente luz para iluminar su­

perficies verticales ( paredes, muebles, gente etc,) las cuales 

son genera 1 mente i.mportantes para pe re i b 1 r e 1 vo 1 umen. 

El sistema de iluminación indirecto ae caracteri­

za porque la luz es reflejada en la mayorfa de lea superficies _ 

antes de llegar al plano de trabajo, y porque la superficie del 

luminaria que emite luz no es vista bajo condiciones normales. 

RESPUESTA SUBJETIVA 

Las impresiones subjetivas astan influenciadas 

por d i'versos factores, pero para un espacio dado, se encontra­

ron las siguientes tendencias: 
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Amplitud de eapacio.- la. imprea_ión .de amplitud de 
' -~ ' ·'espacio parece eatar relacionada con la uniformi--

:dad de la luminancia de. las superficies, a mayor _ 

uniformidad, ·es m6s fuerte 1 a impresión de amp 1 i -­

tud, Esta impresión se refuer%a cuando el sistema 

de iluminación ·tiene un arreglo en forma periféri-

ca. 

Relajamiento, la sensación de relajamiento se re­

fuer%a cuando la iluminación se mueve de la parte 

auperior hacia la periferia. la no uniformidad 

tambien. incrementa la sensación de relajamiento. 

Claridad visual. la sensación de claridad visual 

se refuer%a mediante sistemas de iluminación que_ 

sean claros, uniformes y periféricos. 

Privacia o intimidad, la sensación de privacia o 

intimidad es ayudada por sistemas de iluminación 

no uniforme cuando los ocupantes estan ubicados en 

6reas m6s obscuras, 
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Satisfacción y Preferencia. la sensación de 

aatisfacci6n y preferencid por ciertos esp~­

cios es aumentada por iluminación no unifor­

me y perifilrica, 

Estas carecteriaticas pueden aer usadas por ... ., ...... 
el diseftador para el desarrollo de alterna-­

tivas. El conocimiento de los ocupantes y_ 

el uso eapecffico del espacio ayudará al di­

aaftador e formular un a i atem¡j de i 1 u mi nac i 6n 

que aea m6a apropiado para aua funciones. 

ILUMINACION DE AREAS ESPECIFICAS 

la iluminación en una oficina daber6 propor­

cionar a la gente los medios visuales pare_ 

ejecutar diversas labores con exactitud, efl 

ciencia y comodidad. las Areas a iluminar 

incluyen: 

Are as P6b 1 i cas 

Areas de Recepción 

Areaa de Oficinas 

Iluminación Exterior. 
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AREAS PUBLICAS 

las 6reas pdbl icas"'incluyen vestrbulos de' acceso, 

corrftdores, el~vadores y escaleras. Generalmente, no se e.Jecu-­

t.ar: ta.r:-eas .viauales de. gr.an dificultad en esta 6reas, la i lumi­

nación ea para proveer seguridad en loa movimientos de los ocu--

pantes y para establecer contactos sociales. 
. . 

Estas áreas dan al 

diseñador una oportunidad para desarrollar un siatema.de ilumin~ 

ción inovador.· El tratamiento adecuado de ·las 6reas públicas 

puede c~ear una sensación de placer y una atmosfera de bienestar 

en loa espacios. 

Vestíbulos de acceso.- Una buena iluminación en 

loa vestíbulos de acceso es esencial ya que esta 

produce una primera impresión de facilidad en el 

acceso para el usuario •. Un sistema bien diseftado 

' . . puede complementar la arquitectura y el decorado de 

estas 6reas, En ocasiones es deseable una ilumina­

ción no uniforme para añadir interes, para permitir 

la adecuada circulac_ión y para resaltar la atención. 

Corredores, loa corredores proporcionan los medios 

para 1 a e i rcu 1 ac i 6n 'y' e 1 movimiento de un espacio 

a otro. La buena i luminaci6n y el arreglo de los 

luminarios puede pro.vocar dirección y·perspectiva 

al eapacio. Existen diversas formas de iluminar 

corredores y el diseñador puede emplear ideas inno­

vadoras. La iluminación puede ser directa o indi-­

recta. Los luminarios pueden estar colocados en __ 
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hileras continuas o espaciados. 

Elevadores.- Loe veetfbuloe de entrada a los elev~ 

dores deber6n estar iluminados para proporcionar __ 
. "'"~~- ~ 

seguridad en el acceso hacia los elevadores, esta _ 

ilumineci6n no necesariamente deber6 ser uniforme. 

El nivel de iluminación de le cabina del elevador 

deber6 ser similar el del veetfbulo. 

[acelere• E16ctrica•·- La Iluminación de lea esca­

leras el6ctrlcae deber6 proporcionar un nivel sufi­

ciente en loe, escalones pera que una persona pueda 

eubir o bajar sin dificultad. Loe luminarioe debe­

r6n estar colocados de tal forma que les personas 

que suben o bajan no produzcan sombras sobre los 

escalones. 

Escaleras.- Lea eaceleree ganerel'mente s'on decora­

tivas o de utilizeci6n, Las decorativas astan usual 

mente 1 oc el i zeda a en rutes i mportantee ·y 1 a i 1 u mina 

ci6n deber6 complementar le arquitectura. Las esca 

leras de utilización son usadas con el ffn de desa­

lojar el edificio en ceso de emergencia. En este 

tipo de eecalerea de deber6 tener cuidado en la 

ubicación de loe luminarioa para proporcionar faci­

lidad en el mantenimiento. 
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AREAS DE RECEPCION 

., .. ,.,_ ., 

El recepci.oniete frecuentemente efectúe treb,.jos de 

oficina adem6a del trebejo de recepción, la ilu111ineción deberá 
. ' 

estar diseftade pera proporcionar una vieibil ided adecuada y que se 

cr~plemente.adem6s con le arquitectura, 

AREAS DE QFICINAS 

lee oficinas son usadas para diversos trebejos, 

telee como lectura, mecanograffe, archivo, procesamiento de datos, 

operación de computadores, entrevistes, dibujo, juntas, etc. Los 

espacios de oficina varian desde grandes oficinas abiertas hasta 

pequeftae oficinas privadas. 

Oficinas Generales,- En oficinas generales se ejecu­

tan una amp 1 i a ve·~·¡ edad de 1 abo res, por 1 o que 1 a i IJ:! 

mi nación deber6 ten-er calidad y comodidad, Cuando 

ae ti en en 'mueb lee ~odu 1 eres 1 o a 1 u mi ner i o a· pueden 

integrarse al mueble para iluminar el plano ·de traba­

jo, Deber6 tomarse en consideración la localización 

de escritorios y le futura división'en pequeñas ofici 

nas, Les paredes deberán iluminarse cuidadosamente 

ya que los escritorios generalmente estan colocados a 

lo largo de estas. Cuando el el iente no indica 1 a 

localización de muebles, el diseñador deberá sugerir 

. "'-. 



le localización y orientación de ~uebles cuyo arre­

glo aproveche ~ejor le ilu~inación, 

Oficinas privadas. Le urrifor~idad de iluminación 

en una oficina privada no es generalmente lo más 

i~portente. Una adecuada ilu~inaci6n general debe­

rá ser dise~ada pera cubrir las superficies de tra­

bajo, la iluminación suplementaria puede proveer 

lu~inancias co~plementaries en le oficina. 

Salas de juntas. Lee tareas visuales en salas de 

juntes varíen desde casuales hasta de dificil visi6n. 

la sala deberá contar con un siate~e general de ilu­

minación con apagadores o atenuadoree para controlar 

loe nivelee de iluminación, 

Máquinas de Oficina.- Une gran variedad de máquinas 

eon ueedee en oficinas, entre elles ee tienen: 

Calculadoras, máquinas sumadores, pantallas de termi 

neles, etc, Se deber6 tener cuidado pera evitar re­

flejos veJadores. Las pantallas de las terminales _ 

presentan grandes problemas, Lea pantallas se apre­

cian mejor en niveles bajos de iluminación. El bri­

llo y lea imagenes reflejadas sobre las pantallas 

provienen de altos niveles y de ventanas que astan a 

espaldas o a un lado de la pantalla 
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Salas de Comput~.- En la sala de m6quinas' es ·sufi­

ciente .. un nivel bajo. de i lumi~aci6n, sin embar.go·;_ 
. : ' 

deber6 proveerse un ni ve 1 -·adecuado para e 1 manten i-

miento y el servicio del equipo. Los luminarios d~ 

ber6n estar cuidadosamente ubicados de.tal forma 

que no se produzcan reflejos veladores. 
:..:··· 

Salas de Dibujo.- La·tarea visual en las 6reas ~e 

dibujo requiere una alta calidad de iluminación ya 

que se requiere una discriminación de detalles fi.-­

nos durante largos.per·iodos de tiempo •. Se puede 

usar una iluminación local suplementaria para.pro-­

porcionar las i luminanc.ias recomendadas y para redu 

cir el consumo de energfa. 

Arcas de Archivo.- En áreas de archivo .muy. activas, 

el trabajo es probablemente prolongado y la tar~a 

visual de mayor severidad. Cuando un local esta 

dedicado exclusivamente a archivo, se deberé consi­

derar el disefio y localiza¿ión de lo~ luminarias 

para proveer las luminancias recomendadas sobre las 

superficies verticales. 



Sanitarios.- En los sanitarios no ea necesario te­

ner uniformidad en la iluminación. loa luminarios 

deberán estar localizados para proveer la adecuada 

iluminación en la vecindad de loa espejos, lavabos, 

etc. 

Areaa do servicio de al imentoa.- loa servicios· que 

normalmente héy en un edificio de oficinas son 

una cafeterfe o un restaurant. las cocinas debe-­

rán estar provistas de una iluminación bien dise-­

ftada para proporcionar una atmoafera de 1 impieza e 

higiene. las áreas de comedor deberán estar ilumi 

nades de tal forme que la estancia sea placentera. 

Deberán proveerse atenuadorea de luz en las áreas 

del comedor para permitir cambios en la etmosfera. 

Bibliotecas. la lectura es generalmente la activl 

dad que m6s se efectua en una biblioteca. La i lu­

minación seleccionada deberé proporcionar una v•-­
aión confortable y puede ser similar al equipo de 

ilu•inación utilizado en oficinas generales. Los 

estantes para libros deberán estar iluminados ade 

cuadamente •. 
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Salee de primeros auxilios,- La sale de primeros 

auxilios deber' estar provista de iluminación gene-­

ral, Para una i nspe.c_~ i ón minuciosa de 1 paciente se 

requiere iluminación supl.ementaria, 

Cuartos de ut i 1 er i a,- Se deber6 pr:)po.rc i onar un i ca­

mente una iluminación general que eea adecuada, 

ILUMINACION EXTERIOR 

La iluminación exterior pera un edificio de,o~ici­

nas incluye iluminación de protección, iluminación de accesos, 

iluminación de pasillos, i lumineción de. estacionamientos. 

·Iluminación de Protección,-. Se deber6 proveer una 

adecuada iluminación de protección con el objeto de 

Proporcionar seguridad el edificio, 

Iluminación de accesos, Le iluminación de l~s en--­

trades.generalmente esta disefteda para complementar 

la estructura arquitectónica del. edificio y permitir 

el acceso a este con buena visibilidad, 



Iluminación de Pasillos,- Se debe~6 p~opo~cion~r 

iluminaci6n de los caminos de comunicaci6n exterio­

res cuando el edificio ae utiliza en les tardes. 

Iluminación de Estacionamiento.- Se debe~6 proveer 

iluminación a loa estacionamientos con el objeto de 

desalentar el ~obo y el vandalismo, 

MANEJO DE LA ENERGIA 

Un dise~o de iluminación no este completo hasta 

que 6ste ha sido sujeto a una cuidadosa evaluación de su empleo 

de energfa. 

Hebra un der~oche de energfa cuando existan cual-­

quiera de las siguientes condiciones: 

1) la fuente de iluminación esta energizada cuando no 

ea necesario (esto ae debe a un control pobre) 

2) El sistema de iluminación ea ineficiente o de poca 

calidad 

3) la cantidad de luz ea inadecuada pare la ejecudi6n 

de la labor~ 

4) La cantidad de luz excede la necesaria 
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lee p'rdidee directas en costo de_energfe el~ctrice 

aon equellea que reaulten de un control pobre, un eiateme inefi-­

ciente o un axceeo de iluminación. Cede une de elles puede eva-­

luara• en fo~e cuantitativa en costo de kilowetta-hora, cuondo 

•• e-paren les eficiencias de dlaeftoa eemejentea, 
' ... ~~ 1 

CONTROLES 

Le habilidad pare gobernar le operación de un siete 

•• de ·alu~redo edscued .. ente es el factor m6a··iMportente en el 

coneu•o de energfa, por lo que es necesario utili~ar ••yor tiemp~ 

de lngenlerre pare desarrollar un cuidadoso en61isla de loa eiat~ 

••• de control. 

Controles manuales,- La mayor parte de le iluminación 

en lea oficinas se controle manualmente, por lo que 

se deber6n considerar lea siguientes co~dicionea: 

1.- Cede oficina o 6ree deber6 tener su propio control, 

2,- En grandes espacios abiertos, les 6reea de trebejo 

deber6n agruparse y controlarse independientemente 

3.- Cuando se usen une o dos lémperea por luminerio, loa 

luminerioa adyacentes ae deben conector en circuitos 

alternos. 
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4.- Cu.,do - uaen luainerios de tres llllrperes fluore.!. 

eentea, le l~are central debe conectarse a un 

circuito ..-rado del de 1 .. 1'-PM" .. edoriores. 

s.- Cu..do - uaon llllllinorioa de cuei;ro aa.., ..... fluo­

reecantea e 1 par inter.ior debe cqnecterae e un e i.r. 

cuit. aeporado del do 1- 16Joperea exteriores. 

6.- Lea "'-U. de trabajo que requieren oltos niveles de 

il.-ineci6n deben conectarse en circuitos indepen-

dientes. 

- c-troloe ..t..at:icoe.- Loe control•• eut-.tticos 

pueden el iain.,. auchoe de loe probl-ae en el e-.pleo 

de le enerefe, debido. e fellee de los o~antea en 

el u- apraplado de 1- control••· 

A 1 gunea de lea t6cn i cea de contro 1 eut-6t i CG son : 

Interruptores de tie~~~po 

Relojes 

Detectores de presenc: i e 

- c-t:roloe foto-naitivoa 

re levadores 

Computadores o ••c:r~ 
proc:aeadorea 

> :~ 



. E~e cSIÚ~ Ucnice M utiliza pera re-lver una 
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gr- weried.d de prabl-•a de elullbredo. Pueden •inatalerae para 

•-ajar er-dee oiot.-e. de olutllbr.do;, re..,andiando ·a una .-pi ia 

weriod.d de loc:allzaci6n de 'labor••• .d-b pueden •-ejer otras 

l.boreo - puedeft .. r: celofacci6n. aire econdlcionedo. elev<Jdo-
' 

rea. etc. .!-, ·~ 

' 

·r ' . . ' 

Atenuaéi6n de luz.- lo utilidad de un aiate•e de il~ 

oinaci6n';'p.:.edé .er auHntada •. inatalando atenuadores 

de luz en loa locales donde ae requiere une gran vari!. 

dad de niveles de ilu•ineci6n. 

Reducci6n de woltaje de «JP8raci6n. El eiUIIbrado flu,2 

reacente pUede i.er operado o· wolteje reducido con el 

ueo del equipo y circuitos adecuado•• logrando un 

conaiderable ahorro de'enerera. 

Apegado y encendido del alulllbrado fluorescente. No 

e•iete aituaci6n alguna donde el apagado y encendido 

de 16llperas fluorescentes tenga efectos econ-icos _ 

ne_.tivoa. Uria 1'-Para fluorescente pierde pocos •i­

nutoa ~ vi de por cada e i e 1 o de apagado y oncend ido. 
_., •,. 

Por lo regular el apegar loa 16-parea ·flu-escentea _ 

sirve pera .,..ntar le wide util de. la 16-paro debido 

e que el tÍINIIPO en que 6ate pe,..anece apegada e.kcede 

en ti1111po o le reduc:Ci6n de su vide. 4ti 1 por el efec­

to de apagarlas y encenderlea. 



- Apeg~ y encendido da 1611rparae de deecarga de alta 

intenaid~. El al~redo de deacarga de alta inte~ 
; .... 

eidad requiere de varioa oinutoa para - reencendi-

-¿¿ ... 

dO da..,uaa de au desconexi6n. Debido a que el ti~ 
pode reent:el'dido da eai:aa 1611rparaa ea entre '10 y 15. 

oinutoa ae 1 ioiten loa ciclos de apegado y encendi·­

do a 1- situaciones donde tales tie111pos puedan ser 

tolel'adoa. Por eeta raz6n hay pocos beneficios en 

el pagar y encender 1 os e i at-a a con IAB!paras de 

descarga de alta intensidad. 

EFICIENCIA DEL SISTBIA DE ILIJUNACION 

La eficiencia de un aiat .. a de il~inaci6n es el 

resultado de la COI!binaci6n de las eficiencias de loa c011ponentes 

de loa·luoinarioa y del oedio eobiente. 

La oayor parte de 1 o a di aeñ9s de i 1 ua i nac i 6n de of i -

cinaa continóan utilizando l6mparas fluorescentes, 

Sin. eobargo a dl.tioas fechaa ae ha empezado a incor­

porar IMpares de deecarga de alta intensidad en el 

aluobrado interior. Los diseñadorea deberAn selec-­

cionar las fuentes •6• eficecea que eatisfagan las 

necesidades del 6rea. 
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- La .. 1ecc.i6n de las 16111pares depende de.;., las necesi­

dades de color, el ti.-po de. encendido y de la dis--, ' ' . ' 

,_ 

tribuci6n deseada~ .La eficacia (16 .. nea/vatt de en-

trada) es diferente para cada grupo de 16~aras (flu~ 

reacente, -rcurial, aditivos ..t6Ucos, sodio alta 

preai6n, etc.) La ~ficacia t.-bi6n varfa con la po-. . - . . . . . 
. tenci~, las 16alparas de gran ~encía son por lo 

' . . ·~· . : . ' 

gen~ral •'• eficaces • 

.. : 

Existe una .-pi ia g-a de .. di_señoa de balastros, el 

perfeccion-iento en sus disel'ioa da co.o resultado 

pocas p6rdidaa en nucleo y bobinas lo cual redunda 

en una vi da •eyor debido a su operac i 6n a •enor tee­

pel"atura. Tipic-nte _una reducci6n de I0°C en la 

. t...,eratura del balastro ocaciona un au .. nto al do-­

bla de la vida esperada. 

Loa avances en la tecnologfa de estado sol ido han 

dado como resultado el desarrollo de balastros elec­

tr6nicos'para lAmparas fluorescentes y de descarga de 

alta intensidad, estos diaposit4yos reducen las pér­

didas al elieinar el n~cleo. y las bobinas, ofrecien­

do una gran flexibilidad para el control • 

'\. 



la luz que aele de las 16topares es dirigida e la te­

ree por loa diferentes elementos del aiateaa ópti­

co. Estos el-entos son; el reflector y si - usen, 

loa lentes o el refractor. 

Ceda watt utilizado en el alumbredo introduce 3.41 
~"''"'.e. 

BTU'S por hora de calor en la construcci6n. Exis--

ten aiste•aa para el control del calor producido 

por los lu•inarioa. Estos sistemas pueden usar la 

parte superior del luminario para colectar el calor 

o incluir el uso de una manejadora de aire que aso-­

ciada a duetos de aire remuevan el calor producido 

por el alu.bredo. 

Medio Ambiente. Tan i~ortante es establecer las 

eepecificecionea de un sistema de iluminaci6n co-o 

lo es el establecer un lugar de trabajo efic.iente. 

localizaci6n de la tarea y calidad. la localizaci6n 

de las laboree deber6 planearae para proporcionar el 

mejor arreglo de luminarios. Esto es posible media~ 

te el agrupamiento de labores que tengan requeriaien 

tos visuales similares. 

,, ;, 

..... 
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Reflectencias y Depreciación por polvo. :Se. debe de 

tratar de ~vencer a los clientes,de utilizar colo-
' . 

res con refleCtancia alta para todas las paredes del 

6rea da trabajo. Ade•6s para lograr ahorros los cal 
_,¡., j 

culos deben hacerse con los valores reales y no con 

valores esti•ados. 

llu•inaci.Ón con lu: natural.- 'La i lu•inaci6n con lu: 

natural 'puede ser un factor i~ortante ,en el ahorro _ 

de energfa. · Que ténto se ahorra depende de varias ,., -
variables tales como: la diaponibilidad de lu: natu--

ral, la orientación del edificio, horario en que se_ 

labore, t .. afto y localización de las ventanas, nive-­

les de i lu•inaci6n requeridos )' de la uti 1 i:aci6n de 

controles de ilu•inaci6n • 

. CANTIDAD DE ILUMINACION 

El seleccionar el nivel de ilumineci6n adecuado es 

un aapecto ..,y i11p0rtante en el ahorro de energfa. 
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ll~•ineci6n de 6reas con laborea definidas. la re­

c-ndec i 6n b6a ice ea proporcionar 1 e cent i ded de 

luz adecuada donde eete ea necesaria, y evitar exce 

darse en cent ided de luz en 6reea donde le luz no 

tenge un prop6e i to -..y ut i l. ,-... , ... ~ 

llu•inecl6n de 6reaa con labores indefinidas. f.l 

.. jor .6todo para diaeftar la ilu•ineci6n de áreas 

con laborea indefinidas ea el proporcione flexibill 

dad a la iataleci6n. Una t4cnica para lograr esto 

ea utilizar un aiate•a de lu•inarioa deeconectablea, 

el cual consiste de una red en el techo con contac­

tos que acepte lu•inarioa con cable ) clavija. 

Menteni•iento de la iluainaci6n. Se pueden eantener 

loa niveles de iluminac16n iniciales coapenaendo lea 

diferentes p4rdides de luz que ocurran con el paso 

de los aftoa en el sistema. Para esto, el diseñador 

y el encargado de mantenimiento deber6n establecer 

un prograea de eanteniiDiento y reemplazo de ltimp.a-­

raa. Un buen programa de eanteni•iento previene __ 

contra la utilizaci6n de niveles iniciales de iluml 

n.-.ci6n alt-. 

.-:-
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.. 
AIRE ACONDICIONADO 

' ....... ' 

Ea deaeeble que el dieefto de eluabredo este c0111ple . -
to ente• de clete,..iner el t-allo del ~ipo de aire ac:ondicion4t-:-;_ 

do, ya que el utiliaer loe valoree .... lee de diM~ ~.puede eli-.. 
•lnar un •••i1to aignificetivo en el t ... ftci. del equipo. 

'1 • 

ALUIIBRADO DE IMERG~NCIA 

El elu-.bredo de -rgencia proporcione ·.e~rided .~ •. u 

loa ocupentea de un edificio cuan~. el aiat ... no,...l de ilullin~­
cl6n falla. Le il~inaci6n proporcionada por el ai.t .. a de alu~­

bredo de -rvencia debe pe,..itir sal ir en fo,..e aegura del edifl 
' • w ... 

cio - e•- de -'"98ncie. Si el -• ir no es nece-rio • ol sis­

t- ct.be aperar pera proporcionar seguridad y c-.dided a lo.; 

ocupante• h..ta que el aiat-• no~l aea restilblec:ido. 

- Tipoa de elullbredo.- Exiaten diferentes tipos de 
•. -

el!lllllbredo de -rgencia y ., tteO depende de laa nece-

aidadaa de ·ceda 'edificio. 
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Siat .. es en uso. Existen tres tipos. 

1) Un siste•a de lu•inarios ~ebleados independiente•ente 

y eli•entedos por un generador. 

2) Un siste~e de luminarios eli~entedoa por dos fuentes 

independientes. 

·3) Equipo unitario ~on baterías individuales. 

Alullbredo de salidas.- Este alulllhrado, debe proporci~ 

nar lá ilu•ineci4n requerida sobre el piso, en las 

trayectorias hacia sal idas incluyendo la intersecciÓ.n 

de ~orredores, pasillos escaleras y puertas. 

Cada salidé debe ser ~lera•ente indentificada con 

señales lu•inosas. le fuente de luz puede ser propia o provenir _ 

del exterior, pero deber6 operar durante les falles o interrupcio­

nes de le fuente norael de energfa. 
1 

SEGURIDAD 

Importancia.- En cualquier parte de una oficina, 

las condiciones para trabajar con seguridad son ese~ 

~iales y por lo tanto, deben ser considerados los 

efectos de le luz. El aedio ..Oiente de una oficina 
'• 

es i~~portante di.señerlo con el objeto de coepensar _ 

las l i•itac:iones propias de la capec:idad hu•ana. 
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Cualquier fector que ayude a ver aojor. eu-to lo 

prebebi 1 ided de que un e~~pleedo pueda detectar lo 

ceusa potencial de un accidento de in-dieto o i•­

pedirlo. 

- Otroe factor••· Ad .. ,s de Doe niveles edecuecfc,e 

de. lluaineci6n. un 'roe vieuoleente aogura no det;e 
• 1 •• • 

tener br i 11 O exceel ~O n Í deber fa haber grandes ·~A . ' ~ 

traatoe dentro de ello. Debido o c.-bioe en lo 
}; > ~ 

edeptec:i6n del ojo cuando airo superficies de dif!. 

rento lu•inancio. la relacl6n de lu•inancia entre . . . . .... ,.. 

aupel"flcles edyecentea no debe excedel" de 20 e ·a. 

- [valuec:i6n de llu•inecl6n. Aunque el 6ree de una 

oficina puede Hr dloefteda con le cal Id~ y canti­

dad necesaria para seguridad •. os necesario conocer 

si diahos ....,isitos han sido t-odos en cuento. 

MANTENIMI~NTO 

So debe p100p0rcionar suficiente info,..eci6n el 

ueuorio pora i..,l-ter un progr_. de aonteniaiento. Esto ea 

de -• i..,..-t-ia dedo que el ei.t-• de aluabrado •• diaofüt.., 

do considerendo fec:torea de p4rdid .. de luz que requieren de un 

aontoni•ionto poriodic:o paro c:u..,l ir con loa criterios b6aic:oa 

de di .. Ao e.teblocidoa. 

33 
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PLAN DE MANTENIMIENTO 

C.-o una eur~_pare ~laborar un plan da •anteni•ien 

to .. pueden utilizar loe alguientaa punt.oa: 

.,. LiiiPiar luainerloa y Ntllll)lazar 1611perea periodice--

R_i .. r tocloa loa COilponent.ea de loa lwinarios 

- R....,lazer lu•inerioa viajoa o daftedoa por unidades 
·nU.vaa que aa 1 iiiPien feci l.ant.a 

ln.taler 1611peraa de alt.a eficiencia 

Podar 'loa 6rbolea o arbustos que ob.truyen le luz 

Repintar lea auperficiaa del local 

- Minimizar el uao de la iluaineci6n durante periodos 
de 1 i11p i eza. 

. ··---
. ~: · .. , 

( 
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CIITER!ps PARA LA ILYMIN4C!ON INDUSTRIAL 

1 NTRODUCC 1 ON 

2.- CONDICIONES GENERALES 

2.1.-

2.2.-

2.3.-
2.4.-

f~es que afectan las tareas visuales en lnduatriaa. 

faetoNa para una buena i lu•inaci6n. 

Influencia de factores .-bientalea. 

C:..atruccldn de edlfleioa lndu.trielea. 

3.- LUZ DE DIA 

J. l.-

3.2.-

3.3.-
3.4.-

3.5.-

Genere! ldedea. 

Orientaci6n de edificios y condiciones de ubicaci6n. 

Secciones arquitectonicas de edificios. 

Materiales tranaaiaorea y eleMentos pantalla. 

Acuaulaci6n de suciedad. 

4.- ILUMINACION ELECTRICA 

4.1.- Generalidades. 

4.2.- lipoa de l~inarios. 

4.3.- lletodoa de i luoainec:i6n para 6reas industriales. 
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CRIT(819§ P6RA LA ILUMINACION !!DUSIRIAL 

INTIODUCCION ' 
-\, 

. El propoalto de le i lüaineci6n en une industrie es pr0po.!: 

el~.¡. .·lua euflclent:e en centld;.., y ce! lded pare tener ~~ridad y pera 
. . . 

-ent:er le vlelbl 1 lded y productividad con un a.biente placentero • 

. can e 1 fin . de conocer 1 11 ect i y i dad. e. 1 •ed i o _., i ente )' por 1 o tlll'lto 1 a 

i l-ineci41n requerlde, ee deben considerar lea aigui11ntea re-endacio-
' . ' 

nea: 

1.- Di-llar le il-ineci6n para le actividad planeada (•6• luz en el 

'~a en que ee deaerrol le la actividad que en sus alrededores). 

2.'- Diaeftar C:on lu.inerioe eficientea. 

3.- u-~ fuente• de luz de alta eficacia (•eyor ael ide de lchlenes -por 
W!ltt). 

4.- Utilizar eficlent .. ente loa lu.lnarioa. 

S.- Utilizar lu.inarioa ccntr.oledoa t6~icamente. 

6.- Utillaer .C.badoa cleros en techos, paredes, plaoa y eObilierio. 

7 .~ Utll izar eflclen~nte lea 16eparas • 

. 8.- Apagar iaa luceá wendo no se necesiten. 

9.- Controlar el brU lo de laa ventanea. 

10.- Utilizar la luz del dfa cu11ndo sea práctico·. 

11 .- Coft-rvar el equ,ipo de i lu.ineci6n 1 ÍlllpÍO )' en buenas condiciones 
de trabajo · 



-.-
12.- Eh•••• l•etrucclonea pare le operec:lln y el _ ... tenl•lento. 

2 COIIDICI•D IOUALES 

2.1.- FACTORES QUE AFECTAN LAS TAREAS VISUALES EN INDUSTRIAS. 

l•~ >'4 

2.1.1.- Qenerelidedee. El ojo hu•ano ve los objetos por 

refi.:XIIn tren-iai6n o ailueh. 

loa p 1-a de trebejo en industrias var i an en dl 

fi~ltad visual de~a viaibla hasta casi invisi-. 

blo. Loa fectorea qÜe afecten la visibilidad del 

pleno de trebejo son: Contraste, luainencia, ta­

INAo y tl.-po. Eatos fectorea son ten intarde-­

petKIIentea que pero •entener igual viaibi 1 idad, 

le deficiencia en uno de el loa pu~ -r c:o.pan­

aede (dentro de oiertoa ll•ltes) •ediente el au­

..nto de uno de loa otroa;. 

2.1.2.- Contraste. le visibilidad ea •4~i•a, cuando el 

contraata entre lea lu•inenciaa ( o colores) de 

la tarea-visual y su fondo ea •ayor. 

2.1.~.- L .. inencla. Otro fec:tor que afecte la visibi 1 i­

ded - le l .. inancie, _ya que para que un objeto 

... viaible debe eatar. iluainedo y diferir en 1,!! 

•lnencie de MI fondo. 

Para une •ieaa tarea visual, loa ojos de 

per_ .. .ayo,... neceaiten _.,.. •. IUSJinancias 

qua IÓa de perilon .. joven-:•• 

-. 

--· 



2.1.4.- T.-.Ao. El ~lfto de la tar- vi..,al 8ft un fac­

tor -..y iiiiPOrt-te para la viaibi 1 id..t. Mien-­

tras .a. grande es un. objeto o t-a visual, •6• 

feei 1-te ·- puede ver. Por el c.~trario, •ill!!. 

tras .as pequelo, .es •'- di-ffc::i 1 verlo. 

2.1~5.- .Ti~.· Para -i•ilar loa detalles de un objeto 

o tarea vi süal, el ojo necesita ti ...,a. Si 1 a 

visibilidad es pobre debido a un bajo contraste, 

a baja l .. inanc::ia o t-año del detalle, entonces 

'la relaci'-t de -i•i laci6n di .. inuya y el traba­

jo viaual.to.a •!a ti~. 

Cuando el detalle que - quiera ver ea pe . -
quefto, o las letl."as eon ~M~y tenues - re~apec::to 

al fondo en que astan escritas, en~ces t--os 

-'• ti.-po para poder apreciar ~let-ente el 

detalle de que - trate. Esto i¡apl ica que si 

queremos di .. inuñr el ti.-po para ver un detalle 

cc.PI.taaente, nece.ait-os ya -a -entar el nl 

vel de i lu.inaci6n, eu•entar el ta.año del deta­

lle o •ejorar el contraste entre el detalle y au 

fondo. 

2.1.6~- Edad y viai6n Subno~al 

2.1.6.1.- T-afto de le pupila. Con la eded di .. inuye 

el t..aHo de la pupila; por lo .tanto para 

tener la •i- visibilidad que .la de ojos 
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•6• jovenes es necesario aumentar le lu.inencia 

de loa objetos, 

2,1,6.2.- Ac~odecl6n, Le e~odaci6n ea le habilidad de 

loa lentes del ojo pare. ajustar el enfoque de una 

distancie a otra. la edad tiende e aplanar estos 

1 entes pero le hab 1 ! 1 dad de 1 oe ojos pera acomo-­

darse, mejore con un incremento en le iluminaci6n, 

Heate ahora hemos hablado sobre loa factore" que 

afectan lea tareas visuales en lnduatrlaa, ahora 

vemos a hablar sobre loa criterios pera obtener _ 

une buena il~minaci6n: 

2,2,- Criterios de iluminación pare .•1 deaempefto y c.-odided visual. 

2.2.1.- Debido e que una buena ilumineci6n depende de muchos 

factores, lea lnateleclonee de alumbrado deben ser dise­

ftadea por un ingeniero de ilumineci6n competente. Estos 

"faCtores pueden ser· agrupados en criterios de calidad y 

crit81"io• de cantidad,· 

2,2.2,- Cal ided de le Iluminación, 

2,2,2,1.- El deslumbramiento, difusi6n y direcci6n de la 

luz, unifo~idad, color, luminancia y relaciones 

de luminancia tienen un efecto significativo sobre 

la facilidad y presici6n de la visión. Un enáli-

. 1ia cuidadoso sugiere que algunas tareas, tales 

coso el discernimiento de detalles finos, requie­

ren una calidad aucho aeyo•· que aquellos que son 
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..,..., •• el aiUIIIbr~ defic:i..te ea f.c:il-te re­

CIRec:ido .,.._., .inoooodo y poaiblw• 1tc poi ÍtJI"'-· . . . . . ~ . . 

1• .,lc:i~i- -*~edaa no - detec:t;ad- f­

oll....te • 

z.z.z.z. De.IUIIbr•iento. E~ deaiUIIbr•iento •• eauiNido 

por cual•i- ·a .. inmc:ia dentro del c:a111p0 de vi-
,. · eiln que. c: .. sa inCCIIJOCiidad,, . t'.t.iga o interferen­

cia con la viailn. 

Hay dós i:lpoa ele cleolu.br•iento al dealu.br-ie,!! 

t:o directo y el· cleaEUIIbr•i..to -t'leJedo. 

Z.J.J.J.I~- Dealu.b~lente~ di--.. El .._l ...... _iento 

' ' 

· ·directo •• éaloado principal-te por fa _ 

i l .. in-.c:ia, de laa fueni:ea de lu& dentro 

del C:allpO de visiln. T.-bien laa veni:enaa 

· _. c:aulia frecuente de dealu.b~iento. 

' . 

E 1 deaht.hr- i ento ·el i rec:t;o puede redu-

c:irae: (1) di•Einuyendo lo l .. inenc:ia de laa 

f'uentea de luz o del equipo de al....,rad.J, o _ 

_.,_; (2) reduciendo el 'rea da alto l .. inan 

. c:ia causante del deaiUIIbr•iento; (3) -•n-­
i:ando el 6lflllllo entre la t'uente que deaiUIIbra 

y lalfnea de visiln; (4) ••entando la 1-i­

nancia del 6rea qu'? circunda la t'-te que 

cleelu.bra y conf;ra la cual - esta viendo. 
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2.2.2.2.2.- Dealuabr .. iento reflejado y •RefleJos velado-...... 
El clealullbr•iMto reflejado ea causado por 

la luz reflejado en cualquier auperficie·bri­

llente. LCMI rGflejos veladores son cauaodos 

por las hnagenee<reflejedas de lea fuen~es do 

luz en el plano de trabajo. 

El .desluabraalento reflejado ea frecuentemen­

te a6a -leato que el reflejo directo debido 

a que aeta a6a cerca de la 1 fnea de visión y 

al ojo no puede evitarlo. Ad~As, loe ~rofl~ .. 
jos veladores• pueden reducir el contraste en 

el pleno de trabajo; y por lo tanto, la habi­

~idad para distinguir loa detalles. 

Existen varias formas de di&Dinuir .estas 

leat i ail: 
•o--

1) La luainancia de la fuente debe aer lo •4a b~ 

ja posible y leo ventanas deben tener c~rti--

nas •. 

2) Se deben posicionar los luminarios de tal fo~ 

aa que la iaagen reflejada este dirigida fue­

re de los ojos del ·observador. 

3) Instalar aayor ndaero de luainarios de baja _ 

potencia. Con ·cito ae logre dieainuir·el ef~ 

. to de dealuabraiento reflejado y los ·•refle­

jos veladores•, mediante el increaento <Íe ··la 

iluainaci6n proporcionada al plano de lraba~r 
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por láparaa Jocal izadu en posiciones dife­

ren~ea de las que e~.; • .,.. · reflejos. 

4) C..biando el ecebado de lea euperficiea que 

·producen reflejos. 

z.a.z.3.- Unlfor-ided, Reflejos y SO.braa.- o) Lo unifo~i 

dad de la ilueinaci6n, ea apropiada para ln~erio­

rea induatrielea donde loa planos de ~r.bejo ea--

'ton IIUy prcSxl•oa y donde lea ~--'· .:• 

•• J • • • 

vleuolea re--

quío-.. lo •i-• cmtidad de l_uz •. 

b) Loa refleJos de fuentes de luz. en el pi- de ~r.!! 

bajo pueden aer uti lea ai no ero .. deaiUIIIAJr-ien-. . 
· ~ roflojedoa o •reflejos veledorea"'. En el ••­

quinado e inapecci6n de pañea 1Ni:41 icoa pequeñas, 

loa reflejos pueden indicar fallas en el contor-­

no, hacer lea ••~cea •'• .vialblea, e~. [atoa 

reflejos _•on creados por fuentes de luz posiciona 

das cuidadoa .. ente. 

e) Lea ..-brea producidas por.el.sist .. a de alu.bra­

do general pueden acentuar 1 a profund_idad y foraa 

de loa objetos; pero deben -itar- 8011braa pro-­

nul\ciadas. 

Las ..-bras pueden aer. suavizadas ai el abjeto es 
•" 

i lueinado por euch&s fuentes o por l11111inarioa _ 

grandes difu-a. Cuando ae necea¡t.l este tipo 

de ..-broa ea -jor ob~enerlea eollitinando el alu~ 
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br_.. eene-1 con aluabrado direccional a~pl-en 

U.Oio. 

z.z.z ••• - Cal icL.d del color de la fuente de luz. Laa O'•.u'.~ 

t:e8 de luz deben ser aelaccionedaaí cuidados.-en­

te cuando la di~r,lainoci6n del color es i~~po•·-­

t:ente, 

J.J.J,- C..tided de IIU8inoci6n. 

Le cantidad de luz necesaria en cualquier meblec:i6n, 

'z ..... princlpal•ent:e de le naturaleza del webejo. A 

.... Iet. que la ilu•inoci6n del plano de tr~j~ - !n-­
o.-nta, la focil idad, velocidad y preeici6n, ~ le_ 

-al le t ... • puede .... real i&eda, t.bien ee incrGII!If"-,!l 

ta. 

La recDmendoc i onea de· i 1 u1111 i noc i 6n de e.t:a tcb le eat:an 

b-..t•a en las carocterl.tlcas de le tarea visual y en 

el funcion•lento visual requerido por jovenes con _ 

viei6n _.,..l. 

fatos valorea fueron detert~~inadoa usando loe e-u-oe..,di-­

•ientoa -teblecidoa por el lES en auo re~endacioncs 

pare calidad y cantidad de i lu•inoci6n. 

• Le cantidad de luz roc-endeda daba ser P•_.,rcionada 

en el punto y en el pleno en el cual - efect:da la u­
re• YÍ8Ual, ya ... hori-tal, vertical o algdn ._gulo 

· lnt.ioálecfio.-
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CuGido - .. •cueni:re en e.ta i:ebla la i:area vo-u! 

.,. va a - ajecui:ada. entonces ae deblll ac~·-w:•;~n:k;• -'·'· 

~· ..- llh ae a..-.je a la i:erea en cueo~~Ji.:r,. 

Si le i:aree no es si•i lar ~ ninguna de las §;,.t.wb:r ' 

...... --. 
,__ ___ 
..... --..... ..... _____ .. .. 1 1 -------....... ._ .. ----..... ----___ .. __ -----f'Lii 

....... _ .. __ ------·-.......... 
••:t ---1 . ·-----------.. ----... 

---.._. 
ll.a 

A -• .,..75-100 

e 1GD-11JD-a10 

D ~ 

1! -7l»-1-

, 1-1-

8 .,.,............., 

" --1GCIDD 

1 1CIDIID-1..._, 

""'*" --· 5-7 ... 10 

,.._,_ 
......., 
-711--100 ,_,_ 

2IJD..3DD.aiQ 

___ ,oro 

,_, __ 

~ ...... ~~-.. ~ 
c.'ft~Q!~;.:~;_i"· :·.-.. ":.~ .. -:·-

-.w:N!Dif'7a on tw\'\ . 
a!.Aft..-.l":f ~·;• 0 •"XIW·· 

~ ol ,;:·:"~"~': 
-~·-' f~ ·.~'.· ~ ·~· .. :.,.•.J:•!. 
u.-.~ tt•t··.~i·-":'~~ 

Eaf:e t.bla cani:iene descripcion- generales de t•~ll'"'!>'•:·.'' 

vleueleu y. ectivided-. e lee cueles correspclftd<M ·~•h,--­

eor i as de i 1 .. i nene i e. A cede cetegor re corresponde 'LW 

Nlft8D de i l1111inencie. 

····'·. 
:-·,· .. 
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Pera aeleccioner el valor del rengo que debe utilizarse 

ee puede referir e le siguiente tabla. · ·· 

Cerecterfaticea Factor •t: 

de le tarea y el 
trabajador 

Ededda loa Menos de 40 40-SS Mea de SS 
trabajadores .,.,. 

1 

Yelocided y/o No l11porte.n lmpo.!! Critica 
exectltud ·te tente. 

Refleotencie del Mayor de .-'! 30% • Menos de 
fondo del. pleno 70% 70% 30% 
de trebejo 

< 

1 ., 
__j 

En 'eatil teble ceda ceracteristice debe ser eveluede pa­

ra detel'lllnar el factor que le corresponde ya sea -1, -

cero 6 + 1. Estos factores se suman algebreicemente p~ 
. ,'' 

re determinar el factor de importancia. Si le suma es 

menor o igual e-2 se debe ut i 1 izar e 1 vapo'r 11enor dfl -­

iluminancle, si el resultado esta entre +1 y -1 se rlebe 

utilizar el valor medio de iluminancia y por (iftimo si 

la suma es mayor o igual a 2 se debe utilizar el valor 

•eyor,de iluminencia. 

2.3.-· Influencie de loe factores del médio ambiente. 

2.3.1.- Lu•lnencia y relaciones de luminancia. La habilidad­

pare ver un detalle. depende de la diferencia en luei--
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n•cia entre el.detella y au fondo, ea decir del con>.;r·· 

te. Laa lu•inanciaa dentro del c-po·viaual afcd;m: "'' 

candicionae de' viaibi-1 idad. 

Laa l"elacionea de lu•inencia re~endadas son '"''~· ,., .. 

suientear 

- Entre al 6rea de t .. ebajo y 6!"eaa adyacentes 1 a l/J,. 

- Ent ... ·el 6rea de tl"ebejo y las ~pel"ficias 111lis r..,·•.nh, 

1 • 1/10. 

- Entre al 61"811 de trebejo y las supel"ficies i luPdne,·\"" 

.a. ...-otea 1 a 10. 

.. 
E.tas releclonea aon las •bi•as recc..endadas; red~J<:<::i·'>··· 

nea en eata11 relacionea eon beneficaa gene!"almente. 

Pal"ll abtenel" lea 1"8 lec iones de 1 um i nanc i a recomend;:,,.;o::; 

ea neca&III"Ío selecciona .. las reflectancias de los ac.~b"­

doo da todee lea superficies del local y del equipo, y 

cont.-olal" lea Colll"ecte .. isticas de distribuci6n y luminan ... 

ciada los luminarias utilizados. 

2.3.2.- Acabado& del local.- Las !"eflectancias de la,; par"d~'"•· 

techo y piso (y án las de! equipo) dete...,inan lo.:. p.:~- ... 

tronas de IUa~inancia. El acabado del local es .. v;· ¡,, __ _ 

portante en la utilizeci6n da le luz; y por lo tanto ,¡., 
la energfa. Los valol"llls· recc.endados de reflectancía 

eon los que a continuaci6n ae pl"esentan. 
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2.3.3.- Col- de las 116quinas y aus alrededores.- Las reflectan-

ci- alt.a, y 1 .. .uperf'iciea •.te son general•ent:e bue-­

... porque proporcionan un aejor pat:r6n de· lumi"nancia, _. 

_.. ....,.. .. ut:il izaci6n de le luz y -jo.-.n la ..,ariencia _. 

del local. 

IEI. color puede hacer el -.dio .-biente de trabaj~ •6s 
"~~ 

int:e.-....te y placentero. n.os colores c~a, l!'•~fi 1 y 

--illo claro - aicol6gi~te· •calientes• y tienden 

a hacer que el local paresca •'• pequel'ío. - . . 

IEI col- verde y el azul ~ aicologic-ente •fríos•, y 

i:l•den a hacer que el local .Par:esca •6s grande. Lc.s aca 

brille de gris clll"' son neutros y son excelen:t~s. ya sea _ 

~ fondo o pare equipo y 10aquinaria. Sin -'»argo, el 

..- del gris para albos puede hacer al Jiaedio a.biente abu 
., . ' 

-··y-~·· 
Loe col-- fuertes deben CCI8un•ente -r 1 iaitados a por-.. 

2.4.- Conat:rueci6n de edificios ·industriales. 

2.4.1.- Lea construcciones de edificios industriales son clasifi 

codea coao 6reas de bahfa baja y 6reas de bahfa alta. Se 

CCNisideran 6reas de bahfabaja aquellas que tienen una_ 

· altura de 7 .S • 6 •enos, del piso a la parte a~s baja de 

la estructura del. aeyor de 7 .S aetroa. 
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3.- WZ IATUIAL 

3.1.- H.,- verloe fectoree que afecten el eprovech-iento de la luz 

n.tural. Alguno• de estos fact:oHs son: Las variacionc!!< en 

la cantidad y dirocci6n de la luz del sol incidente; La distri 
""~~· 

bucidn de lu•inenciaa de cielos claros,, parcialmente nublad.~s 

o CG8plet ... nte nublados; loa efectos producidos por terrenos, 

patios y edificios cercanos. 

La luz del d(a, diaponible .para usarse dentro de los edificios, 

depende del diaefto arquitect6nico de las ventanas y de la dcco 

reci6n y aauebledo del interior. 

L- ventanas tienen cuando eenoa tres fines Cit i1 es en ed i f i --­

cioa indu.trialee, ya que adaiten, controlan y distribuyen la 

luz del dfa, proporcionan una longitud focal. infinita la cual 

relaja los •usculoa del ojo y el i .. inan la sensaci6n de cunfin2. 

•iento que algunas personas experimentan en lugares completa-­

•ente cerrados.' Sin embargo, siempre es necesario un sistema 

de i lueinaci6n ei4Sctrico debido a las variaciones de 1 a luz 

del dfa (con la hora y el clima). 

3.2.- Orienteci6n del edificio y condiciones de ubicaci6n. 

3.2.1.- las ventanas deben ser adecuadas a .la orientaci6n del 

edificio, a las variaciones en la topografra y a las 

vistas coPrespondientea a cada pared exterior. 

Todas las ventanas deben ser equipadas con dispositivos 

apropiados de control, para evitar cualqui,,,. probl_ema _ 

de lu•inancia. 
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Se le. debe .dar .-pecial etenci6n al .~t~l del desl~ 

....... it~nto en lugares donde lea ventanas frecuent-entc 

..-clben ~s de 100,000 luxes. 
• 1 • • 

3.3.- Secclanait arquitect6nlcaa de edificios. 

3.3.1.~ Secci&. unilateral.-· Le itUIIineci6n unilateral as la 

•6a eiaple y·coadn de las secciones arquitectónicas, 

aeta diado pe,..ita tener ventanerfa continua., La 

lua que entra por ·ta parte superior de lea· ventanas, 

ea usual-te la •6• efectiva pare Uu•inar· las 6reas 

.a. alejadas de estu. · 

3.3.2.- Secci6n bilateral.- Para !ocalea anchoa la ilu•ine-­

ci6n bilateral ea preferibDe, dado que al ••nos una 

de las ventanee eatar6 eJCpUeata di rect•ente al so 1 • 

·3.3.3.- Ventana en el techo de la nave.- Algunas veces se 

eaplea una ventana en la parte e6s alta de la nave en 

la •i•a dirección que les ven~;anaa laterales princi­

pales pa~a superar las lieitacionas del ancho.del lo-

cal, da una áección unilateral. ~ ' .. 

3.3.4.- Secciones diente de sierra.- Las secciones diente de 

Fierra son aquellas en las cueles se tiene una sección 

alta con pendiente que se repite une o eás veces. De 

bido a que les ventanas usual•ente dan hacia el norte 

no se requieren controles ~e luz. 



- 16-

3.3.5.- Tregelucea.- La di~aici6n de ~regaluces es auy ai•ilar 

a la de i l.,.ineciln el4ctrica y elgunea veces se esplean 

Nji llea pera control ... le iluainencia. 

3.4.- M.t.rlelee tren•lso,... ·y eleeentoe que 1 i•l~en el paso de la 

lua. 

~ ..Urlelea y eh 1ntoa •• li•iten el paso de la luz, que_ 

._ ~111.-loe pare -t:rol.,. le luz, que son u~il izados parA_ 

~ler le luz del dfa, - ei•i 1-, a loe e~~pleados para la 

11-ln-ldn •• ~ .. ·-· 

Etlt;oe -terieles - .. leccionedoa por su habi 1 idad para tt•.Elns­

•itir, difundir, refractar, absorver o reflejar la luz. 

la "C''••Ieci6n de polvo en lea ven-tanea, reduce la luz transoni­

ticle. le cantidad .. e ae redueca depende de la local izaci6n, _ 

el "'gulo de -~aje y la frecuencia de 1 i~~pieza. Bajo condi-­

cionee lncluetrialea tfpicea, le deprecieci6n de luz al cabo de 

eue --• puede ••ivaler a la •i~ad de la ventana en el sent:i·­

do vertical y dos tercios en el eentido horizontal. 

4.- ILIIUNACION ELECI'RICA 

4.1.- La il.,.inaci6n ellc:trica ee requiere para la •ayoria de la,. __ 

6reaa incluetriel .. , debido il que no ee dispone frec:ueritenen't<:: 

de la cant;idad •fici .. te de luz del dfa, adn bajo condiciones 

dpti- de luz. 



4.2.- Tipo• de l ... inerioe. Existen .uchos tipos de lueinarios in­

duetrielee. La .. 1ecci6n del tipo especffico para una insta 

lec:i&a nueva. requiere el considerar: La distribución de 

cendelee; la eficiencia, el cantrol del brillo; las caracte­

risticas de •anteniaiento de IChlenes; la construcci6n •ecá­

nica; las car~erfst.ica~ de la instalaci6n y si ·es apropia­

do para utilizar .. en 6reas no,..alea, clasificadas (es decir 

pel igro .. s) o especiales. 

Existen cinco clasificaciones de luminarios para aplicación 

interior. 

Directo 

S..idirecto 

- Difueo 6 directo-indirecto 

S..i-indirecto 

Indirecto 

4.2.1.- L~inarios Directos. Los luminarios clasificados como 

directos son aquellos que emiten prácticamente toda la 

luz (es decir del 90% al .lOO%) por: abajo de la hori-­

zontal. 

Aunque ousual•ente este tipo de luainarios proporcio-­

nan la ilu•inaci6n a6s eficiente del 6rea de·trabajo, 

frecuent..ante ea a expensas de otros factores. Por 

ejeaplo, 1• _.,ras pueden ser excesivas a eenos que 

la unidad tenga un área lueinosa relativ-ente grande, 

o esten .-ontadas •4s cerca que la relaci6n de espacia­

•iento a altura de aontaje e6xiea sugerida. 
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El deah_,r-iento directo producido por un lwnin«rit· .:_·~ 

recto, puede aer •eyor debido a la diferencia de kr.,¡_,,.., 

ci a entre la fuente de br i 11 o y e 1 4rea e: i rc::und<mt.c '";• .. , 

obecura; ain eabargo con un l~inario bien dioeñado r.í 

reflejo directo puede ser bajo. 

Loa l .. inari- directoa .. P._ara aplicaciones industriales, 

~n.ente aon claaific::adoa de acuerdo a su curva de ni~ 

'tribuci6n, desde auy concentrada hasta e111p 1 i a. 

Eata claaificac::i6n puede e:Kpresarse en t4§rminos de ::u 

.Axi•a releci6n de eapaciaaiento a altura de ~ontaje, 

~· ae IIUeatra en la siguiente tabla: 

CLASIFICACION DE LUMINARIOS DIRECTOS, EN TERMINOS DE RELA­
. CION DE ESPACIAMIENTO A ALTURA DE MONTAJE. 

RELACION DE ESPACIAMIENTO 
A ALTURA DE MONTAJE 

CLASI f 1 CAC 1 ON DE UF.>I 1 NA-· 
RIOS 

Haa.ta 

0.5 a 

0.7 a. 

1 a 

.as de 

o.s. 
.0.7 

1 

1.5 
1.5 

Muy .Concentrado 

Concentrado 

Medio 

Allp 1 io 

Muy .-pi io 

~-----------------------'------··---

En general, para áreas de bi!!hfa alta es • .,_,or utiliz<w 

di atribuciones concentradas y •edi as, y en cnnas donde :se 

requiera una iluainaci6n •ás elevada que •" pr·O<Ocdio.· '"' 

pueden instalar luainarios con distribuci6n 11uy <:onc.,n{.r!!_ 
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de. Le curva de distribución mas adecuada para cada 

cplicaci6n, puede dete~inarae coapárándo las curv~$ 

fotaa4tricaa de loa luainarios y·utilizandolas para 

c:alculor·velorea de iluaineci6n en diferentes puntos. 

4.z.z.- tu.inarioa eeei-directos. loa luminerios ae~i direc-­

tos 1110n aquellos qu.;·'evitan del 60 al ~:i de 1 a luz _ 

por cbajo de la horizontal. la utilizaci6n de la luz 

de aatoa l111111inarios en gran parte de la reflectancia _ 

del techo. Con techos de c@lores claros, la utiliza-­

ci6n no aolo excede a la de los luminarios directos 

eino que adea6a se aejore la comodidad visual. 

El aumento de la iluainaci6n en el techo'debida a la 

diatribuci6n aeaidirecta, reduce la diferencia de lumi 

nancia entre el techo y el luminario, auaenta la difu­

ai6n y eten~a lea sombras. la combinaci6n de luz hacia 

arriba y l.a baja brillantez proporciona una excelente 

coaodied visual, particularmente con fuentes de luz de 

alta luainancia. 

4.2.3.- 'Luainarios difusos o directos-indirectos. Estos lumi­

narioa tienen sus ca.ponentes de luz hacia arriba y 

hecia abajo aproxi•ada.enté iguales es decir emiten 

del 40% al 60% de la luz po~ abajo de la horizontal. 

Los luainarios difusos emiten aproximadamente la misma 

cantidad de luz en todas direccionf>s; los lu•inarios 

directos-indirectos eaiten ouy por.a luz en ángulos ce~ 

cenos a la horizontal, por Do que se prefieren genera! 

aante debido a su baja luminancia en la zona de refle­

jo directo. 
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la eficiencia de este tipo de IU.inarioa deper•d"' ,.¡K" (,_, 

Nfleet:aneie de tod- las f~U8l>8rficiea del loca,, p•w .. ' 

cul.,..nte del tedio. Loa hneinarioa con este '<: ;r>" ... ·' :. 

·diatribuci&l een .-pi i ... ente util izadoa on ofi<l:k.·~:: ·· 

laboratoriea; sin ..bargo eu uso eat6 crecicndn a é'i"'""" 
ll11pi- • -ufec:it:ure, donde lail tareas visuales ncm 

; "->''f.l.tll • 

crfticoa. 

4.2.4.- a...inerioa -i-indirectoa. Este tipo de luminm·io,. 
~!: . 

-it:en le •oyor parte de luz (60% a 90%) hacia "'rri-· 

be de la horizontal. La •ayor parte de la luz que 

llega al pl1111o de trebejo debe ser reflejada desde el 

t:echo y lo porte superior de las paredes; por lo 't;m·· 

t:o - i~~perativo que aetas superficiea tengan alt:"" 

-f'lectaneio. 

El u- del lu•inario -i-indirecto en industrias, :oc 
li•ita a 'reo• donde ea necesario •iniaizar el des--­

IUIIbr-iento reflejado por superficies-especular·<'!);. 

4.2.S.- Luainerio Indirecto. Loa luminar ioa indirectos etn i ···· 

. tan del liO% ol 100% de su luz hacia arriba de ¡" ':H.H"; 

zantal, rora vez se uti 1 izan en industrias ( mmq11c 

general-te.- loa •is confortables) debido a au 

pobre coeficiente de utilización y. su dificulte<! •k _ 

•~~nt:.li•ient.o. 
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•• 2.6.-· ·Ro~en. ·CoDo concluai6n de lo anterior. pod~o~ de­

cir quo ninadn· lu•inario·p~ede ser rec~endado,·ex-­

cluyendo a loa otros; ya que cada uno_tiene caracte­

ri.tic- que pueden o no pueden c..l>inar con las ne­

ceaidadeo de una aplicaci6n especffica. la evalua-­

ci6n de cada uno de ellos determinar6 cual puede pr2 

porcionar ilu111inaci6n· eficiente a una 6rea. dada, con 

calidad y cantidad suficientes. Parte_ de· eata .. cvalu~ 

ci6n incluye; el· investigar lea caracteriaticas de 

la tarea vioual y el progrilllla ·de_ menten.imiento. 

Aunque todos los tipos de luminerios tienen 

una aplicaci6n especffica, los luminarioa tipo di--­

recto y eeaidirecto aon loa m6a comun111ente utiliza-­

dos para aplicaciones industriales. 

4•3·- Metodoa de i lu11inaci6n pare 6rees industriales. 

El principal requerimiento de la .i luminaci6n Industrial es 

el faci 1 itar la ejecuci6n de la tarea visua,l mediante una 

i luminaci6n de alta calidad. Con esta i luminaci6n, el per­

_aonal aer6. capaz de obser.var y controlar eficientemente la 

operaci6n y 111antenimiento de loa diferentes tipos de m6qui-

nas y procesos. 

En la actualidad ae ha enfetizado le necesidad de 

diaeftoa de aiateaaa de ilumineci6n, m6s eficientes en cuan­

to a utilizaci6n de la energfa. 
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(.toa dlaeftoa deben elaborarae ·can base a un cu idado"o .,,._ 

tudio de laa tareaa viauales, que ae des-peñan en cu,-.1----­

quier -lnduatria. 

Exlatan trea t6cnicaa de ilu•inaci6n que eon utili--­

aedaa en induatrlaa; eataa aon: i luminaci6n general, i lu••i ...,,,..,1 

naci6n general localizada y alumbrado suplementario. En 

6reaa lnduatrialea grandes, laa diferentes tarea" requie-­

ren de diferentes niveles de iluainaci6n; el sistema de 

aluabredo general debe proporcionar ilu•inaci6n auficicnt~ 

uniceaente para laa tareas visuales aenos i•portantes. [! 

aluabredo general localizado y/o el suplementario debe ser 

usado para cu~lir con los requeriaientos de iluminación 

de las tereaa viauales a6s iaportantes. 

4.3.1.- Aluabrado General. El alumbrado general se diseña 

para proporcionar una ilu111inaci6n relativaa>cntc uni 

forae a un 6rea especffica, en la cual se des<!mp.,-­

Kan tareas visuales siailares. Se entiende como 

i lu•inaci6n unifo,... la i luminaci6n que no exr.edc 

en 6 arriba o 1/6 abajo a la iluminación promedio. 

Si se exceden las relaciones de separación 

a altura de llaOntaje puede lilaber diferencias percep­

tibles en la iluainaci6n. Las relaciones •áxio<~s 

de aeparaci6n a altura de aontaje generalaente las 

d., 1- fabrica1t- de loa luainarios, 
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Lea 'reao cercana& a las paredeo, deben tener una 

cantidad de alumbrado general comparable co~ la 

del érea central. 

4.3.2.- Al~brado General locali&adc. En muchao industrias 
""" : 

existen •aquinarias o tareas de ensamble o inspecci6n 

que pueden necesitar' un nivel de iluminaci6n más alto 

qua el niv~l general. Para obtener un nivel más' ele~ 

vedo ee puede auaentar el nómer¿ (6 lineas) de lumin~ 

rios y/o le potencia por luminario para proporcionar 

loa luxes adicionales necesarios. 

4.3.3.- Alumbrado suplementario. Algunas tareas visuales re-­

quieren una cantidad y calidad especifica de ilumina­

ci6n la cual no puede obtenerse facil~ente del alum-­

brado general. Este tipo de problemas se resuelven_ 

frecuentemente utili&ando luminarias suplementarios. 

Antaa de poder especificar el alumbrado suplementa~io 

ea neceaario conocer la naturaleza exacta de la tarE.a 

visual y entender sus caracterTsticas de reflectancia 

o tran&Ritancia. El mejorar la visibilidad del plano 

de trabajo dependeré de uno o m6s de !os cuatro fac-­

tores que afectan la visibilidad; luminancia, contra~ 

te, tamafio y tiempo. 

El equipo suplementario debe ser cuidadosame~ 

te aialado para prevenir deslumbramientos del usuario 

y de loa trabajadores que se encuentren cerca. 
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L• relecion- de lu•inancia deben ser controlada .. <:ui­

dedoa-ente: Loa trabajadores frecuentemente ven hoc; " 

luearea difa~tes del pleno de trabajo por lo que ..,,. __ 

IJC-endabla usar cort¡n- en lea ventanea para r<>-"•'-'''" 

la l~inancia del exterior y/o instalar lu•in<Jrioa en 

una poaici~ que incr.-ente la luminancia de las par.,·--· 

... 3.3.1.- L~inarioa para alu•brado suplementar-io. los 

IU1Dinarios'para alu•brado aupl-entario pueden 

.. r divididos en cinco tipos de acuerdo o su 

diatribuci6n de potencia luminosa en candelas. 

Tipo S-I direccional: este tipo incluye t;oda<t '"s 

unldadea concentradas. Algunos ejemplos son: 

reflectorea apots; luminarios con reflectores 

concentrados o 1 entes i nc 1 u yendo 1 ámpnras f 1 uo····­

reacentea en un reflector concentrado. 

Tipo S-Il -pi io: Este tipo incluye fuenh•s de _ 

6rea pequel'la (incandescentes o H 1 O). Un e j cmp 1 o 

de este tipo es un refl-ector abierto difuso con 

una la-para de sodio en alta presi6n. 

Tipo S-111 aaplio: Incluye todas las unidades 

fluorescentes que tienen una variación en lumi-­

nenc i a •ayor de dos a uno. 

Tipo S-IV luainancia uniforme: Incluye todas las 

unid.des que ·tengan una variación en lu•inancia 

•enor que dos a uno. 
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Tipo S-V lu•inancia uniforme: Es un luminaria 

ai11ilar el, tipo S-IV excepto que el patr6n de 

rayas o lfneas este sobrepuesto en el panel • 

... 3.3.2.- lu•inarios port6ti l•es. Donde sea posible, los 

luainarios supleMentarios debe~ ser localiza-­

dos pe,...anentemente para producir el efecto de 

ilu•inaci6n más apropiado. 

Frecuentemente se adaptan a luminarias que ... e-
, .. : 

quieren flexibilidad,brazos ajustables y/o r6-

tulas giratorias. El equipo portátil, sin ~m­

ba~, puede ser usado ventajosamente alrede-­

dor de m6quinas u objetos móviles o para ver_ 

el interior de esto~. Este tipo de luminarias 

deben ser robustos ol6ctrica y mecánicamente y 

las 16mparas deben protegerse y ser del tipo de 

servicio pesado. 

4.3.3.3.- Efectos especiales y técnicas. 

4,3,3.3.1.- Color •. En lugares donde .,1 color de un o2 

jeto es crftico, una vez que se determina 

la fuente de luz apropiada, ea importante 

excluir cualquier luz extraña de una cara~ 

terística espectral diferente, Es importa.!!. 

te también evitar brillos reflejados que 

pueden cambiar ia a~ariencia del color del 

plano de trabajo. 
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a) Enfaais del color. El color de la lu:t pue-­

de eer usado para au•entar el contraste, y~ 

eea intensificando o atenuando ciert.~s c"l~ 

raa inher•entea al pleno de trabajo. Pa¡•¡; 

intensifica~ (ab~illantar) un color, la 

fuente de luz del38 ser fuerte en ese colm·;: 

• .r -

para obscurecer, debe ser re 1 at i vanum le cleh ; ¡ 

en ese color. 

Por ej...,l o, par.a ver el -ar i 1 1 o con un ---·-­

fondo negro, una fuente de luz rica en ,,.>',·­

rillo au•entarti el contraste intensificm><fo 

el -arillo; para ver el -arillo con "" 

fondo blanco, una fuente de luz rica en 

azul auaentar6 ei contraste haciendo griza­

aeo el 8Barillo. 

b) Selecci6n del color.- Los colores or•Jgllla-

lea seleccionados para ser usados como refc 

rancia standard, catan gobernados por mu··--·-­

chos factores estéticos y econ6m i e"". :'"·!" 
e 1 diseñador conoce 1 a impres i 6n que qo.n .,,.,. 

se le de al observador o consumidor: por· lo 

tanto, se debe tener cuidado de asegu•·a•· 

que esta iapresi6n esté inherente bajo cual 

quier condici6n de alumbrado. Muchos pro-­

bla.as de color pueden evitarse evaluando 

la referencia bajo fuentes de luz coaunDen­

te usadas aaf coao bajo fuentes de luz nor­

•alizadas. 
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e:) .Graduación del color. La graduaci6n del c2 

·lor ea el juicio de, la igualdad ( o de la 

cantidad y c:aracter de ·la diferencia) r.:n el 

color de lo~ objetos. Muchos productos coao 

algodón, tabaco, fruta, vegetales, etc. 

pueden ser aceptados o rechazados en base 

al, color esp<!cificado •. la luz de 1 dfa se 

usa frecuentemente para evaluar, sin embar-

go, la cantidad y temperatura del colo~ 

varfa con las condiciones, del sol y del . 
c:ielo, po·r lo que se prefiere el alumbrado 

el4ctrico ·con propiedades de rendimiento de 

color aproxi•ados a la luz del dfa • 

. d) Coaparaci6n de colores. La comparación del 

color es la determinación de que una o •tis 

•uestras de un material o sustancia son 

idénticas a una referencia. 

Muchos materiales parecen iguales bajo una 

fuente de luz pero no bajo otra. Este pro­

blema puede ser detectado cuando la compar~ 

'ci6n entre una muestra y una referencia se 

hace bajo dos fuentes de luz diferentes 

(por ejemplo roja y verde o amarilla y azul) 

Las lámparas incandescentes que son predoml 

nantemente rojizas·y las lámparas fluoresce~ 

tes de colores frias predominantemente azu­

losas son frecuentemente utilizadas como 

las dos fuentes de luz disimilares. 
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Matizado del colo~. El •atizado de color -

ea el ajuste de proporción de ingrediéntes 

(colorantes) de una mezcla para acercar ei 

color a una referencia. la mezcla de pi~­

.. ntoa o tintas es ~n ejeaplo del aatiz&dn 

de colores. Ca-o lo anterior es también u­

na coaparación de colores se requiere uti-
,.~ -·~.~: 

liaar lo reCOMendado ps~a la compración de 

colorea. 

Corrección de Color. le corrección del c2 

lor ea e 1 ajuate de 1 proceso de reproduc-·· 

ción del color de una reproducción para -·­

que aeta ae parezca al original. Paro la­

corrección del ~olor, es preferible una -­

fuente de luz que aproxime su distribución 

eapectral de energfa a la luz de'l dra. 

4.3.3.3.2.- Objetos tridimensionales. los objetos tri 

di•ensionales son vistos en sus fo~mas apa 

rentes debido a las sombras producidas por 

e i ertas c0111ponentes di rece i ona 1 es de 1 .~ -­

lu:r:. Este efecto di~eccional es pa~ticulu_!: 

•ente ót i 1 pa~a enfatizar 1 a textura y d"­

fectos de superficies i~regulares. 

4.3.3.3.3.- Siluetas. La silueta es un medio efectivo 

de ~robar el conto~no con un pat~ón. La 

i l•inación at~ás del patrón DOst~a~á bri­

llantez donde halla diferencia ent~e el --
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contorno del patr6n y la del objeto que est:' 

._, siendo c:-,rab.cto. 

4.3.3.3.4.- Fluoreecencia bajo radíaci6n ultravioleta. 

Las superficies fluorescentes bajo radiaci6n 

ultraviolet!_se utilizan f'recuent .. ente para 

crear contrastes. Loa defectos en las supei 

f'iciea de •etalea fluoreecente. 

4.3.3.3.5.- Detalles pequeños y alta presici6n. El ob-­

servar objetos muy pequeños a trav~s de len­

tea simplifica la inspecci6n. la imagen 

.-plificada del objeto puede ser proyectada 

en una pantalla. Debido a que la silueta __ 
' . 

'•' •\ 

proyectada ea una amplificaci6n del objeto, 

cualquier fo~a irregular o e&paci.-iento 

inadecuado puede detectarse. Se utilizan 

diapoaitivos similares para inspeccionar pa~ 

tea de ma~uinaria para obtener dimensiones 
,. 

y contornos exactos. 

4.3.3.3.6.- Partes en movimiento. Algunas veces es ne-­

cesario inspeccio.nar partes en .•ovimiento • 

. La ilu•inaci6n eatroboac6pica puede ajustar­

se para •detener" o "di-inuir" .el movimien­

to de maquinaria rotatoria y reciprocante de 

velócidad·iconstante • 

.las lálaparasestrobsc6picas emiten destellos 

de luz a intervalos (frecuencias) controla-­

bles. El destello puede ser tan sincroniza-
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do que C41da vez que el destello ocurre, el 

objeto ..tetorio o reciprocente parezca •.!! 

t .. exactiÍIIente eR la••i-a posici6n esta­

cianwia • 

•• 3.3.3.7.- Tareae visuales en superficies vertic~les. 

l- objetes ll!!!!tedos verticel-nte tales -

_.. relojee, Papos, p41nelee, etc. frecue,!!_ 

tTPinte requieren t6cnicaa eapecialee. la 

ll-lneci6n uniforee ea iaportante especial 

~~ente el el 6rea i l.,.inada ea grande. Si -

el objeto .. t6 atr6a de una cubierta tr-s-

'• 
parente, ea iaportante local.izar el alul!llbr~ 

do eupl_,tario de tal Panera que ningtma 

ioeflexi6n coincida con el .águlo de visi6n. 

Si el plano de trabajo est:6 localizado, el 

alu.breclo .U.,I-entario ele tal manera que -

ninguna reflexi~n coincida con el 6ngulo de 

viei6n. Si el plano de trabajo está locall 

aedo adyacente a una fuente de a 1 te 1 um i na!!_ 

cia, tal IU.inancia debe ser reducida a 1...­

lrPitee anterioraente indicados. 

4.3.•S.- Al.-,.edo de -rgencia. Generalaente, el alu•brado ée 

-ergencia - dieei\a para proporcionar alullbrado en dos 

candici-• b6sices: (1) para periodos de corta dura-­

ci6n an 1- que - requiere seguridad para evacuar al -

pe..-al; y (2) p-e periodos largos donde el aluii'Jba·~ - '. 

. ' 
.. ·::, 
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requiere par• eegu r i dad o cont i nu i dad de operec i 6n • C,!! 

da una de aetas condiciones requiere el ueo de una fuen 

te de potencia de reserva. Las dos •'• i~rtantes ~n: 

betsrlas y plantas de .. ergencia. Cede une 'de estas 
. . -

/.j' :' ' 

·· , puede ut 11 izar se para cump 1 ir con 1 os requer i 1!1 i en toe 
necesarios. Un siat .. a de alumbrado de .. ergencia pue~ 

;. de .sér parte de, o separado de, el sistema de alumbrado. 
<r~ 

El •enteni11iento peri6dico planeado d~ todas lee cOiilpo­

nentea del aiat .. a de emergencia ea esencial para su 
. -

·funcion .. lento adecuado • 

las unidades de elullbrado de emergencia con alacenamia~ 

toen bateri .. se uti 1 izan pera proporcicmar alu..;brado'.: 

en oorreddrea, escaleras, salidas, locales oon equip~,, 

11aquineria y otras 6reas pel igroaes. Le cepec.id~d\1~.­
laa baterías y el ndmero de 16mperaa y su pot.ncia de-­

ben estar correlacionadas pare proporcionar alumbrado 

durante el t'i ampo' req~er ido. 

Lae.plantas de emergencia son fuentes de potencia para 

proporcioner alumbrado de emergencie du'rante periodos . .. 
meyorea de tiempo. Las plantas de emergencia consten_ 

de un generador impulsado por un motor que arranca aut~ 

116t i cemente o manual mente en caso de fa 11 a de 1 a a 1 i me~ 

taci6n de. potencia normal. le transferencia de poten-­

cia normal •-ergencia se efectóa por medio de un int~ 

rruptor de transferencia que invierte la funci6n cuando 

.. restablece ta·potencia normal. 

" .• ,. 
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Flg. 2-2. Currenlly Recommended lllumlnance Categorles and llluminance Valuea tor light1ng Design­
T arget Malnlained Levels 

The tabutation thal tollowt 11 a co~idated llattng ot the · 
Soclaty'a currenl lllumlnance recommendatlons. Thla llltlng 
ls interided lo gukSe lhe lighllng dealgner In aetectlng an 
apptoprlate lllumlnance la< dHIQn and evaluation ot llghtlng 
ayalems. 

Guldanca la provlded ln two torma: (1 ). In Parta 1. lland 111 
•• an lllumlnencs C•tegory, repre1enllng 1 ranga of lllum ... 
nancea (ua paga 2-4 lor a mathod of aalactlng a value 
wllhln aach lllumlnance range); and (2),1n parta IV, V and VI 
•• an lllumlnance Value. IUumlnance Categoriee ara repre­
aented by letter daalgnationa A through t. tllumlnanca Valuea 
are gtvon In luA wllh an approalmate equlvalanca In tootcan· 
d/ea and 11 auch are lntended 11 tarpet (nominal) valull wtth 
devlationa axpactod. Thall targel valuea alao repraaant 
,.imained valuaa (888 paga a-2ot), 

Thia tabla ha& been dlvlded lnlo tha si• parts lor Q&&e ot 
uaa. Part 1 providee a llsttng of bolh llluminance C8tegorie$ 
and lllumlnance Valuea for genertc iypes el Interior octivltiet. 
and normaUy ls lo be used when llluminance Categories lor 
a apecltlc Area/Actlvlty cannot be tound In par1a 11 and 111. 
Parte IV, V and VI provlde taroet matnlalned lllumlnence 
Valuee lor outdoor taoiUtiea, epor1a and recroalional e.reas, 
and traneportatlon vehlolea wl\lre apoclil conaldorallons 
apply as dlecuaaed on pego 2'4. · 

•.. ln,all caaaelha recommendallonsln lhia table nre based 
on lhe aasumptlon thallho llghllng wlll be proporly deelgnod 
lo take lnto accoUnt tha v~al characteriallcs ot tha tos~>.. 
Sea the dealgn lnlormatlon In the particular appllcatlo~ sec· 
tlona In thle Appllcatlon Handbook tor further rccommenda­
tlone. 

l. lllumlnance Cateoorlea and llluminance Values tor Ganarle Typas ot Actlvltles in lnterlors 

lllumlnanc. Rangaa ot lllumlnancas 
Type o1 Actwlly Cale;ory Reference Work-Piano 

Lu• F oolcandlea 

~'!_b~~-~~~~ .. ~~~~-surroundlnga " 2D-3D-50 2:3:5 

Simple orlantation tor ehort temporary , B 60:75:10Ó 5-i.il-10 General lighling 
vlalls - ~-- ··-----·· ·----- throughout apac.e~ 

WorkinQ apacea where visual taaka are e 100:160-200 10:15:20 
_ only OCCI"!!_n_ally performed 

Performance of visual task.a ol hlgh con· o 200:300-500 20:30-50 

_!.'~~.· .. ~,..!.~· ·'~!-. ------
Performance ot vlaual taska of madium E 500-750:1000 50-75-100 llluminance.on task 

contraat or aman slze 

Performance ol vlaual tasks or low con-. F 1 OOD-11500-2000 100-150:200 
trasl or very amall alza 

Performance of visual taska ot low con- G 2000-3000:5000 200-300-500 
1raat and very small alze over a pro-
longed perlod llluminance on task. 
----------·- obtalned by a com- · 

Performance ol very prolonged and ex- " 5000-7500-10000 6oo-7&0-, 000 blnatlon ol general 
_ _a;.t~~~t.asks and local (supple-

Performance ol very apeclal vtaual taaka 10000:1 &ooo-20000 1000:11500-2000 mentary llghtlng) 

of e•tremely low contraat and amall 
slze 

11. Commerclal. lnstltutlonal, Resldantlal and Publlc Assembly lnterlora 

Ares/ Activity 

Alr terminal& (sea TranaPortatlon termlnala) 

Armorlea 

Art gellarlot (aee Muaeuma) 

Audltorluma 
As11mbly 
Social acUvlly 

. Bankt (also aee Readlng) 
Lobby 

llluminance 
Category 

e' 

e• 
B 

e 
o 

Alea/ Acttvitv 

Barbar ahopa end baauty parlera 

' Churchaa and aynagoguea 

Club and lodge room8 
Lounge and readlno 

Confarance rooms 
Conforrlng 

tlluminanca 
Cate;ory 

E 

... (aee page 7-2)~ 

o 

D 
Critlcal seeing (refer to individual task) 

Court rooma 
Seatlng aree e 
Court actlvlty ares . E' General 

Writlng area 
1 ellen' etationa 

-y;;r footn~~~ ..,.='=.,::.=, ';;2_-;,;;9.-.:..C.-'--'-'----.:..C.-~---'-=-=="-'=::..:=..::::..:..:==='-' 
E' Dance halla end dlecothequoe . B ---·--· 

3;z 

.. ' ,' ' ~ : ... 
~ 
' 

' 
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Flg. 2-2. Continuad 

u. Continued 

Atao/Actlvlty 
Ulumlnlnco . Aroe/Acllvlly IPu!TUnanco 

CaiDQOfY Category 

o.ato.- 8ftd olllllone .Hoclth care tacllltleo 
(aae Tronoparlatlon termlnalol Ami>Yiance (local) . E 

Dratung Aneslhellzlng E 
Autopsy and margue''· 10 

Mylar 
Autopsy, general . .!! . E High conlraal media; India lnk, plaatlc loado, 
Autopsy loble G aott graphlte loada e• 

Low contraat medio; herd grapldteloada .. F' 
Margue, ganara! o 
Muaeum E 

Vellum 
Cerdloc functlon lab .l. e High contraat e• 

F' ~ Central atarilo eupply Low contraat . lnapac:tton, general ' ··; E Tracing paper 
E' lnapectlon .. F Hlgh contraat .. " ' ... Al ainks . ·E Low contraet . F' Work areaa, oeneraJ o Overlaya' Proceaaed atorage ....... .•-·0 Ught toble e COrrldora'' Printa 

Nuraing areaa-day ... e Btue tina E 
Blueprinta E Nurslng areas-nlght B 

· Sepia prlnts F Operallng areaa, dallvery, fBCC?YetY. B!ld·l&bo-
ratory sultea and aervJca E 

EdúcaUonallacUIU8a Critlcal cara areaa'" 
Classrooms General e 

General (aae -ngl Examlnatlon e 
Dranlng (aoe Drotungl Surgical taak llghtlng H 
Home oconomlco (aae Roatclencea) Handwaahlng ..... " Science loboratorteo . E CyatOGCOC)y room17,11 E 
Lectura rooma Dental aulle" 

"1'.,. Audlonce (aeo Rolldlngl General o 
OemonetraUon F lnatrurner,t tray r, 

Music rooma laae Relldlng) Oral cavily .. H 
Shopa (aao Plllllll, lnduatrlol Group) Proathetlc laboratory, general o .... 
Sight saving roomo F Prosthetlc laboratory, work bench .. ! ... e 
Sludy holla (aaa Rolldlngl Proathetlc laboratory, local F 
Typtng (aoo Rolldlng) Aecovery room, general ... e 

Sporis lacllltloa (aao Part V, Sport a and Recrea- Recovery room, emergency examlnatlon .. E 
tlonal Arooal ota!yala unlt, mec:Ucal" ..•.... ......... F 

Cofeloriaa (aae Foad aarvlco locllltlnl Eleva tora e 
Oormltoriea (808 Reoldoncóa) . EKG and speclmen room 17 ·' 

Elovotoro, lrolght end peonngor .. e General . .. 9 
On aqulpment ... e 

!ahlbiUon halla e• Emergency outpatlent1' 
. •;' 

'¡~'' 

Ftre hallo (aee Municipal b<lltdlngo) General E 
Local F 

Foad oorvlco laciiiUea Endoscopy rooms"· 1' 
· Olning areaa General E 

Ceshier o Perltoneoacopy . o 
eleonlng e Culdoscopy o 
Oining B' Examlnallon and treatment rooms' 7 
Foad dlopiays (aae Merchandlalng apecoa) General ... o 

Kltchen .. E Local e 
oar.ivea-pertoJne · . (aae pego 14-241 Eye aurgery11

'
11 F 

Fracture room17 

Gnollne ataUona (Gt:e Servtca atatlono) General E 
Orophlc dealgn end llllllorlol Local F 

Color aeloclion F" lnhalatlon therapy . o 
Cllartln<;~ end mapptng F LGboratoriea17 

.. Oraphs E Specimen coUactlng E 
Keytlning F Tlslue laboratoñea .. F 
Layout and ""-'< .. F Microscoplc readlng rolm . o 
Photographa, moderate detall ·E'' Grosa apeclmen ravlew . F 

.. # ~ •• ···----.. ' "' . .·.l·· ...... 
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Flo. 2-2. Conlinued 

U. Coi!Hnued 

llumAhanco Ulurntnnnt.u 
tat.oorY Alei/Acllvily CftiUUUI)' 

-~-:~----------::-'--+---::-::-:--:-.,...-c~-------- ----
Chemlalry rooms E Radlotoglcalaulle'' 
Bacteríology rooma Olagnostlc secUon 

General E General'0 

Readlng cultura platea F . Waltlng area 
Hematotogy E Radlographlc/fluDroscoplc room 

Llnens Film 10rting 
Sorting aoUed lineo O Barium kilchen 
Central (clean) Unen room . O Radlalion therapy &eclion 
Sewing room. general O ., ... <'( ... - General11 

Sewing room, work area E Waiting area 
Unen do&el B tsotope kilchen, general 

Lobby e lsotope kltchen, benches 
Locker rooma e eomputerlzed radlotomog.raphy section 
Medicallllustration atudio11

·'• F Seannlng room 
Medica! records E Equlpment malntenance room 
Nurseriea •' Solarium 

General'" e General 
ObMJYatlon and treatment E Local for readlng 

Nursing atationa" Stairways 
General o Surglcal aulla'' 
Oeak E Operattng room, general'• . 

. ' 

A 
.··/1. 

. _,;,,· A 

F 
E 

B 
o 
E 
E 

R 
E 

e 
o 
e 

F 
CorrkJors, day C Operatlng tahle (&ee paga 7-12) 
Corridora, n~ht A Scrub room' 1 

Medlcatlon atation E Instrumenta and ,terlla aupply room 
Obatetric dellvery aulle" Clean up room, instrumenta . 

Labor rooms Anesthesia storage 
GenBJal C Subaterilizing room 
Local E Surglcallnduclion room11

•
1

• 

BlrthlnO room F' Surolcal holding area"· 1
• 

Dellvery area Tolleta 
Scrub, -~~ G Utlllty room 
General G Waltloo areas 1 ' 

Dellvery tabte .. (aee page 7 -16) General 
Reauacllation B Local tor readlng 

Poatdellvery recovery 1rea E 
Subeterilizing room 8 

o 

Homes (aee Reeldencet) 

ltoopttalt (- HHith caro locllltlet) 

Hotel o 

E 
o 
E 
e 
e 
E 
E 
e 
o 

e 
o 

Occupallonaltherapy" 
Work area. general 
Work tablea or benchea 

Patienta· rooma'' 
Genera¡t• 
Obaervation 

E Bathrooma, lor groomlng O 

Crltical examin&Uon 
ReadlnQ 
TolleiO 

Pharmacy17 

General 
Atcohol vaull 
LarNnar tlow bench 
Nightllght 
Parenteral solutlon room 

Physical therapy departmeots 
Gymnastums 
Tank rooms 
Treatment cublcles 

Poataneslhetic recovery room 17 

Ganer'bl' 1 

Local 
Pulmonary tunctlon laborator&n" 

B 
A 
E 
o 
o 
E 
o 
F 
A 
o 

o 
o 
o 

E 
H 

., E 

Sedrooms, for readlng D 
Corridors, elevatora and atalra ' e 
Front des k E 3 

Unen room 
Sewlng 'F 
General C 

Lobby 
General llghtlng C 
Readlng and worldng areaa ·. · o 

Canopy (see Part IV, OUtdoor Facilities) 

Kltchano (aee Foocl Hrvlce laciiiU.. or Reo~ 
dencaa) 

Ubrarlea 
Reading areaa (sea Readlng) 
Book atacks (vertical 760 milllmeters (30 lnches) 

abolle floor) 
Active atacks 
Inactiva atacka 

Book repalr and blnding · .. ·.· ... :· 

o 
B 
o 

--,-... ,-.-,.-,,-•• -,.~·~M<~~~-~~~~~-~F~or-o,U~Iu-.U~na~nc-,--,.-.-.-.~~~ .. --,,-.~h~I7.Uu-m~ina~n-c-e~e~a-, .. --.-~-.-_.--,.--.,-:2-~.~------------------""-._------
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2-8 L/GHT/NG SYSTEM DESIGN CONSIDERATIONS lES LIQHTIHO HAN0800K 
tDet APPLICATIOH VOlUM[ 

Flg. 2-2. Continued 

11. Conllnuod. 

Alea/ ActMtv 

Colologlng 
Cord llleo 

. murmnance 
Cltegory 

o• 
E 

carrela, lndlvldum otudy """'" (ooe -ng) 
ClrcuiDtiorl c:leaka D 
Map, plciUro and prlnl roomo (aao Oraplllc cklalgn -... -,, 
Audlovllual oroaa .. 
Audio llalenlng oroaa 
Mlc:rolorm aroao (ooe -lng) 

Locker I'OOI'ftl .. 

Merchlllldlalng opaeoo 
Alteratlolt room . 
FIHing room 

Druotng ..... 
RHing aroaa. 

LockW roomo . 
Stock roome . 
Wrapplng and peckaglng 
Salo& lransacllon orea 
Clrculallon 
Merohandlse ... 
Foalure diaplay . 
Show wlndowa ... 

Mot.ro(oooH-) 

D 
D 

e 

F 

D 
F 
e 
D 
D 
E 

(880 pego 8-6)' 
... (ooe pega 8-6)' 

. (180 pega 8-8)' 
. ... ( ... pego 8-8)1 

-Municipal bulldlngo-flro and potlc:a 
· Pollc:a 

k:lentlflcallon record& F 
Jau calla and lnterrooaUon roome D 

Flro hall D --Dlaptaye ot non-aenalttve matertala O 

Area/AcUvlty · 

Eleclronlc data proceaslnu tnaks 
· CRT acreena 

lmpact prlnter 
good rlbbon 
poor rlbbon 
2nd carbon and greater 

lnk )ot prtnlor 
Keyboard readlng 
Machtne rooma 

Active operallona 
Tape etorage · 
Machina area 
Equlpmenl servtce 

Thormal prlnl. 
HandwriHen taika 

Jll3 pencJJ and aofter leada . 
111'4 pencO and hard8r leada . 
Ball-polnl pon · 
Foll-llp pon 
Handwrltten carbon coplea 
Non photographloally reproducible coloro . 
Chalkboarda ... 

Prlnted laaka 

8 ""'"' lyf)CI 8 and 1 O polnllype 
Gtossy magazlnea 
Maps 
Newaprlnl 
T yped orl;lnals . 
Typed 2nd carbon and later 
Telephone books 

Roalclencn 
General Ughllng 

lllumtnance 
CalfiQOry 

o 
E 
E 
D 
D 

D 
D 
e 
E" 
E 

E' 
F' 
D' 
D 
E 
F 
E' 

E' 
o:• 
0':\ 
E 
D 
D 
E 
E 

Dlaplaya ol aanalllva malorlala . (aoa paga 7 -29)' 
'Lobbioa, general gallery aroaa, corrldora e 

ConveraoUon, relaxallon and entertalnment · . 
Paaaage are88 

B 
B 

ReatoraUon or conservaUon ahops and labora-
torlea · E 

· Nuqlng hornea (see Heanh eeÍ'o fecllltlea) 

Olllceo 
Accounllng (aoa Reedlng) 
Conference araaa (aee Conferonce roomo) 
Dralting (oae Dra!Ung) 
General and prlvalo oHic:es (sea Roadlng) 
.LlbrBIIoe (ooe Ubrariao) 
Lobbiea, lounges and receptlon areas . C 
Mall sorling E 
Off ... , prlnllng and dupllc:allng orea . . D 

Poot otncao (ooe Olftcoa) 

Roodlng 
Coplee! loeks 

DIHO copy 
Mlcro-ftche reader 
Mlmoogl'l(lll 
Photographa, moderate detall 
Thermal copy, poor copy .... 
Xerograph .. 
Xorograplly, 3rd gonorallon and greoler ... 

E' 
8"·13 
D 
E" 
F' 
o 
E 

Bpeclllc vls!W loeks,. 
Dlnlng ...... 
Groomlng 

Makeup and Dhavtng . 
Ful~ength mlrror 

Handcratla and hobbies 
WDtkbench hobbies 

Ordinary taaka 
Olfficutt taska 
Crillc:allasks . 

Easef hobbiea . 
lroning 
Kltcha!':. dutlea 

Kllchon counter 
CriUcal seelng 
No.~teritlcal 

Kilchcln ranga 
DIHcult aeelng 
Noncrnlcal 

Kltch•n aink 
Dl'ficull soalng 
Noncrlllcal 

Laundry 
Pr~ratlon and tuba .. 
wuner and dryer .. 

For roomo~.et. ... pap 2-1~. For Wuminantt rasap~ ror each Ilhuninance Cat.¡ory, .,. pap 2-6. 

,·;. 

·C 

D 
D 

D 
E 
F 
E 
D 

E 
D 

E 
o 

E 
D 

D 
D 



~ 

.. · .. 

/LLUMINANCE CATEGORIES 2-9. 

Fte. a-a. Continwd 

II.Conlinued 

llumar..nc. Ulumir~anco 
C.leg<M'y Alea/ Acttvtty ca~ogorv 

----------------------~~--------------------~ 
Muaic atudy (~ano or organ) 

Simple acores O 
Actvanced acorea E 
Subatand elte ecorea F 

Readlng 
tn a chalr 

Booka. magazinel and newapapera . D 
Handwrlllng, reproductlone .and póor 

copleo .. . E 
In lled 

Normal O 
Prolongod aerloua or crillcal . E 

Deak 
Prlmary talk plane, caaual O 
Prlmary taak plano. atudy E 

Sewlng 
Hand sewlno 

Oa1k fabrica, law contraal . . F 
Light to modium labrica . E 
Occoalonal, hlgh cantraat O 

Machlne aewlng 
Oark fabrica, kM cantraat . . . . . . . . F 
Ught te medium tabrica . E 
Occaslonal, hlgh cantraet O 

Tabte gamas . . O 

Raatauranta (aee Food aervtce faclllüea) 

S..lely . .. .. .. .. .. '"" - 2-45) 

Schoola (lit EducatlanlllaciiiUto) 

somce epacoe (aee alea 8torege rooma) 
Stalrways, corrkiors e 
Elevatara, frefght and pauenger . C 
ToUeta and waah rooma . . . . C 

..,....llaUono 
·~seivtc:e baya (aee Par1111, Industrial Group) 

Salea room (seo lhfchondlolng •-•ll . 
- w1-. . . . (aee pago 6-6) 

Stolrwoyo (aee S..rvlco lpac01) 

Storoge ,_,a (sea Part 111, lnduatrlal Oro,up) 

&toree (sea Merchandising apeen and Show wtn­
dowa) 

Tollvlolon (sea Sacllon 1 1 l 

Theatre and motlon plcture houaea (aee Sectlon 1 1 ) 

Tot- and wooh,_,o e 

Tranaport8tlon termlnala 
Waltlng room and lounge 
Tlckal countara . 
Boooaoa chacklno .. 
Real roama .... 
Concouraa 
Boardlng area .. 

e 
E 
o 
e 
B 
e 

111. Industrial Oroup 

lllumlnanctl Alu/Actlvtty 
muminanc:;o 

Atea/AciMty Calegory Cele.oory 

Alrcraft maJntonance . ,,,_pego 8-12)" -blndtng 

Alrcraft manufacturing . (aee-paQe e ... , 2)¡. 1 Foldlng, assembllng, pasling . D 
CuHing. punchlng, atllchlng . E 

Aosombty Embosalng and tnapectlon . F 
Simple o 

Brewerlea Modaratety diHic:ult ........ E 
Brew houae o 

OIHicull . F 
Boiling and keg washing 1) 

Very dittic:ult G 
Exactlng H Fllllng (boHios. cana. kogo) . D 

AutomobUe rn~~nutacturlng (aee paga 9-1 7'1' Building conatructlon (see Part IV. Outdoor F acill-
lies) 

-oriOl 
Mixlng room o Building oxteriora (see Part IV. Ouldoor Facillilos) 

face ol shelvaa . o Candy moklng 
lnalde ol mlxlng bowl o Box depar1ment D 

F8fmentalion room o Chocolate depar1ment 
Make-up room Husking, wlnnowtno. tal extracllon, crushfng 

Bread o and refinlno. teeding D 
Sweet yeast-raieed producta .. o Bean cleanlno. aartlno. dlpplng, packlng, 

Proohng room o ~- wrapplng D 
Oven room o Mllllng E 
Fdhnga ahd other lngrec:nenta o Cream making 
DecOfaling and iclng Mlxlng. cooklng. moldlng o 

Mechanlcal o Gum drope and jeUiod tonna o 
Hand E Hand ctecoratlng o 

Scakts and lhermometera o Hard candy 
Wrapping ' . o· · Mlxlng, cooklng. moldlng o 
Fur foou.otn. ... pqe 2-19. For Wuminanctrana:• roz ueb IDuminance Cate¡ot)','" pep 2-6. 
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2-10 LIGHTING SYSTEM DESIGN CONSIDERATIONS 
lES LIOHTINO HANCIOO(IK 

1081 APPLICATION VOUJM[ 

Flg, 2-2. Continued 

111. Continuad 

aJumlnant;o Wumtr~~~nt;n 

_.,_ .. _,.,_...,_•;.._ ____________ eo:::;'"":::"':.:•_.¡__A_•oa_/""-""'-" ____________ _;caloyory 
Dio cu111ng and IIOfllng 

Klas rnaklng and wropplng 

Connlng and preoemng 
lnltlal gradlng raw matorlal eamplaa .. 

Tomatoes · 
Color gradlng and cuttlng roomo ... 

PreparaUon 
Prellmlnary aortlng 

Aprlcota and peachea . 
Tomatoea .. 
Ollvoa .. 

Cuttlng and pllllng 
Final aortlng . 

Connlng 
Conttnuoua-balt cannlng 
Slnkcannlng 
Hand pocldng 

Ollvea .......... . 
Exomlnallon ol cannad aamptea ......... . 
Container handling 

lnapactlon . 

E 
E 

D 
E 
F.. 

o 
E 
F 
E 
E 

E 
E 
D 
E 
F 

F 
E Con unacramblers . 

Labellng anc1 cartonlng ......... D 

Coatlng (888 FOOIIIdrloe) 

Centrolatatlana (888 Eloclrlc genoraUng otaUano) 

Chomlcal planta (888 Polrolaum ond chomlcal 
planta) 

Ciar and conoma producto 
GrlndlnQ, fllter preoaoa, klln rooma 
Moldlng, prooatng, cleonlng, t~mmlng . 
Enamellng 
Color and glulng-rough WO<k 
Cotor and glallng-llne worll. . 

Clunlng and -alnglnduotry 
Chacklng and IIOfllng 
Dry ond wet cleonlng and ateomlng .. 
lnapectlon ond opottlng . 
Preoalng 
Repcir and alteroUon 

Clolh producto 
Clolh lnapectlon 
Cuttlng 
Sewlng 
Preaalng ... 

Clothlng manulo<turo (mon'o) 

e 
D 
E 
E 
F 

E 
E 
G 
F 
F 

1 
G 
G 
F 

Recelvlng, openlng, slorlng, ahlpplng D 
Examlnlng (perchlng) 1 
Sponglng, dacotlng, wlndlng, measurlng . D 
Plling up and marl<lng . E 

.cutting . . . . . . . . . . . . . . . . . . . . . . . . . . . G 
Paltern maklng, preparatlon ol trlmmlng, plplng, 

canvu and ahouldor podo . . . . . . . . . . . . E 
Flltlng, bundilng, ahadlng, otllchlng . . . . . . . . . D 
Shops F 
lnopoctlon . . . . G 
Proaalng .. . .. .. .. .. .. F 
Sewlng G 

Control roomo (888 Eleclllc geríerotlng ototlone­
lnt-) 

Corrldora (aee SCtrvlce epacea) 

Cotton gln lnduatry 
Overhead equlpment-aeparatora, driara, grid 

cleanera, atlck machlnea, convGyers, teed~ 
era and catwalka · . 

Gln aland 
Control conlole 
llnt cleaner 
Bale presa 

Dalry tarmo (aee Farma) 

Dolrr pnaducto 
Fklld mllk lnduolry 

Bollar room . 
Botlle atorage 
Bottle oortlng 
Bottlo wuhara 
can weohora .. 
Coollng equlpment 
FIDing: lnapacUon 
Gaugeo (on lace) 
Laboratorlas 
Meter panala Ion lacel . 

· Pasteurtzera ... 
Separators .. 
Storage refrigerator . . . . . . . . 
Tanka, veta 

Llghl lnlerlora 
Darl< lnlarlora 

Tlulnnornater (on loco) 
Wolghlng room . 

Sea lea 

Dlopatch boarda (eee EkH:trlc genoratlng 
atotlone-lnterlor) 

Dledglng (888 Part IV, Ouldoor Facilllloo) 

Eleclllcol equlpmont manulactu~ng 
lmp-egnatlno 
lnaulatlng: coll wlndlng 

Electrln gonoratlng atatlons-lntorlor (aee alao Nu-­
clear power planta) 

Alr-<»ndlllonlng equlpment, alr preheater and tan 
floor, aah alulclng 

AuxiUarlea. pumpa, tanka, compressora. oauoe 

o 
D 
o 
D 
D 

D 
D 
E 

o 
o 
E 
E 

" 

·E 
E 
o 
D 
D 

e 
E 
E 
D 
E 

D 
E 

8 

~ea e 
Battery rooms . O 
Bollar ~aHorma O 
Bumer~ltomw C 
Cable room .. .. . B 
Coal handUng ayalema B 
CooJ put;erfzer . . . e 
Condanllt'D, dOaarátor floor, evaporator floor, 

haalorO>orl B 
Control roorno 

Maln COAI ... boarda . D" 
Auxillary coa&rol panela 013 

Operator'a ctdlon . E'3 

For fuolno&es. aH pq• 2-19. For Uluminance ran¡ .. (or each Illumlnantf' C.t.,:ory.AH pep 2-6. 
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lt:S lJQN1INO HAHDBOOk 
1111 o\I'PL.ICATION VOUJME ILLUMINANCE CATEGORIES (INI)USTRIAL) 2-11 

Flg. 2-2. ConUnued 

111. Conlinued 

AfN/AciiVIIy ArN/ Aetlvtt\1 
Klurntnance · ea,_... 

______ .=;.._:'---. _____________ --··-· ... 
11tum1nanr.•1 
Calhyory 

Malntenance and wlrtng areaa D 
Emeroency operaUng BghUng e 
Oaugo readfng O 

Hydrogon and carbon dloxldt manifold araa . C 
Laboralorv E 
Praclpllatora 8 
Screen houae e 
Sool O< alag blower plaltorm . . e 
Bteem headera and throtttea . 8 
Swftchgear and motor control cantera . . o 
Telephone and communC:aUon equtpment 

roorna O 
Tunnels or gallerlea, plplng and electrlcal 8 
Turblne building 

Operatlng floor O 
Below operallng floor . e 

·vialtor'a gallery e 
Water treatlng area O 

Eleetrtc generaüng atiiUOna-exteriof (He PartiV. 
Outdoor Facllitiea) 

E .. vetoB (aee S.rvtce apacoa) 

Exploalvaa manutacturlng 
Hand turnacea, bolllng tanka, atatlonary driera, 

stationary and gravtty cryatallllara . O 
Mechanlcal turnace. genera tora and atllls, m•. 

chanical driere, evaporatora, flltraUon, ,..... 
chnnic;l'l cryataUllera . O 

Tanka tor cooklng, extractora, percotatore, 
nitratora O 

farma-dalry 
Mltklrio operatlon area (milklng partor and atall 

barnJ 
General 
Cow'l udder 

Milk handling aqulpment and atorage area (mllk 
house or mllk room) 

e 
D 

General C 
Washlng area E 
Bulk tank interior E 
Loadlng plaltorm . . . C 

Feeding area (atall barn leed alley, pene, 1ooae 
housing feed area) . 

Foad storage area-torage 
t-taymow 
Hay lnspecllon ares 
Laddors and ataira 
Silo 
sao room 

Feed storage area-graln and concentrate 
Graln bin 
Concentrata storage area . 

Feed procesalng area .... 
Livestock houalno area (communlty, maternlly, In­

dividual calf pe~o. and loooa houoing hold­
lrtg and reatlng areaa) . 

Machina storage area (garage and machina 
llhad) 

F arm ahop area 
Aclive storaoe area . 

e 

A 
e 
e 
A 
e 

A 
B 
B 

B 

B 

B 

General ahop ares (machlnory repoil. rouQI• 
aawlng) 

Rouoh bench and rilac::hlne work (palntlng, tine 
storage, ordlnary sheet n~otal work, wold­
lng, medlum benchwork) 

Medlum bench and machina work (tlne wood· 
wortdng, drtn prooo, metal tatha, grtnder) 

Miacellaneoua areae 
Form offlce (Me -lng) 
Reatrooma (sea Servlce epacea) 
Pumphouoa 

Farma-poultry (aae Pouttrr lndualrr) 

Flour milla 
RoUing, aifling, puritying 
Packlng 
Product control . 
Cteaning, acreena, man lifta, alaleways and walk­

waya, bin checking 

Forge ahopa. 

Foundriea 
Anneallng (furnaces) 
Cleaning 
Core maklng 

Fine 
Medlum 

Orindlng and chlpplng .. 
lnapectlon 

Fine 
Medlum 

Motdlng 
Medlum 
Larga 

Pourlng 
Sorting 
Cupola 
Shakoout 

G•ragea-oorv• 
Ropairs 
Active traille areas 
WrHe..up 

Glaaa works 
Mlx and furnaco rooms, presaing and lehr. gla::;s-

blowing machines 
Orlndlng, cuUing, silvering . 
Fine grlndlng, bevoling. pollshlng 
tnspectlon, etchlng and decoraling 

Glove manufacturlng 
Presslng 
Knlttlng ..... . 
Sortlng 
euttlng 
Sewlng and lnapectlon 

Hangare (see Alrcraft manutacturlng) 

Hat manutDClurtng 
[)yolno. otlflenlng, braldlng, cleanlng, refining 

o 

D 

E 

e 

E 
o 
F 

o 
E 

o 
o 

F 
E 
F 

G 
r 

r 
E 
E 
E 
e 
D 

E 
e 
o 

e 
o 
E 
F 

G 
F 
r 
G 
G 

E 

t: 
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Flg. 2-2. ContinUed · 

111. eontinU.d 

AJea/ActMty /Uea/ Acttvlty 
Wuminance 
Category 

Fonnlng, aizlnQ, 
lfonlno 

Sewinll 
lnopoellon 

Simple 

pounclno, llanglng, _llnl_ahlng, 

MO<Ieratoty dlfficult ... 
DIHicult 
Very diHk:ull 
Eoctlng 

F 
Q 

D. 
E 
F 
Q 
H 

lron and otee¡' manulectu.rlnt . 

,......, enct vtoich .n..nutecturlnu. 

(IBB paga 9-63>'' 
Q 

Lou-Waahlng 
Fillt worl< lronlng, wolghlng, Uatlng, marklno 
Mechina and prOIB llnltlhlng, oortlng . 
Fino hand lronlng 

L.Nther manutllOiurtng 
Cleanlng, tannlng and atretchlng. vate 
eunlno. flaohino and stuHinQ . 
Flnlshlng and acarlino 

lollher Woiklntl 
Preaolng, wlndln;, glazlng . 
Gradlng, matchlng, cuHing, acortlnQ, IBWing .. 

Loa41n1 ond unloecllnO plattorma (- PoriiV. Out· 
door Faclllflaa) 

Lockor rooma 

Loeotno (- Part IV. Outdoor Factlltlioa) 

LUmbof yarda (IBa Part IV, Outd- facllllloa) 

Mac:litno &hopa 
Roogh bench 01 machlne """' 
Medhun bench or machlnl work, ordlnary auto-­

matlc machlnoe. rough grtndlng, medlum 
buHing and pollshlno 

Ftne bench or machlne work, Une automatlo ma­
chlnaa, medlum grindlng, fine buffino and 
pollshlng 

Extra-fine bench or machina work, orlndlng, fina 
work 

Materlala handling 
Wrapplng, packlng, labeling 
Plcking stock, ctasallylng 
Loading, Jnslde truck bodles and frelght cara .. 

Moat-klng 
Siauohtertng 
eleanlng. cunlng, .-In;, grlndlng, cannlng, 

packlng 

Nuclear power planta (aee alao Electdc gonoraUng 
ellllolll) 

D 
D 
E 
E 

D 
D 
E 

f 
Q 

e 

D 

E 

Q 

H 

D 
D 
e 

o 
D 

Auxlllary bulldinO, uncontrollad IOCIIB ara81 . . . e 
Controlled acceaa areae 

Count room 
Laboratory 
Heallh phyolca oHice .. 
Madlcal ald room 
Hot hlundry . 

E" 
E 
f 
f 
D 

Storage room C 
Englneered aafety featurea eQuipment . O 

Diesel generator building O 
Fuel handUng building 

Oparetlno tJoor . o 
Bolow operatlng lloor e 

Off gas building C 
Radwaste building D 
Reactor building 

Operaling noor o 
Below operatlng !loor e 

Packlng and boxtng (eao Matorlalo handling) 

Palnt monutacturlng 
ProceB&Ing O 
Mlx comparleon F 

Palnt lhopa 
Dlpplng, simple apraylng, flrlng O 
Rubblrlg, ordlnary hand pajnttng and tlniahlng art. 

atencll e.nd apeclal apraylng . o 
Fine hand palntln; and flnlshlng . . E 
Extra.fine hand palntlng and llnlahing G 

Popar-bOx monulacturlno E 

Poper manulocturtng 
Boatera, ortndlng, calendarlng . . . , . 
Flnlshlng, cunlng, trlmmlng, papermeklng 

china .......... _. · 
Hand counting, wet end of paper mact.ine . 
Paper machlne real, papar lnapecllon, 

laboratorlea . 
Rewlnder 

D 
ma-

E 
E. 

and 
f 
F 

Parklngorue. 

Petrolaum and cllornlcal piante 

Pt&Ung 

.. ta8e page 14-24) . 

(aee paga 9-51 >'' 
D 

Pollahlng and bumlohlng (aaa Machlno ahopa) 

Powor plante (eao l!loclrfc gonorotlno atallofto) 

PO\IItry lndultry (OH aleo Farm-i,j¡ 
Broodlng, producUon, and laying housea 

feadlno. lnapectlon. cleanlng e 
Charts and records . . O 
Thermometers. thermostats, ttme clocka .. . O 

Hatchertee 
General area and loadlng platform . C 
lnolde lncubalore D 
Du bblno atatlon f 
Soxlno H 

Egg handling. packlng, and ahlpping 
General cleanllniBs E 
Eog quatlty inopectlon . . E 
loadlng platlorm; egg storage Brea, etc. . , C 

Egg proceiBinO · 
General Uohtlng E 

Fowl procoaalng lllsnt 
General (exc:tudlnQ kiUino and unloadlno 

sraa) ... E 
Govemment "'-<;llon atallon and grading 

statlono · E 
Unloedlno and lllllno eres . e 

For faotnaua. ... plll' 2·19. F01 UJuminance nna:oa f01 each IUuminanc. C.te1ory, aet j,qe 2-~ . 

. ;' 

., 
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ES UCIHTINQ HfND8ClO" 
tNt APPUCA'hON VOLUME ILLUMINANCE CA TEGORIES (INDUSTRIAL) 2-13 

Flg. 2-2. Contlnued 

111. Contlnued 

FMdotor-
Oraln, tHd ratlona C 
Proceootng e 
Char1a and recorda D 

Machlne atorage area (garage and mechlne 
llhedl ........... B 

Prtnllng -·-Typeloundrleo 
Motrla maklng, droulng type ....... . 
Font uumbly-aortlng 
eutlng .. 

Prlntlng pl8nla 
Color ln._tlon and _..,.. . 
Machina compoaiUon 
Compoalng room 
Preases 
lmpoalng otones 
Prootreadlng . 

Eleclrotyping 
Motdlng, routlng, llnlohlng. leVellng molda, 

trlmmlng 
Blocklng, linnlng 
Electroplollng. wallllng, backlng . 

Photoanoravlng 

E 
o 
E 

F 
E 
E 
E 
F 
F 

E 
o 
o 

Etchlno, ataglng, blocklng . . . . . . . . . . . . o 
Routlng, flnlllling, orootlng . . . . . . . . . . E 
Tlnt laylng, meaklng E 

Rocelvlng end alllpplng (188 lloterltllo hlntiUng) --y- (188 Pert IV, Outd- FociUtlea) 
Rubber goodo-rnechlntc.t . . ... (188- 8-58)" 

Rubber ttre monuloctvrlng . 

Sofely 

.. (aee pago 8-e&l" 

.. ( ... page 2-45) 
o ' 

S.wmlllo 
Seeondary 1og dock 
Head aaw (cuttJng area vtewed by aawyer) .. 
Haad saw outfeed . 
M achine kt-feeda (bul edger, reuwa, edgera, 

trim, hula &awe, planera) . 
Main miU lk>or (bue llghUng) 
Sortlng labios . 
Rouoh lumbar grading 
Flnlohed hlmbar gradlng .. 
Dty lumber warehouae (planar) . 
Ory klln colllng ahed . .. ..... 
Chlpper ln­
Baaement ateas 

Active . 
lnactlve 

FUlng room (work areaa) . 

• • 1 • • • 

Sorvlce- (180 OliO Storaga ,_,., 
Stalrwáya, corridora 
Elevatore, fretght and puaenger . 
Tollota and walll rooma ---· 

B 
E 
B 

B 
A 
o 
o 
F 
e 
B 
B 

A 
A 
E 

B 
B 
e 

MloceliaMoua machlneo, ordlnlry bonch work . E 
Pr-o. "'"'"'"· otempo, oplnnlng, modlum banch - .............. . E 

lllumrmmr.n 
Catuuuty 

Punches E 
Tln plato lnapocllon, galvanizad F 
Bcribing F 

- monulectvring-toetller 
eun1ng and otllchlng 

cunmu tablea . . . a 
Matklng, buttonhoUng, lktvfng, aor1ing, vamp-

lng, countlng . G 
SUichlng, dark metartala . G 

Maklng and ftnlehlnO. naUera, aole leyera, welt 
beatera and ecerfera, trtmmera, wellera, 
laaters, edg'a eeltera, Bluggers, randers, 
wheeklra, treera, deanlng, apraylng, bull-
lng, poUahlog, embouing . . F 

- manulactvring-rubbar 
Wuhlng, coetlng, miU run compoundlng . O 
Vamlahlng, wlcanlzlng, calenderlng, upper and 

sote cuttlng . D 
Sola rotling, llning, making and flnlahtng 

procaaaas E 

Soap menufacturlng 
Keltle housea, cultlng, aoap chip and powder O 
StimplnQ, wrapping end packlng, Hlllng and pack-

. lng aoap powdtrr . O 

llt.lrw•va (aae Sorvlce opacnl 

SIMI (eee lron ontl oiMI) 

&toreo- bettery manufacturtng O 

Storage rooma or warehouaea 
Inactivo B 
Active 

Rough, butky llama . C 
Smell llama . O 

Slorogo yarda (aaa Part IV. Outd- FacHIIIas) 

Structural oteel lebrlcellon E 

lugar rellntng 
Gradlng E 
Color lnspectlon F 

TeeUng 
~~~ o 
Exactlng teste. extra--line instrumenla, scales, 

etc. . . . . . . . . . . . F 

Textil• milla 
Stapla flber praparaUon 

Stock dyalng, tlntlng . o 
Sortlng and gradlng (wool and cotton) . . E1

• 

Yam rnanulecturing 
Openlng and plcklng (chute leed) . O 
Cardlng (nonwoven web tormatlon) 0 14 

Dtawlng (gllllng, pln draftlng) . . . O 
Combino . o~· 
Rovlng (olubblng, fty trame) . . E 
Splnnlng (cap aplnnlng, lwlltlng, tealurlngl E 

Yem preparallon 
Wlndlng, QUIIIIng, lwlsting E 
Warplng (beamJng, elzlng) . . . . F1

• 

Warp tie-ln or drawlnQ-In lautometlcl . . . . E 

Fur (ootnolft. .... pap 2-)8. Por Wud==n= I'UIPI ror each Wwninance Catetory,IH .... 2-6. 
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2-14 LIGHTING SYSTEM OESIGN CONSIDERATIONS 

, Flg. 2-2. Continued 

111. ConUnued 

Aree/ Acttvtly -· Catooori 

F abric produotlon 
Waavlng, knlltlng, 1uftlng . 
lnapeclion 

Flnlshlng 
Fabrk: preparatJon (desizlng, acouring, bleach· 

lng, alngotng, and mercerlzatton) .. 
Fabric dyalng (1Jrln11ng) 
Fabrlc llnllhtng (calandaring. aantorlzlng, Bued· 

lng, chernlcal treatmonl) • 

F 
G,. 

o 
o 
E,. 
G11.n 

Upholotertno .. 

Werehouae (eee Storego roorna) 

Wo1dlng 
Orlan1allon 
Preclaton manual arc..wekSing 

Woodworklng 
Rough eawlng and bench work 

lllumiMnco 
Ce1eoorv 

F 

o 
H 

o lnapecUon. 

Tobacco producto 
Drylng, o1rlpplng 
Grading and eortlng 

o 
F 

Slzlng, planlng, rough sandlng, medlum Quality 
machina and bench work, glulng, v&neering, 

To&leta •nd w•Dh room• (aee Servlco apee••> 

Building (conatrucllon) 
General conltrucllon 100 
Excavallon work 20 

Bulldlngo-
Entrancea 

Active (pedeatrian and/or 
conveyance) . SO 

lnac11Ye (nonnally lockad, 
lntrequanlly uaadl . 1 O 

Vital tocattona or atructun~ta 50 
Building aurrounda . . 1 O 

Bulkllnga end monumonta. · 
-lghted 

Brighl aurroundlnQa 
Llghl aurt._ 1 50 

· Medlum Ught eurlacea "200 
Medium datk aurtacea 300 
Dark avrracea &00 

Dark surroundingl 
Llgh1 aurtaceo 50 
Madlum llghl aurtacea 100 
Medtum dark surtaces 150 
Dark surtacea 200 

Bullotln end -"" boarda 
Bright aurroundlnga 

Llghl aurtaces 500 
Dar k aurtacea 1000 

Dark aurroundlnQs 
liQhl aurtacn 200 

' Oark aurtacee 500 

Canlrol abltlon 1- Elec1rlc 
ge-ettng otellono­
••tertor) 

Coa! yordo (prolectlve) . 2 

Dnldglng 20 

Etectrtc acneraUng atetlona-
•xterkw 

Boder areaa 
Catwalka, general areaa 20 . 

cooperage . . . . . . · 
Fine bench and mach~e work. Une sanding and 

finlshlng 

o 

E 

IV. Outdoor Facllltiee 

Footeancün: Atea/ AcUvtly 

10 
2 

1 
5 
1 

15 
20 
30 
50 

5 
'10 
15 
20 

50. 
100 

20 
50 

0.2 

2 

2 

Slalrs and plaHorrna 
Ground level areaa lnclucf.. 

lng proclpllalora, FD 
and ID lana, boHom 
aeh hoppera 

Cooling towera . 
Fan deck, platforms, 

atalra, vatve aroae . 
Pump areas . 

Fue! handling 
Barge unLoadlng, car 

dumper, unloading 
hoppara, truck unload­
lng, pumps, oaa 
metering .. 

Conveyora 
Slorage tanka 
Coal storage pila&, ash 

' dumps 
Hydroelectric 

Powerhouse · roof. atairs, 
platlorm and intake 
decka . 

lnlet and discharge water 
are a 

lntake atructurote. 
Deck and taydown area 
Value pita 
lnlel water area 

Parking areaa 
Maln plan1 psrklng 
Secondary parking . 

Substation 
Horizontal general area 
Vertical taak•· . 

T ranaformer yarda 
Horizontal ganara! area 
Vertical teska ..... 

Turblne areoa 
Building aurrounda . 
Turbina and heater decks, 

unloadlng baya . 

Lu• Fooleandlal 

50 5 

., 

50. 5 

' 50 5 
20 2 ,,, 

50 5 
20 ·2 
10 1 

2 0.2 

50 5 

2 0.2 

50 5 
20 2 

2 0.2 

20 2 
10 

20 2 
50 5 

20 2 

5I? 5 

20 2 

50 5 

lo'ur fuotnoi.WI, .... P'IV 2·1»: llar. iiiÚminal'k. .. ro.l_llft ror neb llluminant't' Cate¡ory, IIH pa¡i :!-6, 

t.¡¡ 

..... ,-.,,' ·' ... ··. , r. .::·.· •. 

j 

''.,' ~· 
• ' • ~ ! 
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ILLUMINANCE VALUES (OUTDOOR) 2-15 

Flg. 2-2. · ConUnued 

=-::--·----~'-:'---:--:--71V.:_ . .:Con:;:::tln::uetl=·=----.. ----.. -·-·-· .. 
""'~~ ~·~- ---:-:-----:--_;L:;u:;• __ .:,f:OOI:;:;<anclloa:;::::,_t-_:•:•:••:l_:~::':'':"'~ Lu• 

Entrancee. etalrt and Hump aod car r6dor cl .. alf¡.. 
plotlorma 50' 5° collon yard 

,_., -lghtod ''" BuU. RocelYing yard 
t1n- -tor -dol Swllch polnla 

Body ot yard 
Oerdefte'• Hump area . 

G-ol llghllng 5 0.5 Flal awllchlng yarda 
Path, atepa, awey trom $!de of ca,. (vertical) .. 

houle . 1 O ·SWitch polnta . 
Beckgrounda-lencea, Traller-on-natcara 

walla, treea, lhtub-- Horizontal aurtace ol 
boty 20 2 llal<ar 

Flowor boda. rock gardono . 50 6 Hclll-down polnta 
TrHe, ..,rubbery, when (vertical) 

ompllulzod 50 6 Cordalnor...,_flalcaro 
Focol polnla, largo 1 00 1 o 
Focol polnll. omoll 200 2o R-va (ooo pago 14-8) 

Goooüno atallon (ooo Sorvtco SowmlDa !ooo olao l.ogglng) 
ataUona In Port IQ Cul"'ll aow 

LQII haul 
Highweva !aao paga 14-8) • I.Og holal (alele lltll . 

LoodlnG - unloodlng Ptlmary log -k 
pletlomlo . 200 20 lletUf ln--

F relght car lnteriora . 1 00 1 o Green chaln . . 
Lumber etrapplng .. 

lolllllnll (oee olao Sowmllltl Lumber hen<lllng aroaa . 
Yardlng 30 3 Lurnber loadlng araaa .. 
LOQ loadlno and unloadlng . 60 6 Wood chip atoragt pllel . 
Log olowlng (walor) 5 0.5 
Active 1og slorago aroa Sotvlco atauon Cal grada) 

(land) 5 0.5 · Darle ourroundlng 
Log boomlng orea (walor)- Approach 

too1 traHic 1 o Oriveway 
Active too handling area Pump leland area 

(water) · 20 2 Building lacea (excluatve 
Log gradlng-walor or land 50 6 ot glall) · 
Log blns (land) 20 2 Servlco aroaa · 

Landocape hlghllghto 
Lumber yarda 1 O Ug~ aurroundlng 
ParkinG treaa <sea paga 1 ,_ Approach .. 

24) Orlveway 
Piero 

Frelghl 
Paaeenger 
Active ahlpping area 

aurrounds 
Prleon ruda 
Ouarrlea 

ltellrood yarclo 
Retardar cJaaslticalion yarda 

Aeceiving yard 
Swilch pointa 
Body ot yard 

Hump area (vert6cal) 
Control tower and retardar 

area (vertical) . 
Head end 
Body 
Pull-oul ond 
Dispatch or forwardlng 

yard 

··ur foolnoln, ... p&l• 2.111. 

200 
200 

50 
50 

50 

20 
10 

·200 

too 
60 
10 
20 

10 

20 
20 

5 
5 

5 

2 
1 

20 

10 
5 
1 
2 

Pump laJand area . 
Building faces (exclusive 

ot glall) . 
8ervlco 81881 . 

Londscape hlghllghls 

Shlp rarclo 
General 
WaYG. 
Fabrieallon areaa . 

Smol<ootacka wlth odvertlolng 
mat.aagea (aee Bull• 
ttn ond pootof boarda) 

Star- yardO 
Active 
lnocllve 

8-(ooo pego 14-8) 

Wotor llnkt wlth advorllolng 
---(-Bulr. 
un- pooter boarclol 

20 
10 
60 

60 
20 

60. 

60 
3Ó 

100 
20. 
20 

100 
300 

200to3oo" 
1&0 lo 200" 

20 
50 

&' 

15 
16 

200 

1001• 

30 
20 

30 
50 

300 

300" 
70 
60 

50 
100 
300 

200 
10 

rcllllh:lllllllloM 

2 
1 
5 

5 

5 
3 

10 
2 
2 

10 
30 ......... ~ 

20 to ao" 
15"t02076 

2 
5 
0.5 

1.5 
1.5 

20 

3 
5 

30 

aou 
7 
5 

5 
.10 
30· 

20 
1 

. 

i 

~ 

.: 
¡ 
'. 

' r1 ···, 

..~ 
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2-18 LIGHTING SYSTEM DESIGN CONSIDERA TIONS 

AlchorJc-l 
TOIQel.- .. 
Torget, ......,.tlonal 
Shootlng llne, lou-1 .. 
Shoollng Une, racreatlotull 

ArchO<Y(-1 
Taroet, toumament . 
Target, recruttonal 
Shootlng une. tournament .. 
Shooüng ltne. rocreallonal 

88dmlntan 
Toumament 
Club .. 
R.areatlonal 

-ball 
Major loague 

lnllold 
OuHield 

M end AAA leogue 
lnfleld .. 
Outflolcl 

A ond Btoague 
lnlleld ... 
Oulllald 

e and o leegue 
lnfleld .. 
Ouffiolcl 

llaml-pro and muntclpalleaguo 
lnfleld ...... 
OuHiolcl 

Rocreotlonal 
lnfleld. 
OuHitld .. . .. .. 

Junior leogue (Ciuo 1 and cr-
11) 

lnfleld 
Outllold 

On aaato durtng gamo . 
On eeata betore and after gama 

Baokatball 
Coaeoe and proCeuional . 
Coll- lnlr111111ral and hlgh 

achoot 
Recreational (outctoor) 

Bllthlng-
On land ......... 

1 150 leal trom -· . . . 
lllllianh(ontablel 

Toumamant .. 
Rocroallonal . 

lloWIIn9 
Tournament 
• Approochao 

Lanoa . 
Pina ........ 

Rocroation.t . 
Approacllea 
Lanoa. 
Pino 

Por footnota,.,. P1P 1-19. 

10014 

150" 
100 

150 

300 
200 
100 

1500 
1000 

700 
500 

500 
300 

300 
200 

200 
1150 

1150 
100 

300 
200 
20 
150 

300 
100 

10 
3014 

500 
300 

Flg. 2-2. Continued 

V. 8porta ond Roc:,...llonal""'"" 

FoctctMIM 

150" 
30" 
20 
10 

30 
20 
10 

1150 
100 

70 
150 

50 
30 

30 
20 

20 
15 

16 
10 

30 
20 

2 
6 

150 

30 
10 

3" 

150 
30 

10 i 
20. 
150" 

llowllng Olllbe -
TOY""""""I 
Roc....tlonal. 

Boxlng cw wroouJno (rtng) 
Chomplonohlp 
Profooolonal 
Amateur ..... 
Soata during boul . 
Seata betore and after bOut ... 

CooUng-boft, clryolly, -1-lly 

Lux 

100 
50 

5000 
2000 
1000 

20 
150 

Pler or dook . 100 
Targot (al 24 matora(SO leet) for 

bolt cutlng and 15 motero 
(150 leel) tor wet or dry-fly 
caating) . . . . . . . . . 50'" 

Ccwnblnatlon (outd-1 
Baooball/lootball 

lnflold . . 200 
Outtlold and lootboll . 1150 

lnduatrtatooftballttootball 
lnflald . . 200 
Oulfiald and foolboll . 160 

Industrial aottball/6-man foot­
ball 

lnflald . . 200 
OuHiold and foolboll . 1150 

CroquotcwR-
Toumament 100 ' 
Roc,...llonal . . . . 50 

Curflng 
Tournament 

Teea SOO 
Rlnk . . 300 

Recreattonal 
Taea 200 
Rlnk 100 

Fonclng 
Exhlbltlona . . . 500 
Racreatlonal . 300 

Football 
Oistance trom neareatar:Müne to 

the tarthut row of aoecta· 
tora 

Claaa 1 Ovar 30 motora [1 00 
teot) . . . 1000 

Claaa 11 15 lo 30 motero (150 to 
100 leal) . . . . . . . . . . soo 

Claaa 111 9to 16 melera (3D lo 60 
feol) .. .. 300 

Clau IV Undor 8 melara (30 
leel) . . 200 

Clau V No flxed oaallng 
focUIIIaa . . 1 00 

H la ganerally ooncecfed fhat tha dlotanco ba­
twoon tha cpoctatora and 1ho play la lho flrat 
conaldarotlon In dalormlnlno lho claol and Ughl· 

lng roquifemonll. -· tho potentiaf oeatlng 
c:apaclly ol lhe - tlhoul!f alao be conaldared 
and tha foftowfng rollo la auggeatad: Clua 1 for 

10 
5 

500 
200 
100 

2 
5 

10 

5" 

20 
15 

20 
15 

20 
15 

10 
5 

150 
30 

20 
10 

150 
30 

100 

60 

30 

20 

10 

l • 
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9-16 LIGHTING CALCULATIONS 

Flg. 9-12. Continuad (see page 9- t 3 for instructions and notes) , __ 
............. ..,_ 80 70 O() "' '' ..,can, .............. .. - "' 30 !O 110 30 

Typical Lumlnetre •o 110 30 !O !10 30 !O 50 

Malnt. se RCR Coenlclenta ol Ullllz.etlon t01 20 Pitr c.nt 
Cal 1 Ettectlve Floor Cavil~ Rellecte.nce <Prt • 20) 

7 

A. "' 0.7 o " ... ·" •• ••• ••• .48 .48 48 ,46 46 40 .4 • 

' 149 .48 46 46 ,48 ., .41 .46 48 .45 45 ... ... 
""' 1 2 .46 ... .46 4. ... .45 .. .43 .. .43 .42 ·" J?J. 

1.47 

~ 1 

3 '.45 .. ,43 .-.s~--:·•3 ... .. 42 ,42 .43 .42 ... . 42 
4 1.•3 42 ... .43 ... 40 .42 .. ,40 ... ,40 .39 .. 

' 
1 ' 1.42 40 .30 .. .40 .36 .. 30 .38 . 40 .39 38 .30 

4*1 6 
¡·o 

.39 .31 40 .36 31 .30 38 .31 .39 .38 .31 .38 
EAR·38 lamp 11bovt1 51 mm (2") dlam-

1 

1 39 31 .36 39 .31 36 .38 .31 ·" .38 .36 
"131 etltl' .,.r1ure (lncr.ase atflciM'Icy to 6 .31 .36 .34 .31 ·" .34 31 ·" .34 .36 ·" -~ .36 

~ ,_.,, 101' 76 mm (3'') d18rn11ter ap- ¡_..... 
1 .~ l'" .34 .33 .36 .34 33 ,,. .34 .33 ·" .34 .33 -35 

.nure)• ., " 33 .32 " .33 32 .34 .33 .32 .34 .33 .32: 34 

8 V LO 
1 

o .. 65 .6. ... .63 .63 63 .80 .80 .80 .. ... . 58 :.5!5 

' '.80 .. .., ... .51 .56 .56 ... "'i"' ... .52¡.52 

~ 
""' 2 1.55 .03 ... ... ... . 50 ·" .50 .49 '.51 ,40 .48 .4D 

í\ 3 ••• 48 ,46 .so 41 ... .49 48 .44 ¡.-41 ... ... .46 
4 :.47 44 .41 ¡.47 ... .. ... .43 ... .. 42 .40 .43 
S 

: -·· .40 .38 1·43 . 40 .38 .42 .39 .31 ... .39 .31 ,40 

'"i". 
L/) 

6 \ _., .31 
.35 r·o .31 " .39 38 .34 .39 .36 .34 .38 

1 . 38 34 .32 .37 ,34 .32 .31 ... ·" .36 33 ·" ·" 6 " .32 .29 .35 .3• .29 .34 ·" . 20 .34 .3• .29 .33 
Medlum dlatribution unlt wil,!'l ttnl pll.le 9 33 .20 .21 .32 . 29 .21 .32 ... .26 ... .28 ... ·" and lnaktt trosl tamp !O .30 .21 .25 .30 .21 .24 .30 . 21 ... .29 .26 .24 ... 
o "' o.• o .62 .82 .82 .80 .80 .80 .78 .16 .76,.73 .13 .13 .70 

A 
' .78 .11 .76 ,17 ... ·" ,14 ,14 .73 ¡.72 ·" ·" .80 

'"'' -·- 2 76 .14 .13 .70 .13 .12 .13 ·" .70! .71 . 10 ... .oo 

1\ 3 " .72 . 70 ,13 ·" .70 ·" .70 .89 .70 .69 ... ... 
4 .72 .70 ... ·" .09 ... . 70 ... .e1¡.ea . 01 ,66 .01 

' . 70 ... ... .09 .61 ... ... .61 .65 .67 . 06 . .. . 01 .. ;" ~ 6 . 69 .. . 65 ... ... ... .67 ... ... .67 .OS ... ... 
1 .67 . 6S . 63 .67 ••• . 63 ... ... .63 ... .. 03 8 • 

Recesaed blltfled downilghl, 140 mm 6 ... ... . 62 ••• .03 .62 .65 . 63 .62 ... .63 .62 .... .. . ., .. , dlameter I.Pef1ure-150- • .65 63 ••• ... .82 .6! ... . 62 .6! .63 .82 . .. 83 
PAR/fltamp !O 63 .6! 80 .63 6! .80 63 .6! 80 . 62 ... .80 . 82 

•O 

1 "' o.• 

1 

o r.011.011.01

1
.i9 .. ... . 9S .95 ••• .9! ••• ••• .67 

A ' .97 .95 .~ .95 ... .92 .02 . 9! .90 ... ... . 87 ... 
o·~ 4 

2 , .93 .V1 .89 .91 .69 ... .69 .87 ... .86 .65 ... ... 

D 
1 3 .90 .87 6S .69 ... ... 87 ... . 83 60 .83 .62 .83 

4 01. ... .62 60 63 .60 ... .62 .80 63 .8! .79 6! 

• ' .. .8! .10 .83 .80 78 .62 .10 .78 .8! .70 .11 80 ., •• t i • 82 70 70 .8! .78 .70 80 .16 70 .10 . 11 

"1 
.76 

1 
1 ' .79 ,70 .14 .70 . 10 ... .78 " . 13 .11 .. .13 .10 

Rece..-cs betned down'lght, 140 mm 6 

1 
.11 .14 .72. .11 .74 '.72 ,70 .13 ·" ·" .13 ·" ,10 

(5 'h") diameter eperture-75ER30 o .75 ._72 .10 ·" .12 .10 ,14 ·" .69 .13 ·" .89; .13 ,..,. !O .13 ,70 ... .13 .70 ... . 72 ••• . .. .12 .09 67 ·" 
" V ... o .83 .03 .03 .62 .62 . 821 .S9 .59 .S9 . 51 ,., ·"1 ... 

' ... ... ... . 51 ... 
"'1"' 

.53 . .. .52 ... .80. .80 

e 2 ... 80 .48 ... .49 .-47 .so .48 ,40 .48 .41 . 45!.47 
'"'' ! 3 ,48 ... .42 . 41 44 ... 2 .46 .43 ... .. .42 .40 ,43 

D 
1 4 .. .40 .31 .43 .40 .37 .42 .39 .37 ... .38 .38 .. 40 
1 

' .40 .38 .33 . 30 ... .33\.38 .35 .33 .31 ,,. .32! .38 

'*' 
. 
1 • .38 .32 .30 .30 .32 .ni .35 .32 .20 .34 ... ... . 33 
1 
. .33 .20 .28 .!3 .29 .26 1 .32 .28 . 26 ·" .26 ... .30 
o .30 .20 .23 .30 .28 .23 .29 .28 . 23 .28 ... .23 . 26 

WlM dl•tnbution unlt wlth lana plate and ' o .21 .23 ·" .21 .23 . 2! .26 .23 ·" .28 . 23 .20 ... 
lnekle troat lamp !O .25 ·" .!8 ... ·" .!8 ... . 2• ,!6 .. .20 .!6 . 23 

" V !,3 1 o .62 02 .62 .80 80 .80 ., S1 .01 ... ... ... ... 

.. ~ .¡,. 1 ' ... ••• .46 ·" .40 .41 . 49 ,41 ,46 ,41 .. ... ... 
~ 

1 

2 . 40 ,42 ,30 ... ... .39 .43 .40 .38 ... . 39 .38 .39 
3 40 .30 .33 .40 .35 .32 .38 . 34 ·" .36 .33 ·" ·" 4 .30 ·" .28 ,,. ... .28 ,,. .30 .21 .32 .29 .20 ·" ool>t 

1 

• .32 .21 ... ·" .21 . .. .30 . 20 .23 ... ... .23 .26 

"~ o 1 .20 ... .20 .26 ... .20 .27 .23 . 20 .20 .22 .20 ... 
L-/ 1 ¡.28 .2! . !6 ... ... !8 ... .20 .H .23 .20 .H .22 

a ¡ .23 ,!0 .• o .23 .!8 ... . 22 ••• ... ·" .!8 ... .20 
R.ceUIId unlt wlth dropplld dlftu8lng i " .21 ·" ... ·" .!O ... .20 . !O ·" ••• .!O ·" .• o ..... 10 .19 ... ... . !0 . .. ... ,!8 ... ... . !6 ... ... .H 

• Aloa. nJloctor d......U,ht wub balll• ond lnllde lroatad lamp. 

lES LIOHTINQ HAND800IC 
IIHII AEFEAENCE VOlUME 

•O o ... -F--
30 !O o WDRC .. -

~ 
RCR 

1 

. 45 .45 .. - o 

.43 .43 42 .036 ' 
42 .42 .. .034 2 ... .40 40 .033 3 

.40 .39 38 .032 i 4 

1 
.38 .38 31 .033 • 
.31 .38 " .032 6 
.36 ·" ,. .032 1 ,,. .34 33 .032 6 
.33 .33 32 .032 ' ' 9 
.32 ,, " .032 

' 
•O 

. os .OS .. -' 1 o 

·" ... O() .11:0' 
1 ' .48 .41 40 ,!08 2 

. .. .43 42 .10~ 3 ... ,40 39 .097 4 

.38 .31 36 .093 S 

.36 .34 33 .089 • 

.33 ... 30 .086 1 

.30 ... 26 .083 6 

. 28 .28 ... .080 o 

.28 .24 23 .077 !O 

.10 . 70 .. - o ... ... .. .028 ' ... .61 61 .027 2 

.01 .01 .. .024 3 

. .. .. .. .024 • .. ... ... . 02S • 

.o• .. 63 .024 6 .. .62 62 .024 1 

82 ... •• .024 6 

62 .6! 80 .024 •9 ... .80 59 .02-4 !O -
.87 .87 .8! - o 
85 . ... . 83 . ... ' 
. 83 .82 .8! .051 2 
.82 .8! .10 .046 3 
.80 .10 .78 048 

1 
4 

.78 .16 ·" .040 • 

.70 .10 .. .047 

1 

o 
,14 13 .72 047 1 

.72 ·" .70 .047 6 

·" . 00 .. .047 ! o 
.09 .01 .61 .040 1 !O ... ... ... - o 
.80 .40 ,46 .135 ' ... .. ,43 .127 2 ... .40 .39 .122 3 
.37 ',38 3S .118 4 

.34 .32 ·" .111 S 

·" .20 .26 .... • 
28 .20 "! !02 1 ... .23 .22 .006 6 
.22 .20 ,!0 ..... o 
.20 ... .H .090 !O ... .02 ••• - o 
.43 .42 ... .234 ' 
.31 ... ,. .204 2 

.32 . 30 ... .... 3 

.26 .20 .25 .181 4 ... .22 ·" .147 • 

. 22 ,!0 ,18 .... o 

.!9 ·" .!0 .124 1 

. H ... ... .116 8 ... ·" ·" .107 o ... ... ... .!00 !O 



.¡ 
¡'· 

' 1' ( 
¡ 

- 30.000 opeclatofo; Clul 11 lor 10,000 1o 
30.000; Clasa Ul tor 5000 1o 10,000; and Clul 
IV lor-5000 ._¡a~.,.. 
-'f,CII~(oee 

-1 
Pootbllll ............ 

Hlgh oclloof or coii-
Jr. hl;ll and ,...,..,tonal .. 

Qoll 
TM 
folrWDW 
OrHft .. 
DrMnll ranoe 

Al 1 SO metoro (200 yarda) 
Over tee area .. 

Miniatura 
PriCIICtl putttno graen 

o_....m. (reler 1o lnd!vfdulll 
aporto llalodl 

Oonoral oxarclalng and 
recreallon 

Handblll 
Toumamont 
Club 

lndoor-lour-wall or OQUUII 
au--two-eourt 

Rocrealfonal 
lndoor-tour-wall or OQuaoll 
au--two-court 

Hock..,, ..... . . 
Hocll.,, loo ,_1 

Collogo or profooalanal . 
Amalaur 
R-llonal. 

Hockey, loo C-1 
Coflogo or proleollonal 
Amalour .. 
Rocreotlonel -­Toumamont 
Rocrealfonal. --Jokllal 
Proloaalonal . .. .. .. . . .. 
Amateur 

LK- ........... · .. · .. 

-· lloclnll-1 
Auto 
Blcyclo 

Tournament . . . . . . ... 
CompefiiiWI 
Rocreallonal . . . . . . . : . . . . 

Dog ............ .. 

... IDoutoe.el, ...... ,. ••. 

200 
100 

SO" 
10; SO" 
so· 

SO" 
100 
100 
100 

300 

500 

300 
200 

200 
100 

200 

1000 
500 
200 

500 
.. ,, 

200 
100 

100 
80 

200 

1000 . -~ 700. 

200 
80 

80 

200 

300 
200 
100 

. 300 

. ·'' 1 . .,. ·-·· 

•'tLLUMINANCE VALUES (SPORTS) 2-17 

Flg. 2-2~ Contlnued 

V.~ 

Fulndee 

20 
10 

5 
1,314 

5 

5" 
10 
10 
10 

30 

so 

30 
20 

20 
10 

20 

100 
80 
20 

,60 
20· 
10 

10 
6 

20 

100 
70 

20 

6 

5 

20 

30 
20 
10 
30· 

, Lu• , Footcimdlol 

Dragolrlp 
Staglng araa ... · :100 : ... 
Accoleratton, 400 matera . 
[1320 leal) . . . ... :·. ,• . 200 20 

Deceleratlon, ftrll200 melera 
(680 leal] . .180. 15 

Docolerallon, MOOnd 200 r,;. , 
· -·rneloro(680 leet) ...... ;. tOo .... , .. 10 

Shutclown, 280 momo (820 
leo!] ............ .': . . . 

Horae .. " . 
Motor (mldgal of motorcycle) . 

"-"-tball ,_ Hendbell) 
lllfto 45 _,. [80 yanlo}--cMrt-

doorl ·.,. 
On targeta 
Flrlng pclnt .. 
Rano• 

lllllo and plotol ··-[-1 On targets · .. 
Fltlng pclnl 
·Ranga -Arena 

Proleeatonal 
Amateur 
Recr01llonal .... 

Pona and chulea .. 

Roquo , ... Cloque!) 

llllulllebolrdc-1 
'·roumament ..... . 

Rocreallcnal . . . . . 

-rd(-1 
Tournament . . · 
Rocrootlonal .. 

lllloUno 
Roller rlnk 
Ice rlnk, lndoor . 
loo rlnk, outdoor . . . 
_Ugoon, pond, or tlooded area 

Skoot 
Targota 11 18 motera [SO leet) . 
Fltlng pclnta . 

Skeot and trap Ccom-1 
Targola at 30 motin [100 leet) 

lor trap, 18 metan~ (SO leet) 
tor Bkeet . 

Flrlng pclnta ... 

lkl olcpo . 

&occer e- _,1 
Soltball 

Prolooalonal ond charnplonalllp 
tnfteld .. 
OUHiold 

Sernf.prclualonal 
lnfteld .. 
Outlleld ..... . 

· eo 5 
200 ,, 20' 
200 .. ,¡,,,~ ' ~. 20 

100014 

200 
100 

100 ... 
1' t_,,. 20 
'"' 10 

800 50 
300 30 
too··"·'1o 
50 5 

'~ .... 

300' 30 
200.,._, .. 20. 

;,, ;;".i\'o 
100 •. : ~··. · ·,a 
80' 5 

100 ;~¡,:!,1. 10 
10;0~.;,.' ..•. · 10 

6Q,,, 5 
10 1 

300' •. 
80 

' 3001~ •• 
80 

10 

'· "-': 

30u 
5 

500• .. . 50 
300 30 

300 30 
200 ... ' •. 20 

¡ ;......-/ 

~ :.r 

:·· 

r ,, 
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2-18 UGHTING SYSTEM DESIGN,CONSIDERATIONS 

, ... 

1 ' • 

lnclualrlaiiNGue 
lnlleld " 
Outlleld ' . . " " " ' 

Rocreallonll (8-pole) 
'lnlleld ............. . 

Outlleld 
. Slow pltoll, laurnomenl--ln­

du-league 
Slow pllall, recreallonal (8-

PGiol-- rocreallonal ce­
polo) ....,_, ... ~ 

•--.e-> 
Exhlblllana 
Rocreallonal 
Undorwalor-1 000 (1 OOJ lamp 

tumena per aquare meter 
(fool) ol aurt- oraa 

swrmmrnv e_, 
Exhlblltona 
Rocreatlonal . 
Underwater-800 [80) lomp 1"' 
· mena per BQuare meter 

[fool) ol aurtece area 

Alrcnill 
Paaaenger compartment · 

200 
180 

100 
70 

800 
300 

200 
100 

ae ... ar . .. . eo 
Roadlng (al ... o . 200 

~ 
Hangar aproo 10 
Terminal building opron 

Parl<lng .,.. 5 
L011dinQ area ao'• 

RaH aonveyanaee 
Boardlng or axlllng 100 
Faro box (ropld lranalllroln) . reo 
Volllbule (CCMMIUier and ln1or-

clly tralnel . 1 00 
AtaleO . . . 100 
Advertlotng catda (rapld tranall 

and cammuter lralnal 300 
Back-llghlad ldvertlaing cardo 

(ropld lranall and corn­
mutor tralna)-880 
cd/~ 1250 IU aver­
agamexlmum. 

Roadlng .. .. .. . .. . 300' 
Real room OnleM:IIy lralnl . . . 200 
Dlnlng 81oa (lnler-dly lroln) . . 800 
Food properallon (lnlor-dly 

lraln) " . " 700 
Loungo anlor-<:lly lrolnl 

General ilghllng ' 200 
T- 881n00 .. .. .. . 800 

'' Sloeping - . : 
General lighllng ' 1 00 
NonNI reodlng ' 300' 
l'ftllongod aaetng ' . 700' 

Flg, 2-2. Continued 

V. Conllnued 

fe a le mncAel 

20 
15. 

10 
7 

50 
30 

20 
10 

Tennla(-) 
Toumament ............ . 
Club .. .. .. .. .. . 
Rocreallonal ............. . 

Tennlo(-) 
Tournament .... 
Club " " " ' " " " . 
Recreollonel .. 

Tennle, platform 

ToMII, tabl• 

300 
200 
100· 

Toumilment 500 
Club . 300 

· Rocroellonal . . 200· 

Trap 
Targola &130 motora [100 loel) 300" . 
Flrlng PG'nta . . . 50'J' ' 

V-ybllll' 
Toumament 
AacreatlonQJ ....... . 

200 
100 

VI. Tronaportellon Vehlcloa 

Footcandl• 

100 
75 
eo 

30 
20 
10 

eo 
30 
20 

30" 
5 

20 
10 

Lux .• ~OOlcandlea 

5 
20 

0.5 
2" 

10 
15 

10 
10 

30 

30' 
20 
&O 

70 

20 
30 

10 
30' 
70' 

RoadConYOJancn 
Stop woll ond adjacenl ground .... 
Fare box 
Oenoralllghllng (lor aoal aoloc-, 

tlon and movomonl) 
CUy and lnlor-clly buaoa 01 

clly alop . · 
lnlor-<:lly bua al counlry 

atop 
School bua whlle movlng . 
Schoof bus at alopa .. 

Advertlalng carda . 
Back-llghlod advertlalng carda 

(aeo Rall oonveyancoa) 
Aeadlng 
Ematgoncy oxn (ochool bus) ' 

Shlpa 
UvtngAreu 

Slelorooma and Ceblna 
Oonoral IIQhllng .. 
Readlng and wrtllng .. . 
Prolongad -ng ... . 
Betha (general llghtlngl . 
Mlrrora (pereonal 

groomlng) 
Barbar ahop · onl boouly 

portor " " " 
On aublecl . 

Dayroome. 
GenerelllghUng 
Dookl 

Dlnlng roOIIII and 
rnourooma . 

100 
• 1&0 

100 

20 
reo 

'300 
300 

100 
300'u 
700'u 
100 

800 

800 
1000 

200 

10 
15 

10 

15 
30 
30 

30' 
5 

10 
30U.) 
70''·' 
10 

50 

eo 
100 .. 
20" 

,so"·' 

20 

L.j) 
-~·;·~~~~~~~~~~~·"·~~ ---... · .... •.· • . 1 ·' • 

··~' ... .. ' 



lES UGHlWG NANDBOOK 
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. , '': ILI.:UMINAit/CE· VALUES (TRANSPORTATION) 2-19 

Flt. a,.a. Conllnued 

VI. ConHnued 

Al N/ Ac:tlvlty Lu• Footcandlot 

EnciOIId .,.,..,_, 
'10 a.-at ttghllng .. 100 

Enlr.,... and pa-gawaya 
a.-at 100 10 
Daytlme embarklllon 300 30 

Oymnutumo ;.J;II 
.,: 

General llghtlng . 300 ·30 

~··· .<-·• Dtll>enaary 
3001• 30" Ugllting) 

Operattng room aoó'• 30" G-at ligllttng ... 
Doctor'aolftce. 300'. 30'. 
()perattng lable 20001) ~000 

Warda 
Genetal tlghtlng 100 10 
Roedlng 300' 30 
Toileta 200 20 

Ubrarioa and toungaa 
'2o General llghllng . . ' . : ' . ' ' .. •.JOO 

Raadlng 300' ... 30'u 
Proloflt¡ed ~ 7oo'•·a 70'u 

-·· olftce . ' .. 
200" 20'. 

St>opplng ..... ' 200 20 
Smoking room• ... 1110. 15 
Stalra ond foylrl .. 200 20 

lloorÑtion ..... 
llall-. 1601 ••• 1611 

· Coclctalt loungaa 110 .. ...1111 

Swtmrnlno -" 
. .... •; ~-: 1 -··· 15011 ; 1611 

UndatM!or 
o.-a-1100 [IIOJ.IMip, tumena/aquare meter 

[toot[al aurtace anaa · 
-1000 [100Jiaínp lumeno/aquare meter 

[-Jolaurtacearoá' '' 
Theatre 

AudHorium 
General . 

·' 
. .. ~ 

Durtng plctute .. . . ' . ' 
10011 

1 
Navlgatlng ,..,. 

Chart room 
-al. 
On altart­

Gyro room . -room .. 
Radio room 
Radio room. paaoenger .._ . . 
Ship'o ofllcao . G­On-oandwartc 

tablea .. 
Wlloéthouoe 

1',. 

100 
soo•l.a 
200 
200 
10011 

., 100 

200'. 

500'"' 
100 . 

1011 

0.1 

.¡~. 

10 
30 .... 
20 
20 
1011 

lO 
2011 

30'"' 
10 

Arti/Acllvlly ........ footcar'ldtu 

' ' 

,, 

Sorvlca Artoa 
Food -rallon 

General . . . ... , . . . 200'1 

Bulahor allap . . 200~• 
Oa"-11 300'• .) 
Pantrv .......... 1.1 • 100"-
Thaw room . . . . .· . .,..,,JOO" 

ScuUttrie• ..... .-•. • aoo•• 
Food at0111ge ~,. . , .. _.: , · ··~ 

retrtQeraladl 100·, 

2011 

20" 
30" 
20'1 

2011 

20" 

10 
Ralrlgeratod -- (ahlp'a . . • : .. ,. , . 

llarea) ........ ''. :' '· ''50 5 
Laundrtea -~>): ·· ··-.<"'P_::· 

General . . 2001'· ·, ' ;~ 20'· 
Machlne and presa tlnlsh· .~ •.1.. ... r • ' • 

lng, eorllng, ... ' .. '' ..• 500 60 
Locker& . . .. :_ ...... :'·' - • so!11 •• 1 5 
Olflcao ..... . ,. ''·e·· 

General ,200. .. 20 
Raadlng ' ~ ·5(j(Jtt:3 . 501u 
P8818ft08t'counter. soo•t.a:' '·60'u 

Storeroom• . . . . . . . . . . . . 50 ~ .. :: ·:: ¡ 5 
Telephone exchanOG ·. · 1 

• ' j'_i, • 200 2o . :1. :'t. -.- ... 
Operating Areu 

Aaaaaa and aaolng 
Baltefy room ... : 

, ' 

Bollerraama ......... .. 
Cargo 'hllldllng <-""'' . 

deak) ....... ::: .. 
Controtlllltlona (axc:ept. nav- .· 

lgatlng arau) 
Gen.,., .... 
Control con-a .. 
Gauge and aanlrol 

bOarda 
Swttchboarda 

' 100 
100 

. 200" 

200 
300 ... 
300.r 
300' 

~: 
,, Englna roomo .... 

Generator and awltchboard 
100''·1 
. ',,-.. 

.30 

.20" 

rooma..... 2QO!P:~;-t·•· 20" 
Fan room.a.(venlllatlon & alr ;!L · '' ·r .. 

aondltionlngl . . . . . . . . 100·• · ... · 10 
Motor roóma _,200 ~~ . i! • 20 
Motor generator rooma ,,_. .:·":.-

(aergo handling) 100 
·Pump room . . . . . . . . . . . . 100 . 
8haft alley ..... , . . . . . ... ·100 · 

•. Shaft allty- : .... , : ... , ,-30·. 
Steerlng geau room .... ·.: . , 200 \~ 
Wlndlaaa roomo . . . . . . . . . 100 
Worl<ahopa . , , .. 

General ............ . 
On top ol wark benah .. 
Tallor 8hop ......... 

Cargo halda· · . . . 
Permanant tumlnalrea ... • .,, 
Paaugewaya and lrunka 

-~300''. 
5001• 

aoo·~ 

:~.·:.;~. 
100 

~ ·'10 
. ··10 

10 
·• .,__,3 

20 
10 

30" 
·ao" 
-so~~ 

' ,. 
~-~3'' 
10 

' lnclude provlalona 1or hlghor -· lar exhlbltloolo. 
' s-ttlc limita aro PI<JIIidad lo mlnlmlze -•Hon errecta. ' · ' 
'T ... IUbleclto velling rellecllona. ti-Hetedla nat an ESI value. CurrenUy,lnaulllclenlexperienoeln lhe uae ol 

ESI targat vatuos preciUdalllle dlroct uae or Equlvatofll Spllere lllumlnatlon In the pruaont aonoensuo -eh lo ~id -•neo vatuea. Equivalen! 8phtre IDumlnallool may be uaad aa a toalln detarmlnlng tht olle<:tiveneao fll aontroiUng ~tng 
-·- - ... Pllrl ol lllo -·loo! or llgllllng ayolomo. . . " ... . ' .•. ·. 

•lltuminance vatuea ara Uated baled· on experien(:e and coneeniul. Valuea relate lo needa duitftG Y&riéiua rellgioua 
'*:mo'*•· . . ''·• ~........ . .' ; . ~-- . . . . . .. . . . . ::t. ·.. . ¡j • 

Oeeradalion factora:.~y~add·1··we6Qh«ng ractor.fói iach overlay; Uaed materlal-t.>:stimate addltlonal factors. 

..... ~ ........ 

. ' 

1 
1 

l 
·~ 
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9-14 LIGHTING CALCULATIONS 
lES LIGHTING H~ 

1881 AEFEIENCE \IOI.Ut.IE 

Flg. 9-12 Coefficients of Utilization. Wall Luminance Coefficients. Ceiling Cevtty Luminance 
(See page 9-13 for 

'""""­OialributiOn ..a >«- 00 70 00 30 10 o 

T~lll.lft'lll'\lllre l-L=.~ 1""'·-!50 30 10150 30 10150 30 101&1 30 10150 30 1010 IWDRC¡r--
¡Pt:c-

ó 
Pwdan! dlftualng sphctte wlth lncandea­

"'"'-
2 

~ 
Cottc.nb1C nng IJtlil Wlth lncandeecont 
~td-bowl\amp 

3 

~ 
Porcela~mefed ""llle!MI llandafd 
~ wlltllncandfteet\1 lomp 

Melnt. 
Cal. 

se 

V Ut 

:() 
U N.A. 

.Jn 
*~ 

IV 1,3 

]~ 
'*'l) 

• i V 1.3 

~ 1

1,.¡,, 

ool• 1 

1 
Prismatic aquare surlace drum 

• 

~ 
dG'b 

A-40 ftood wlthou1 stlieldtng 

• 

rEt v-~ 
A-40 ftood wtth ~ular anodlltd , .. 

ftec:tct Ullrt: 45" cutott 

IV 0.8 

"'1\-
"""' 

V 
IV 07 

"f .... 

RCR 
1 

CoeHicienll ol Utllinuon tor 20 p., Cent 
EHKIW. floof Cavlty Rellectanca CPrc - 20) 

o•••~1~1~ro~~~~~••••-
' .71 87 .&3 1111 .112 .e.e .&6 ~3 .&Q .47 .41!1 .42 .38 .37 .3!!1 .31 .348 
2 .eo .&4 ... 9 .!>e .r.o 46 .47 .43 .3a .3a .Je .33 .32 .H .21 .23 .2ea 

~ ........ l 
3 .62 .4!1 .39 48 .42 .37 41 .36 .31 .3 ... 30 .215 .27 .24 .22 .18 .221 
• "" .3e .33 c2 .Je .Jo .3e .Jo .2e .30 .26 .22 .2• .21 .1e .1& .186 
6 .40 .33 .27 .37 .30 .25 .31 .26 .22 .211 .22 .18 .21 .18 .15 .12 .182 
8 3t! .28 .23 .33 .211 .21 .28 .23 .IQ .23 .19 .111 .H~ .115 .13 .10 .144 
7 32 .25 2o 2a .23 .t8 26 20 18 .21 .16 .t3 .11 .13 .11 .oa .130 
8 .29 .22 .17 .26 .20 .1e 23 .11 ,. 19 .15 .12 .15 .12 .09 .07 .117 
9 .26 .19 .15 .24 .18 .14 .20 .15 .12 .11 .13 .10 .u .11 .08 .()6 .107 

10 .23 .17 ".13 .22 .16 .12 .19 .1 .... 10 .18 .12 .09 .13 .09 .07 .05 .099 

o 
1 

2 
3 

• • • 
7 

• • 
10 

.83 .83 .83 .72 .72 .72 .so .so .so .30 .30 .301.12 .12 .12 .03 -

.72 89 .66 .82 .60 .57 .• 3 .• 2 40 .28 .25 .25 .10 .10 .10 .03 .011 

.83 .SS -~ .~ .50 .• 7 .38 .36 .33 .23 .22 .21 .09 .09 .08 .02 .OH 

.55 o49 .45 .48 .• 3 .39 .33 .30 .28 .20 .19 .17 .08 .08 .07 .02 .013 

.46 .42 .37 .42 .37 .33 .29 .26 .24 .18 .1e .15 .07 .07 .06 .02 011 

.• 3 .38 .32 .37 .32 .28 .28 .23 .20 .1e .14 .13 .oe .08 .05 .01 .010 

.38 .32 .27 .33 .28 .2 •. 23 .20 .17 . 14 . 12 .11 .08 .05 .04 .01 .000 

.34 .28 .23 .30 .2 •. 21 .21 .17 .15 .13 .11 .09 .os .1)1 .04 .01 .009 

.31 .25 .20 .27 .21 .18 .19 .15 .13 .12 .10 .08 .05 .04 .03 .01 .008 

.28 .22 .18 .24 .19 .te .11 .14 .11 .10 .09 .07 .04 .03 ·.03 .01 .008 

.25 .20 .1e .22 .17 .14 .16 .12 .10 .10 .08 .06 .04 .03 .03 .01 .007 

""" 1 

o 
1 

2 
3 

• • • 
7 

8 

• 
10 

o 
1 

2 
3 

• • • 
7 

• • 
10 

o 
1 

2 
3 

• • • 
7 

.a9 .99 .99 .97 .97 .97 .93 .93 .93 .89 .e9 .89 .es .es .es, .83 - o 

.88 .es .82 ee .83 .et .83 .eo .78 .79 .78 .76 .77 .75 .73 .72 .291 1 

.78 .73 .68 .76 .72 .87 .73 .89 .86 .71 .67 .64 .88 .65 .63 .61 .277 2 

.89 .62 .s7 .87 .6t .s7 .e5 .eo .se .83.. .se .5s .e1 .57 .~ .s2 .262 3 

.et .s• .49 .60 .s3 .48 .~ .s2 .4e .se .st .47 .~ .so .48 .4s .242 • 

.S. .47 .41 .53 .46 .41 .51 .46 .41 .so .44 .40 .48 .• 3 .40 .38 .227 5 

.... 8 .... 1 .35 .47 .... o .35 46 .39 .35 .44 .39 .34 .43 .38 .34 .32 .212 e 

.43 .35 .30 .... 2 .35 .30 .... , .34 .30 .39 .34 .30 .38 .33 .29 .28 .1a8 7 

• • 
10 

.38 .31 .26 .38 .31 .28 .37 .30 .28 .:se .30 .2e .35 .30 .26 .24 . 185 e 

.35 .28 .23 .34 .27 .23 .33 .27 .23 .32 .27 .23 .31 .2f! .22 .21 .174 9 

. 31 .25 .20 .31 .2 .... 20 .30 .24 .20 .2Q .2~ .20 .29 .23 .20 .18 .163 10 

o 
1 

2 
3 

• • • 
7 

aa~~-.~f~37n~~~~~~~­
nnnnn.~~~~~~~~-~~-1 
~~~~~-~M~~-~~-A1M= 

.e2 .s7 .s2 .eo .ss .so .. ss .st ... 7 .so .47 .44 .46 .43 .41 .39 .11e 

.58 .so .4e .~ .49 .4411 .so .45 .42 46 .42 .39 .42 .39 .37 35 .159 
~-~·A3a-A1~~-~~--~11~ 
.46 .40 .3f! .... 5 .39 .351 .... 2 37 .33 .39 .35- .31 .38 .32 .30 .28 .135 
.• 2 .36 .32 .... 1 .35 .31 .38 .._33 .29 .35 .31 .28 .33 .29 .27 .25 .128 . 

o 
1 

2 
3 

• • • 
7 

• • • • 
10 

.38 .32 .28 .37 .32 .281.35 .30 .2 .32 .28 .25 .30 .27 .24 .. 22 .118 1 

.35 .20 .25 .34 .29 .25 .32 .27 .24 .30 .28 .23 .28 .24 .22 .20 . 112 i 

.32 .27 .23 .31 .26 .22 .29 .25 .21 .27 .23 .20 .28 .22 .20 .18 .105 ! 10 

o 1.191.191.191.161.161.161.111.111.111.081.061.081.021.021.02 .00 -
1 1.09 1.071.()4, .o7 t.o5 1 .o21.03, .01 .99 .ea .9e .ae .ea .95 .93 .92 .205 
2 1.01 .97 .93 .99 .95 .92 .96 .93 .90 .93 .90 .68 .90 .68 .86 .84 .1951 
3 .93 .88 .84 .92 .87 .83 .89 .85 .81 .87 .83 .80 .84 .81 .79 .77 .188 
4 .87 .81 .7 .85 .80 .75 .83 .78 .75 .81 .77 .74 79 .76 .73 .71 .180 
s .80 .74 .e .79 .73 .69 .11 .72 .1e .71 .87 .74 .70 .67 .85 .173 \ 
8 .74 .88 .63 .73 .67 .63 .72 .88 .62 .70 .86 .62 .elf .65 .61 .80 .167 

8 

• 
10 

.e9 .62 .1!7 .ea .62 .57 .67 .61 .&7 .es 80 .~ 64 .80 .M .ss .182 

. 64 .57 .s .63 .57 .52 .62 .se .52 .e1 .se .&2 .80 .&s .52 .&a .15& 

.&e .s2 .4 .59 .52 .• .&e .52 .48 .s7 .st .48 .58 .s, .47 .4e .1so 
~.~MMM~~48MMM~MMM.1M 

o 11.011.011.01 
.96 .a. .921 
.91 .88 .Be 
.87 .84 .81 
. 83 .80 .77] 
.79 .7e .7 
.78 .73 .7 
.73 .e9 .e. 
.1o .ee .a: 
.er .e3 .ec 
.64 .eo .&~ 

1 

' 3 

• • • 
7 

• • 
10 

.a9 .'ia .aa .a ... 

.a. .92 .91 .90 

.90 .87 .85 .87 

.86 .83 .81 .84 

.82 .79 .77 .81 

.79 .75 73 .77 

.76 .72 .7 .75 

.73 .89 .66 .72 

.70 .ea .69 

.67 .63 .66 

.64 .80 .e3 

.94 .94' 

.eo .eol 

.85 -~ 

.81 .7 

.16 .7 

.74 .7 

.72 .e~ 

.ea .es 

. es .63 

.e2 .60 

.eo .M 

.90 .ao .90 .87 .87 .87 .es 

.87 .86 .85 .84 .84 .63 .82 .080 

.84 .83 .82 .82 .81 .80 .78 .076 

.82 .80 .78 .80 .78 .77 .78 .074 

.70 .77 .75 .78 .7e .14 .73 .074 

.76 .73 .71 .7& .73 .71 .70 .076 

.74 .71 .e9 .73 .7o .ea .er .o72 

.71 .ea .ee .7o .e7 .es .64 .073 

.68 .es .83 .e7 .es .e3 .62 .o12 

.es .e2 .eo .e& .62 .eo .&a .072 

.e3 .80 .57 .82 .69 .57 .66 .071 

o 
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• • • 
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10 
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10 
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9-18 LIGHTING CALCULATIONS 

Flg. 9;-1 2. Continued (see page 9-13 for instructions snd notes) 

¡ l yp.cal lntenarty 

'""- 80 10 so 30 

1 

Dtltnbuhon and 
Per Cent so 30 10 30 30 

TypicatLutniNiite lampLumens 
,.._ so 10 so 10 so 30 10 "" 

1 
... "' se ACA Coef11C•ent& ot Utlhzation fOf 20 Per Ceflt 
c., ¡ Effect•ve FloOr Ca'llty Reltectance (¡>¡o t. • 20) 

13 ' V •• 
1 

o .87 87 87 8. 8. 8. .80 .80 .80 .78 .78 .78 73 1 
1 78 73 .10 " 11 80 11 .. .. ., . 8 • . 84 ... 

~ 
2 87 82 .. .88 81 " 83 .• 9 ... . 80 ·" .. ·" 

2111~ 3 •• .84 •• ~_..63 48 .. " 41 " • •• .48 .1 

··~·· 
• " 41 42 " .48 ., .00 .48 ., . 48 ... •o 48 
8 41 ., 38 48 40 38 .. 3D .30 " .38 . 30 " 71'U . ,r·:, 8 ., 38 31 " 30 31 •o .34 .30 38 33 .30 .37 
1 .37 31 .28 37 .31 .28 .30 .30 28 .34 .29 " .33 
8 34 21 .23 33 .21 23 32 .28 " .31 .26 .22 30 

BUat..-al ........ dlatnbution-clear 9 30 " 20 .29 .24 .20 .28 .23 10 .21 23 .10 .21 
HIO Wlttl droppecl pnamatc: lena 10 .21 .21 ·" 21 .21 " .28 .20 ·" " 20 ·" 24 

,. V 1.3 o 78 78 .78 .11 11 .11 .73 .73 73 .10 .10 10 .87 
1 .11 .89 .87 .10 . 88 ... .61 . 88 ... 65 ... .82 .62 

~·· 
0\' 

2 85 62 .9 .. 81 .• 8 82 .9 " 80 .S8 S8 .S8 

)1 
3 .• o .. " .8 .. ·" .51 ·" ... ... " .00 " • ... .so .41 .. .49 48 " 49 48 " 48 .. . 49 

• so .. ., 49 .. " . 48 ... ... 41 .43 " 46 .. ,. 
8 48 " .37 .. .40 .37 .. 40 .37 43 39 .37 ., 
1 ·" 37 33 ·" 36 33 .40 .38 33 .39 .35 .33 38 
8 .38 .33 .30 .38 .33 .30 .37 33 .30 36 .32 .29 35 

Clear HID lamp and glaaa retractO!' ' o 35 30 21 34 .30 .21 34 .29 .28 .33 .29 .28 .32 

'¡ !¡ 
,!; 

.. 

abova p¡astrc lena panel ' 10 .32 21 24 .31 .21 .24 .31 .21 " 30 28 .24 .30 

" V ... ! o . 8S 8 • .85 .83 .83 .83 .80 .80 80 16 78 .78 13 

A 
1 1 ·" 78 .14 16 .14 .13 .13 ·" .70 .11 . 89 ... .88 
' 

"'' ' 2 .11 .88 .8S 10 87 ... 88 .8S .83 .8S 83 .81 .83 

~ 
i 3 65 81 ·" .. .80 ·" .62 09 .56 .80 ·" . 5~ 09 

• .60 .. ... S9 ... ... ·" .>3 .so ... " .00 ... 
71~ .... 

o ... . 49 .. .... 49 .. " 48 .. ... . 41 .. so . 
8 49 .. .40 49 .. •o .48 .43 •o .48 ,., .40 ... 
7 ... .39 .35 . .. .39 .35 .43 .38 35 ., .38 .35 " 

i ll 
' ' 

r ,1 

íl 
:i 
" 

1'--- 8 •o 35 31 •o 36 31 39 .36 .31 38 34 .31 38 
EncloMd.r.ftKIOf "<Nith an lncan6etc;:enl ; 9 .31 31 .28 .38 .31 .28 .38 .31 .28 .36 .31 .28 .34 

~ ... 10 .33 .28 ... 33 .28 ·" .32 .28 ·" .32 28 ·" 31 

18 111 0.7 

1 

o .93 .03 ., 90 90 . 90 88 ... .88 82 .82 82 78 

~ 
1 .87 85 83 85 83 .82 81 .80 .79 .78 .11 16 1S ,, .... y- 2 81 .70 .78 80 .11 .15 17 .15 .13 .15 .73 .n " 3 17 13 11 .16 ·" .70 13 .71 89 .11 .89 .87 10 

• 13 89 68 n 88 8S 70 67 .. . 88 .66 .. 61 

' 69 85 .82 .88 ... .61 86 .83 81 .8S .62 80 .. 
77'-t 8 6S 61 ... ... ,61 .58 . 63 .60 " .02 59 .51 81 

. ¡l 
1 62 ·" ... .81 .51 .54 .80 .S6 .. .S9 .56 S3 S8 

J 8 .58 ... ... 58 . .. " S1 " ·" ••• " ... .. 
""High bey·· narrow diStribUtiOrl ventt- 9 ... . .. .48 ... ... .48 ... .so 48 .53 .50 •• ,SJ 

lated refii!ICIOf with clear HIO lamp ' 10 .53 49 46 ·" ••• 46 " .48 .48 ... .48 ... so 

" 111 1 o o .01 .91 .91 .89 .89 89 8S .8S .85 .81 .81 .81 78 

IL 
" ¡: 
' 8 ' 1 .. 82 80 .82 80 16 .79 .17 ,76 .76 " .73 13 

1\- • ' 2 .11 13 10 .18 .12 .10 .73 . 70 ... .70 88 ... 88 

) 
3 .11 ... 83 .89 .8S .82 .01 ... .81 .88 .82 .80 83 

• . 8S 80 .58 ... .59 ... 82 08 .6S .80 ·" ... S9 , .. , 5 .59 .. .00 .09 .54 .00 ·" " so .68 " •o .. 
8 " 40 .. .... 40 .. . .. ••• ... ... .41 .. .50 
7 .50 ... .40 .49 ... .40 48 43 40 41 .43 .30 40 

"HiQh bly"" intermedlate dlltribuUon 8 .. ,40 38 .. •• 38 .. .39 .30 43 .39 .30 " yentllatltd reflectOf wlth clear H\0 9 ... 38 .32 " 36 . 32 40 ·" .32 .39 .35 .32 30 
. ' 
l ~""' 10 .38 .33 .29 .31 .32 .29 .31 .32 .20 .30 .32 .20 " 

18 111 1 S o .93 .03 .03 .91 .91 .91 87 67 .87 .83 .83 .83 79 

! 

1 
1• 

'' 

8 
1 8. 82 80 83 .81 .79 79 .78 .78 .78 ·" .14 .14 

'ts 
2 11 73 .70 .78 " .89 .13 .70 .87 .70 88 ... 88 
3 . 10 .85 .01 ... ... .80 88 82 ... .. .81 ..8 .82 

• " ... ·" .82 .67 ·" .80 ... ... ... . .. ·" . 57 
77llt o . 51 ... 41 .88 ... . 41 .86 .80 .46 . 83 49 48 .52 

8 .61 ... ... .81 ... ... .40 ... .40 .48 .43 •o 41 
7 48 . 40 .38 .. .39 .36 .. .30 .36 .43 .38 ·" " 8 ... .36 .31 ·" " . 31 .40 .34 .31 39 .34 .30 38 

""High bly·· wMH dt1tributton v.nlllated o .31 .31 .21 .31 .31 .21 .38 .30 .27 36 .30 .27 .34 

ret~Ktor wllh ciHf HID tamp 10 .33 .28 ••• .33 .27 23 .32 .27 .23 .31 .27 .23 31 

,[i 

''. .. ... 

lES UGHTING HAHD800K 
1Q81 REFERENCf YOlUME 

10 o ""-1--
30 10 o 

WORC ... -
f-

ACR. 

1 

73 .73 11 - o 
.83 .81 80 .287 1 .. .83 " .2!:>3 2 
48 .48 " .230 3 ., .30 38 .2oa • 
37 .34 .32 .183 • 
33 29 28 180 

1 
8 

28 " 24 >70 
1 

1 ... ·" .20 .1!:>8 8 
22 19 " .1-49 9 
19 18 " 140 10 

.87 .87 ... - o 
61 .81 59 .165 1 

.6 .8S .. .155 2 

" .49 48 .U9 3 
41 •• .43 .141 • 
43 .40 39 .134 S 

.38 .36 35 .128 8 
35 .32 31 .123 1 

.32 .29 28 .118 8 

.29 .28 ·" .113 9 

.28 .23 22 .109 10 

.13 .13 12 - o 

.67 ... 8S .167 1 

.82 80 09 .169 2 ... ... " .156 3 
51 49 .48 .149 4 

48 .. 43 .144 5 
. 42 .39 .38 .uo 8 
.37 .30 .33 .137 1 

34 .31 30 .131 8 
.30 .27 .26 .126 

i 9 
27 ... .23 .121 ' 10 

78 78 11 

1 

- o 

·" 14 " 107 1 

.11 .70 89 .101 2 ... .. 8S 098 3 

.85 .83 82 .094 • 

.81 .59 58 093 5 ... ... .. .089 6 

" .53 " .088 7 ... .so • • .086 8 
.80 •• 41 .Q84 9 
.41 .. .. 081 10 

78 78 70 - o 
.12 11 89 183 1 .. .8S 83 158 2 
.81 .59 " ,154 3 ... ... " 148 • 
01 48 41 .14A 5 
.41 .. " .139 8 
.42 39 38 .138 1 

.38 " 34 131 8 

·" 32 30 121 o 
.31 .28 21 122 10 

.79 19 78 - o 

" 11 70 .104 1 ... 84 83 .187 2 
.09 .57 .. 184 3 
.84 ... •o 118 • 
48 . .. .. .170 8 
.43 .40 38 .184 8 
.38 .34 33 .159 7 

.33 .30 20 .152 • 

.30 28 " .ue o 

.28 23 .22 140 10 

¡ 



9-20 LIGHTING CALCULA TIONS 
lES LIGHTING HI\NDBC>OX 

., 1981 REFERENCE VOL UME 

Flg. 9-12. Continued (see psge 9-13 for instructions snd notes) 

•• 

Typn:atlum.nanc 

A 
~· 

Hogh bay tntermediB\e dostribuhon 

Yefltllaled reneclor w•th phosph01 

coaled HIO lamp 

20 

A 
~ 

'Hogh baY wode dlstrobut•on ye~hluted 

rellt>Cio• w1th phosphoo coated HID 

lamp 

Lo"' Da, rectangular pallem. lensed 1 
couom reflector unrl Wlll'l clear HIO 

~mp 

" 

~ 
· low bay · tense<! bottom rellectOf unn 

wtlh clear HID tamp 

23 

~= 
Wode spread. recessed. small QPen bot· 

Iom reflector w1tt1 low wanaoe d1l-

tusse HIO tamp 

" 

é UJ 
()pen top. tnd1rec1. tellec!OI type unn 

W\lh HIO lamp (mull. by 0.9 fOI' lenl 

1op) ..... 

ltp!Calll'ltensrty 

O.stnbutr()I'IIIOCI 

PerCf'nl 

1 Lamr lumt>n~o 

~ Mm~l 
c .. 
m 

111 1 5" i 

"'!~; 69'1..! 1 
1 ' 

, ... ~ 

' 3 

6 

7 

8 

• 
•o 
o 

' 
2 

3 

' ' • 
' 
8 

·-· 
o 

' 2 

3 

96 96 9ti 9:1 9:1 \1:; BH !:1!1 fUI 83 83 H:1 /fl lb 7tl 16 ' -

t\9 87 ~ Bti fl4 HJ 82 80 79 76 76 7~ 74 73 72 10' 140 
82 79 76 .80 77 /4 76 74 .7'/ 73 71 69 70 6tl 67 651 134 

16 n se 74 .1o 67 11 e~ 6!> 68 66 s.1 66 63 62 601 ,3, 1 
70 .66 62 69 .6~ 61 66 63 60 64 61 58 6<' ~9 57 .5~ 127 4 
6~ .60 ~6 64 59 ~6 .6<' 58 54 60 .!>6 53 .58 .55 .5:.> 51 1<'4 ! 5 
60 .55 51 .59 55 51 .57 53 50 56 5<' .49 .54 51 48 47 119 f. 
56 .50 .47 .55 50 46 .53 49 46 .5<' 48 .45 50 47 44 43 117 7 

-5<' 47 43 51 46 43 .50 .45 .42 48 44 41 47 43 41 40 113 ! 8 
48 43 39 47 4<' 39 46 .42 .39 45 41 .38 44 40 38 36 .109 9 

45 40 36 44 ,39 .36 43 .39 36 42 38 35 .41 .37 .35 34 105i40-

93 .93 93 9o .9o ;;re;- .aJ 83 n .n .n .n n 12 59 - o 
85 83 81 87 80 .76 71 .1!> .74 72 71 .69 67 66 .65 63 146 1 

76 74 .71 76 72 69 71 68 66 67 65 63 .63 61 .60 .581138 2 
71 67 63 .89 .65 6;> 65 6;> 59 62 59 57 .58 56 54 .53 137 i 3 
65 60 ~~59 55 W 5L 53.57 ~51~ 52~ 48 1~1 4 

60 54 50 5fl .53 <19 55 5t 4A 5.1 49 46 .50 47 45143 129 ~~ 5 
54 49 45 5:1 4fl 44 51 4fi 4:1¡48 45 4;> 4f, 43 40 391 t:>!:J ! 6 
49 44 40 4tl ,¡:¡ :11-1 4(> 41 :JH 44 4(l :H 4;> 39 3f> 34 I?J 7 

V " 

45 39 35 44 :lli. 35 4:-' ".Jf 34 40 3b 33 3H 3~, 32i 3> ll:?O : ti 
41 .35 31 40 34 31 38 33 30 36 32 29i :1!-o 31 28 '11 117! 9 

1- '~. :: :~ :; :: :: :: ::-~:--;:. ::-;;-;;¡.;;::-;;e:~- =1 •: 
73 .71 69 12 .69 67 69 .67 .651 66 65 .63¡.64 63 611.60,.209 ¡ 1 

i " 
' 

V >.9 

3' t-· 
\ .. ' f'--·· 

IV " 

·p 56"·' 

V1 N.A 

:::k 

56 67 .se 54 6t ~a 6;> 59 M>~ so 57 .55 se 56 .54-.53 ,199 2 ,, 
• 

58 .54 .!:>0 57 53 49 55 57 48' 54 50 48; 57 49 47: 45. 19.? 3 
52 47 50 45 "· 5 i 47 41 

43 51 
.37 46 4\ 37 45 40 .. "'1 36\ 

48 45 
43 39 

42\ 47 44 41: 40: .180 

36! 47 .38 .36: 34 171 
31!38 34 31'29 .163 

' " " ·" 36 " 
,, 35 30 "1 " 30 26' .33 29 26 ".2!1 '" ' .ni Jo 6 ' 33 " 23• .3<' " 23 " .26 n; 3> .26 26 23 21: "' 

-~~ i ~: ·" .2~¡ .29 .23 20 26 .23 20\ " 23 .19! 27 " 
,., .18) .140 

.20 17 .26 20 ·" 25 20 . 171 ·" .20 .17 .24 20 ni "' .133 

36 3'1 31: 39 34 6 ' 4;> .36 32 41 
1 

40 35 

,1 ' 
1 

o .63 63 63 6> .60 6o .n " .77: .73 73 .10 70 70: 68\ -
' 1" .70 .67 " 68 66 .67 65 .63\ 64 ., .. .. 60 sei .57 ; 277 

···1 ' 2 .. " 55 62 .58 50 59 56 ·"¡ 57 " 5> 50 " 46' 252 

1 
3 '-~6 50 .. " •• " " " .. , 50 .. " " " "1 40\ .233 

• '9 " 36 " " 36 .. " "' .. •o 36 " 39 36 34: 2" 
5 " ·'' .32 " 36 " " 3> 3> 1 39 " ·" " 33 .30 29: 197 i 
6 36 32 " " 3> " 36 30 .26, .3• 30 .26 .33 29 25; 24 1 

>631 7 " .27 23 33 27 " " .:?6 " 30 " .22 
" 25 "i 201 "' 6 30 " .. .29 . 23 •• 26 " •9 " " •• :?6 22 18 17 ... 

9 " " •• 26 20 .. " 20 .. " >9 >6 23 ,;j" ... 
>O 2• •• " " .>6 " 23 " " " " " 21 17 13 12 139 

. ------- --------- ·---- --- ·\--
o 67 .67 .67 .65 65 65 62 ., ., 60 .60 .60 57 .57 .5715(, i -

' 60 .56 57 .59 .57 .so 57 55 ,. " .53 .52 " " .:~ :~ \ 
>59 

2 .. ... 46 .53 50 •• " •• " •• " •• " .. '" 3 .. .. " ·" .. " .. " •o .. " •o '3 " 39l"l . 152 

• " .39 .36 " 36 35 " .38 35 •o 37 " .39 36 34 33 "' 
1 5 36 .3• .30 38 .30 30 37 33 .30 .36 .32 30 35 32 .29 28 >38 

6 .34 .30 ,. 3• .29 .26 33 29 ,. 32 28 .26 3> 28 25 .24[ >32 

1 
7 30 26 " 30 " " 29 .25 " 28 " " .27 .2• .22 21 ,. 
8 " . 23 •• " " •• .26 ·" •• " " •• 75 " ... "l '" • " 20 " " .20 " " •• " 23 ••• .. " " 16\ ,~ 113 1 

" " " 2> " " " " ' 10 ·" " " " " " 14 13 107 

---·--·-· 
___ .. __ ,.------- ·- -------

001 o " " " 63 63 63 43 43 43 2~ .25 .25 oe 08 OB -
' .. 62 59 .55 53 " 38 36 35 " " 20 07 07 07 001 000 

2 56 " •• •• " " 33 3> 29 .. 19 >6 " a. 06 06 00 000 

3 •• ... •o " 36 35 29 26 .2• " " " 05 05 o; 00 000 ' ' • " 36 33 37 33 29 26 23 .20 " >3 " 05 04 04 00 000 

5 .38 33 " 33 .26 25 " .20 " .03 " •o o. o• 03 00 000 

6 " 26 " 29 " " 20 " .15 " 00 09 O• 03 03 00 000 

7 ·" " ·" ,. 
" •• •• " 03 " 09 os 03 03 .03 00 000 

8 28 " ••• ·" ••• 06 ... 03 ·" >0 06 07 03 03 02 00 000 

• " . 20 •• ,, 
" " 

,, 
" o O 09 07 06 03 02 02 . 00 000 

08 06 .05 03 .02 .02 .00 000 
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6 
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9 
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6 
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>0 
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3 
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9-22 L/GHTING CALCULA TIONS 

Flg. 9-12. Continued (see page 9-13 for instructions and notes) 

~ lYI)ICalltltOI'lStly 
80 70 50 30 

1 

Do.,nbuo~n oood Pn-

Per Cent 
l yp!Cal Lum~naire Lamp lumen~ P•- 50 30 o o >o 30 00 50 30 o o >O 30 o o 50 

Maiot. RCR Coef11Cients ot utihzahon tor ?0 Per Cellt se c.• 1 Effective Floor Cavitv RelleCIBnce (l'fc .. CO) 

25 11 '3 o .99 .99 99 .9< ••• .9< 85 .85 ••• 77 .77 .77 69 

' .66 •• 82 8< 80 .76 78 " .72 69 87 66 .62 

~ ~ 
' 78 .73 .89 .14 70 .66 . 88 ... .80 62 .. . 56 56 

'*' 3 70 63 •• .67 •• .57 6o .56 .53 56 .52 49 .50 
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.Fig 9-12 Continued (see page 9·13 for instructions and notes) 
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· Lighting Merchandising 
··Areas1 

SECTION 

8 
Oesign Cnt.eria/8-1 

, Exterior Spaces/8-13 

Interior Spaces/8-9 

Lighting System 
Considerations/ 8-7 

Objectives/8-1 
Show Windows/8-13 ...... . 

New lighting techniques, equipment and more 
eflicient light sources present the lighting de­
signer with the tools to meet the challenge of the 
ever changing requirements of the merchandis· 
ing world and the spiraling cost of energy. 

Sophisticated consumers and the general lack 
of trained sales personnel make it essential to 

: present merchandise under lighting that will aid 
in sales and a reduction in merchandise returns. 

Consideration should be given to the quality, 
quantity and effectiveness of light on the task or 
displayed merchandise that will rontribute to a 
pleasant and secure environment in which to do 
business. 

OBJECTIVES OF MERCHANDISE 
LIGHTING 

There an• thn·<· primary ohjectives of light· 
ing mer<"handising areas: to attra<·t the customer, 
lo initiate purchascs and to facilitate the comple­
tion of the sale (and minimize returns). 

Lighting to Attract the Customer. The lirst 
· step in the merchandising process is to attract 

the customer to the merchandise and merchan· 
dising space. Light attracts. The quantity, qual­
it~·. and effect of the light reaching the merchan­
dtse anrl the appearance of the area-show win­
dow or store intt'rior-are determining factors in 
the effectiveness of the sale of the merchandise. 

Lighting to Initiate the Purchase. Buying 
dt-dsions start when the customer is visuallv 
intrigued. The actual purchase is not arco,.;. 
plished unt il the customer can visuallv evaluate 
th•· men·handise and read Jabeling th;ough ade­
quatt' illumination. 

8-1 

Lighting to Complete the Sale. Adequate 
lighting at the point of sale is necessary to com­
plete the transaction. lt should enable sales per· 
sonnel to quickly anrl accurately perform their 
sales duties, such as: registering sales, preparing 
sales slips, reading prices and packaging. 

There are numerous factors which must be 
considered in the lighting design for merchandis· 
ing spaces to achieve the above objectives. In 
general, these fall within four design considera· 
tions: appearance of the space and occupants, 
appearance of the merchandise and graphics, 
merchandising operation and methods, and 
physical anrl environmental aspects of the space 
and merchandise. See Section 1 for a general 
discussion of lighting design. 

LIGHTING DESIGN CRITERIA 

The fundamental factors affecting the ap· 
pearance of merchandising spaces, sale of mer­
chandise and performance of tasks are: bright· 
ness and brightness distribution produced by 
luminance and luminance ratios; merchandise or 
task size, contrast, color, form and texture; and 
time for viewing., 

Factors in Seeing Merchandise 

There are four fundamental factors that af· 
fect visibilitv-the size of the details to be seen, 
contrast ag~inst their background, the amount of 
time available for viewing, and the luminance of 
the details and their background. 

Size. The size of things to be seen varies 
considerabl_v. As size increases, visibility in-

• l. 
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crease.s and seeinR hec·onws ea!'.it>r up toa eertain 
point. Also, wht-n the ~izt• is small. visibility can 
be impruved hy increasin~ illuminam:e. 

Contrast. To be visible, each critica! detail of 
merchandise ancl seeing task must differ in lu· 
minance or color from its background. Visibility 
becomes maximum when the luminance contrast 
of details with their background is greatest-e.g., 
the luminance contrast between stitching in 
black on light fabric is high. Conversely, light 
stitching on light fabric has a very low luminance 
contrast. Where poor contrast conditions exi.st, 
visibility can be improved by increasing the il­
luminance or by using a more effective lighting 
system. ' 

Time. lt takes time to see. The time taken to 
decipher a given message and to take action on 
it is an important measure of efficiency. lf it 
takes longer to see, the task becomes less pleas· 
ant and assimilation of knowledge more difficult. 
Incieasing the illuminance will help to increase 
task performance speed by reducing the time it 
takes to see and comprehend the information. 

Fig. 8-1. Unen household items here are of a higtier lumi­
nance than the surroundings and aHract attenlion. 
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I~uminnnct~. A.s the luminanee ofmer"hanciist• 
n.nci t.IL'.;k.-.; is inneast.•d, st!t~in~ is madt• CR!-Oit.-r. 1-'ur 
t>xample, und"r equal lighting <·onditions, th<· 
pattern on a light-colored suit is easier to see 
than that on a dark-colored suit, because the 
light-rolored suit is brighter. The dark-colored 
suit can be made equally visible by increasing 
the illuminance (luminance) until it is equally 
bright. 

"~· -'10,:1 

Interrelation. All four factors of size, con­
trast, luminance and time are interrelated. But 
since merchandise or task size and usually its 
contrastare fixed, improvement.o;; in visibility and 
visual performance can be marle through im· 
provements in the .characteristics of the lighting. 

Luminance and Luminance Ratios 

Luminance Ratio&. When customers sean 
the merchandising space, their eyes become 
adapted to the average luminance of the entire 
space. The average luminance to which the cus· 
tomers adapt depends upon the luminance and 
area of the surfaces seen (wall, ceiling, !loor, 
merchanclise and store fixtures). As the CUS· 

tomers look at merchandise of a different lumi­
nance, there is a suelden loss of ability to see the 
details of the merchandise, until their eyes rea· 
dapt. Seeing quickly anywhere in the merchan­
dising space (the merchandise or seeing task) 
means that the ratio of luminance should be no 
more than fíve-to-one. On the other hand, for the 
customer to be attracted to the merrhandise, the 
merchandise and displays should be atleast three 
times the !u mi nance of the surround. Small areas 
of higher or lower luminance within the mer­
chandising space will not affect the average adap­
tation appreciably but may create interest (see 
Fig. 8-1). 

Surface Reflectances and Textures. Sur­
fáee textures may vary from mirrored (specular) 
to totally diffuse (matte). The brightness of 
matte surfaces, such as carpeting, appears uni­
formly bright in all directions viewed and is 
independent of direction and area of the imping­
ing light source. For surfaces not totally diffuse, 
such as flatware, the brightness varies with the 
direction of viewing, the location and size of the 
light source and its luminance, and the degree of 
specularity. 

Where reflectances of the surfaces within the 
· merchandising areas can be selected, they should 
be chosen so that the luminances produced are 
within the limits outlined. When these cannot be 
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selected, the luminailces and luminanre ratios 
can be controlled by varying the illuminances on 
the surfaces-i.e., darker surfaces should be pro­
vided with higher levels or lighter surfaces with 
low.er levels. 

M<>rchandis<> Surfaces. There are no limi­
ta.tion.s on the rt'flet:tanct> of merchandüw dis· 
playt·d as a rt>sult of the variety of products 
rlisplayt>d. To kecp within the luminance ratios 
recommt•ndations. the luminance can bt> con· 
trolled by varying the illuminance on the mer­
chandise-i.e., less illuminance may be required 
on light-colored merchandise. 

Characteristics of Llght and Llghting 

Distribution and Direction of Light. Light­
ing systems and luminaires are described in.Sec­
tion 1 according to the percentage of total lumi­
naire output emitted above and below the hori­
zontal. Luminaires such as spotlights, floodlights, 
and wall washers for specific merchandise high­
lighting are not classified in the same manner, 
but are described according to performance char­
acteristics-beam spread, focusing ability, sharp­
iness of cut-off, etc. Performance characteristics 
are dependent on the light source type, its hous­
ing and auxiliary devices (louvers, lenses, reflec­
tors, diffusers). 

Lighting systems provide either diffuse or di­
rectional light. Form in objects (modeling) and 
texture in surfaces can be revealed by directional 
lighting such as from small concenCrated light 
sourct's-for example, incandescent and high in­
tensity dist·harge lamp fixed and adjustal>le 
downlight.•. Diffust· light from widt• distribution 
downlights or largt· area light soun·es, such as 
fluorescent luminaires or indircct lighting sys· 
tems, tends to reduce the variations that relate 
to form and texture. Three-dimensional mer­
chandise, for ·example, should generally be dis­
played with sorne directional lighting, but with 
significan! diffusion to relieve the harshness (see 
Fig. 8~2). The appearance of customers and sales 
personnel (facial forrns and expressions) are best 

F~g. 8-2. (a} Oiffuse lighting provides unitorm illumination 
wtlhOul speciat emphasis. (b) Backlighling gives torm defi· 
nthon lhrough sithouelling, but wilhoul reveating detaits such 
u aurlace finish. color or other inherent qualities. (e) High· 
ltQhltng alone produces surface and color detail but fails to 
~parale lhe object from its surroundings. Harsh shadows 

t rnay also be a resulting probtem. {d) A balanced lighting 
' • .,.llern of lhe three techniques-general ditfuse, backlight­
~ W'Q and highlighting-reveals the importan! details of the 

ob,ect,and placas it in context with its lighted surroundings. 

DESIGN CRITERIA 8-3 

(d) 
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treated with a similar combination of directional 
and diffuse lighting. 

Difficult seeing cnnditions may occur under 
directionallighting when harsh shadows are pro­
duced on seeing tasks. Shadows cast on the visual 
task reduce the luminance of the task, and may 
be annoying when sharply defined at or near the 
task. High reflectance matte finishes on room 
surfaces beeurne effective secondary light sources 
to materially reduce shadows by reflecting a sig­
nificant amuunt of diffused light into shadowed 
areas. Softer shadows will generally result when 
light-colored room finishes are used. 

Color. A knowledge of the principies of light 
and color can allow for the individual taste of 
different people, different environmental condi­
tions, or changing fashions. See Section 5 in 1981 
Reference Volume. Sorne responses to different 
colors and color combinations are alrnost univer­
sal, even though personal taste may vary with 
clirnate, nationality, age or sex, and psychological 
altitudes. Color, as one of the rnost powerful of 
all merchandising tools, can attract attention, 
crea te an arnbiance, stimulate sales or guide cus­
torners. 

A positive psychological attitude can be intro­
duced in special merchandising areas by creating 
a warfu or cool color arnbiance. It is important, 
however, that the custorner have a good appear­
ance; hence, the light falling on the custorner 
should render skin tones acceptably as well as 
enhance the merchandise. 

Color of Area Surfaces. In merchandising 
areas where customers are exposed to an envi· 
ronrnent for long periods, the color in the envi· 
ronment can have an effect on their buying atti· 
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tudes-pusitively or negatively, consciously or 
subconsciouslv. 

The color Óf the merchandise should be con· 
sidered in the selection of colors of large area 
surfaces. The use of large areas of strong colors 
could clash with the color of the merchandise 
displayed and could adversely affect the color of 
reflected light reaching the merchandise. In gen· 
eral, where the merchandise is colorful and var· 
ied, backl(l'ounrl color shuuld be of light reflec· 
tance and neutral. Should stronger surface color 
be desired, the light source can provide this. 
Small areas of accent color will, however, give 
vitality and dramatic interest. 

Color of Light Sources. The color of area 
surfaces and merchandise is a function of the 
color of the light source and the pigment of the 
surfaces and objects viewed. For example, red 
surfaces are seen as red when the light source 
contains red. A "white" light such as daylight or 
sunlight contains energy tbroughout the visible 
spectrurn, ranging from violet through blue, 
green, yellow, orange and red. 

Fluorescent, incandescent and high intensity 
discharge lamps, as well as daylight, are al1 con­
sidered as sources of "white" light; however, 
these "white" light sources vary significantly in 
the amount <>f energy in each portian of the 
spectrum. See Section 8 of the 1981 Reference 
Volume. 

It is desirable for a lighting system to show 
merchandise under the same apparent illumi­
nance level and with the same color appearance 
as it will have where it is ultimately to be used. 
This will stimulate sales and minimize customer 
dissatisfaction and retums. 

Fig. 8-3. Veiling retlections on specular transparent display cases can obscure the merchandise. Angled gtass can retlect 
the adj.acent aisle scene. obscuring the meat products within the case (lett). Similarly, a horizontal counter can display images 
ot the ceiling luminaire to compete with the jewelry (right). 

4 
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Reflections 

Reflections of lig-ht sources in merl'hanrlise or 
sales task"' can recluc.~e the eontrast bet wct·n t ht' 
detáils lo he ~een and the hackgrounrl. Thev are 
often unrecognized and can reduct> the ahili.lv to 
see py obscuring the details of the merchandis" 
and seeing tasks. These "veihng" reflection.s can 
also be caused hy reflections of light sources in 
speCular transparent suriaees, such as counter­
tops, show windows, wall cases and packaging 
materials, where the visibility ofthe merchandise 
is obscured. See Fig. 8-3. 

In sorne instances, specular reflections in mer­
chandise can enhance its appearance. 

Veiling Renections. Reflections that reduce 
the contras! between the details of the merchan­
dise or task and the background produce losses 
in visibility and visual performance. The reflec­
tion may be readily discernable as in the case of 
coated or glossy packaging material (e.g., blister 
packs), but frequently it is so indistinct asto be 
undetected even though serious losses in visibil­
ity oc.cur (e.g., pencil written sales receipts). 

Veiling reflections should be avoided and can 
be 'controlled by the lighting system design (see 
Section 2) or the location of merchandise. 

Enhancing Renections. Points of brightness 
from light source images reflected in shiny sur­
faces appear as highlights or streaks of brightness 
and are often used as elements of sparkle to 
enhance the appearance of merchandise. The 
designer may deliberately locate a luminaire to 
produce reflections from a surfac·e; e.g., a light 
source reflected in a sil ver tureen emphasizes the 
form. of the object a5 well as its patina. 

Glare 

. When overly bright light sources, window or 
hghted surfaces are within the visual field of the 
shopper or clerk and can be seen directly or by 
reflectJOn, they may produce glare that will at· 
tract attention away from the merchandise dis­
played. When they are near the Jine of sight of 
the merchandise or sales tasks, they may reduce 
the ability to see. 

Direct Glare. Where large area luminaires 
(morethan 0.37 square meters (4 square feet)) 
are utlhzed and visual comfort is a requirement 
th \'CP ' . e .· concept of glare evaluation applies. See 
~(.'llon 2. For smallluminaires, t.he average lu­
~lnance of the total luminous area should not 

DESIGN CRITERIA 8-5 

Fig. 8-4. Direct glare trom 01Íshielded or improperly di· 
rected luminaires and reflected gtare trom specutar surtaces 
can d1stracl trom lhe merchandise. emphasizing the ceiling 
plane and crealing visual contusion. 

exceed 1710 candelas per square.meter (500 foot­
lamberts). Luminaires or luminous elements near 
the line of sight should not be so bright as to 
distract from or compete with the merchandise 
(see Fig. 8-4) or impede circulation flow. 

Renected Glare. Glare from reflections of 
light sources or large areas can be reduced by the 
use of high-reflectance matte surfaces and by 
carry1ng out the procedures for reducing veiling 
reflectwns on the task. Large-area, low-lumi­
nance luminaires are used when shiny surfaces 
cannot be avoided. Glare shields or louvers 
should be attached to luminaires that may be 
reflected in glass lenses of viewing machines and 
in computer equipment at registers to reduce 
offending reflections. 

llluminances 

Fig. 8-5 Jists curren! recommended illumi­
nances for merchandising areas. lt is anticipated 
that the values in this table will be modified 
periodically as further study indicates need for a 
change. 

These values do not refer to average levels 
throughout the store, since in many types of 
stores it is desirable and practica! to provide 
nonuniform lighting between aisles and mer­
chandise Jocations, as well as for accent Jighting, 
creation of contrast, etc. 

To assure these levels at any time, the proba­
ble standard of maintenance should be reflected 
in the lighting calculations. 
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Flg. 8-5. Currently Recommended llluminancc$ tor Merchandisin~¡ Aren~ 

Area& 01 Tasks 

---------------------

Ty~ ol ACIIVIIY 
Area' 

lllummanc••' • 

Foot­
candles 

Circulation Ares not used tor d1splay or appraisal of merchap­
dise or for sales transactions 

High activity 300 30 
Medium activity 200 20 
low activity 100 1 O 

----------- --------------- --- ----· --------- ---------'---
Merchandiset (including show- That plane area. horizontal to vertical, where mer- High activity 1000 100 

cases & wall disptays) chandise is displayed and readily accessible for Medium activity 750 75 
customer examination -·····.-..~· Low activity 300 30 

Feature displayst Single item or items requiring special highhghting High activity 5000 500 
to visually attract and set apart trom the surround Medium activity 

Low activity 
3000 300 
1000 150 

Show windows 
Oaytime lighling 

General 
Feature 

N1ghflime hghting 
Main business distncts-highly competitive 

General 
Feature 

Secondary business districts or smalltowns 
General 
Feature 

--------- ---- ---- -------------,--,-,---,-------
• One.store may oncompass atl three types w11h1n the building 

2000 200 
10000 1000 

2000 200 
10000 1000 

1000 100 
5000 500 

·--------

Htgh act•v•IY area- Where merchand•se d1splayed has readily recogmzable usa'ge. Evaluat•on and viewing 11me 1s rapid. and merchandlse IS 
shown lo attract and stimulate !he impulse buying decision. 

Med•um acllvily - Where rnerchandise is familiar 1n type or usage, but the customer may reQu•re time andror help m evaluation of Quality, 
usage or tor the decis•on lo buy 

low achv•ty - Where merchandl$8 is disP'ayed that is purchased less trequently by the customer, who m ay be unfam1har wilh the inherent 
quahty. design. value or usage. Where ass1slance and time is necessary to reach a buying decision. 

• • Ma•ntamed on the task or in the area at any time 
t l•ght.ng levels lo be measured ln !he plane of the merchandise 

The recommended levels in Fig. 8-5 are in­
tended as a guide. Current practice indicates a 
strong trend to variations in illumination for 
different kinds of stores and for various depart· 
ments within a store. These considerations, plus 
those of competition, need for distinctive effects, 
store design, etc., may make it desirable to vary 
the levels at specific locations over the values 
shown. 

Where merchandise is displayed in one loca­
tion and appraised in another (such as taking 
items out of a showcase to show a customer) it is 
desirable not to exeeed a 3-to-1 ratio in illumi· 
nances between the two locations. 

During the da y, reflections in the glass of show 
windows determine the levels needed to enable 
customers to see through them effectively. 
Higher or lower values than recommended may 

_ be desirable, depending on such considerations 
as severity of reflections, reflectance of merchan­
dise and backgrounds, and illuminances in com· 
petitive store windows. 

For illuminance recommendations relating to 
sales transactions and tasks in service or support 
areas, see Fig. 2-2. 
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Energy 

The basis for lighting energy conservation in 
the design and operation of merchandising facil· 
ities is described in lES (ASHRAE) standards 
for new and existing buildings.' These standards 
identify a process to determine the power budget 
for each total store building, which is the upper 
limit of power to be used by the lighting systems 
to be energy efficient. This process does not 
restrict the lighting system design or operation, 
since it only establishes a limit which can be 
utilized as desired. Beyond establishing a power 
budget, the standards also identify methods of 
achieving energy conservation through an energy 
management program. See Section 4 for the­
budget procedure and energy management pro­
grams. These apply to the entire building and 
exterior spaces. The following energy manage· 
ment considerations apply specifically to the 
merchandising spaces. 

In looking for ways to more efficiently utilize 
energy, the objectives of merchandise lighting as 
stated earlier should be firrnly kept in mind to 
avoid inappropriate decisions which while pro-
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during tht~ desin.-d encrgy efficit>nc_v might it:<Hi 
to ineffeftive merchandising results. On tlw olht:r 
hand ener~:.v t-vnluations may produce wa.vs to 
improve the quality of the illumination, lower 
operating eosts, as well as lower energy use. 

Lighting Rt•quirem<•nts. Mer<'handisc light-
ing 1«-vels in Fig. H-5 an• nwasurt>d in tht> plant· 

·in which l ht• nwn·handist• is displayed. A fn•­
. qut>nl <'hl'ck should ht> madt.• hP<·ause of tht' tlex­
ihiht y of spact' ust·. t·hang-ing displays anci d ispla.v 

·plant•s and if lt>vels are higher than recommended 
·a reduction is enl'ouraged. 

The type of aetivity area initiall.v sele(·ted from 
Fig. 8-5 should he reevaluated lo determine if 
the category description is still ac<·urate. In sorne 
cases rearrangement of store space may have 
re"ulted in different usage (e.g., from medium to 
low activity) and illuminance may then be ac­
cordingly reduced. 

Ratios between illuminance on displays and 
illuminance in customer appraisal location 
should be determined. If ratios exceed the rec­
ommended 3-to-1, levels should be reduced to 
fall within the recommendation. 

Light Sourccs (Lamps and Ballasts). A 
period i{· rt>v it>w of sourc·t•s bt•ing used and a fa­
miliarity with m•w typt>s is advist·d to dt~tt•rmirw 
if more t•ffkit·nt t~·pes may be suhstitutt•d. In 
t•valuating tht· l'ffinH'Y of lamps eonsidt•ration 
should bt· givt-n to not onl.v lumens per watt hut 
~lso to candlt-pnwer beca use of application situ­
ations whert- small displays requiring special em­
phasis ar~· lighted from distant luminaire loca­
tions. Color rendition of merchandise is also of 
importance in st>lt-('f ing light soun·e substitutions 
and may h~ a d,· .. iding factor in <'hanging from 
One light source fumily to another, or within one 
category. 

Luminaire Layout and Control. Each time 
displays are changed the lighting system should 
be checked for appropriate aiming angles to ob­
tain full benefit on the merchandise. Specific 
highlighting uniL' not required for the changed 
display should he removed if mounted on a track 
or other flexible installation, or shut off if par! of 
a permanent installation. 

Consideration should also he given to control­
ling the lighting system so that a low leve! of 
light ing may he provided for nighttime security 
surveillance purposcs, e.g., perimeter lighting or 
• portion of the general lighting. Frequently a 
lm,· lt-vt-1 on a wall at the rear of a store wiiJ be 
.-uffkient to provicit> a vit>w into the store and 
~'!lhoueue an~· intruder. 

L/GHT/NG SYSTEMS 8-7 

Arca Surfaccb. Li¡:hter finishes should b<• 
used for great.er utilization of retlt•cted light, but 
txl'essive luminance ratios should be avoided, 
keeping in mind the suitability of background 
surfaces for the merchandise. 

Maintt•nancc Program. Coordination be~ 
tween maintenant·t' and display personnel is im­
portant so t hat equipment is maintained 
(lam¡wd, deaned, positioned) to produce efficient 
displa~· Jighting solutions. 

Operating Procedures. Accent and display 
lighting is for customers-to attract and aid in 
appraisal of the items presented. It should there­
fore be turned off during hours of non-use by 
customers, including cleaning periods. 

Entrances and 'windows require a higher illu­
minance in daytime because of daylight compe­
tition than at night when surrounded by a lower 
ambience. It is recommended that levels in both 
areas be reduced during evening hours of opera­
tion. 

Space Utilization. Consideration should be 
given to the use of the space so that the most 
energy efficient lighting solutions may be 
achieved. For example, spill light from feature 
rlisplays may h~· suffi<·ient for dt-lineating circu­
lation an•as without tht> ne{'es.."ity of providing 
sepanUt• aisle lighting systems. 

LIGHTING SYSTEMS CONSIDERATION 

Both daylight and electric lighting systems 
are used in merchandising areas, but each has its 
own specifi<' characteristics and considerations. 

Daylighting 

In open-front stores, or where there may be 
windows, or skylights, it is necessary to avoid 
large differences in luminance between da.v­
lighted areas and interior areas illuminated to 
recommended levels. This may be accomplished 
hy <'Ontrolling thc daylight, rather than by in­
crea:-;ing the level of elertrir illumination. 

The amount and distribution of daylight re­
ceived in store interiors depends on the orienta­
tion and total area of windows, their light trans­
mission properties, and the relationship of the 
window height to the room width. See Section 7 
of the 1981 Reference Volume. 

Comfortable seeing conditions in merchandis-
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ing areas result from careful consideration of the 
types of glass used in windows, the method and 
degree of shading the windows, and the reflec­
tance values of the area surfaces. 

Draperies, shades, baffles or louvers should b¡• 
usí"d for windows in areas where sky luminance 
or sunliJ:::ht henmws uncomfortahlt' or glaring to 
persons within. Horizontnl or vt•rtical ovt>rhangs 
outside t ht• windows cH.n t'liminate glan• from 
chrect sunlight. Sales personnel should be ori· 
t•nted so that bright windows are not within the 
normal field of view, and shadows are not cast 
on reading material. 

•., 

Electric Lighting 

Light Sources. For merchandising applica­
tions, there are three basic types of light sources 
in use today: incandescent filament, fluorescent 
and high intensity discharge. Each light source 
type has certain advantages, and the proper se­
lection will depend upon the particular require­
ments of the installation, the economics, and 
perhaps sorne personal preference of the system 
designer or owner. See Section 8 of the 1981 
Reference Volume for a discussion and data on 
light sources. 
/n~andesccnt Filament Li#htinK. The chief 

advantagt's of im~andes<·ent filament li~hting are 
iL" low initial cost, good color rendcring proper­
ties, ,ancl good optical control capabilities_ Uis· 
advantagt•s are shorter lamp life and lower lamp 
efficacy Oumens per watt) as compared to the 
other light sources. lncluded in the family of 
incandescents are the tungsten-halogen lamps, 
having a much better light output maintenance 
characteristic and longer lamp life than standard 
incandescent fllament lamps, and low voltage 
lamps having good beam control. In addition, 
both the tungsten-halogen and low voltage lamps 
can be compact in physical size and of a shape 
that results in smallluminaires. 

F/uorescenl LiKhlin¡?. Many merchandising 
areas are illuminated with fluurescent light 
sources. A tluorcs('ent lighting system provides 
higher lumens per watt, long lamp life, and good 
color rendition depending on lamp color selec­
tion. For indoor applications, louvers and pris· 
matic or diffusing covers are desirable for use 
with fluorescent luminaires to provide lamp pro­
tection as well as maximum shielding. Essentially 
a tubular light source, fluorescent lighting may 
be controUed to sorne extent; howevcr. it is dif­
ficult to control the distribution of light emitted 
lengthwise from the lamp. 

·.-
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Hi¡:h /ntcnsity Dischar#e Lil!hlinl!. The fam­
lly of high inr..:nsit~· dischargt· lamps im:ludt•=-­
mn('ur~·. mewl halide and high pn.•ssur~ sorlium. 
Although t•ach of these lamp types has it.' own 
specific characteristics, they haVP the following 
characteristies in common: long lamp life and 
high luminous cfticacy when compared with in· 
('anrles<'Pnl lamps: tompact souree size, which 
allows for ¡..:ood optical control; anci a time delay 
arí(f~low huild-up of light outpul when the light· 
ing system is first energized or when there is a 
power interruption. Because of this delay char· 
acteristic, it is essential to include incandescent 
or fluorescent lighting. 

In areas where color rendition is important, 
improved-color phosphor-coated mercury lamps 
are recommended rather than clear mercury 
lamps. lt should be noted, however, that phos­
phor-coated lamps provide medium to wide 
beam spreads. In comparison to mercury lamps, 
the metal halide lamp provides higher luminous 
efficacy, but has a shorter life. These lamps also 
hav~ goud color rendition. 

·The high pressure sodium lamp has a higher 
luminous efficacy than tbe m<'tal halide lamps 
and an excellent light output maintenance char· 
acteristic. Color acceptabihty is fair, but all colors 
are recognizable with these lamps. High pressure 
sodium lamps are used primarily for outdoor 
lighting. 

Luminaires. No one lig:ht ing system can be 
rt~<:omml·nded exclusively. Each system has quaJ­
ities that may match the requirements for a given 
situation. The first consideration, however, 
should allow the customer to see efficiently and 
without distraction to produce sales; the second 
should be the appearance of the instaUation 
within the architectural and decorative design of 
the store. 

Among the factors that affect the selection of 
a luminaire are: 
l. The type of hght source to be used. 
2. Th~ illumination performance that it will pro­
vide such as light distribution. 
3. The proper luminance ratios for appearance 
and efficiency. 
4. The structural factors and materials used_ 
5. The effectiveness of heat dissipation. 
6. The modular size. 
7. The appearance. 
B. The quality of product. 
9. The economics. 

Two luminaires may have the same general 
appearance, but differ in performance. Compar­
isons using distribution curves and data from 
photometric tests obtained by qualified testing 
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laboratoric.s art tht' effective wa:-.· ¡o cietermm~: if 
· the luminaires will provide equivalen! lighting 

resuiL';. 

· Acoustical and Thermal Factors 

Toda_v·s .ston· frequentl_v requires intt>gration 
of lighting with acoust ical anrl thermal aspects. 

;_ Acoust ical lrt•at n1.ent of reiling surfan:•s can be 
incorporated in thc majority of stores. The re­
flectann• of tht• aroustical material is important 
to the lighting st'hemt•. 

· Ht>at from liglll :--ourct•s und luminaires cun 
.. havt• a f.!rt•ut t•fft·t·t on tht• air conrlitioning und 
ht·ating s~·stt•ms in nwrchnnrlisin~ a·reas. A ir han­
dling luminairt>s-suppl_v. return, hent n•moval­
may bt• efft•ctivt·ly used in merchandising areas 
as part of the comfort control system and may 

· also improve the efficiency of the lighting system. 
See Section 2. 

· Economics 

·The total cost of a lighting system is the sum 
of. owning and operating charges. While initial 
investment may m sorne cases be a dominant 
factor in. selecting .specific luminaires or lamp 

·.'types, therí' art· capital expenses (amortization. 
inten~st. taxt•s, and insurancí') that also should 
he nmsidered. St•t• St>ct.ion 3. 

Maintenance 

Alllighting s_vstems depreciate in light uutput 
with the passage of time. See Section 4. Lighting 

'equipment and room surfaces should be well 
· maintained if reasonable efficiency and appear· 
ance are to he ohtained, and consideration should 
be given to the accessibility of luminaires for 
cleaning and relamping in high mounting areas. 

Fading, Bleaching and Spoilage 

\\rhl•n the merchandiser displays a product, 
thL· <.·olor stahilit v of merehandise should be con­
~idt'rt>d. Not al!· produeL~ have the same color 
:-tahilit_v and prúduets fade or changt• du•mical 
t"u~n¡1ositi<Hl ht>l':tUSt' of varying environmental 
rt·a-.,Hb. 

Farling nf nwrchandise mav he t.'auserl hv t'X· 

posurt• t~1 h1gh illuminan<.'es f~r t•xtendt•d pe~iods 
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of ~imt'. Otiwr iactors that rould rontrihutt> to 
farlin~ an• duration of environmental expmmn·. 
spectral distrihution of radiation, moisture, tern­
peraturt', chemical composition of merchandise, 
saturation of dye in merchandise, and composi· 
tion uf weave of fabrics. See Section 19. 

LIGHTING INTERIOR SPACES 

Merchandising Spaces 

Mt·rchandising span•s can tw C'ondueive to in­
itiat inJ! ami t"omplt't ing sales transactions. Ea eh 
of lhe following factor:--; should be considered in 
the design amllighting li>r merchandising spaces: 

l. Type ancl characteristics of merchandise. 
2. Location of merchandising area within the 

store. 
3. Ambient illuminance in adjacent areas. 
4. Size and shape of space. 
5. Surface reflectances," colors and textures. 
6. Flexibility requirements. 
1. Size and location of graphics. 
8. Method of display-racks, gondolas, coun-

ters, etc. 
9. Method and location of sales transactions. 

10. IAH'ation of nterl'hanrlise displays, including 
ft·aturt· rlisplays. 
11. Traftit- pattt~rn:->. 

Lighting Methods for Merchandising 
S paces 

Once the type of store; class of merchandise to 
be handled, and clientele desired are determined, 
the lighting should be designed in keeping with 
their character. The lighting design should con­
sider all surfaces in the customers' fields of view. 
Merchandise should domínate the scene. 

There are three basic approaches lo the light­
ing of merchandise areas in stores-the general 
pattern system, the specific system and the flex· 
ible system. Each system should have supple­
mental lighting to attra<·t attention to featurt>d 
displa:-.•s, to influence traffic cin:ulation and lo 
.. ·reate added interest. 

General Pattern System. The general pat· 
tt-'rn s~·stem ~·mploys a pattern of luminaires tu 
pro\'irlt· gl'nt'ral lighting with or without displa~· 
lighting t hroughout the sales are a without regard 
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to the location of the merchandise (see Fig. 8-6). 
The system should include switching or dimming 
controls for flexibility of spare use and for effi­
cient energy utilization. Ifneither display lighting 
nor ~wltrhing or dimming controls are used, there 
will·be a lar k of an•a emphasis on focal points. 

Sp<•cific Systcm. The sperifir system em­
ploys n layout of luminuin•s determined hy the 
location of thc merrhandist• displays (storc fix­
tures, showcases, gondolas, etc). lt is tailored to 
emphasize the merchandise and delineate sales 
areas (see Fig. 8-7). 

Flexible System. The flexible system em­
ploys a pattem of electric outlets of continuous 
or individual type for nonpermanent installation 
of luminaires. These may be wired for multiple 
rircuit application and/or control. 

This system may be used for general pattern 
lighting or for specific lighting and offers the 

Fig. 8-7. Specelic hghling systems relate lo lhe merchan· 
dtse despldys Tht~Y may be conceated as shown here to 
avo•d competing wtlh lht• merchandise. Flexibility may be an 
adOt!IOil:tl destrable tcature ol the system. 

11 :·-ln.t:TlN(i t• .. Ntlt<,l{\1\ 
Hin! A1'1'11( .... 1Jl)l'ló \11 tl ttt.ll 

Fig. 8-6. Fluoresnmt and incandes­
Ct-!nl lumu1aires used 1n a general pat­
tern system. 

added advantage of interchangeability of lumi­
naire types to create lighting tailored to the 
merchandise display. 

Feature and Supplementary Lighting 

Lighting on vertical displav~ and wall cases, 
beCaust' of thc favorahlt:' vicwing angle, is impor­
tant because these are prime profit centers. The 
proper balance of general or specific and feature 
and supplementary lighting is dependent on the 
type of merchandise, methods of presentation 
and type of store. Cena in portions of the mer­
chandising area should be given special consid­
eration as to the most effective supplementary 
lighting methods to attain the lighting results 
desired. Each must receive individual consider­
ation in lighting design, selection of lighting 
equipment and illuminances. Specific considera­
tion should be given to placement and aiming 
the light sources at angles to prevent direct and 
reflected glare from reaching the eyes of cus­
tomer and sales personnel. The following is a 
discussion of thnse merchandising areas that will 
generally require supplementary lighting. 

Counter Lighting. Counter lighting is a form 
of accent lighting in which merchandise on the 
tops of counters, or point of sale at counter tops, 
receives three to five times the circulation area 
illuminance. This is usually accomplished with 
high intensity directional downlight equipment. 

Lighting at Mirror. Lighting at the mirror is 
important because shoppers finally appraise 
hats, dresses, shoes, cosmetics and hairdos in 
terms of color, fit and how well the personality is 
complemented. When a buyer appraises wearing 
apparel, the face is generally observed first. The 
following factors should be considered when 
lighting mirrors: 

10 
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J. The face shoulcl be softl~· lighted with light 
sources that flatH·r skin tones, and from a clirec­
tion that minimiZ<'' harsh lines. Overhead light· 
ing directed toward hair can add sheen and color. 
2. The sales ítem should be adequately lighted 
over iL~ entirety. 
3. The lighting should be of a qualit_v consisten! 
with the illumination under which the men·han­
dis.e will be worn-i.e., outdoors for beaeh and 
sportswear, indoors for evening wear. 

Light sources can be used to direct light imo 
the·mirror and then back onto the suhje<·t if the 
source brightnes.<.; eannot he seen by the cus­
tomer. It is possihle with fixed viewpoint to con· 
trol the lighting, especially in fitting· rooms or 
special seUing akoves. Side lighting can he used 
and eonfined diw<·tly to the garment, especially 
in department..<.; where there are coats and furs. 
In the case of triplica te mirrors, such lighting can 
he reflected from the wing mirrors. ControUed 
downlighting can also be used effectively in con· 
fined selling spaces such as fitting rooms. The 
reflectance, color and illumination of the back­
ground are importan!. See Fitting Rooms, page 
8·12. 

Showcase Lighting. Another element for 
emphasis in merchandise lighting is to caU atten· 
t ion to merchandise displayed in showcases. Gen· 
erally, showcase lighting is three times the illu· 
minanee required for circulation area lighting. 
Fluoreseent lamps may be employed for a con· 
t imHJ.US line of light, aild to minimize the heat 
cn·ntt>d in t·lwlost~d spa<:es. The major objertive 
of sh(>wrast> li~ht inJ.: is to att.ain maximum liJ:ht 
on mt-rt:handise without ohstruction from JiJ:ht­
in~ equipment; therefore, small-cliameter lamps 
an· generally prt>ft•rred. Despite tlw gent•ral use 
of fluorcscent lamps, incandescent filament 
"showcase" lam·ps are frequently used for more 
an·éptable c_olor rendition. They show merchan· 
clise as it will be worn or seen in warm light and 
mu~: create sparkle for the display of jewelry, 
~lassware and other similar merchandise. For a 
<·urwd or irregular case, cold·cathode tubing can 
lw, hent to conform to the shape of the case. See 
Fi.~. 8·8. . 

Modeling Lighting. The form and texture of 
m,<·n·handise may be more apparent through the 
u,... of direetionallighting supplementing the gen· 
eral cliffuS<• lighting needed for the over·all effect. 
However, li~ht should not be directed too 
ubilqu.ely, since ohjectionable shadows ma_v be 

Wall e·'!-"" Lighting. WaU case lightin~ can 
lo.- <·on.,idered in three rategories: ()) th<· frct•· 

INTERIOR SPACES 8-11 

stéinrling Vt'rtit:al displa~· mountt-d against a wall; 
(2) the eneased, open-front, wall·mounted dis­
play; ami (3) the glass-door, wall·mounted dis· 
play case. · 

Aceent lighting of the freestanding vertical 
display offers the greatest freedom in expression 
to the lighting designer. lt ma_v be accomplished 
by flush, surface·mounted or suspended adjust­
ahle luminaires, strategically located to produce 
hi~hlighL' and shadows to create a three·dimen· 
sional display. Colored lamps in lieu of clear 
lamps may further dramatize or cal! attention to 
the displaycd merchandise. 

The open-front., walkas<· display foUows the 
lighting melhods of the freestanding vertical dis· 
plays. The system should be planned to project 
light within the eneased area. In this type of 
display, added flexibility of design can be accom­
plished by using adjustable units installed at 
strategic points at angles that avoid veiling re· 
flections around the outer edge of the case or 
within the encased area. 

Display cases with glass doors present a differ· 
ent problem-namely, the merchandise dis­
played behind the glass panel is obscured by 
surface reflections from the glass. Since this be· 
comes virtuaUy a show window problem, the best 
way to overcome annoying reflections is to in­
crease the lighting leve! within the case. Spot· 
lighling can accomplish this; however, extended 
periods could cause fading. 

Rack Lighting (Clothing). Rack lighting 
should he designed to at tract customers and for 
easy evaluation of the merchandise. Racks lo· 
cated in large, cased wall areas may have con· 
ccaled baffled light sources above racks. Where 
lirwar light sources are used, the color should 

'-~·... :. ·, _··~, -~~ •. -· ;: 

Ftg. 8-8. Fluorescenl sources beneath dittusing material 
produce a transilluminated display for a cosmetic counter 
showcase Perfume bollles appear to glow and tloat 
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8-12 LIGHTING MERCHANDISING AREAS 

Flg. 8-9. A unilorm wush of lighl over thc lcngth ol thc 
hangin!J uarments lac•l•lnles cu:-;lumm cvoluat•on ot thc 11t!m 
anll eases lht! task ot rcadino pc;tmcnt data on tags. rlu· 
orcscent sources are housed here in lhc top of the wall case. 

render color in the same way as the ambient 
lighting in the fitting rooms. The lighting system 
chosen should be one that fully illuminates the 
articles of clothing from the standpoint of color 
and texture. A lighting leve! should be provided 
that will permit quick and discerning custom.er 
selection (see Fig. 8-9). 

In the open rack areas, flush or surface­
mounted adjustable ceiling downlights should be 
directed obliquely onto the displayed merchan­
dise. The lighting leve! on the clothing should be 
greater than that ofthe general or ambient light­
ing of the aisles between racks. In the aiming of 
t he rlownlights, caution must he exercised to 
avoid din•cting the light beam· into tht• eyes of 
rustouwrs viewing cluthing on thl' oppositt- side 
of tht• rnck or at adjacent racks. The use of 

1[~; UGttTIN(, HI\NOI\0(11'. 
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louv~:rs. haffles or )enses helps to allt>viatt.• this 
situation. 

Perimeter Lighting. Perimeter lighting is an 
asset to a store environment, contributing to a 
sPnst• of pleasantness and adding to the visibility 
ami vi"ual impact of displays at the walls (see 
Fig. R-.10). 

Other Store Spaces 

In addition to the Jighting {'(msideration for 
nwrch:mdising art•as, al kntion !-'hould bt' given 
1 o 1 host• for ot ht·r spm·t·s utilizNI hy customers 
and/or store personnel. The following i.s a list of 
t.hose spaees: 
l. Fitting Rooms. The selling potency of fitting 
rooms is of tremendous importance. This is 
where the final, critica] decision to buy is made. 
Every effort should be made to hold and moti­
vate the customer to complete the sale. The 
lighting systems in these small spaces should 
create a feeling of relaxed security and pleasant 
anticipation. 

Background finishes should be matte, simple 
and light in color to avoid color distortion or 
distract from merchandise. 

Light sources should be compatible in color 
rendering with those in the selling space to insure 
that initial customer attraction to the merchan­
dise is continued when a close personal evalua-' 
t.ion is marle. 

CarPful ehoice and placement of overhead lu­
minaires will add to th•• vibrancy of color, en-

r 1g. 8-10. A storc, st•en trom lhf' outSide, ulih.ling perimcler lighls to produce vertical surtace lum•nances tor attraction and 
In ovt~•nHnt' potenflal veihng rcllcciiCmS in the wmdows. 
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Fig. 8-11. Exterior hghting of a large dcpartment store lo 
attract and lead lhe customer to the entrance. 

hanCement of t.exture, !">heen or glitter uf ha ir ancl 
· materials, and crea te modeling effe<·t,. Lighting 
al the mirror should be used to compliment and 
softeri facial· shadows. Vertical illumination 
should extend far enough down to enable cus­
tomer to easily evaluate full-length garments. 
See page 10-5. 
2. · Altération Rooms. Sewing and Pressing 
tasks are in volved. 
3. Stock Rooms. Methods of storage shelves, 
bins, racks, etc. 
4. Wrapping and Packaging. Sample dis­
plays, wrapping and hoxing are involverl. 
~- Toil<>ts, Washrooms, and Locker Rooms. 
'Li~hting at mirror, sanit.ary maintPnann·,loungt­
farilities, ancl locker lighting are important. 
fi. Offices. St·t· Sect ion 5. 
7. Food St•rviet~ Facilities. Sct· St~ction 7. 
K Escuhttors, Elevutors, Hnd Stairways. 
Safety, traffi(' patt.crn and use, graphics, anrl 
emergency·provisions are important. 

EXTERIOR SPACES 

The role of outdoor lighting at stores and 
Shopping centers is numerous and varied; it 
should attract customers to the eentcr and then 
lo ~pecifk ~tores (see Fi~. t\-11)~ idt>ntify kt'_v 
art·as ~u<'h as t•ntran(·es, exit~. parking and th~ 
vurious stort>~: fa<'ilitat~ safe passagt> of motorist~ 
unil pt'dt-strians on th<• ground.s; <·ontrihute to 
di t't'l Í\'t' st•curit ~· and surveiliam:t· of ¡wople and 
prupt·n.\·. and \'Ísually unify tlw shopping an•a, 

------------
EXTEFl/ORS ANO S/10W WINDOWS 8-13 

providin¡..: a positivt• contrihution to tht· visual 
t·nvinllliJJt>nt. St·t· St•ct itm 1 :!. 

WIH'n t ht· pott•nt ial <·ust ouwr arrives in t.ht· 
vit·inity of ttw shopping n·nter (or frtest¡mding 
store) thert' is a pattern of progression to arrive 
at the point of purchase. Lighting plays a major 
role in leading the shopper from one zone to 
another and eases the identification process 

., •• through each step-from locating the shopping 
center site, entran('e to center, parking area and 
store (all vehicular circulation) to locating the 
stort' entrance, departments and finally the mer­
chandise (all pedestrian circulation). 

SHOW WINDOWS 

The show window can be a powerful attraction, 
providing the link between the potential cur.­
tomer passing by and the merchandise within 
the store. Ea eh of the following factors should be 
considered in the design of show-window light­
ing: 
l. Type and characteristics of merchandise. 
2. Location of show window-outdoor or en­
closed mal! area, urban or suburban, solo or 
shopping center. · 
3. Night and/or da:v use and associated ambient 
illuminan<·es (see Fig. 8-5), including the nature 
of the compet.ition. 
4. Open hack or endoserl. 
f>. Sízt• and shape. 
fi. Contour and slant of show-window glazing­
brightn<•s.-.; from da.vtirne ami nighttime retlec­
tions. 
7. Interior surface reflectances and colors. 
8. Flexibility requirement,. 
9. Size and location of display graphics. 

See Section 9 of the 1981 Reference Volume 
for calculation techniques. 
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ILUMINACION 0[ APARADO~E5. 

En los alaacenes unos artfculos son de aayor ·importancia que o 
tros, pueden tener aayor aargen de ganancia, pueden ser artfculos 
de te.porada 6 de exia!=enci~ regular. 

En culquiera de los casos los artfculos deben de presentarse -
de foraa que iapaCten a la apreciación visual del comprador. El ob 
jetivo de la ilu.inaci6n de es hacer que el comprador vea las mer-: 
cencias claves. 

Una iluainaci6n de aparador buena proporciona variacionL" er• -

configuraciones brillantez.que dan el enfasis visual necesario r~· · 
atraer la atenci6n hacia los artfculos de atracción particular. Ta2 
bi6§n 1 a i luainaci 6n adicional incr-ente 1 a vi sib i 1 i dad prc.duc i endo 
una aprecieci6n r6pida y exacta por aedio de alta brillantez y di'­
tribuci6n de luz favorable. En suma una ilu~inaci6n de aparador-­
buena enfatiza aquellas caracterfaticas de la aercancia que son es­
pecialmente atrayentes- pulido, atractivo, textura~ foraa, trensl~ 
cidez, etc. Finalaente la iluainaci6n de aparadores añade interes 
a lo que de otra forwa podrfa apar-.cer c011o una ata6sfera sin ati·a~ 
tivo. 

Para lograr un grado signifjcetivo de impacto visual, el apar~ 
dor i 1 ua i nado deber6 tener una br i 11 antez de por 1 o aenos e 1 do!:> 1 e 
de los espacios que lo rodean. Conforae aumente el significado o -
iasportancia del aparador, la diferencia en brillantez, también deb~ 
rá auaentarse, 4os aparadores clave deber~n ser de 5 a lO veces más 
brillantez que los espacios que los-rodean. Ejemplo: Una tienda 
con un nivel de iluainaci6n para la aercancia en geñeral de 100 fe, 
deberá utilizar niveles de·i~ueinaci~n de 200 a 1000 fe para los a­
paradores. 

Para añadir iluainaci6n a las superficies verticales o a los­
artfculos que aon de atractivo especial, los almacenes de frente a­
bierto, el factor que detel'l9ina la i 1UIIIinaci6n de aparadores, no es 
la i luainaci6n ele los espacios adyacentes, sino las reflecciones -­
producidas en la protecci6n de_vfdr[o. En este caso, los espacios 
a6s iaport;antes del aparador deberán estar dentro del rango de 500 
e 20ÓO fe., porque ellos están en el aparador. 

El arreglo que ae dé a la i luainaci6n de aparadores se rige 
por_ le naturaleza de la -rcancia y. la foNIIa en que se quiere pre-­
aentar. El arreglo e4s C>Oil!ICin de. i l.-inaci6n de aparadores es e 1 de 
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de luz puntual, cuyo.haz de luz direccional varra las cualidades de 
configuraci6n,: brillantez y acentúa la forma que no se logra con la 
iluminaci6n general •. Las lámparas fluorescentes también son útiles, 
en cornizas y docelea 1 ocultas en las repisas iluminadas y en los 
gabinetes iluminados, e instaladas en cabidades ocultas por table-­
ros traslúcidos para producfr un ambie~te o medio de luz a las mer­
cancías de alta reflectancias. 

ILUMINACION PUNTUAL. 

Las tablas de la página muestran las relaciones adecua--
das de potencia y espaciamiento para varios tipos de iluminación in 
cand~scente acentuada. No obstante que estos datos son útiles, en­
la mecánica del diseño de iluminación y en la elección de fuentes­
de luz, no contemplan algunas consideraciones importantes en la ilu 
•inaci6n puntual de aparadores. 

La elección de lámparas y equipo de iluminación está basada-­
parcialmente en las necesidades de iluminación, asr como en la nat.!! 
raleza del aparador y su ubicación en el almacén. Cuando un lugar 
fijo se·establece para aparadores de decoración tal como el extremo 
de· una g6ndo 1 a, un manequ r de pedesta 1 o un. 1 ugar de barra de fondo 
es deseable planear la iluminación en terminas de su atracción para 
un efecto visual mejor o en general, si las superficies principales 
de los aparadores son verticales, las luces puntuales deberán loca­
lizarce de tal forma que los ejes de los haces incidan en los pun-­
tos importantes del aparador un ángulo con respecto a la vertical -
de 2S0 

a 30°. Esto asegura que son efectivas visualmente en la ve~ 
tical con contornos naturales de sombras. También, este angulo de 
di·r.;cci6n evita la posibi 1 idad de un deslumbramiento que moleste a 
1 as person.as que se aproximen hacia aparador o transiten en áreas -
cercanas a el. Las luces puntuales instaladas en la parte baja pa­
ra di"rigi"rlas hacia arriba deben de ser evitadas cuando sea posible, 
ya que produce efectos de desconfort visual • 

• 
No obstante que las luces puntuales dirigidas verticalmente --

son inadecuadas para la iluminación de superficies importantes en~ 
paradores verticales, son de bastante utilidad para la iluminación 
de aparadores de importancia cubiertas de tapetes, y otros exhibid~ 
res cuyas superficies superiores pueden ser vistas por las per5onas. 
En los equipos de iluminación h"acia abajo, es importante partícula~ 
•ente vigilar las reflexiones en los momentos que puedan ser moles­
tos ·a las· perso;,as o producfr velas en los objetos que se muestran. 
Por ·esta raz6n, la iluminación de vitrinas con luces verticales, u­
sua ¡"ÍIIIente ·se 1 oca 1 izan dentro de· 1 a· • i tad de 1 área de 1 a vitrina --
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que quede hacia el comprador. Algunas veces estos eqL:ipo5 r-on por­
taiAmparas ligeraaente íncl:naóvs se utilizan para a)~dar a posici~ 
nar las 16.paras fuera de las zonas de reflexión y tengan el centro 
del haz hacia el centro de la cubierta de la vitrina. 

Las herra.ientaa a6a caeunea para la ilu.inaci6n pu~tual inte­
rior aon las 1'--P•raa PAR y R. Sus ventajas principales so . .., : 

1.- Amplia variedad de equipo p·a·ra alojarlos y de costo accesl 
ble o ec6nomico. 

2.- AMplia variedad de t .. años y potencias para satisfac-er lss 
necesidades de la •ayorra de los aparadores, tanto en can­
tidede• de luz ca.o en 6reas por ilu~inar. 

3.- Reflectoras que no necesitan ajuste o li~ieza. 

4.- Vida 4ti 1 ·larga. 

Se re~ienda utilizar hasta donde sea posible equipo fijo pa­
ra la iluainaci6n de aparadores, para asegurar que el equipo perma­
necer6 enfocado adec:uad-nte sobra e 1 aparador sin que de 1 ugar a 
•puntos calientes•, 6reas obscuras o deslumbramientos para los---­
clientes que algunas veces encuentran equipo •al dirigido. 

En cas~s donde los aparadores puedan variar 1 igeramente en ta­
•año o for8a, y especial•ente en casos donde la ubicación general -
de los aparadores pueda cambiar frecuentemente, se necesita una fl~ 
xibilidad aayor. Las luces puntuales ajustables, ya sean empotra-­
das o sobrepuestas, pueden dirigir sus haces hacia las partes impor 
tantes del aparAdor. Este punto o detalle seguido se descuida re-~ 
sultando que las luces no pueden ser dirigidas hacia las nuevps ubl 
caciones de los aparadores, perdiéndose •ucho del atractivo visual, 
que pueda lograrse del aparador.' Para estos casos, algunos de los 
sistemas de rieles electrificados deben ser considerados. Ellos-­
permiten fijar las luces puntuales en cualquier punto deseado, con 
una planeaci6n cuidadosa pueden adicionar flexibilidad y utilidad a 
los sistelllas de i 1UIIinaci6n de aparadoras. 

Esta tabla.auestra las relaciónea espaciaaiento y la ilumina-­
ción resultante para aparadores con i1UIIinaci6n puntual vertical. -
Los datos - basan en orientaciones de cada láapara con su eje del 
haz incidiendo en el objetivo 5 pies arriba del piso, con un ángulo 
de J0°. Los valorea de iluainaci6n son los obtenidos en un área p~ 
queña en el centro de haz de luz sobra una superficie perpendicular 
al eje del haz. 

1/, . 
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Las L6.paras PAR y~ espaciadas uni~or.eaente ee utilizan para 
la i l ... ineci6n de cubiertas o aost.radores, la tabla 2 indica el es­
peci-iento entre centro de í.6aparas para obtener SO, lOO 6 200 --­
pies -.candelas en puntos direct-nte abajo de le hilera de l6111pa-
res. .. 

, 
CALOQ GENERADO POR LAS LUCES PUNTUALES. 

La i luminaci6n incandeacente"'üti f izada para resaltar objetos,­
algunas veces esta 1 iaitada por el calor producido por la radiaci6n 
infrarroja de dichas 1'-Peras. Algunas veces, el calor por si •is­
ao tiene efectos perjudiciales en la aercancia, caao en el caso de 
carnes frescas ·y ciertos tintes de tintes de fibr- textiles. Otras 
veces, el efecto del calor en los aparadores, vitrin-, etc. Causa 
desconfort en las personas tanto co.pradorea caao vendedores. Para 
di-inuir el calor -ncionedo enterio.-nte en ..,chos casos no es 
pr6ctico utilizar enfri-iento artificial y deber4 di .. inuirse la­
i IUI8 i nec i 6n de 1 os aparadores. 

La introducci6n de lá.paras PAR de hez frro, ha hecho posible 
la uti 1 izaci6n de ..dios nuevos para el control de le energfa calo­
r i f i ca r.t i ante de 1 as 14apares i nceftdeacentea. 

En estas l'-paraa, la superficie reflectora no ea de aluminio 
unic-ente, que refleja energfa infrarroja y energfa hiainica, sino 
que e 1 ref 1 ector est6 C<M~pueato de 20 cepas de dos aater i a 1 es tran.! 
parentes, alternados que producen una superficie reflectora con un 
alto grado de reflectancia a las longitudes de energfa visible y al 
to grado de trasmitancia de energfa infrarroja. 

El resultado es que la aayor parte de la energfa infrarroja -­
que normalaente se •overfa dentro del haz de luz, ae tras.ite hacia 
el interior del gabinete o hacia el aire que rodea a la láapara y -
el efecto total del calor radiante dentro del haz de luz, se reduce 
a 1/3 y asr pueden aumertarse los niveles de iluainaciéSn puntual p~ 
ra una cantidad de calor dada que se tendrfa con 16aparas PAR nor111~ 

les, o diSIBinuir los efectos de calor para un aisao nivel de ilumi­
naci6n. 

ILUMINACION DE APARADORES CON FUENTES FLUORESCENTES. 

Tiras luainosas colgantes y arreglos sa.ejantes tal como cornl 
sas, son aedios eficientes en la iluainaciéSn de aparadores utiliza~ 
do lámpar~s fluorescentes, cuando exista un 6rea definida por iluml 
nar aás que artrculos u objetos individuales. 

· •.. : 
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Les tires lu-inosas aon utilizadas ~:~l'ls frecuentemente a io lar· 

go de paredes pare i lu•iner repísas y anaqueles decorados, pero tan• 
bi~n son eficientes en áreas centrales del almacen para iluminar-­
gondoles o •uestrarios si~ilares con artrculos de lujo o alto mar-­
gen de ~ti 1 idad. 

Brillanteces más altas en las mercancías claves, es el o~jeti­
vo de la iluminación con tiras continuas luminosas en los almace--­
nes. También se ut i 1 iza para compens·a;•· 1 as reduce iones o carene i a 
que resultan en ciertas áreas unicemente con la iluminación gene--­
re 1 • 

Le fuerza de atracción de las tiras luminosas usualr..,;,n~.:. ~e ' 

cho 111enos driBDática que la obtenida con iluminación puntual, y 1 le· 
ma la atención desde di:;tancia en el área total Huminada. Puntos 
de alta intensidad y las sombras son disminuidos •ás que con la il~ 

mineción puntual, ya que le di•ensi6n de la fuente de luz es rdí& -· 
grande y su brillantez es •ás baja. 

Alfunas guias de disefto para tiras luminosas se ilustran en -­
los siguientes bosquejos y tablas. El montaje de las lámparas su-­
ficientemente separadas de la surerficie vertical para producir une 
distribución de iluminación razonable es de importancia principal, 
si la tira luminosa está deaasiado cerrada a la superficie por ilu­
minar, la apariencia es de una alta brillantez en la parte supe---· 
rior, perdiendo uniformidad en el total del área iluminada, además 
de que aumenta ·la probabilidad de desvanecer los colores de las mer 
cancias, 
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PIE CANOELASNAXTENIDOS E• LAS SUPERfiCIES VERTICALES DE APARAnORES. 

La tAbla y el diit!Jrama .ues~ran la i l.,.inaci6n •antenida, las 
M;perficiee -rticales abtenidas con tiras luainosas equipadas con 
·~aras f"luorescentee blanco f'rfil de lujo 6 blanco cal ido de lujo 
40 ~atts SI in: Lim T-12. las s·--rerf.,i,.~ie.s interiores de ta 1 fne;; -
lu,...inosa aon pintadas de color blanco, ~<o considera· un factor de 
•anteni,.,iento de 75 %. los valores de iluwinaci6n diSJIIÍnuyer. en--
1 os e.lltremos de 1 as 1 I neas 1 urr. ir," s a,; . 

Distancie ab~jo de Oistancie de lfne« do centr<' d.o la l~¡::ara e 1 •• ¡ 
. ' 

la 1 fnea de ~tro superficie vert icol. 
de 161rparae. 

15.24 aa. 22. 86 Cll! • J0.48c:a. 45.72 Cll'. 

7.62 aa. 1614 Lux 1076 Lux o2o.s Lux 538 lu>< 
• 

22.86 cs. 645.6 699.4 664.6 516.5 

38.1 ar •. 236.7 344.3 398.1 39':.1 
• 

53.34 OB. 107.6 182.9 236.7 279.8 

68.58 ca. 75.3 107.6 139.9 193.7 

83.82 aa. 43-4 75.3 96.8 12'9 ,1 

99.06 ca. 32.3 43.4 64.5 96.8 
1 

114.3 c::.a. 21.5 32.3 53.8 75-3 

1 
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La i luainación de r-ep;;>;Js o extrep.años con fuentes fluorescen­
tes es de otra aaner~ para ~~t~ner brillantex variada y auaentar el 
poder de atracción de los aparadcres; la iluminación integrada a vj_ 
trinas noraales y vitrinas refrigeradas cae dentro de esta catego-­
rfa, lo aiemo que la iluminación de repisas o entrepaños individua­
lea en aparadores eapeciéles o convencionales. 

Se dispone de varios .~todos para integrar la iluminación a--
1 os entrepaños. Los ref lectot•es de .... v i tri nas comer e i a 1 es pueden su­
jetarse a los entrepaños, con los balastros localizados lejos, de­
tal forma que no interfieran la distribución de luz en el espacio -
por i 1 u• i nar. 

Los reflectores para vitrinas utilizan lámparas fluorescentes 
de diémetro pequeño, tal como las lámparas Slim-Line 42T6 y 64T6.­
Esto reduce el espesor necesario del extrepaño. 

Láaparas y canaletas convencionales también pueden sujetarse -
en algunos extrepaños. Las lámparas deberán quedar bien ocultas pa 
ra que no distraigan' la atención del comprador, apartandola de las­
•ercancias y para no dist~~inuir el confort visual. 

Puede taabién ser deseable utilizar muebles de entrepaños fa-­
bricados especial•ente con su sistema de iluminación integrado. Por 
ej~plo, las 16aparas pueden instalarse en el eje frontal de los e~ 
trepaños y los balastros sujetados a la pared. Este método reduce 
la resistencia necesaria para sujetar los entrepaños a los soportes 
de pared. 

la iluminación de entrepaño convencional tiende a crear un én­
fasis pronunciado de superficie horizontal, con repeticiones, pla-­
nos horizontales gruesos. Este énfasis puede ser cambiado a pJa-­
nos verticales •adulares, utilizando entrepaños de vidrio delgado­
con lAmparas fluorescentes sujetas a herrajes verticales existentes 
entre los compartiaentos del aparador. Para obtener una eficiencia 
aáxima con este arreglo, a las lámparas deben estar localizadas con 
una separación del frente del mostrador a un octavo de claro entre 
herrajes: asr, para aparadores con claros de 48 pulgadas, las l~a 
ras deberán estar separadas aás de 6 pulgadas de las superficies _: 
frontales de los separadores. 

En auchos alaacenes, la iluminación fluorescente puede estar­
integrada a los aparadores, las lineas luminosas iluminan a lapa~ 

te superior de las paredes y a la mercancía. Los entrepaños y vi-­
trinas i luainadas en foraa individual son detalles aás local izados. 
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Tebl-. c:oon i ÍU~Ae<n.:x:i..W. j)OI" ifi psd;e ¡pvst.erior produccm. efec­
toe i..,ectafttea con !a;a -i"'Canc:iWl transparentes y trea!uc:id&a. 

En lea .,lic:ac:ion- que ae oweatren, las tiras luainooeot util,l 
zen 1611peres Pover Groo\t'e, aontadas en canaletas, de aec.::i6n b-ena-­
-..-1 Pecaueft•c CDI!I be 1 aatroa · roeotoa. Se han hec:hc d ~ 1:i4li\ot;i:: ;§e ti­
r- 1.-i-.- c:oon c:analet- para contener les balastros, ~Wjetoe dl 
rec:t..-nte a la oatruc:tura de 1 entrepafio y con brazos sop0i"'1:e cks -­
porte 1 '-Pera e una di et.nc: i a aprop i acle' desde 1 a pared. fetos dos .! 
rregloe di-inuyen la poaibilidad de que la. canaleta con balastro 2 
bata:ul lee le dietribuc:i6n de luz: y t-bi6n son arreglos que - --­
pierden - el c:oonjunto ele la eatruc:ture de los aparacbr-015. 

Le iluctrac:i6n -..eatre un di-1\o aenci llo de tablero 1.-incao 
que ea el edec:uado para instalar- en loa aparadores exietent:ea. 
T4illlbiP eo ele_ aenor coato que t.bleroa fabricados con el si..te.e de 
iluminac:i6n integrado y retiene •uc:ho de la eficiencia visual de la 
•ayor(e ele 1- unidades ~tejas. Para las •ercanc:ias pre-ntadas 
por IÓtea, la no unif-idad de brillantez en un tablero e:- 6ate, 
- -rra diGi:reyente. Le luz puntual eata sujete .e un riel el41c:tr,l 
co que peraite relocal izar le unidad r~id-nte pera acentuar el-­
gdn art:rc:ulo en particular. 

Le i lustrec:i6n - a~eatra los •edios para introducir color en 
1- euperficiea da fondo de las aerc:ancias, •ientras que c:on-rva -
un rendiaiento de color favorable en loa aparadores. 

Una estructura de entrepaño c0111o le •ostrada se puec."'-) obtener 
h'ciendo variaciones pequel\aa al angulo noraal de entrepaKoa y el ~ 
quipo de i iue inec í6n. 

·Algunas vec:eü puede -r probl-a el calor producido o generado 
por loa ai~teaaa de ilu•inaci6n de vitrinas y entrepafios. Pera di~ 
•inuir lo anterior las balastraa pueden local izarse lejos ayudando 
e di .. inuir la carsa de refrigeraci6n en aparadores que nec:eaitan -
ersb i ente fr ro no obstante· e 1 ca 1 or de 1 ba 1 astro puede ser neceser i o 
pare calentar e 1- 11 ,...,._ en vitrinas refrigeradores. 

CM~ art:rc:uios nenaibles al c:alor son colocadoa en ent:repa-­
iloa i luainl'Áo:i:ll la woc:ai izaci6n de t-peraturas más altas en loa ex­
tr e uJ de 6- , 1 éaperaa y arriba de 1 os ba 1 astros puede -r d && i a­
do y dailan algunos productos, b9tes de aerosol en particular, no de 
ben - aoeb-ecloa en este tipo de exhibidores. 
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ILUMINACION PERIMETRAL. 

El a.biente de tiendas se relaciona con la vista de super~icies 
verticales alderedor del perF•etro de la ~i&Ma, y con superficies -­
verticales dentro de ella. El sentido de es~acial idad en la tienda 
y la apariencia de su decoración están influenciadas por la iluaina­
ción perr•etral. La planeación cui.d.a.c:losa ayuda a créar configura-­
ciones brillantes que coapleaenten al diseño y orden del departaaen­
to, dando al coeprador una i•presión favorable de la tienda. 

En tiendas de aparador, las superficies superiores del interior 
de ellas constituyen una parte importante del campo visual a través 
de loa escaparates. Las paredes de color bri rlante, i l~inadas efe_s 
tivamente para realzar au brillantez, ayudan a eliminar lea re~lexi~ 
nes en el.criatal, asf los comprobadores pueden mirar dentro de la­
tienda·durante el dFa. De hecho, las paredes interiores de la tien­
da constituyen la •espalda• del aparador. Estas deben ser euficien­
te.ente brillantes para que la gente pueda ver facilmente dentro de 
la tienda. Esto requiere para iluminación sobre paredes de altas r~ 
~lactancias de lOO a 200 pie-candela. 

Parte del efecto de la apariencia de superficies de un cuarto 
ae produce por la iluminación general y por la"exhiblci6n. Si en la 
iluminación general ~e usan lámparas fluorescentes en conjunto con­
una amplia distribución de luz, existirá mayor iluminación sobre las 
paredes, no asr, si se usaran luces incandescentes bajas de diatrib~ 
ci6n concentrada. Los exhibidores con reflectores, los nichos iluai 
nedos,. l~s anaqueles, y los paneles luminosos t'ambié'n contribuyen a­
la apariencia de las super~icies verticales de la tienda a una.dia-­
tancia, estas deben también ser consideradas como una caracterfstica 
de la iluminación perimetral. 

La il~inación uniforae de superficies perimetrales es f6cil de 
realizar con láaparas fluorescentes. Las luces superiores de lfnea 
colgante pueden ser efectivas en este aspecto. Frecuentesente, sin 
embargo, un sist .. a separadopara iluminación de paredes puede---­
p) iar 'la flexibi 1 idad de diferentes tonos o colores a las •i-aa, -­
creando un a.biente aás interesante. 

La brillantez no uniforae alderedor del perímetro de la tienda 
pu~de ser bastante interesante; añade individualidad a la apariencia 

'.-.• 
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y acentóa un rasgo de do seño ¡oac·t i cu i ar ~ ur. depart:-entn. Lea l&lra­
paras incandescentes, localixada5 cerca de las superficies que ellas 

' ilueinan, son utfles para este propósito. Este 11odelo de il..-in---
ci6n variante, se acentúa aún •ás por la 11ayor atención dada e lea -
texturas 6 forwaa~ en las superficies iluminadas. 

La luz de color para uso en exhibidores posteriore& y paredes -
pueden estar convenient~ente logradas con lámparas fluoreecen~ea 6 
incandescentes. La eayorfa de los t-años de lámparas t'luorescentes 
se encuentran disponibles en varias clases de blanco y en un n~ero 
de colorea saturados. Les léaparaa fluorescentes de color oon ~eh~ 
•6s eficientes que les incandescentes de color. 

Les l .. perea incandescentes de color incluyen diaeftoc de bulbo 
convencional en watteges que oscilen entre los lO y loa ISO, y en-­
bulbos PAR y R-Shepe pare lfneaa de luz de color. La verieded de~ 
lor adicional puede realizarse combinando luz de dos o •6a 16eperes 
de color. Algunos comerciantes han empleado siste.as •o~oriaedoa de 
atenuamifnto para lograr un c .. bio gradual, sutil en el tono peri.e­
tral de la superficie sobre un ciclo de varios minu~s. 

LUZ Y DESVANECIMIENTO. 

Algunos tipos de •ercancia se desvaneceré el color debido a la 
exposición e la luz. En la eayorra de los casos, los desvanecimien­
tos son reeultedo de la oxidación qufmice de tintes y piggen~oa; la 
luz actúa como un catalizador que acelere la reacción. (Una excep­
ción importante es la decoloración de las cernes frescas en eoetredo 
res de autoservicio. El espacio no permite aquf, una diacusi6n det~ 
liada, pero la investigaoi6n ha demostrado que la luz no ~iene, 6 -~ 
tiene poco efecto en proporci6n del d~coloramiento de la ca~e fres­
ca, pero esa decoloraci6n es resultado del crecimiento de bect.err­
superficiales ). El nikaero de factores que se involucr- en cede •l 
tuaci6n de desvaneci•iento es ten amplio que ninguna generoliaeci6n 
acerca de proporciones en desvanecimiento parecen justifiearae. -El 
gran n.-ero de fábricas y aus ~intes, tanto como las condici-. en 
el proceso de teñido hacen que la predicción del desvanecimien~ en 
solo los textiles, casi i~~~posible. Algunos artfculos son ncrtGbl­
te luz - firwe; otros tíenen colores relativamente • fugi~ivoa • qu; 
pueden cooobi<~r fiSci lmente. la investigación recientemen~e COftducida 
en Nela Park indica claraeente que alli ha habido adelantos conoide­
rabies en la firDeza de la luz de las f~bricas comercial_ea. en Boa ~ 
ños recientes c0111o resultado del aprovechamiento de fibr- y t:i..Ua 
•ejorados. 2 8 



El a6t.odo general de evaluación de las condiciones bajo las cua 
1- el deavanec:illliieni:o ta.a lugar, es awpvter la •exposición• a la­
luz. La e...,oaici6n u el producf;o CGIIbinado de le i luainaci6n sobre 
el producf;o y el ti11a1p0 en que el producto es iiU8inado. Asr que, -
un producto de eparedor bajo 100 pies-c..dela por 300 horas, ha ten_l 
do une eJSposic;i.1n de 30.000 (horas-pie-candela (fc-hr); eiei laraen-­
ta, un parrodo de 3D horas bajo 1000 pies-candela, t.-bi6n represen­
te 30 •i 1 (pies-candela-h-as) de exposición. La investigación re-­
ciente ha indicado ..,e exposicione.~_ .. Jgualee pueden no tener el BIÍsmo 
efecto de deavaneci•iento; si toean lugar en diferentes niveles de l 
lueinoción. f.o eo, 5 veces ca6s i luaineción, probable~~ente no produ 
cir6 el •i- grado de desvanecieiento en un ..,into del ti..,po, si -
bien •• c::aei cierto que acelera el desv-ciaiento en algún grado. -
Sin ...bergo no ha habido suficiente investigeción en suficientes y -
diferG~ntea aGterialea pare clarificar ·la re loción i lueinaci6n versus 
ti..P.,, a6o CCIIIIIplet-nte de lo que - ha expuesto aquf. En pruebas 
de a6s de lOO auestr- -=-rcieles de fabrica, bajo 8 condiciones di 
ferentes de i lueinaci6n, IIUchae de ell- reeiatieron a6e de --------
1,000.000 fc-hra. Sin desvaneciaiento defectable, aientras algunas 
de ell- diaainuyeron notabl-nte con 50.000 fc-hrs. 

Une de a- principales cauaaa • deavaneci•iento es la disposi.:. 
ci4Sn-de exhibidores y su il.,.inaci6n en tal f-a ..,e se exagera la 
eJIPOeici6n en parte del artfc:ulo. Por ej...,lo, .uchos exhibidores -
de· r-oPa i luuiinados con 1 rnea colgante astan di-ñados de tal eanera 
...- ie 1 f ,._. flu-liiCent:e .. encuc.ntre e s61o unas cuantas pu lga-• 
d- direct-nte arriba de los hoebros del exhibidor (perchero). A 
esta distancia, la il111111inoci6n debe tener varios cientos de pies--­
candela sobre los hCIIIIbros y de algunos artrculoe.con colores fugiti­
vos, puede 'eaperar- que di8111inuyan Cc01J1 -nos de 200 horas de expos_l 
ción. Le prevención de esta situoción ••• grer.derente, un asunto de 
bUen di-ño dé iluainaci6n. Pera iluainar efectiv-ente las superfl 
ciea verticales ele 1- prendas, la 161pera cleberre estar cuando me-­
nos e 9 pulgadas f'uera de la superficie vertical; esta re-locación -
reduce naturelaente la alta i 1UIIIineci6n aobre el hc.bro, por tanto -
di-inuye le prababi 1 idad de desvanecimiento, aientras que el mismo 
tie.po - -jora le efectividad de exhibición. Ejeáplos si•i lares -
de dieei\oa ;M.brea - ._...tren en auchea i-telociones de reflecto­
re. y eatant:e. . ¡ 1 U1lll i nedos. 

L- rec::ursoG e16cf;ric:oa de i 1UIIIineci6n difieren en di stri buc i o­
nas eapec;trel- y - aua efecto• sobre la ap811"iencia de colores, pe­
- 1- pruGbGD IYn d Mtrado que .no -i.te dif'erencia significativa 
entre recur-e razancbl-t:e blancos en sus efecf;oa en desvaneci--­
eiento. 
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Eeo ea, paP'a la mi-a i!ulllinaci6n, ei desvanecimiento es pr<>bable -­
que ocurra en el mismo tie.po ( 6 iEuai11ente que no ocurra } bajo i­
lu.inaci6n incandescente 6 fluorescente. la radiación ultravioleta 
de lea 1'-Paras fluorescentes es casi la 11isma en cantidad, que la -
de incandeacentea. Lea pruebas muestran que filtrando el ultraviol~ 
te de loa •odernoa colorea blancos fluorescentes, no tiene efecto m~ 
dible en las tasas de deavaneci•iento. Cuando existe una proporción 
aubatanciallllente Mayor de onda ultravioleta larga ó media que ocurre 
con incandescentes 6 fluorescenteb por ejemplo bajo luz natural el -
desvanecimiento de color ocurrirá .¡~ répido con 11uchos géneros (tex 
tilea). La ilusión popular de que las lámparas fluoresctntts son e~ 
particular causas severas de desvanecimiento de color, es a me.nid,, -
originado por las experiencias con recursos de baja rendición de co­
lor. loa colorea Deluxe"· alivian frecuentemente eetos problemas. En 
otras situaciones, la deficiente ilu11inación de exhibidor arriba d<c.E_ 
crita ~a la causa; las fluorescentes son más señaladas, simplemente 
porque son aplicadas err6ne .. ente més a •enudo. 

El •anejo de artfculoa con colores transitorios, es un asunto -
de intéres. Reducir la iluminación- no operando la iluminación de 
la vitrina, por ej-plo puede ser una soluci6n parcial •. Otro artifl 
cío efectivo ea exhibir el producto, asr el desvanecimiento que afe~ ~ 
ta, ta.aré lugar unifo,..eeente sobre la superficie, en lugar de con­
centrarae en una pequeña 6rea; esta es una de las ve,,tajas secunda-­
rias que ha resultado con el caabio de las corbatas de caballero de 
las vitrinas con s61o loa dobleces expuestos a los mostradores supe­
riores donde toda la corbata es iluminada uniformemente en algunos­
casos, su caja 6 envoltura puede proteger de la luz, a casi ·todo el 
corbatfn. En cualquier circunstancia, debe recordarse, que cual---­
quier artfculo que se decolora durante el perfodo de cambios en la -
tienda, es casi seguro que decolore si se expone mucho a la luz dei 
dfa, ó al exterior 6 cerca de una ventana; asr, este puede ser un re 
curso posterior de queja por el cliente a~n sr no se ha decolorado-
en la exhibici6n. 

En algunos casos, los requisitos de exhibición correcta, espe-­
cial•ente en escaparates, autolláticM~ente resulta en exposición a la 
luz del dfa y a la luz eléctrica que causa pérdida de color inevita­
ble. En estos casos lo que puede ocurrir, se descuentan normalmente 
coao parte de gastos de e.xh i b i e i 6n 6 pub 1 i e i dad. 

ECOJiGIIA DE ILIJUNACION EN TIENDAS. 

Cuesta •6a iluminar una ~ienda ~)un sistema de iluminación g~ 



eral, iluainación, de exhibicior e iluainaci6n peri•etral que reune 
,l conjunto de objetivos expuest:~s en este proyecto, que aplicar un 
ai..,le -.cielo k equipo de i IUIIIinación geroeral de tubo desnudo, con 
un •fni•o de .'iluaineci6n peri.etrai .Y de exhibición. Una raz:6n de -
la exiatencia de -..chas instalaciones .en i IU111inaci6n es el alto cos­
to de -jores i lu-ineciones, parece prohibitivo. La perspectiva ga­
nada por un an'liaia de costos de il.,.inaci6n en relación con las-­
ventas a •enudo justifica la buena ilu~inación al proyecto planeado. 
Ea posible eati•ar exactamente los· costos de dos sistemas de ilumin~ 
ci6n, y c:G8pararloa en t4...,inos de l'as'·ganancias de la tienda. 

El incra.ento en el costo de mejor iluminación tendrra que ser 
visualizado por el incre.ento del beneficio bruto. Este costo aumen 
tado repreaenta sólo une pequefta fracción de beneficio bruto. Por -
tanto, un increaento en las ventas, y el consecuente beneficio bru-­
to, ea .uficiente pare pager el costo de una •ejor iluminación. Un 
i na nto de 1 10 " en ventas rinde una ut i 1 idad de lOO % sobre 1 a -
inversi6n eñadida en i lu.inación. 

Para obtener e 1 i ncre.ento de ventas que pagar6 por su costo· 8!! 
entado, la i IU111ineci6n .-oderne en tiendas ofrece las siguientes ven 
.ajaa1 

1.- Mejor iluainaci6n hace posible decisiones de ~pra más rá­
pidas y certeras sobre de todos los artfculos de la tienda, 
a trav4a del incre.ento de visibilidad de detalles. 

2~- La iluainaci6n escubierta reduce la molesta brillantez di--
recta de 1 as 1 uces superiores 
comprador sobre la mercancía. 
terminado a la tienda. 

y mantiene la atención del -­
También crea un aspecto más 

J.- En exhibidor, la iluminación de relfector y la de localiz:a­
ci6n posterior llama la atención hacia .los artfculos princl 
palea acentuando su forma y textura que añade una chispa a 
la at.ósfera de la tienda. 

4.- La i 1UIIIinaci6n perimetral hace que la tienda parezca aás es 
paciosa y realza la decoración de la •i-a. 

Muchos cocaerciantes han atribufdo 
res sanancias en ventas a la •ejora en 
quiere para pagar por tales mejoras )-. 
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significativamente las aejo-­
la iluainación (que se re--­
Mientras que las estadrsti--

JI-
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e as r.o pueden preck·.:- j r -'><.:>cT.ur"''"\te i os r<esu l taclos ;::-ar& una t·; e.'ldc. ., ~ 
pecifica, les uti l id«<e·~ deá>o$t:"<>hi<'>s de la aejor i lumintoción y ias 

•6dicaa ventas requeridas pGra panar p.or ella, ar9U~ntan fuertemen­
te le euidedoaa coneidereci6n de la iluminación en ei proyecto para 
nuevas tiendes 6 pera su re-odelaci6n. 

Datos cuidados-ente reunido~> de .auchas tienda,. •uestran QU'-' la 
buena ilu•i~aci6n de exhibidor desemboca en aumento de ventas que os 
cilen del 10 al 20 %. 
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Banks, churchea and BYJI880111e&, holels and 
molela, food aervlce fadlltiea, librarles, and mu· 
aeum and art plleriea are uaually conaldered to 
be lnatltutlona or pubUc builclinp. The lightln¡ 
of the epacea peculiar to theae buUdlnp le In· 
cluded In thle aection. 

Appropriale deei¡n illumlnancea for areae and 
taa1ca In inatitutiona and pubUc buüdinp are 
given In Fi¡. 2-2, pa¡e 2-ó, In terma o( illumi­
nance calegoriea, and withln thle aection In illu­
minance wbere spec:ilic values bave been found 
10 be eft'ective baeed on criteria otber tban vitual 
taalc performance. 

For the lighting of office areae. merchandisln¡ 
areas, and e&leriora of inatltutlona and pubUc 
buUd.in¡a, aee Sectlona 6, 8, and 12, respectively. 
For pneral lnformatlon on Interior lightln¡ de­
aign and energy manapm8llt, aee Sectiona 1, 2 
and 4: 

BANKS 

The. varioua functions and taaks tbat occur In 
a bank are mainly the aame ae thoae tbat oceur 
in officea, i .•. , conference areae. accountln¡, gen­
eral and privale officea, bookkeeplng, etc. Caee 
Section 6, Office Llghtin¡). There are, however, 
P.veral specific areas witb special banklng func­
tlona ~bere the ligbting needs may ·be different. 

Speclflc Aroas 

'l'he foUowing are severa! specific bankin¡ 
ar.:as to be considerad Cilluminance recommen­
clationa for areae and asaociated aeeing taaks are 
rivon in Fig. 2-2): 

-·~ 

Lobblea. HletoricaUy, bank lobbiea ha ve had 
very higb ceillnga, but today, becauae or higb 
buildin¡¡ coste, tbey are no more than 8.6 to 4.6 
melera Cl2 to 16 feet) blgh. Wbere very higb 
cellinp e&iet, the use or bigb lntenaity cliecharge 
lampa sbould be consldered, not only for energy 
utlli&stion but aleo for the economy of relamplng 
and other mainlenance procedures. · 

Special attentlon sbould be glven to writin¡ 
areaa so tbat tbere io adequate illuminetion for 
tbe activities performed tbere. Wben promo­
tional incentives, auch 88 merclwtdiae, are lo­
cated In the lobby, tbere sbould be provislons for 
higbligbtln¡ to create a polnt of inlerest Caee 
Section 8, Llghting Merchandisln¡ Areu). 

TeUen' Stadone. The most active are88 In a 
bank are tbe teUere' statlons. Here tbe ligbtln¡ 
should provide for f88t, accurate tranaectlons. 
Beca use of bigbly. poUsbed material for tbe deal 
plale, tbere la a lendency ror retlectlons &om 
lobby Ugbte. One way. to reduce retlectlona Js to 
utiU&e a low brlgbtn- luminoua cellln¡. Re­
ceaaed downligbt luminairea dlrectly ovar tbe 
deal platea sbould be avoided 88 tbey lend to 
cause sbadowe and dlecornfort glare for tbe teller. 

The Interior ligbtln¡ at a drW.-up window 
sbould be llimilar but due to aloplng of tbe win­
dow glass; luminaires beblnd tbe drive-up leller 
sbould be of low brlghtn- to minimiza any 
reftectiona on tbe glass itaelf. 

Probably tbe most neglected area of bank 
lighting le tbe outdoor driw-up area. The out­

. side lightln¡ tbere should be about tbe eame 
magnitude 88 the interior to avoid a mirror effect 
on tbe giBIIB, looking out from tbe drive-up leller's 
position. Tbe Ugbting should be deslgned to ligbt 
tbe peraon In tbe vebicle and tbe drive-up unit, 
not tbe top oftbe car. In addition to tbe "visual" 
drive-up teUer facllitiea, wbere tbe teUer visually 
aees tbe cUerit, tbere are televiaion or remole 
unile requiring ligbtlng for camera needs. 

7-1 
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7-2 INSTITUTION AND PUBLIC BUILDING LIGHTING 

Securlty U¡hdn¡. Securlty li¡htlng should 
be lncorporated in aécordance wlth the Bank 
Prolection Act o( 1968, whei'\Oby adequata night 

· llghting and exit li¡hting and lighting on the 
vault are on at a1l times. Alao, there must be 
adequata intarlor llghting for an a1arm cámera 
ll)'ltam. Li¡hting requlramenta for cameras and 
ruma ll88d should be evaluatad. 

CHURCHES AND SYNAGOOUES' 

· SkUUUUy ll88d li¡hting can make worshlp ser· 
vices more meanlngful and enhance the archilec· 
tural deaign o( the space. The lighting can mold 
and give depth, and can subdue or accentuata, or 
perhapa change Ita accent, as the servlce pro­
ceeda. In certain intarlora lt can add a fourth 
dimenaion: a susseatlon of the infmita. 

For sood ener¡y management, conslderatlon 
should be given to the use of the least wattage to 
creata a deelrad mood or to parform visual taaka, 
and the use of adequatit controla and mainta­
nance procedurea. See Sectlon .4. 

Entrences 

In the entrence veatlbule or narthex, the light· 
ing should enable the quick recognition o( faces, 
facUitate the taking of note& of names and re· 
queats, and provide a tranaition between the 

Flg. 7-1. lllumlnanc:eS Currently Recommended lor 
Churchea and Synagogues • 

Altar, ark, l'efedoa :.: .. :., 
Choú" and •henoel .. /:,. ·: · 
Claaltooma ·' / .~.,... '. · 
Pulplt, roatrum l~tary 

lttumlnatloil) .· . . . 
Moln WWihlp llea"·:~.: :· .·: 

Ugllt and medlum- flnlahH 
Fot c:llurcheo wlth apeclll zeal ""atya-Qealrecommended). 
Ugt\lcolof .:' . ... 
Medlum color · ' 
Dukcolof· .. · .. · .. 
Eopedauy--
• MMUa6ned latVel walul1 on tuk1. 

Lux fooleln-
diH 

1000" 100' 
300' 30" 
300 30 

600' . 60" 

160" 16" 
300' 30' 

600 so 
1000 100 
6000 600 

10000 1000 

• Aeducod or dlmlnld during llfmOII, prelude or medllaUon. 
• T~INrdl thto WIUIIIIrderkw finllhel are dark Onl than 10 

IMW c:ent renectance) to POid hlah lumlnance ratioa. 'IUCh a botween 

:;:..,"""::,.-- .... -· ear.tul ~ .. ~ for, 

extarior and main worship area hril(htneaa. Dif. 
fuoe illumination should be UAed Ro that fa<'l!H 
appear ple8118nt.ly lighted and al'\0 not mud~ '" 
appear llned or atrained by hi¡hly din'l'tinnal 
harah sources. · 

Maln Worahlp Areaa 

-··...'fhere are vast differencea in the aervice and 
litursy of the many faiths and denominationa 
and the llghting dealgner ei!Puld be familiar wlth. ·. · ; 
their cuatoms in order to aaeure proper lighting ·. 
emphaaia at the proper time. F'is· 7-1 liN sus· · 
gested illuminance valueti for deal¡n based on 
needs during varioua types ·or religio\111 services. 

. : . - . 

General Ughdn¡. There should be approprl­
ata general llghting. tor reading, moving about, 
visual soclal contact, and to help the worshlpper 
relata to the atructure and Ita featurea.In many 
churchea there la. a trend away fiom · the tradi· 
tlonal service of liatanln¡, watchln¡ and meditat- . 
ing, to a service that lncludea more partk:lpatlon. 
Higher generalllghting in the 8pllce can encour­
age the feellng or bein¡ part of a body or people. . . 
Such particlpatlon also meana more readins..., 
requlrins particular. attantlon to llght at the pew •. 

Oftan there are two componenta to the seneral 
lighting: (1) dlract llghtlng for the pewa, and (2) 
indirect li¡hting to relieve ahadows and to creata 
deaired brishtneaaea on · .the structure. Soma­
time&, indirect lighting provides aU the general 
illumination-particularly if llghting equipment 
cannot be niountad on or in the ceUins. . 

Lighting fioni one dlract' point eource crea tea 
dark shadows and specular reflectlons. Thia may 
be deairable to hi~i¡ht an object, but it iD 
undeairable where people are attampting to read 
or foUow printad matarial. Also lt' can make the · 
leader of a service apj,ear unpleaaent throush 
deep eye and .othe~ facial sl¡adowa. An overlap o(. · 
light from direct sources or the use of'indrect 
lighting with direct lisht wülsoftan shadowai an<l 
reduce apecular reflectlona. . · 

Accent U¡htln¡ •. Certain ~· of the wur· 
ahip area become central at different times in the 
service, and when so, they should be highlishted. 
Those areas may be wbere the worahip leader, . · 
the choir, the Torah, ti. e communlon table, tite 
statlons of the croas, tt.e Bible and the Ark arto · · . 

located. Controlled beama of light should be used . 
that wiU properly rendar the featurea in theae. : '. 
areas and not creata gJa;-e for those partlcipating. 'i !~ 
Thia wiU mean careful c:hoice of. beam apread;· '<:: 
intanaity and locatlon·of ~pot.lightli!g; · .· · : :•:; 
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The location and oriantation of the con¡re¡a· 
tlon ehould be kept In mlnd so that any direc· 
tional li¡htin¡ will not create ¡lare. Particular 
aU4111tion w the ahleldln¡ of dlroctlonalll¡htlns 
la needed for the chureh·ln·the·round. 

· area. When dimmirig la uaed it produces theae 
chan¡ea much more aubtly than awitchin¡. Thia 
la particularly true of seneralli¡htln¡ or lightin¡ 
or lar¡e featurea. 

Controla. Li¡htin¡ can help ahift attention 
and amphaais durins a aervice. By awitchin¡¡ or 
dimmin¡, tha appropriata chan¡ea can be made 
in the brightneaa of different parta of tha worship 

Church Archltecture end UghUng 

In the nave or main audltorium the quantity 
of light, and uae of pattema of li¡ht and ehade, 
vary widely with dilferent arehitectural atylea. 
See Fip. 7-2 through 7-6. Tha Ughtln¡ designar 
ahould conault cloaely wlth the archltect to . un· 
darstand the purpoae behind the architectural . 
atyle being uaed and to davelop the lightln¡ ap- · 
prcach for lt. Thay ahould cooperate through the 
foUowins atases of trenalatíon: (1) tha architect'a 
concept of tha apilce, (2) tha bri¡htnau pattema . 
deaired and (3) tha lishtins equipmant naeded. . 
For a further diacusaion of tha relationahip of 
li¡ht to architecture, aee Sectlon l. 

. lfll¡htin¡ equipment la to be concealed in or 

··.~ 

'!(· .. • . 

Fl!l. 7-3. Aa In Flg. 7-2,the celllng 
deoign hldaa IUmlnelrea trom the 
eeatecl congrogetlon. tncandeacent 

· ·and IIUoreacent oourcea (lneell pro­
Vide Wlllod Ughllng effocts durtng a 
&er~loa. Aa the wlring la aeml-ex· 

' pooed,Ughllng changas can be eaaily 
; made In tuture yeara. 

behind a atructural elemant, apece ia often lim· · 
ited. Ir care ia not tekan, the reaulta may be 
unaven IUuminatlon and exce88iva bri¡htneaa 
from apiU li¡ht on expoaed aurfacea adjacent to 
the equlpmant. 'For elUIIIlple, incandeecent Ught· 
lns in a amaU cova or comica ahould uae a larga 
number of amaU davicea rather than a few hi¡h 
output unita unleaa vary compact, eophiaticated 
optlca are uaed; otherwiae the adjacant ceUin¡ or 

. wall could be unavenly and exceuivaly bri¡hL 
When thair color, dimmln¡ and atart1ns capebü­
itiea are acceptebla hi¡h intenaity dlacharge and 
ftuoreacent aoureea ahould be conaidaí-ed. See 
Fig. 7-3 for one ftuo~ent application. 

Fl!l. 7-4. Unaymmetrlcel deolgn. Floodllghta acroaa 
court al leH Wumlnele lha caUing ol nave and part o1 
chencat ()the( exterior floodlighto. "'""" In elze, alm lighl 
cloWn al a pool In the court so lhat reflectad raya play 
telntly over lhe nave ceUing. Chancet and peÍOI Ughtlng 
come trom behlnd the ceUing beama. 

.,.· 
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7-4 /NSTITUTIONS ANO PUBLIC BUILDING$ 

Flg. '1·1. Colonial c11i.rcti.' Tho llghling doolgnor workod 
wllll lllo lnlorlor doolgnor 10 arrlvo ol lho loollng and lho 
lmage requlred. Tl'ldlllon lrld o -lplul almollihero aro 
pro• ...t. Alter clark - oploma o1 nave llghllng provido 
oflocllvely lor ~ _.,.,, On ralny doyo, moa1 or au ol 
lllo evenlnO llghllng 11 Ullld. On aunny momlngo, lnlorlor 
llghllng moy be UIOd lo - allanllon lndooro. 

. Lantems or other IN8JMIIICied decorativo lumi· 
naires may be eft'ectively uaed with many archi· 
tectural etyles. J( they are to produce diroct 
general Wumination, however, care ehould be 
taked that there ia aufliciently wide diatributlon 
o( light for good covarage but without diacomfort 
glare, Thia may be imJ1088ible lf appearance die­
tetes a very low suspenaion; In this c88e, other 
aources ahould be uaed to prevido the Wumina­
tion and the suspended equipment used 88 a 
luminous decorativo element. 

The reflectance o( aome large surfaces in the 
worehip area-usually wood-may be very low. 
Such surfaces ehould be lighted to mnke them 
visible and to relieve an otherwiae "too-dark" 
atmosphere, but not so much 88 to make them 
brighter than the.Y would be expected to appear 
nonnally. . , 

Art Wlndows 

Aa in the architecturel considerations for light­
ing, tbe. lighting designar should work closely 
with the art window designer to determine the 
desired appearance of the lighted window. In ell 
atained and art windowa, the density, diffusion 

· and refractivo qualltiea of the glasa or plastic wW 
determine the light aource luminance and sise to 
be used. · 

lt ia not neceasary to achieve a peñectly flat 

or uniform lighling pff•<'l. In fa<'l, i1 U. .. r••n 11<>1 
desirable. lt ia alm011t alwa,v• n••·• .. ar.v lo SOl UJI 
a tria! lighting s,vstem to aee how th• 111""" ,..,. 
sponds to dlfferent lighúng. In such trialR, a IIJ't!Bt 
deal of equipment may be neceasary both to get 
sufficient light on the glasa and to have enough 
different lighting approaches to examine. 

Generally the Ughtinl of art windowa serves 
two main purpoaes: (J) for viewing from inside 

''""during nighttime services, and (2) for viewing 
from outside for pasaing traffic. , 

Vkwing From /mide. The window can ~ · 
lighted with outside floodlighting units ü lhe . 
glasa has aufficient diffusion and refracting qual- · · 
itiea (from irregularitiea on the eurface of the 
glasa and within the glasa). Jf the glasa ia not 
extremely diffuse, the unite should be located se. 
that they are not sean through the glasa and do 
not produce visual "hot spota." Clear st&ined 
glaas needs a luminous background such 88 a 
closed light box around the outside of the win­
dow. 

Vkwing From Outslde. Th~ floodlighting ap­
proach above alao can be uaed, but with equip­
ment located inside. Spote of brightnoas may be 
more difficult to avoid, however, since lighting 
equipment ia usually most conveniently locaten 
on the ceUing and the viewer ia usually below the 
window. A larger number of lower intensity 
floodlighta can make the spots of brightness leSII 
apparent. For clear atained gl888 a movable 
acreen or drape can be uaed on the inside, lighted 
(either transWuminated or lighted from the win­
dow alde) to form a luminous background for 

· clear gl888; it can be moved away for times of 
viewing from the inaide. 

HEAL TH CARE FACILITIES2 

The lighting of health caro facilities presentR 
many problema involving a wide range of aeeing 
conditions. Optimum seeinr conditions ehould be 
provided for doctore, nursee, techniciana, main­
tenance workere and petients. For a better ap· 
preciation of the principies lnvolved, a review 
ehould be made of Section 3, Light and Vision 
and Sectlon 5, Color, oft.he 1981 Reference Vol· 
ume; and Section 11, Interior Lighting Deaign, 
and Section 2, Lighting li,vstem Deslgn Consid­
erations, in this volume. 

Many activities in heallh care facilities are not 

3 
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relatad dlrectly 1o patlent caro but are neceaaary 
u aupport.lve illlltitut.lonall'unetlona. Areaa auch 
u buaine111 omcea and laundrie& are not dis· 
cu8led in thia eectlon (!lee Seetlona 6 and 9). 
Some ol the activltlea are ldentleal or similar lo 
onn in other lnatltutiona. Theae lncludellbrariea 
and kitchena. There wW be aome locatlona In 
which there ia overlap In recommendaticma. For 
eaample, the patient room may be aimilar In ita 
Jl¡htln¡ requlrementa to the hotel room, when it 
is us~ for minimal care patients, yet the Jight· 
in¡ muat be conaldered dlfrerently In the patlent 
room for the aick, the BBed or the lnfinn, 

Jlluminance ~mmendatlona lor health care 
facilitin are &iven In Fl¡. 2-2, page 2-6. Where 
higher iUuminancea from localized lightin¡ are 
requlred aa in aurgery, obatatrica, dentistry, 
emergency treatment and autopaiea, lt is deeira· 
ble to ~ comfortable lightin¡ conditions by 
limitin¡ luminance ratiCMI between the task and 
other areu In the normal fteld ol view; i.e., the 
luminaneea between the taek and adjacent aur­
rounding ahould be limited lo 1 to '!.., between 
task and remote darker aurfaces to 1 lo 111 and lo 
remote lighter sufacea to 1 to 5. To help achieve 
theae reflectancea, room aurfacea ahould be 
wlthin the foUowlna percentage ranges: ceüinp, 
80 to 80; walla, 40 to 80, furnlture and equipment, 
211 to 46, and noora. 20 to 40. 

Typea of FacllltiOII 

Health care faciUtlee uaually include acute gen­
eral hoapitala, chronlc general and chrónic ape- · 
rilized lnatitutiona for the care of the phyaically 
and mentllly iU, and the eatenaion ol these ser­
vices into facüities which offer more than the 
patient'a own residence in prof'eaaional care. 

In describing good practlce in lighting such 
institutions, the designer ahould take into ac­
cu:u\t not only the immediate objectives, but aJso 
the servicea which might be requlred in the fu. 
ture. For. eaample, a facillty deaigned as an ex· 
tended care unit In conjunctlon wlth an acute 
csre boapital may find ita beda recertifted as 

· acute caro beda. . .. • 

The Acute Care Hospital, Whüe an acute 
<are hospital might be faced with all of the 
divorse llghtin¡ design conalderations in a com· 
plote multidisc:iplinary one, there may be aome 
which wiU nol Obatetric and pediatric hospital 
-tiona are being aUocated to certain hospital& 
an~ .abandoned in othare. Thia trend is increaaing 
and resulta in greater specialilation in each boa-
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pltal. Thls wÍII result in greater demand upon th• 
aupport facilities. 

Another trend la the expanaion of outpatlent 
services, piartlcularly for those functiollll previ· 
oualy conaid1red ln·hoapltal. onu. Thll doea not 
mean complete abandonment oltueb lunctlona 
for ln-hospitol patienta, but lt m88111 a ~r 
reductlon o( th-. funetlona wlth a reductlon ol. 
apace aUocation. eonvenaly, the plannln¡ offa; 
cUitlea for these and other actlvitlea auch u 
laboratoriea wiU be partiaDy moved to f.reaatind· 
in¡ cllnlc buüdin¡s or office buüdin¡a deal¡ned · 
for phyaiclaíul and dentista. AU of these requlre 
apeclal Wumlnatlon. ' 

There are aJao constant tranaitiona In the In· · 
strumentatlon o( medica!, aur¡lcaJ and dental 
practlce. The computar and lte appllcatlon to 
radlology may entirely alter that specialty's re­
quirements. 

Where once there were lar¡e multlbedded 
open wards now there are elther single or double 
occupancy rooma. Where, in lntensive care areu, 
there were multiple bed apacea individualizad by 
curtalna, there are now elther semi-encloaures 
with glass obaervation wlndows or cubicles actin¡ 
88 open bed baya from a central haU or work 
apace. By fedaral B~Jidellne these must hsve ac· 
cesá to wlndows to: aft'ord the patient acceas to 
dayli¡hted aurroundlngs ror orlentation. The 
night and taek illuminatlon, however, presenta 
the same problema for the deaigner. 

The ChroDic Hospital. The chronlc long. c:are 
facility la fortunetely Jarsely dilappearing. The 
psychiatric lnatitution la being replaced by men­
tal health unlta often situated in general acute 
hospitals. The contallioua disease hoapltala, in· 
cluding the sanitaria for tuberculoais are aJao on · 
the wane. Thla mesns provision for psychiatry 
and contallion in the acute care hospital. 

The Extended Care Facillty. The institu­
tions which are proliferating are the extended 
care facUities: the nursing bornes. Most of these 
are largely inhabited by an aging population. 
Many of these persona have vision difficulties: 
cataracta, yellowed Jensea, aphakia or presby­
opia. They, therefore, posa special problema for 
the lighting specialisl 

Other FaciUtlea. Free-standing office buüd. 
ings, clinlc buüdlngs and medical teachin¡ facU­
ities aJao deserve consideration 88 they fonn an 
apprecleble and growing part o( health care. Ev­
ery phyalcian's office sulte should contain li¡ht­
ing equipment that wiU provide that phyaician 
with the quantlty, quality and clirectionallty to 
pennit performance of aU functions with ease. 

4 

._,_, •¡,; ,: ;.1 
r -~t~¡· 

1 



7-8 ·INST/TUTIONS ANO PUBLIC BUILDINGS 

1' 

Ughtlng Objectlvef 

11'8 LJCIHflrfO H"'UBOCIIt 
1111 AM.ICAYION vouaa: 

are perfonned, from suJVical protedui'HI 111 ps. · 
tlent readin¡, the tasks are the focal point with 

In rec:ent yean there have been many chan¡es leu in the aurround. Llghtln¡. for taak perfonn-
ln ll¡htln¡ conc:epta and In aolutlons to li¡htln¡ anca depende upon (1) the lmportance and dell· 
piOblema. Bulc reaeuch hu lncreased our cacy of the particular taak f'rom both the atand· 
knowlad¡e of viaual requiremente, lnduatry hu point of time allowed and accuracy requlred 
provlded new equipment for producln¡ li¡ht and without undue fatigue, (2) upon the pereon per· 
modifyln¡lta quallty, and thaN la a pMter con· formin¡ the taak and (3) upon the taak lteelf. See 
cem for enev conaervatlon and mana¡ement -·· P.!l• 2-3. 
(aee Section 4). Seein¡ is a dynsmic activity and eyee do not 

Theu yeare have alao aeen ¡reat ¡rowth in the remain fixed upon a ein¡le point, but move to a1J 
medlcal techniquee whlch have created new chal· parta of the taak and beyond lt. For t1Us reaaon, 
le~ for the ll¡htln¡ deaignar to. provide the it has been auuested that where taak levels are 
best ll¡htln¡ for the new vlaual tuka. For exam· hi¡h, as in aurgery, coneideration' be given·· to 
pla, there la· the problem of collltant patient three aonee of li¡htin¡-the hi¡heet in the oper· · 
obaeJ:vatlon In 'liltenllve care unlta containin¡ ative field, a aecond of lower level' aurroundin¡ 

· monitorin¡ equlpment, which muat be conatantly the table, and a third peripheral one Bi"azins the 
under metlculoua vlaua1 and audltory aurveil· wall ·.; . ·· : . .. 

· · lance, ,et the Wumlnatlon muat be unobtruslve Hospital areas are deeignated for epecific ac.· 
while belng fu1ly ad~te ao .. that the obeerver tivitieeand,for.theee.aomedefinitionsofli¡htlng· 
wW not be vlaua1ly fatlgued. . · · · requlrementa both quantltatlve and qualltatlve 

A new appreciatlmi of the eenslbWtlee of the can be augguted. :' .. . · 
patlent la anodler dlmenslon to be coneidered by 
tha deal¡ner. Althou¡h the ll¡htln¡ ahould eerve 
tha .demanda of the medlcal and nunln¡ atten· 
danta, lt alao ahould be eultad to. the comfort 
needa of the patient.. The patlent muat feel at 
eue In thla e~~vircmmlnt. The Wuminatlon in 
multl·bed rooma ahould be deai¡ned to be unob· 
truaive to one roommate while remainin¡ ade· 
quata for the other. 

Llghtlng Delign Conelderatlons 

Patlente' : RoOma-Adult. The P.tienta' : · 
room li¡htin¡ problema are to reconcUe the need 
for Ughtln¡ at varloua tlmee by varloua people 
and uaually to provide auch lightin¡ 88 aimply 
and economlcally 88 poulble. The patient, nurse, 
doctor and houeekeeplng pereonnel requlre dif· 
ferent Wumlnance levels, in the same room. to . 
accommodate thelr Individual needa. Thla range 
of lightin¡ la needed for a variety of nuraing 
eervlces; .lt ahould be proVIded in a way that is 
not objectlonable to other pstlenta in the same 
room and that catara to the lighting needs and 

A hospital la a very comple:& institution and whima of pstlenta whoee only field of vlew may 
has almoat an Infinita number offunctlons belng • be .the ce~.~:') \'.> · < ';· . . . . · . ·, 

carried out by peraons who are normal or sick. Nilnlntl &nilce& Slnce the primary purpoes , 
In deeignin¡ the lightlng aystem for a new or . . of the hospital is to restore the patient to health, · 

reno,·atod space, coneideratlon ahould be glven ·lightln¡ for nureing eervlcea and critical eumi· 
to the needs of the occupant of thet apac:e-:-the nations is common to nearly all hO&pitaJs.• The 
visu.ll ta&ks to be performed, the dulred appear· . variation is in the provleion for pstlent com(ort 

•· . ance of that space and enev and economlc during convaleacence. · This may very greatly, 
restralnta. The.recommendatlons thaUoUow are dependin¡ upon · the health and mobWty of the 

· .. 

for visUal elfectiveneu and ha ve been eetabUehed patlenta, the quality of eervlcee supplied by the 
basad upon the atate-of-the-art. It ls recognlzed hospital, whether the hospital la pubUc or · pri· 
that there is stW a need for further research in vate, and perhaps moet lmportant, on whether a 
maoy areaa. 

The pereonnel workin¡ in the diagnoatlc and 
therapeutlc facilities encompus a wide :variety 
of ages, 88 do the pstiente, and, consequently the 
lightlng ehould be planned to be adequate for all. 
The uact nl!ed for good color rendering appeara 
to be obvioua In most taak-relatad are88 of the 
hospital. 

Taak Llghtlug. In areas whera visual tasks 

. . . ·' . ·.· 
' .•'. ·. •. \:• ~ '· 

room 'la for single or multiple occ.upancy. • · 

Routlne NunlntJ. For control of the general 
:. , lightln¡ leve! in patlenta' rooms to i:reate a sql\ 

light for the pstienta'. comfort, · the uee of vari· 
able-control dlnur.era locatad at the door of the · 
patienta' room is suggeeted. The nurse ahould 
never have to search for light to read charta and 
thermometera. Should more lightlng be needed, 
the patient's readin¡ light may be ueed. The 

5 · ... :::· . 
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. ..,-:¡;i: . ' ' ... 
··· ·., . luminánce of luminairea and nearb;v surround- : sometiinea a .IOUJW of anno;van•"' 1<> JN<Ii•n... ' ' , · 

·,:, . ..,llJP.~011JdpeleG11tban310candelasperequare .:wishing.to,~eep,""''''·'(''' 1·\·'·"''' 1 .-; · .· .. :...'·':'-·\ ., 
. .. ,.; <meter (80 footlamberta) u uaually -n from an;v ·.. For cont1nuoua uee, tbe· nl¡ht light recom· · '"' : ., . · ' 
. , ··. , normal readlng or tbe pa&ient'a bed poaition. mended incorporatee a Jo~·bl'jghtneaaluminalra •:;; 
··, .,~1 ,.,Lumlnairea ~i~t·díeae'conditiona ahould . witblouveredorrefractiveéOYer;flilahwallt;vpe; ·i,i\ . 

. ¡ ,, ..• have•low JIIIIIÚIIIIICe;'t()ne• or more auch Juml· lnstalled ao that Ita center ilapproxlmatel;v 360 ... ~ 
,. '"".na~'•ill• alllnsJe.loi'Jlllultiple occupaney room '· .mlllimeter& (14incbes) above the floor to dlrect .. 
' ,!T•,!may:be.•neededitotprovlde·¡enerol Jightin¡ 760 ,., a low Wumlnance elon¡r•tbe·•floor•where lt 11 .',~; 
· . ~"' nüllimeten (30 bicha) above tbe floor for normal·· ·e needed for walldn¡ or movtn¡ about in tbe room. 

''·" uee.• To•prevent oaC*81w'apottlneu of ¡oneraJ ., f - The important c:ritilrion for· nl¡ht lightln¡ la· 
· ,, .. ,JI¡htln¡, tbelnatallatloD ahould provldoall¡htln¡ · Umltin¡ tbe.aolll'llll' 1umlnance. ·Thillumlnance 
... ·-'.Jevtl ratio ofnot 1110ratban 1 to6on a horizontal · • ahould not exceed 70 candelas per aquare meter 

plone 760 mWimtten (30 lnches) above th8 Ooor (20 footlamberta) for continuoua use, or 206 c:ui-
wlthln a· radial diltanw · of 2.4 meters (8 feet) delaa par aquare meter (60 footlamberta)· ror a 
fi'om tbe maximlllll' Jovel on tbat plane.· · ahort time." .~ .• ,., .·' ,,. •, '"'~ti •·. · ' ,,. · 
.• 1··¡•.t1. ·'.'nuv~-~~JtHt,;,l·:•·•······ ;, · ·'· ·· •··.r('-"1'··.;,, • ..,,,;.:·· <·¡····· ¡!.,:~······¡ 

.. ,,, ·• ~nJGtlon of.Patt.nt..·There'should be ¡cJ~~!r'::"-~tllf~ :-:1~. 
'" .proviaion•.for looel•low·levei-Wuminatlon o_r a color qwillt;v.'•l>;fwUI'n'::·dlstort tb8 color of 

color. quality thllt•wW PlOvide for·proper cliag. . akln 'or tteaul~d''Cif'a 'dlrectionel uaJi to 
. '' noal_a or.the patlenta' appe~ance, There ahould ' permlt cBieful ~Jn o'iiuifaces aii~ caJlties. 
'•·.·. beligJ¡tin¡at.eachbed·and·lt80oorareaaothat • Th ... · · · ,, ..... u .... ••~_r-ah. · u1· d ho" .... be' 

tb ......._ .... L---·- tb , . e eaamma.,on .,......... . o , wever, 
· e n~ ma;v ...... uen..., o......_ 8 patient ' conflned to' tlui liéd lirea ond ihould · roVide ·tbe 

·,- ·, an.d aqu1pm~nt, auch> u clralnage· tu bes and con- recommended .. " .. "~~ ,,; 't!.e' center :, 1 clrc lar 
,. t~~~nera,'rdllrUIIJ th8 night.wltb·minimum dlatur· .......... t:'•l!t~ '· ,., · · · · · · u . 

bance tO patlenta. Thla 11Pt ahould be switched are a 0.6 metar (2 feet~ .lp.,illamlltar anc1, at leaat · · · 
at tbe door, and may Bllo' be controlled by 8 half as mucb at tbe .outar-!ldie, whe11 meaaured. 
diw,!ler. W.hen, tbe ob.sen'ation li¡hting muat be at a dlstanc~ of not leas,~ 0.6 .meter (2 r118tl . 

. · left on i.lhli~t, !11' ,wl!m.IIJiher Jovell are needed, fi'om tbe wnp enclCIIR!ft.••n:h! •' ' ·· " . 
. . tempoi'BI1}1Cf!18~, ~ ,otber' patienta may be · Patlent Use. P~tient. ~.'implles eontro! by 

, .n.~1 111 .,, 1 .huq 1.11¡,.,,., ., , . , tbepatlentforreadms,vwtin¡,aelf·careorVIew· 
.. ·. .<··~.!!di~» .. , .•, · , In¡ televlalon. Thil control muat be llmlted DO as 
. ,' "'NiriAt ;·LI61J~ w~;bracket' comblnation ,, ' to prevent annor.anct 1to o.thilr patlenta (aee P'ts· 
:, U,htln¡ ~1.11 for,paP\!nta'.~ frequentl;v lncor· 7-6),· .·! r :;1 ''" ,,,,f hhmlln•tr<•,," !.•"'''• ''·": 

',.,,, 
:-;!f 

. :.~.:~ . 
:';··.: 

1 
1 , P!lrat;e ,a nl¡ht, ~~.;W!tb. ;~tch 11t tbe bed. A · The read~g llght 'ahould provide llght at 'tbe 

· . ~h~1 ,1Jc1l,t_,,of ~ J!IT~!~!femtnt la deslrable for normal read1111 poaltion,IIIIJuined tO be 1.14 me· '' 
' tbe ~~.~ ~l( ~t or.nurseiHowever, ters (3 feet 9 lnches) above tbe floor. To allow 
. wheri' lt,le, \•1\,.~· .. ~m~~uously, tbe umlnance · the patient freedom to tum In bed witbout mov· 
•· · ~uce¡¡,~.~~ fl!'ld ofdarknesa la ~out ofthe readln¡ llght z.one, the areaof.tbe 

·-.· ¡,¡,.r't ilflO;iNICl,Í"II H.)c~·,, •:.! 1·.• !'''·¡ 
u / ;.lfr:· ·; :'1 :·.;-~-¡· .. • -.~ ~~A :. ·,. ·•\ · 

·:~:· -~¡ ... ,: , ·,, ;·: • ~!·rúo' t-lí · . . . · .... ;:·n, ~(.:.·:~~rr; ,,, , : 
'l ülB 1' i:.'l • nl)<_\'\,.1'1'./'•·.-,. ·•·' !·~--~i:\.;:~f 
tJfl:'.-il 210r~ tii ·•n-•·-.:. ,._,,. ·:-~··_!· (lJ·-· ·'.' ." -; 

·. · -: .. _,,._ .. ,,.._ .. : .. iJi,J; ~-~~: ,~·,fv. ! :...r_;·r.l ·::'.''\·'• ~ 
·lr. :t,r"·,,~~o'-'.8;1\~.-r-.~-~-.:l ·-.••: f.·-~_;.'I)J.·,; · 

o:.i.i };~!m.Hi'·H1tl ":.~~-t::. : . • :·~u f.~~!~~:·~ 

'•1 Flg. ~7_:i P8~1 room lighlírig ~a inu~· •· . 
~ntiPhtt·;ooevpancy;·accommodation. .. '.\Note · : ·. · 

pallent readlng whlle enolller lleopa ·: · :. 
: .. ~.~~-~~~~·~~~; ¡i))~it~.t'i', •. • _: 1 .: .. '," .. 
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7-8 /NSTITUTIONS ANO PUBLIC BUILDINGS 

Ftg. 7-7. Both under counter task llght­
lng and ceiHno general lighting are uaed 
to llluminate lhla nuraea' atalion. The low 
lumlnance eeneral Ughtlng aystem waa 
usecf ao that patJentaln eurrounding rooma 
woutd not aee areaa of high luminance at 
nlghl. . 

,. 
reading plane lighted by '~n adjusteble type of 
unit should be approximately 0.3 square meter 

' (3 square fHt), and fw a nonadjustable unit the 
area ahould be approzimately 0.7 square meter 

· (8 square feet). To provide a reaaonable degree 
ol unifomúty of ll¡ht over these reeommended 
-. thell¡htlng leve! at the outer edge of each 
area ahould not be 1- than two thirda of the 
lia'htlng lev.l at the eenter ofthe area. To provide 
comfortabla lilbtlna conditlona for reading, the 
lumlnance in candela par square meter (footlam· 
berta) on the eeiling, provided by some means of 
pneral li¡htlng, ahould be at leaat equal to the 
Wuminanee in 1/tr lux (footcandlea) on the read­
ing matter. 

The lumlnance of the reading lamp and of any 
suñ11ce illuminated by it, 1111 normally aeen from 
any usual reading or the patient's bed poaition, 
ahould be leN than 310 candelas par square meter 
(90 footlamberta). Thia condition iB admittedly 
hard to aecure and entails careful choice of lu­
minaires and built-in limitationa to ita move­
mente. 

HouaelrMtpln6. A very important considera­
tion iB the lia'hting for houaekeeping functions. 
Houssk~epare need to aee dust and dirt and to 
remove it. The houaekeepar must be able to see 
beneath the furniture and to have oblique light­
ing over horizontalauñacea to observe dust. 

Nursine Stations. In. moat hoapitals each 
nuraing unit is coordinated around a nuraing 
atation (see Fig. 7-7). At this point, charta are 
stored, read and written. Thus a desk or shelf is 
invariably provided, uauatly against sorne type of 
counter or btlow a hung cabinet. Li!lhting 
mounted beneath thia counter should provide for 
the task lighting. lt should be so arran~ed that it 
aupplements the over-all illumination of the sta­
tion. 

, __ , 

11& I,IQN11NQ HA~ 
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Some ofthis lighting will be in continuous use, 
night and day. lt iB weU to consider this in th• 
lighting plan for the atation. Uaually, although 
by no meana univeraally, when the nuraing ata­
tion ia not viaible from any of the patient accom­
modations, pneral ceillng .Ources remain lighted 
during the night houra. 

The lumlnairea beneath countera, which are·· 
placed so that a person sltting at the desk is 
ahielded from glare, should not be within the 
patient's direct view. 
. As the nurse muat make frequent tripa from 

the station to the patlent facilities as wetl as to 
aervice locatlons, the corridors between should 
have transition lightlng; a higher level during the 
day and switched or dimmed to a lower level at 
night. For s&fety, the iUumination at the nursing 
stations iB usually on an emergency auxiliary 
lightlng syatam. 

Cr!tlcal Care Areas. The term critical care 
iB replacing many of the former names such as 
intensive care. Critical care areaa are especially 
designad for the very ill, and may be highly 
specialized orbe quite flexible in their acceptance 
of patiente. These accommodations have been 
designed for ~¡¡ical patien te, coronary dis­
eaae, respiratory diaeaae, burna, acute childhood 
and neonatal problema, Isolation unite, neuro­
aur¡¡ical units, etc. Basically all of theae require 
physlcal and Inatrument monitoring, and the ca­
pability for mountlng emergency methods for 
resuscitation, hemorrhage and other situationa 
which can be antici¡Íated. 

The iUumination ahould enable the obs•rvcr 
to note the prominence of veins on the neck and, 
if possible, the preaence of yellow tinte in the 
patients' eyes. Lighting should be avoided with 
a predominance of:any color which may ¡¡ive the 
patiente' complenion a false appearance. Thus, 

. ' 



only improved color Ouoreacent lampa should be 
uaed. See Fig. 7-8. 

While the demanda for visual tukA In these 
unltll may be rreat, the payche of the patient 
muat alao be carefully consldered In plannlng. 
For example, the minimum requirementa of con· 
structlon of the Health Resources Adminiatre­
tion (79-1450) require the proviaion of windows 
to enable each patient to be cognlzant ol the 
outdoor environment. Yet the proviaion of illu­
mlnation by thia means ia not importan!. 

The generallighting ahould be cepeble of dim­
miniJ. lt ahould be located so that neither the 
prone petient nor the one sitting with en elevated 
backreet will be eubjected to Blare.ln addition to 
general lighting there ahould be lighting for ex· 
aminations by the phyaician. Al110, sorne type of 
aurgical teak light ahould be readily available for 
emergency procedurea. 

Moat of thelle facilities contain a handwashing 
area. 

Monitoring devicea (aee Fig 7 -9) should be 
atudied so that there will be adequate illumina­
tion for reading them. Thia alao includes a review 
o( their placement and whether or not they are 
intamally illuminated. 

Chlldren'a (Pedlatric) Section. The rhild 
admitted to the hospital for the fust time may 
feel dwarfed by ita huge aize and depressed by 
the concentration of auffering. Strange equip· 
ment may be frightening and alann ill patienta 
or intensify anxiety. For thia reason the chil· 
drena' department ahould be provided with am· 
pie spoce for thinga for the children to do which 
will be diverting and educational. The lighting 

··.• 
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should be planned with this in mind, but should 
be similar to adult areu. 

The uRe of daylight U. ellll8ntial. Therv Hhuuld 
be a Jight and sunn.v atmoaphere. CnrridnrM 
should be ple8R8nt with warm colol'l! and sur­
faces, and dlffused lighting uaed. However, apota 
of lighting pattema with lnteresting views 
aborten times of wsiting and diatancea for travel 
down hospital corridora. Arrangementa for vary---

Flg. 7-8. Critical care room. Wall brackete oontaln lwo 
tluoreecent lampa tor lndlrect oeneralllghllng, one lluores· 
cent lamp as a downllght for raadlng, and an lncandeacent 
nighl-light for surveiJiance from the nureea' atatlan. Two 325· 
walt tungstenoohalogen lampa In elllpaoldal reflectora are alao 
provlded lor lndlrecl examlnatlon llght. 

8 

Flg. 7-9. Nurslng stallon In crillcal care 
unit. Note the lighting beneath the- counter 
and out of the pallent's vlaw. Also, moni­
loring devices are easily vitúble. 

o •• 
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7-10 INSTITUT/ONS AND PUBLIC DU/LDINGS 

ing the lighting by multiple switching or dimming 
iR often worthwhile. 

Children play anrl sit on the Ooor, anrl often 
use it as a table. For this reason the lighting 
should be planned for reading, Jooking nt pie· 
tures, drawing and other visual activity on thc 
noor. 

generally either of the open type in which the 
patients are unrestricted or of lhe closed va riel y 
where access is conlrolled. Eilher fadlil v mav 
house patients who are considered lo be· und.;,. 
maxlmum aecurity. For this lype of palien! the 
lighting should be designed to be inaccessible tn 
the patients lo protecl then1 from iujuring them· 
selves or others, and yel designed to avoid a 

Nurseriea. Nursery lighting should be de· priaon·like environment. Light.ing should be pro· 
signed so that Infanta in cribs and in incubators~"-vided by non·adjustnble recessed, ceiling lumi· 
can be ob•crved easily (••• Fig. 7-10). General nairea, not only out of reach of the patient, bul 
room iU~mination .•hould he re~u~ible for caoual protected from access to thruwn nr olhcr objeclA. 
observatton of the mfnnL,. J.ummatre• fo~ gcneral Thesc should be controlled by by switcheo pref. 
lightlng should bo of auch a type or •o mst11Uerl crablv mountcd in hallways outaide of the dcten· 
that the luminance of any luminaires, ceiling or tion area. 
waU surface, as soen from working or normal M ost mental health facilities today handle 
bassinet pORition, would be less than 310candelas other than just the severely disturbcd palien!. 
por square meter (90 footlambcrts). Regurdless of the type of patient proper lighting 

There ·is often a need for higher level than that depends on knowledgeable selection of pat tcrns 
for the general lighting for careful observntion, and nreas of iUumination most helpful and .least 
but it is not kept at this leveltoo long_ in order lo disturbing. A generalized, basic guidelinc is thal 
avoid retina! overexposure, for the mfant dues the lightil¡g of these facilities should provide 
not ha ve the ability to roU ~ver or employ a~ult interest, warmth, defiilition of spaces, and illu· 
protective mechanlsms. ThiB must be taken mto mination for taaks and safety. 
aeeount when planning the iUumination. . 

1n order to recognize minor changos in thc ,. Sur¡pcal Hol~g ~as: These are as (~e 
color of the skin and sclera,light sources should Ftg 7-~1) are destgned prtmanl~ for the retenuon 
be apecially chosen. It is prefcrable that these of paltenta, nearly always supme on a wheeled 
aources be in the higher kelvin ranges and ha ve stretcher (g~uney) after thcy ~ave.had .a serlauve 
8 relatively fiat spectral power dislribution. prern~dtcatton. Thcy are reta~ned m th1s aren out 

There are special publications which ahould be of. lhe traffic stream for penods of .from a few 
referred to for information of the treatmt•nt of m~~utes t~ as ?'uch as 30 or more mmutes. 
infantile jaundice with Ouorescenllight, anrl par· 1 ~· patlent s eyes should not be exposed to a 
ticularly to the precautions which are u:com· lummance of more than 100 candela pcr ~uare 
mended for therapy,' and 10 thc use ofullrnviolet met.or (30 footlamberts) .. Mos.t o~ th~ um~ a 
bactericidal barriera in pediatric section•. • subdued alu~ber type of tllummat .. on ts ~dvtsa­

Mental Health Facilities. Thc facilities for 
mentaUy or emotionaUy disturbed patients are 

Fig. 7-10. lnfanl nursery. W1ndows al 
nght pcrmil relativas to view lhll habie!>. 

ble, and dcs1gned to be out of the hne of stght of 
the recumbent patient, but a higher levcl is . 
needed for supervision and observalion. 

9 
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The holding aren is not usuaUy designcd for 
aurgical inrluction; however, sume hospital& will 
use it as such, and the planner must give such an 
arrangement additional consideration. Sorne 
type of lighting Js useful which wiU facilita te the 
stnrting of intravenous linea, and other pre-an­
esthetic activities auch aa ehaving, etc. This pur­
poae might well be served by flexible wall hung 
bracket Juminairea. One patient'a preparation 
wiU not then disturb another waiting patient. 

Surgical lnduction Room. The patient is 
. traneferred here from a stretcher to an operating 
table, the anesthesia started, needles placed inlo 
the patient's veina, and the patient maneuvered 
into a variety of positions by manipulations of 
the operating table. Connections lo a variety of 
monitoring devices are attacherl lo the patient. 
The positioning of the patient might take a con­
siderable time, but for this thc patient is usually 
alroady partially anesthetized. 

ldeally the patient is brought into this room 
under suhdued light. The anesthcsiu can be in· 
duced after placement of a needlc in tlu.• V{~in. 
For this, a task Jight of sorne type must be 
available. Once the patient is unconscious, the 
illumination can be increased to serve the needed 
staff taaka. The capthility of again reducing the 
light in the room should be available while thc 
anesthesiologist inserta a tube into the trachea 
(windpipe). This is accomplishcd utilizing a 
lighted laryngoscope. This device provides only 
a little light and thus a low ambient level is 
preferred. 

Surgical Suite. 

. Operating Room. The üghting of the operat­
ong room is perhapa the most important in the 
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Flg. 7-11. Surgicel holding area where 
pe.Uenta are kept betoro bolng taken lnto 
the operatlng room. Note each unit here 11 
&eparately dimmable (aurgical recovery 
aimllar). 

hospital, not in the number of people to be sat­
isfied but in the importance of the work done 
there. There should be no dense ahadows Lo 
prevent the surgeon from aeeing past his own 
hands and instrumenta, nor lo preven! him from 
adequately seeing the paÜent's tisaue, organs and 
blood exactly as they are. Soinetimes he must 
·sea into deep body cavities, natural or artificial. 
To enhance physical comfort for the surgical 
team, heat. reaching the back of the surgeon's 
head and neck from the overhead surgical light 
must be minimized. The surgeons must be able 
to work for hours, if neceasary, without any dis­
comfort and must be able to glance lo and from 
their work without having lo take time for their 
eyes to adjust to large differences in luminance. 
Even more important than the comfort of the 
surgeon and the surgical team is the safety of the 
patient. Body tissues expoaed during an opera­
tion must not be exceaaively heated or dried. 

Colors and reflectan ces of operating ond deliv­
üry 1·oom interior surfaces, draping and gown 
fnbrics should be somewhat as foUows: ceilings, 
o nearwhite color with 90 per cent or more re· 
flectance; walls, non-glossy surfoces of any light 
color with 60 per cent reflectance; floor reflec­
tance preferably in the range of 20 lo 30 per cent 
but may be as low os eight per cent depending 
on the limited aelection of flooring materials 
available; and fabrica for gowns and surgical 
dropes should be colored, usually a duU shade of 
blue-green, turquoise or pearl gray with 30 per 
cent or lesa retlectance. Surgical instrumenta 
should be of a nonreflecting matte finish to min­
imize reflectad glare in the area of the operative 
cavity. Any plastic materials u<rd in drnping 
should a1ao be of matte finish. 

Equipment such as that for x-roy, anesthesia 
and ventilation competes with the lighting sys-

10 
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tem for the limitad ceiling space 8Vail8ble. There- change signlftc8ntly when viewed under either 
fore, to achieve deaired generallevels, it is nec· the eurgical light or the general room illumin8· 
eaaary to carefully plan the location and arrange- tion. This is best achleved by matching the spec-
ment of the lighting system. Due to the variety tral power distributions to the two types o( lights; 
of eurgical procedurea, it is highly desirable to however, uaually it ia only practical to match the 
allow for control of the general lighting system color temperaturas. For example, if the main 
to suit visual requirements of the surgeon and surgicallight has a color temperature of 4000 K, 
ataff. The general illumination in the operoting gener~l room illumination should be provided by 
room should provide a unifor~nly distributed tluorescent lampa with similar color tempera-
leve! with proviaions for reducing the leve l. LÚ::--"'· ture-in thls case, deluxe cool white fluorescent 
minaires should be equipped with elements giv- lamps. In all cases fluorescent lampa should be 
lng diffusion to the light and to prevenl glarc. of the lmproved color type. 

As levels of general lighting hove hccomc Thc surgical task lighting syetem (eee Fig. 7-
hlgher, lumlnance balance has aMumcd grenter 12) should be capable of providing 8 mínimum of 
importance. To achieve this, lurninance rati011 27 kilolux (2500 footcandles) directed to the cen-
(not illuminance ratios) between areas of appre- ter of a 500 equare centimeters (78 equare inches) 
ciable size within view of the surgcon and his (or Jnrger) pattem on a surgical table with the 
te8m, ehould be no greater than 1 to 3 between top 990 millimeters (39 inches) from the floor. 
the wound and tha. surgical fleld and 5 to 1 Thia pattem is deflned as an area within which 
between the surgical field and the instrument the illuminance tapera from center to edge so 
table. The 8UlJIÍcal fleld to the room's lighter that 8t the edge it is no leas th8n 20 per cent of 
aurfaces also should. be no gre8ter than 1 to 5. th8t at the cent-!l. For ceiling·suspended surgical 
Visual comfort ia probably grestest when there lighting eystema, the llluminance and patterns 
are no excessively bri¡ht reflections in the field. are measured 1070 millimeters (42 inches) from 

When tluorescent luminaires are utilized In the the face of the ABmp cover glaee, if a cover glaBH 
aur¡ica1 auita they ahould be deoigned to reduce i.s ueed, or the 1 lwer edge of the 'outer reflectora 
electromagnetlc lnterference to a level that wl1l in a multiple reflector unit with individual covera 
not intarfere with OJM!ration of dolicate electronic over ea eh lighting eource. 
equlpment in 8 life aupport system. This gener- The above ia intended as minimum for gen~ral 
ally requires welded construction to minimizo surgical proceduree. In many specialized in· 
radio frequency lealtege tltrough opcnings, lensen stancee higher illuminances, various pattem eizes 
with an electrically groundcd conductivo coating, and shapes, and control of level are desira'ble. 
and radio frequency filtcrs t.o 1oduce the radio Variable pattern sizes OU'e provided by moving 
energy getting into the electric wiring. the lisht cloeer to or farther frorn the patlent. 

The appearance of the , patient ah?uld not Some lights provido, In addition, 8 focueing con· 

Rg. 7-12. Surglcal Ught with a televislon 
camera tixed In the center of one of the 
dlreeta~e unita. 
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troJ which vlll'ies pattern size. Users should de­
termine the depth of lield requircd for their work 
and evaluat• the luminaires svailablc that will 
givt• a uaeable pattern over the depth of lield 
requirad. All illuminance measurementa should 
be made with a color •nd cosine-corrected light 
sensing element that wUI indicate the average 
leve! over a 38-millimeter ( 1 Y•·inch) diameter. To 
prevent obscuring sbadowa from the surgeon's 
banda, head, and instrumenta, the light should 
reach the operating area from wide anglos. For 
test purposes, the light should provide a leve! of 
JO per cent of the unahadowed leve! inside and 
at the bottom of a tube 50 millimeters (2 inches) 
in diameter and 76 millimeters (3 inches) long, 
linished flat black inaide, from a distence of 1070 
millimeters (42 inches) when the beam is ob­
structed by a disk 254 millimeters (JO inches) in 
diameter, 580 millimeters (23 inches) above the 
operating table, and normal to the axis of the 
tu be. This means that, In the testing meter, a 38-
millimeter (1 1h-incb) sensor is used. lt iB a very 
sensitive test which means that the black linish 
muat have no specularity, and the disk and tube 
must be correctly poaitioned. See Fig. 7-18. 

Protection should be given against a totallamp 
failure, for example, by multiple lamps in a single 
lighthead, or by multiple Ughtheads, etc. 

Tha radiant heat produced by surgical lighte 
must be minimizad for protection of surgically 
exposed tissues and the conúort and efliciency of 
the surgeon and assistants. For most operations 
the radiant energy in the spactral region of 800 
to 1000 nanometers should be kept at a míni­
mum. This is the energy of infrared absorption 
by flesh and water and hence rcsults in a notice­
alile heat to the surgeon. or more importan! may 
cause drying of exposed tissues. Current research 
suggesta that in certain neurosurgical or intes­
tinal procedures on delicate, thin, dry or abnor­
mal tissue, the user ofsurgicallights should take 
care not to exceed approximately 25,000 micro­
watts per square centimeter at maximum inten­
sity in the light par.tt•rn. The manufacturer of 
surgical lighting shm•": provide information on 
conditions under which bis equipment can ex­
ceed theae energy levels. An irradiance factor 
(¡JW cm-') per lux or footcandle would be helpful 
to 'determine the total irradiance of the lighting 
sysr.em. 

Por general •urgery, the light from the lumi­
nairt should have a color within an area de­
scribed by a five-sided polygon on the CIE chro­
maticity diagram (see Section 5 of the 1981 Ref­
errr.ce Volume). The range ofCIE coeflicients is 
appropriately delined by the following x and y 
vaJucs: · 

--........ 

1070 MM 
(421N) 
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1 
BLACK 
DISI( ~MM OIAMETER ¡t--L , .... 

• 

REMOVABLE MATTE 
Bl.ACI< SCREENING 

~: TUBE 78 MI.A (31N) 
580 MM X 60 MM OlA. 
mtN) (11NJ 

PHOTOCELL 

OPERATINQ TABLE 

'"" Flg. 7-13. ihe test for ahadow reductlon. Olstance and 
slzes of obJ~ts are as shown above. Ter. per cent of the 
lncldent llght ahould be aeen at lhe bottom cf the tube. · 

X 

.310 

.400 

.400 

.375 

.310 

)' 

.310 

.375 

.415 

.415 

.365 

When plotted, the above points will result in 
correlated color temperatures between 3500 K 
and 6700 K. Spectral power distribution should 
be so designed as to provide color rendering 
aatisfaction to the surgeon.' 

Se<:ondary only to ita unusual optical quality 
is the flexibility designed into the surgicallight­
ing unit. This may be mechanical on unit.s sus­
pended fror:¡ the ceiling or by electricalswitching 
arrangements in stationary unit.s in the ceiling. 
Directionality is sometimes achieved by permit­
ting the scrubbed surgeon to adjust a sterile 
handle, but the asepsis of this technique has been 
queationed. lf handles are uaed, they ahould be 
demounteble for sterilization, smooth to avoid 
glove punc~ure, and have a guard to prevent 
contact with a nonsterile area. 

The requirements for directional flexibility in 
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the main task lighting system will vary with thc cord and plug" or from dry cell batteries or 
surgeons and the type of surgical procedures to transformer above the "fivc-foot" leve). lsolating 
be performed and limited by the "five-foot" rule" transformers should ha ve a grounded ca•~ and 
impoaed for the use of flamrnable anesthetk core. 
agente. (NFPA-56A-1973 permito breaching the The anesthesiologist usually sits behind a tent 
"five-foot" rule when operating rooms are clearly of surgical drapea which prevent an accurate 
defined to avoid al! uae and presenctl of llam- view of the patient's face color, Most of the 
mable agents.) The requiremenL" for orthopedic monitoring instrumente and dials which must 
operations differ greatly frorn those for cardio- constently be observed ore hard to sce. Their 
vascular ond neurosurgical which, in tum, differ'"' ~cover gbr.o;es usually are very reflective nnd may 
from those o{ the IIYJlecologist. Thus the selec- weU produce veiling reflections or reflected glarc. 
tion of the lighting system cannot be simply Furthermore, the anesthesiologist should he 
deftned and the proapectlve purchaser must be shielded from the operating tssk light and •hield· 
aware of the limitations of all of the equipment. ing of the general illumination system and other 

Two-team surgery la now frequcntly prRcticed special lighting considerations also may be 
for many procedurea. For example, one team needcd. 
may remove a vein from the thigh while another 
implante it into the heart. Additionallightheads Scrub Room. Scrub area.• and corridors adja· 
or satellite unit& may extend from thc primary cent tn the operating room are areas where per· 
luminaire mounting. On the other hand the use sonnel can accommod~te their eyes to the illu· 
of two or more luminaires on 0118 surgi<al field is minances of the o¡jerating room. While scrubbing 
to be employed only with cate. See above. before an operation, the surgical team should be 

Supplemental aurgical task illumination is of exposed to light of the same leve) that they wlll 
two main types: thoae with a beam cncompassing encount'" in the operating room. This will not 
the entire field and those which opera te by di- only inHure a good job ofscrubbing, but wiU allow 
recting Jight through a glass or plastic fiberoptic them to enter the operating room fully light 
bundle. The former, ;r they are lo be llSed in on adapted. These illuminance levels will also pro· 
operating room wherc flammable anes<hctic mote a rleaner scrub area and consequently more 
gases are employed, must be explosion proof or aseptic conditions. This same reasoning holds for 
limited in movement to 1.5 meters (5 feet) abovc corridors leading to the operating room. The~~e 
the floor. The liberoptic light source and all of are the ateas where the surgical team adapt.- to 
its electrical system must be in accordancc with the ope¡·ating room environment. 
NFPA 56A." In addition supplementsl head- Not aU operations are performed under higher 

illuminance levels, and in fact, many are carried Jamps, self-lamped, often project an ima¡;e of 11 fi out at very low ambient levels. For those the 
tungsten llament, without (lltering, and should light should be reduced, by switching or dim· 
be tested for illumination safety in a manner ming, to a low level, just sufficient to observe the 
similal' to fiberopt!c headlamps (see below). 
These units could produce six times thc irradi- clock and the technique ofscrubbing. Adaptstion 

from low to h1'gher illunun· ances '" very ra¡>J'd, ance of surgicallighting for equal illuminancc. ~ 
Freestsnding )jghts muHt confortn with snfety but dark adaptation is very slow so that the leve) 

from tipping, as prescribed in NFPA 56A, and should Le kept low for endoscopic surgery, 
must have a reasonable 'memory' ior retJ>ining Special Lighting. The lighting requirements 
their position. No part of the portable wide-beam for photography and television in the operating 
lamp housing shc.'.:l project below 1.5 meters (5 room ha ve been given relatively little considera-
feet) from the fwur. The entire unit rnust be tion. 
grounded through a third wire in the flexible Microsurgery may he televiaed and special 
cable. cameras are built to be adapted to operating 

A fiqeroptic unit, for use iu a sterile field must microscopes. When these are used, special atten-
be capable of. sterilization or be encased in a tion sho,dd be directed toward heat productim; 
waterproof and sterile stetic-frce barrier. At the on the tissues being observed as associated beam 
exit face of the liberoptic device the irradiance splitting devices require increased light. 
should be no more than 25,000 microwatts per Surgical lights are available with color televi-
square centimeter. sion cameras built into the lights (see Fig. 7-12). 

Low voltage lighting equipment (less tl1an 'g This au:omatically insures that the camera is 
volts) may be used in accordance with Nr'PA aimed at the surgical site. These cameras are 
56A, if supplied by an individual iaolating trnns- usually cquipped with motorized zoom, focus and 
fonner "connected by an anesthetizing location iris adjustment& for the lens. Thu•, all camera 
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control can be done remotdy. The color balance 
of the camera must be ail.iust.ed optically or 
electronically lo match the spcctral distribution 
of the light. 

Speclallzed Operatlng Rooms. 

Eye Surgery. Rooms for eye surgery contain 
sorne type oflixed pedestal or columna connected 
with an operating microscope. This equipment 
may contain its own luminaires and frequently 
beam splitting deviccs to pcrmit viewing by more""' 
than one person. There may be camera or tele­
vision equipment also attached. A separate ruby 
laser may also be present as woll as an electro­
magnet for removing ferrous foreign material 
from the eye. 

'!'he general room i!lumination is planned to 
give thc same leve! as in th'e general operating 
room. The surgeon will, at times however, re­
quire leas general illumination and may prcfer 
almost complete darkness. Therefore, a method 
for reducing the illumination becomes manda· 
tory in the eye room. Separate lighting may be 
necessary for the anesthesiologist so that he may 
obaerve equipment. 

Eor, Nose ond Throat Surgef")'. The require­
ments for this specialty are identical with that of 
the eye surgery. Microscopic •urgery is used for 
opcrations on the inner ear. 

Neurosur¡¡ef")'. In general thia opcrating room 
is no different in ita visual requirementa than the 
general surgery operating room. Sorne ncurosur­
geons prefer lo uae headlnmp~. frequently fiber­
optic ones. Recently surgical microscopea have 
been employed in a darkened room. Thesc op­
erating microscopes contnin their own illumina­
tion and may be ceiling or wall mounted. Neu­
rosurgeons often require a horizontal rather than 
a vertical beam of light. Thus, luminaires that 
can be brought as low as the codes allow are 
needad. 

Orthopedú: Surgery. In general the or­
thopcdic operating room visual nceds are no 
diiTerent than H.· ''''1 of the general surgery but 
better facilities for .<-ray oquipment may be nec­
essary. The type of x-ray equipment and mount­
ing needs lo be coordinated with the lighting 
systems. Particulsr attention should be paid to 
flexibility of the luminaires, for orthopcdic sur­
gery frequently requires unique positioning on 
the side of the operating tnble for low level 
lighting of the patient's hip. Fluoroscopy with 
image intensification and television screening 
wiU permit the use of a room which is not 
darkened. Extra negaloscopes are required-
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Tl1e orthopedic surgeon also uses thP surgical 
mici'OscOpe. 

For implantable joint replacement, th e or· 
thopedist sometimes employs laminar oirtlow 
ch&r.~bers, and surgicalluminaires pose a prob­
lem :X,th from thcir disturbance ofthe laminarity 
of the airtlow and from thc convcction currents 
they cause. These situations are very difficult to 
avoid as the necessity for illumination of the 
surgical task is paramount. 

Pc.stanesthetic Recovery Room. This is an 
area of meticulous monitoring and equipment 
obse:vation, plus the capability for carrying out 
certnin emergency procadures. Color recognition 
for c!langes in the patient's skin must be facili­
tated. The li¡¡hti1111 ahould be variable so that 
presentations on the face of oscüloscopes (elec· 
troencephelographic and electrocaf\liograr.hic) 
can be recognized. · 

Cystoscopy Room. Cystoscopy is normally 
carried out in a dark room. The cyaloscope is 
however introduced in a lighted room. For fe m ale 
procedures a gynecologic examining light should 
be providcd. If flammable anesthetics are not 
used in the area (which is usual) the light should 
be available at the leve! just above the sitting 
urolo¡:isi's ahoulder. 

The darkening of the room ahould be possible 
by awitching or dimming. The low leve! should 
be ad~quate for the anesthesiologist to see his 
equipment and lo recognize the patient's coior. 
A surgical lighting capability ahould be available 
for the performance of some operativa proce­
dures. It should be centered in such a way as to 
illuminate the lower end ofthe cystoscopic table. 

Obstetrlc Delivery Suite. 

Labor IWoma. Moniloring apparatus is often 
npplied to the patient to observe uterine contrac­
tions and the heart tones and responses of the 
unborn child. This is usually recorded on paper 
and must be obaervad by attendanta. Examina­
tions parformed in this room are usually manual 
and will not require visual control. Howevcr, 
observation of the patient includes blood pres­
sure measurement and observation of the pa­
tient's .~eneral status~ therefore, good color ren­
dering lighting is preferred so that any cyanosis 
(blueness) will be obvious. 

Delivery Area. The area for delivery scrub 
ahould be identical in ita illumination with the 
surgical scrub nrea. The general illumination of 
the delivcry room should be achieved by recessed 
luminaires providing light througt;,.,;¡, the same 
as in the operating room. 
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The task li¡ht •hould be capable of focusing 
and produce a leve! of 27 kilolux (2500 footcan: 
elles) at its centsr. Jdeally it should be capable of 
being centerad over the shoulder of a sitting 
obstetrician. Mounting should be in accordance 
with NFPA 56A. Explosion-proof portsble unit.s 
are alBo available. In sorne institutions the ancs­
thesiologist will han the use of llammable anes· 
thetic agente in the delivery suite and remove 
the explosion hazard. ._...,. 

A speciallighting plan should exist for the area 
in which the newbom infant is resuacitated. The 
li¡hting should have good color rendering capa­
bility, particularly for cyanosis and jaundice. 

General Radlo¡raphlc/Fluoroscopio 
Room. In the modem unit,• most lluoroscopy is 
now perfonned with ima1e intensification with 
visualization on a television acreen; therefore, 
complete darkneas is no longer impera ti ve. Over­
all ill umination is necessary for cleanup. The 
generalli¡hting should have a dimrning capabil­
ity aa different radiologists prefer working under 
different levels of ambient lighting. Often the 
overhead lighting ia extinguished by the foot 
switch ou the radingraphic unit so that the am­
blent light will go out when the lluor011copy is in 
progress. Light localizing devices are sometimes 
used and are asslsted by low generallighting. 

The com~tition for ceiling space is great in 
theae rooma and the placement of ceUing lumi­
naires is very import.snt. 

Laboratories. 

SpeciiMn Collecting (Venlpuncture) and 
Donor A,_. for the 8/ood Bank. Lighting 
should be provided for the Bite of the venipunc· 
ture, at the height of thc arm o( an armchair. 
Veins are often beat seen in ot.her than flat light; 
therefore, ceiling lumirutires or task lights should 
be plsced to provide oblique illumination. Thc 
walls in thia area should be of pastel shades of 
low reflectance (or donor comfort and reii!ISur­
ance. 

7Yssue Loboratory. Lighting in a tissue lsb· 
oratory should havo an excellent color rendering 
quality. or particular interest is that there are 
usually two counter hcights [760 and 910 milli· 
meters {30 and 36 inches)] in volved, one to be 
used sitting, and another at standing bench leve l. 
The same lighting arrangements are valuable in 
the room devoted to the preparation of cytology 
specimens. Background• for microscope viewing 
are best dark in color and o( very low reflectance 
to avoid glare. 

MlcJ'OSCOpic R«uuing Room. The patholo­
gists s ~end a considerablt portion of their da y in 
reading microscopic material. For this purpuse 
thc tal>les u pon which the microiiC<>pe• are placed 
are u"ually at a 810-millimeter (3ll-inch) leve! 
from the floor and the tabletop is of low reflec­
tance often in a mahogany or walnut finish. 
Room lighting should be adjustable for longstime 
viewing. 

Central Sterlle Supply. The inspection area 
ofthe central processing department should hove 
generd lighting and in special areas where deli­
cate instrumenta and other equipment are in­
apected, iUumination should be increased. 

DentaJ.. Sultes. Jn the dental operatory the 
luminance differences between the patieut's 

Fig. 7-14. Current Recommended llluminances in 
Lux end Foolcandles, on Tasks, for Emergency or 
Contlnuity Servlce (for Use When Normal Service ls 

lnterrupted) • 

ExiiWays 
Co"ldora leadino to exlts, et tloor 
Stalrwoya leading lo exita. at floor 
Exlt dlrecllon algns, on tace of lumi-

naire 
Exll doorway, al floor 

Qperaling Roo~. aurgical labio 
Qperatlng Room, emeroency tabla 

. Oelivery Room, obstetrk:al tal* 
Recovery Rooms lar operatlng roorns 

and obstetrical suites 
Nureeriea, infant, 760 milllmetera (30 

inchea) above floor 
Nurserles, promature, 760 millimeters 

(30 inchea) above floor 
Nuraeriea, pedlatric, 760 mllllmeters (30 

lnches) above lloor 
Medlcation Preparatlon Ares. local 
Nurses · Statlon 
Pharmacy 
Blood Bank Area 
Central Suclion Pump Area 
Telephone Switchboard, lace of board 
Central Sterlle Suppty, ISS!Jing are a 
Paychialric PaUent Bed Area 
Mein Elllctrical Control Center 
Hoapltaf Elevator -Exlt Lighting 
Stalrwolls 
Lite Saf~ty Areas (Lile Support Aroas) 
Cardiac Catheter laboratorkls 
Coronary Cara Unlla 
Olalysls Units 
Emergency Room Treatment Areaa 
lntenalve Cara Unils 

30 
30 
50 

30 
27000 
22000 
27000 

100 

100 

100 

20 

300 
50 
50 
50 
50 
50 
50 
20 
50 
60 
so 
so 

100 
300 
200 
soo 
300 

Footcan­
dlos 

3 
3 
5 

3 
2$00 
2000 
2500 

10 

10 

10 

2 

30 
5 
S 
6 

• 
5 
~ 
2 
5 
S 
S 
S 

10 
30 
20 
so 
30 

• Theae are minlmum Ughting lave!l. 1t 11 particularty delirable 
thallhey be lncreaaed to lll near lhe loveta n01mally provlded in lh~M 
ateas u tho avaMab&e capaclty of the emeroency elec:trlcal aui)Dly 
wlll permll. 
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mouth and face, patient's bib, the inst.rument 
tray and the surrounding areaa ahould be no 
greater than 3 to l. 

Lighting should be provided at the level of the 
patient's face and the instrument tray. Lighting 
inside the mouth, or oral cavity, ahould be sup­
plied from a luminaire easlly adjuatable to ex­
eludo high luminance in the patient's oyes and at 
the same time provide such lighting aa ia needod 
by the dentist to aee fine details over long periods 
of time. Thia light ahould havo color cheracter­
iatics and level suitable for the dentiat to judge 
the matching of colon of teeth and (illings, and 
occlusions of denturaa in any place within the 
mouth. The dentiat must be able to judge accu­
rately the depth of drillinp and.the preparation 
for retention of fillings. ;; 

A luminaire for producing such a penetrating 
light, relatively free ofahadows at the oral cavity, 
muat produce a convergent beam, and at a dis­
tance of about 1 meter (3 or 4 fcct) ahould be 
capable of lightlng a semicircular area with a cut­
off to exclude the bright light from the patient's 
eyes. 

Prosthetic work in the laboratory requires 
speed, accuracy and clase inspection. Therofore, 
a general leve) should be provided, with a sup­
plementary lighting at the workbench, and at 
one or more points depending on the number of 
people using the laboratory at any one time. 

Examination and Treatment Rooms. For 
examination and nonaurgical treatment there 
ahould be general lighting with &1,Jpplementery 
lighting on the table. Also, there ahould be a 
speciallamp for vaginal inspection. 

Emergency Outpatient. The emergency out­
patient suite should be generally self-aufficient 
to handle most cases without re80rting to the 
rest of the hospital. Fixed ceiling-mounted direc­
tional luminaires or portable lights that provide 
lighting at the center of the operating area, with 
a lower leve! of general illumination are usually 
adequate for eu.mination and emergency sur­
gery, 

Autopsy Room and Margue. Good lighting 
is imperativo in the dissecting room. A surgical 
type of dissection must be performed, yet it ia 
done in the open rather than in the reatricted 
cavity as in the surgical exposure. Therefore, the 
highest levels of surgical illumination are not 
needed to overcome the loases in deep csvity 
lighting. While sorne of the diasection may be 
meticulous and tissue planes must iw visual.ized, 
the meticulous placement of sutures and the 

meticulous placement of instrumenta to control 
bleeding f:-om fine blood veasels is not necessary. 
Therefore, 80me of the contouring 80 advanta­
geous in living aurgery can be sacrificed. 

The task light of the autopsy room can there­
fore be a nonsdjuatable large unit with good color 
rcndering lamps augmented by spotlights provid­
ing illumination at a leve! of the autopsy table 
760 millimeters (30 inches) above the floor. Sur­
gical lights are not neceasary in thia room. A 

~-"iiiñgle spot with r.Iters to greatly reduce infrared 
radiation iB valuable for the akuU portian of the 
autopay. Additional lighting for a sea! e placed 
over a counter ia alao valuable. 

Phannacy. The pharmacy should be well il­
luminated 80 that labels and fine print of precau­
tionary literature supplied with the medications 
can be read. Illumitiation should be provided at 

· the workbench level 910 millimeters (36 inches) 
from the floor. 

Emergency lJghting. Emergency lighting is 
needed to perform two categories of esaential 
taaks: the taak of evacuation under adverso con­
dltlons and the taak of prGviding life aupport 

· . eervices to the patlent who cannot be evacuated. 
Theae two categoriea may be thought of as re­
quiring two lighting syatems. The tlrst is emer­
gency light of relatively low leve! to provide 
adequately for ambulatory mobility of patients 
and ataff, and the aecond ia of higher leve! and in 
most applicationa equal to that provided by the 
regular lighting aystem. 

With the increased uaage of electrical power in 
the operating room and critica! caro areaa there 
ia a need to increaae the reliability of the electri­
cal service to these areas. The regular room 
lighting becomes the emergency lighting when­
ever the power supply to the critica! care areas 
switches from the normal 80urce to the emer­
gency so urce. Se e NFP A 76A for informa tion 
relating to easential electrical aystems for hospi-. 
tals. 

The remaining areaa of the hospital should 
have low level emergency lighting to give the 
levela recommended in Fig. 7-14. 

HOTEL/MOTEL ANO FOOD SERVICE 
FACILITIES 

In designing lighting for hotels, motela and 
food aervice facilities the first taak is to identify 
those things which the ataff and us•·is want or 
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need to see. Both·IJI'Oupa must be able to see and 
comprehend thelr envlronment, to move about. 
and work within IL In addltion, they ahould lind 
it en,jo;yable to do ao. In aueh faellitlea aa hotels 
and restaurante, the psycholo¡ical effecta of 
tighting are particularly important. The tighting 
design becomea a marketing tool by creating a 
a.uecessful, attractive, comfOliable and functional 
envil'onment, but only if lt ia intagrated with ~·­
over·all IU'Chitectural design concept. Lighting 
which ia inappropriata in terma of quality or 
quantity can ruin an othcrwise successful instai­
Jation. Using an appropriata combinatlon of day­
light and electric tighting, the designar can de­
velop and reinfon:e almoat any visual mood and 
aatlafy the visual needa in any apace by day and . 
by night. The tighting system must be compatible 
with acoustic, tharmal, spatial and esthetic re­
quirementa and objectives for each area. A suc­
ceuful total environment requires a cooperativa 
e«ort by the owner, facllity manager, architect, 
en¡ineers, Interior designer and specialized con­
sultants who work to integrate aJJ concepts into 
a harmonioua ftnaJ aolutlon. In hotels and res­
taurante, where architactural treatment is criti­
ca), the Jightlng deal¡ner must seok to atrike an 
appropriate balance between efficiency and ea­
thetlca whlle conaldering energy management. 
See Section 4. 

The following general objectivea ahould be ad· 
dreaaed: 
l. Hannony with the architectural and decora­
tiva character of the facility. 
2. Provision of high quality illumination for vis· 
ual tasks. 
3. Control of glare and luminance ratios. 
4. Provision of adequate quantity of illumina­
tion. 
5. Cost optimization to maximUe net. revenues, 
including first coata, operating costa and main­
tenance costa. See Section 3. 

Consideration muat be givcn to the desired 

Ftg. 7-15. Halos of clear decorativa 
&amp¡t operated at reduted voha~e define 
the room towers of thia hotel ano, com­
binad wlth the uplighted allee ot traes 
framing the en tronce drtve antllh~ lino of 
gJittering aourcea over the entry, create:~ 
a dislinctive image lor the taclllty. 

appearance of each space and to the seeing I.IIRkN 

to be performed. The factorR which aiTect tssk 
visibility and performance are di·¡·usaed in S..c· 
tion 3 ol the 1981 Reference Volume. All polen­
tia! h:u.ards such as changes in floor leve! should 
be welllighted for protection of guesta and staiT. 
lf thought out In advance, such highlighting of 
poten tia! hiuards can be made part of any deco· 
rative scheme. 

Hotel and restaurant spaces often ha ve differ· 
ent visual tasks at different times. Function 
rooms, for example, are used for dining, meetings, 
lectures, conferences, c!IUISI'oom applicationa, ex- · 
hibitions and entertainment. To accommodate 
alJ these different uses with a variety of illumi· 
nance levels and distribution pattems, severa! 
lighting systems may be required with multiple 
switching and dimming. 

Deslgn Conslderatlons for Speclflc 
Locatloná 

Specific visual tasks and design considerations 
for different areu are discussed below. Illumi­
nance recommondations are given in Fig. 2-2 and 
Fig. 2-26. The levels selected from Fig. 2-2 
should be based on an evaluation of the needs of 
the occupant and on msnagement experience. 
The levels in Fig. 2-26 represen! minimums for 
safety alone. · 

Exterior and Site. The total exterior lighting 
system should identify the facllity and create a 
favorable viaual impression for welcoming pe­
trons (see Fig. 7-15). Building facade lighting 
and marquee, walkway and parking lighting 
should be coordinated wilh signage to protluce 
an effective coherent over-all impression. 
Grounds of buildings •hould be lighted: 
l. To merchandise t\te property (when war­
ranted). 
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Flg. 7 ... 16. By day, ahaHs of sunlighl make thia cJear-glazed atritm dramatlc. The high leve! daylighting la beneticialto the 
larga lrees. Al night, the elevatore become movlng illumlnatad aculptures egalnst a neutral sculptural background created by 
the genue glow from fluorescenl coves concealed in the handrails ot the balconies and bridges. Uplighlod trees and low 
mushroom llghts relnforce the exterior lmaaery created by careful selcction and dtttailing of materlals. Pendan! hlgh lntens•ly 
discharge downllghls, required tor trAo maintenonco, aro onty tumed on late at l'llght aner the put•lic has lefl the space. 

2. To providc for the Sl\fety of gue•ts and prop­
t>r'.V, especially in parking are a~ nnd ·a long perles­
trian paths. lt is also essential to make areas 
around steps, walkwaya ami entrics feel saf<!-­
which me8ns the elimination of threntening 
shadows as much u it does the provision of an 
adequate leve! of light. 
3. To elirnin8te areaa which would otherwise be 
inviting to vandalism, or pose a problem in terms 
of occurity. 
4. To make acceSRible to the handicapped all 
~reas of barrier-frce design. 

All entryways shoc:!c be welllighted to make 
them "landmarks" which may be used safely by 
guests. Lighting should be used to provide ori­
•ntation and to reinforce intended traffic p8t· 
terns. Marquees, portea-cochere, drive-ups, reg­
i.<trution areas and unloading areas should be 
li~hted in such 8 way as to distinguish them 
rl•arly from surrounding areas. 

Lighting of parking areas should provide for 
•·isual security and physical safety. See Section 
1~. Hoadway Lighting. Luminaire placement 
~hnuld be coordinated with buildings and pl8nt· 

ings in such R way as to rniuimizc shadows. I..i¡.:ht 
sources shn:~ld provide adequat<• wlor rendition 
for cnsy vehicle identification. 

Public Spaces. The lobby typically estab­
lishes the main design themes for the fncility, 
and hous;.•s a vnriet.y of functions which can be 
differentiated 8nd enhanced with appropriate 
lighting tec:1niqucs: elevator lobby, rcceptinn 
desk, lounge arens, bell capt8in 's desk, etc. (sce 
Fig. 7-16). The entrance foyer is 8 transition 
space between the outdoors and interior spacc, 
so foyer lighing should promote a sense of se­
curity and welcome while allowing adnpt..1tion 
between high and lower illuminances. In the 
lounge area both casual and prolonged reading 
tasks must be anticipated, though these can usu­
ally be accommod8ted with relatively low illu­
minances. A more residential trcatment may be 
appropriate to create nn inviting ambiance. 

Many visual tasl<S are performed at the regis­
tration dcsk. To make thia area easy t.n locate 
and to use (see Fig. 7-17), the desi1:• : may 
choose 8 high general lighting level t" ·" ··om-
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Flg. 7-17. Al the reglalratlorfdulk con-­
. ceated fluoreacenl aourcea are usea to 

provlde task llghl on lile desk. · Tha back 
walllallghled lndlrocll)' lo creala a glowing 
bond ..nlch drawallle vlliiOr lo tho dollk. 
Thla la , __ by lile concealod tlu-
orescent cowt at the lower edge of the 
deak whk:h washea the carpet. Low-­
brightneaa downllQhta pul an even wash 
ot k)w.levet ihuminatlon on the richly col­
oted carpel. 

modate all tuks; however, a lower over-alllevel 
with a aysteul · of loCal taak li¡hting ahould be 
conaidered. Can ahould be taken that the light­
la¡ be compatible with IUJ1'0undin¡ areas. '(See 
Section 6 for the li¡hting of oftice areu). 

AretJB for alo1Y166 of luggage, etc., should be 
li¡hted 10 that labela and other meana of identi· 
fication can be quickly and eaally sean. In en­
cloaed storage areas the color renderln¡ qualitiea 
of the light ahould be adequate to permit correct 
identification of atorad itema.. U not aeparated 
l'tom the main lobby, atorage areas ahould have 
aomewhat higher Wuminance levela than the 
general amblent. 

The lightill¡ for elevator tobb;y aretJB ahould 
be designad to orient people to the elevators and 
ahould enable them toread directional signage 
and instructiona and select the proper signa! 
controla for elevator call. Jnternally Wuminated 
aignage and controla ahould be considerad. 

Corridor lighting ahould illuminate room num· 
bers, room name identification signa, and the 
locks in doors. Lightlng ahould be designad to 
make the pasaage through hallwaya, 'on stairs 
and to elevators a pleasant and safe experience. 
Lighting should make guests feel secura. It 
should cal! attention to circulation modes such 
as eleva tora and vending areas. The tunnel effect 
associated with Ion¡ corridors ahould be mini· 
mized. · 

Suitable lightin¡ for shops, newsstands and 
other ~pecialized servkes may require quite 80· 
phisticated equipment and controls. Such light­
ing·ahould be considerad as part of the over-all 

llS UOHTING HAHD800K 
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interior li¡btlng scheme (see Fig. 7-18), and 
ahould not be 80 bright as to dominate adjacent 
public areas unl- that is the intent of the deaign 
team. lt may be possible to use display !ighting 
which remsins on 24 hours a day to light adjacent 
corridors, eliminating corridor luminaires. 

In public /4tJ(Jtoriea, visual tasks inc!ude 
lll'OOming, which requires shadowleas iUumina· 
tion on both sidas of the Cace. Color rendition is 
important. Lounge areas in restrooms require 
only low levela of light. 

In most cases li¡htlng in ballrooma, {Uilctioll 
and meetin¡¡ rooms and conference aretJB should 
be relatad to the over-all deaign themes for the 
hotel. See Fig. 7-19. Theae rooms are uaed for 
meetings, exhibits, dancing, dining and other 
functiona, which makes it important to provide 
a variety of lighting levels and effects. 1( decora· 
tive ·luminaires such as chandeliers are used, at 
least one or two supplementery lighting systems 
wi!l us:.ally be required. Dimming and multiple 
switching ahould be provided, organizad and 
clearly lábeled for easy operation by banquet and 
function personnel. Lightlng muat be adequate 
for criticel tasks such as reading and note-tsking. 
Adjuatalile accent !ightin¡ should be provided at 
speaker'& areas, head-table locationa and likely 
locations for displays. Out!ets for local lighting 
ahould be provided in exhibit areas. It should t-e 
remembered that highest lighting levels may be 
required for aet-up and cleaning purposes. 

Guest Rooma. The guest room is one of the 
major commoditiea of a motel or hotel. Since it 
is frequently used for small business confe~es, 

• ¡\.,,;.. 
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flexibility needs to be a part of the lightin¡ plan. 
General iUumination from ceiling or wall­
mounted luminaires provides a background for 
taak lightins, aida in housekeeping and ¡¡ives a 
feelin¡ of cheer, u well aa providlng the needed 
flexibility for nonreaidential uses. To establish an 
inviting, home-like atrnosphere a variety oflight­
ing equipment, eome decorativa in appearance, 
ia. uaually needed. Visual tasks which need con· 
sideration in the suest room include: reading in 
chair or bed, desk work, television viewing, and 
groomins at the mirror In both the bathroom and 
at the dresser. See Section 10. The small entry 
foyer which ia typically part of the suest room 
ahould have ita own eource of general iUumina· 
tion whlch reflecta light from the coiling or walls. 
Receased incandescent luminaires are not usu­
ally suitable because the distribution of light is 
too narrow. Often the foyer lighting can be de­
signed to illuminate cloaets,luggage storage and/ 
or grooming aroas as well (see Fig. 7-20). 
Switches with lighted handles are a convenience · 
for suests in unfamiliar surroundinge. Low 
wattage switeh-controlled night lighta should be 
installed in each suest room, usually in the bath· 
room so that suesta do not leave other lights on 
all nigbt long. Mirror lishting generally provides 
adequate illumination in bathroorns. If, however, 
there are separate compartmenta for toilct, tub 
or dresaing, each space ahould have a separawly 
switcbed eource of general illumination adequate 
for safety when the door or cwtain is closcd. 

Entertainment and Food Servicc Spaces. 
Entertainmee1t and food servicc spac"s within 
the hotel/moteland restaurant industry aro com· 
plex and energy-intensive areas in which lighting 
plays a ltey role in establishlng the mood or 
atmosphere. The success of lighting effects de· 
penda on the appropriateness of the illuminance 
level, color of light, luminaire candlepower dis· 
tribution, t)'!le of luminaire and its locations in 
relation to the architecture, and source size. 
WeU-shielded downlighta, for example, can cr~­
ata a pleasing sparkle in reflective objects •uch 
as table settings, as well as an intimate feeling. 

Ag. 7-18. In thla commerclal corridor, all "corrldor IIQhl· 
lng"la provlded wlth aplllllght ~om dlaplaya. 

F~g. 7-18. (Left) Sectiona ot tubtng were llocked end hung trom the atructure ovar this ballroom to create a richly colored 
decoratMt ceiJing in acale with the eize of the room. DownUghta, accent lighta and air reglstera are concealed In and batween 
the tubea. The large contemporary chandetler ls made ot planea of woven wlte mesh, highl/ghted from Unes of R·type lamps 
above. AU citcuHs are dlmmer conlroUed. (Right) Concealed In the decorativa ceiling of lhls tunctlon room are severa! 
lnd&pendenlly controlled llghtlng ayatema. Effecta lncluda wall washing, accent llghting tu1 art and apeakera. and neutral 
aowntighllng tor projection and noae-taklng. The celung la labricated of bronze acrylic cubcS, the walls ot which mullipty the 
ID&rkte of incandescent aourcea. 
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On the other hand, indirect lighting or large-area 
ilifTuse sources such as Ouorescent luminaires 
typic&!ly create a brlghter looking space and call 
more attention to the whole room. The lighting 
of any feature in the dinin¡ area will need special 
attention. The•e can range from the highlir,hting 
of a picture or sculpture to a full lurninous wall, 
with efTecta ransinll from dramatic to open and 
friendly. The luminaires themselves may, if used 
ilecoratively, hecome distlnctive feat.ureá in their • 
o.wn right; M any suspended decorative lumi· 
naires, Í'egardleSII of shape, size or style, have a 
general diffuse ~istribution that can pro,duce dull, 
uniformly lighted spaces when used as the sole source of illuininátion. Unless low-wattage lampa 
are.·~ permittlns P'ese luminaires to act only 
as lumlnous ornamenta, and supplementary 
lightirÍg ls provicled, the. luminance !'fauch su~· 
pended luminai~ can be uncomfortably high. 
. . .··~-. ' .'; ' 

; .... ' . 

Fl;.· 7-20. lumlnalre concealed In the header 
ot the c:losel door in lhla gUest room foYer Pfovtdes llght tor 
bolh dosel and foyer (thore la no wall above the llJminalre). 

' In ttle room beyond,·a ceramlc ehade coveis an lne~~:penalve 
poicelaln aocket creatlriQ a decoraUve pattern ol projected 
light and provlding lndlrett ámb-lent roOní iiiU'!'inBiiOñ' as. weli 
as ~eKding l(~ht for ~~e chalr !Je!o~. '··· • ~ '~ · · ·· 
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Flg. 7-21. In lhls bar, an lndlrecl cove Provldes a genue 
O~ trOín the fabrlc celllng. Clear.decoratlv8 sources provlde 
aparkle and light the walla. A central chandelier over lhe bar, 
·conslating c·f downlighted ·plastlc·'balls; -m&kea lhe'theme 
dealgn atatemont lor the room .. ; \ . ~·~·· .. ' •q., • 

- - "' . ·• 
'' !¡ ·<>.·,, 

In a mult.i-foodservice facility, awitching, sup· 
plemental •ystems and/or the use of dimmers 
muy be required to make the same space feel 
sultable for breakfast, lunch and dinner. Varia· 
tion in illumina tion and leve! may be. needed, 
both to chenge thé mood for different time• of 
the day, and to permita higher leve! for clean-up 
than would be desirable for dinin¡. Dimming 
control is preferable to switching since a smooth 
iransition between levels ia desirable. 

The success of display lighting is hest mea· 
sured by how well it helps to sell merchandise. 
Food displays should be so lighted that attention 
is attractecl to them and the details are clearly 
seen. Color rendition is even more importailt 
over fresh foods than it is over packaged foods. 
Heat from lurnlnaires can be a major considera· 
tion over freah, cooled or frozen foods. (See Sec· 
tion 8 for the lighting of merchandising are as.) A 
good rule iu that the leve! used in food displays 
should be at least twice thet in surrounding areas. 
· The mood established by lighting can vary 
from subdued and relaxing to bright and lively, 
depending on the type llf facility and the in· 
tended clientele. Dining spacea are usually 
grouped into three catagories: intiníate, leisure 
and quick service. : 

The "intimate" type (set Fig. 7-21) consists of 
thó5e !U"eaá '\~ilere' ¡íéop!e I:Ongregáte' á~ in~c~ ~o 
visit, be entertained, and llhow off as to eat and 
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drink. Theae include cocktail lounges, night 
duba, and sorne dining rooms and reataurants. 
Theae apacu characteristically have a aubdued 
atmosphere with low luminancea throughout, ac· 
cented with subtly lighted feature elements. 
Lighting must be well-controlled in terma of leve! 
and distribution. 

The "leiaure" type refers to most restaurants 
and many dining rooms-places where eating is 
the most important activity and time is often a 
factor. A restful, but interesting atmosphere is 
callecUor. Lighting should generally be unobtru· 
sive except where decorativa luminaires or high· 
lighted features are used as part of the theme 
decor: Moderate illuminance levels are typical. 
Good control of glare is required. ~ 

The "quick-service" class includea lunch­
rooma, cafeterias, snack bars, coft'ee &hopa and 
franchiee menu types, where the diner and man­
agement are both intent on fast service and quick 
customer tumover. Higher lighting levels and 
unlform distribution can be used to auggest a 
feeling of economy and efficiency. · 

Kltchen and Food Preparation Areas. 
Well-deaigned lighting helps to create a bright, 
hygienic atmosphere in a kitchen 1 and, by re­
vealing dirt and the presence of debris, it can 
stimulate good housekeeping. Food preparation 
involves peeling, slicing, dicing and cutting op­

. erations, both by machine and by hand. These 
are obviouoly hazardous operations and lighting 
for safety must be a strong consideration. See 
Section 2. Good quality lighting can' reduce ac­
cidenta, reveal spills which make floors slippery, 
and emph88ize hazardous &re88. In kitchen and 
associated support areas there is a need to elim­
inate shadows and to provide illumination on. 
both vertical and horizontal surfaces. While 
kitchens contain difñcult and demanding tasks 
which may require relatively high light levels, it 
is important that luminaires be arranged and 
Rhielded so as not to create glare or "blasts of 
light" into adjacent intimate dining are88 when 
kitchen doors are ope,ed. Color rendering is 
important in food preparation and inspection 
ar~as. 

Visibility is reduced by great variations in !u­
mi nance in the task surround, and direct and 
r~nected glare ·can be signifícant obstacles to 
employee comfon, productivity and safety. 
Therefore, exposed lamps in direct luminaires 
•hould not be used. Although glare can be con­
trolled in direct luminaires by eft'ective shielding 
of the lamp, indirect or semi-indirect lighting is 
pr•f.,rable because it turns the en tire ceiling into 
a lar~e. low-brightness area source (see Fig. 7-

Flg. 7-22. lndiracl tluoreaeent vatancea are arranged 
around lhe ventlnQ hooda to define the work lllanda ln thls 
commerclal kltchen. Hlgh reftecteneo eurfacu are UMd 
throughoul. Sourcaa oro ohletdocl 'trom odjacent dlnlng 
spacea. 

22). Light colored walls will further diffuse the 
generallighting, reducing shadows. Beca use ver­
tical surface' of equipment and fumishings typ­
ically occupy a signiflcant portian of the visual 
tield, expecially in kitchens, light finishes are 
recommended for these surfaces. Horizontal sur­
faces such 88 table topa in restaurants and equip­
ment tops in kitchens are very important because 
they serve IIB background& for critica) tasks. 
Whenever possible, matte tinishes are preferable 
because they minimize reflectad glare. Reflectad 
glare can be exceedingly objectionable, and can 
produce discomfort and fatigue. Stainless steel 
ldtchen equipment is a common offender in this 
respect. Matte or brushed finishes combinad with 
careful placement of luminairea and good. ¡rlare 
control can minimize these problema. The same 
principies apply elsewhere. Lighting near specu­
lar surfaces such 88 mirrored ceilinga or glazed 
walls must be very carefully worked out if one is 
to avoid unintended rellections of sources. 

Alllumine!res in kitchens should be so located 
and designeci so thet those entering or leaving 
the kitchen are a will not see bare lamps or high 
brightness. This is particularly important when 
the adjacent dining area has lower light levels. 

· Even the relatively low luminance of unshielded 
fluorescent lamps can produce a period of re­
duced visibility during adaptation. Allluminaires 
should be de•igned for ease of cleaning and re-
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lamping, and should have high reflectance per- becomes more and more important to keep lu-. 
manent suñacea. In areas such as bakeries and minance utios wlthin reeommended limita. 
dishwashing areas which have inherent dust or Room surfaces exert an important influence 
moiature conditions, the use of enclosed dust- on luminance ratios between lumlnaire• ami 
proof or vapor-tight luminaíres is recommended. their surroundings, and between tasks and their 
Where open type tluorescent luminaires are lo- background&. On large surfaces the use of matte 
cated directly over food storage, preparstion, tiniahes with recommended reflectance, helps lo 
aervice or display areas, plastlc sleeve protectora prevent exceaelve luminance ratíos and undesir-
should be used to prevent ¡laas and phosphor able specular reflectlons. Ll¡ht-colored matte 
from falling into the food in case of breakage. ·····auñaces sorve as eft'ectlve secondary light .Ources 

In ncei11ing ond storage oreas lighta should which can materially reduce shadows. Soft 
be installed in the aiales rather than near the shadows generally accentuate the form and 
walls. so that stacked shelves do not block tl1c depth of objecta, supporting rather than hinder-
illumination. ing the proceas of perceptlon. 

Support Areaa. Support arciiB include such 
spaces as key shope. plan rooms, paint shops, etc. 
The visual tasks in such areas are often demand­
ing and sometímes dan¡erous. Where Clammable 
materials are stored or used, explosion-proof lu­
minaires should be used. Task lighting using 
localízed luminairea ahould be conaidered as an 
alternativo to general hí¡her levellightlng. 

Refuse Areae. The malntenance of aafe and 
aanltary conditlons in refuse areas is extremely 
important. Illumination should pennit all haz. 
ardous or unsanltary conditions such as slippery 
spots, dirty waste, and evidsnce of inaects, ro­
denta, or mold to be aeen. Comers and other out­
of-the-way placea should be weU lighted. 

Merchandising Areaa, Offtces, Laundry 
and V alet Areaa, Indoor aact Outdoor Rec­

. ..... reatlon Areaa. For lighting recommendations 
for these spaces see Sections 8, 5, 9 and 13 
respectively. 

Selection of Architeotural Finlshea. The 
factor& which influence how wcU people perceive 
a task or space are díacussed in detaU in Section 
2. They include luminance and its distributíon, 
contrast, size, color, Corm, texture, familiarity, 
and length of time for viewing. Sorne specific 
recommendations can be made here with regard 
to hotel, motel and food eervice facilities. 

Because areas in these facilities typically in­
elude adjacent areas with very different líghting 
levels, adaptation can be a problem for both staff 
and patrona. The designer must, therefore, pro­
vide appropriately lighted transition spaces. For 
example, a patron who has 'been registerlng at 
the flont desk usually adapts to a relatively high 
luminance. Tuming back into the lobby, the 
person may be momentarUy unable to distin­
guish the location of steps or to recognize faces 
if the difference in luminance is too grest. As the 
potential hazard or t8l!k difficulty inrreases it 

Selection of Llaht Sourcea. Both daylight 
and electric lighting systems are used in hotels, 
motels and restaurants. Each generic source has 
ita own characteristics. The systems should be 
designad to complement each other. 

Moat hotel and food eervice spaces should ha ve 
windows. The opportilnlty to look through win- • 
dows can be paychologicaUy satisfying and per-·· 
mita relaxation when the eyes can shift focus, 
occaslonally from nelll'by to distant objects.. ' 
However, windows can bring iarge areas of high 
luminance into the field of view, causing diacom­
fort, thus good control of glare is important. The 
designer should not locate very brightly lighted. 
areas ne~t to dimly lighted interior spaces with, 
out allowing adequate transition spaces between. · .. , 
Proper daylight control (see Section 7 of the 1981 
Reference Volume) ls preferable to increasing 
the leve! of electric lighting. 

Enhancement of public apaces and provision 
of proper task lightlng are the two principal 
conaiderations in the desí¡n oC lighting systems. 
There are three basic electric light sources in use 
today: incandescent, tluorescent and high inten­
aity discbarge (HID). Source eelection dependa 
on the particular requirements of each space, the 
economics, and the personal preference of the 
system desí¡ner and the facility operator. Gen­
erally, for public spaces, the use of incandescent 
filament or one of the improved-color white flu­
orescent lampa is recommended. 

In theee facilities, the chief edvantages of in­
candescent lighting are low initial cost, good 
color-rendering properties, and the excellent op­
tical control inherent in such a small source. 
Becauee they are so easily controUed by dim­
mers, it is recommended that all incandescent. 
luminaL"e& in public areas be dimmer-controlled. 
Drawbacks of incandescent lampa are their rel­
atively short life and low efticacy. 

In support areas, where optical control and 
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good color rendition may be less critica!, the 
designer should consider the .more efficient and 
long-lived fluorescent and HID aources. When 
using mercury, metal halide, high or low pressure 
HOdium. or fluorescent aourcea, the deaigner 
should avoid 1.hree common pitfaUs: ballast hum, 
low ambient temperature effecta and inadequacy 
of color rendition. Ballasta can generally be 
mounted remotely from critica! areas if ballast 
noise wül be objectionable. When using fluores· 
cent sources outdoors and in unheated spaces 
such as garages, only lamps and ballo<Sta rated 
for low ambient temperature should be u sed. The 
deHigner ahould personally . verify the appropri· 
ateneas of color temperature and color rendition 
of each source selected. 

Color ot Surtaces and Ught. In any hotel 
or restsurant space, the color of the envlronment 
will affect both patrona and workers-positively 
or negatively, consclously or unconsciously, ac­
cording to 1.he harmony of the scheme and thc 
expcctstions of the viewers. While no hard and 
fast rules exist, it is generaUy accepted that 
strong colors are relatively stimulating while less 
in tense colors are more restful and tend to ex. 
pand the perceived size of a space. Whatever the 
colors selected, it is imperativo that they be 
evaluated under the light aource or mix of sources 
which will be used in the finished space, since 
light sources vary significantly in their color-ren· 
dering qualities. See Section 5 of 1.he 1981 Ref· 
erence Volume. See also page 2-31. The use of 
colored light is often overlooked as a design too!. 
Strong colors of light can create intilresting ef· 
fecta when surfaces are illuminated for decora· 
tive purposes, but should not be used to light 
food or people because of the inherent and un­
desirable color distortion which will result. 

Emergency Ughting. In public facilities 
surh as hotels, motels and food seivice estsblish· 
menta the designer must providc lighting for 
public safety during emergency conditions, with· 
out either disorienting or panicking the users. 
Emergency systems for ~ublic facilities should 
be designed to provide silort·duration lighting 
for evacuation and safety of guesta and staff. See 
s~ction 2. Longer duration emergency lighting 
mny he required at hazardous locations, for se· 
curity purposes, and to assure continuity of crit· 
ical operations. A common mistake to uvoid is 
th~ instaUation of permanently-on emergency 
luminaires in restaurants. Since these luminaires 
cannot be switched off or dimmed at night they 
ar~ sure to disrupt an intimate dining atmo· 
aphcre. While it may be possible in a small facil· 
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ity to meet eme"gency lighting needs with indo· 
pendent battery·powered unita, a central emer· 
gency gonerator or battery instaUation may be 
required in a major hotel or motel. Options, of 
which the designar should be aware, include dou­
ble-circuiting of luminaires and the use of trans­
fer relays to provide power to emergency-only 
sources during power failures. 

Safety. Safe working and living conditions in 
hotels, motels and food service facilities are de· 
peñ'deñt on good lighting. See Section 2. 

LIBRARlES" 

Librarles have a variety of seeing tasks. Among 
them are: (1) reading matter, (2) browsing or 
searching through book stacks or storage areas, 
(3) studying at a carrel or other work surface, (4) 
viewing microform or computer retrieval sys­
tems, (5) meeting or conferring, (6) general office 
and clerical work and (7j repair and inapection 
work. These tasks along wilh general illumina· 
tion for circulation spaces or audio booths, spe· 
cial lighting for audio-visual areas and accent 
lights for exhibits and displays provide a variety 
oflighting problema. 

Seelng Tasks In Librarles 

Reading is by far the visual tllllk performed 
most often in a library. Reading tasks vary from 
children's books printed in 10 to 14 point type on 
matte papar, to newspapers printed in 7 point 
type on low contrast off-white pulp paper, to law 
books with long paragraphs in condensed type, 
to rare books with unusual type faces printed on 
old paper. There are also handwriting tasks in· 
volving pcncils and pens. Details about the gen· 
eral principies which must be considered to pro· 
vide the quantity and quality of illumination 
needed for these tasks may be found in Sections 
2 and 6. In addition, illuminance recornmenda· 
tions are found in Fig. 2-2, page 2-7. 

A task that is fairly unique to the library is 
that of browsing and/or searching in a stack or 
other fom1 of storage space. In public spaces 
material may be on low shelves, on tables, on 
racks, in bins, etc., which are very accessible and 
have limited quantities of items to view. How· 
ever, the vast majority of books, magazines and 
'reference materials are atored in shelving that is 
tightly spaced and up to 2.5 meters (8 feet) high 
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or in compact shelving with limited aisles. The features, the lighting aystema should be aelected 
taak involves reading a title or author's nsme to provide comfortable aeeing conditions with 
assiated by perhapa a numbering syatem applied more emphasis placed on economics and !u mi· 
to the material. The booka or other material are naire design features. See Figa. 7-23 and 7-24. 
often weU uaed or old causing the title or other For Jibrary Ughting applicationa, there are 
means of identlflcatlon to be of very poor oon· three basic types of Ught aoun:es in use today: 
trast. incandeacent, fluoreacent and high intensity dis· 

When a library la aaaociated with an educa· cherge. (See Sectlon 8 of the 1981 Reference 
tional institution, areas uaed for studying involve"..., Volume for light aource date.) No one lighting 
both reading and writing tasks. Such areas may system can be recommended exclusively. Each 
have severa! work atations or individual work aystem has qualities that match the require· 
atations auch as a atudy carrel. Task lightirig ia menta for a given aituation. The first considera· 
often provided at these Jocations, and veiling tion in choosin¡ a li¡htin¡ aystem should be to 
retlections should be minimizad at these study aUow the library user to aee efticiently and with· 
locations. ,., out diatractlon. The seeond should be the ap· 

Llghtlng Syetema 

A variety of Jighting aystems are used in ¡¡. 
braries. Many librarles make use of day!ight 
through windows or akylighta. In aU cases the 
lumlnance comfort recommendationa should be 
the same as for oftices and educational facilities. 
See Sections 6 and &: · 

In areas where architectural features are dom­
inant, design concepts may require sacrifice of 
efticiency for esthetics when translating the ar­
chitect'a concepto into practicallighting designs. 
In areas that do not have dominant architectural 

Fi¡¡. 7-23. Two lighlitlg 18chniQues are combinad In lhls 
higiH:eiling collego Ubrary. Generallighllng lo provlded by a 
hiQh intenaity diacharga lamp downllghting aystem. The 
chandellers. with tow-wattage lampa, are used aa decorativa 
el~ments In keeplng wUh the originalarchilecrs dosign con· 
cept. 

pearance of tha inataUation within the architec­
tural and decorativa deaign concepto of the li· 
brary. The third consideratlon ia for the energy 
efticiency of the system. 

In general it ia desirable to provide sufticient 
iUumination for the most common seeing task 
performed in an area. However, if a more difticult 
seeing task is being performed in a smaU portion 
of that area, additional illumination should be 
provided by providlng additional overhead lu­
minaires or by supplementary lighting equip· 
ment located in relation to the specific seeing 
task. Hi¡¡her illumlnances should alao be pro· 
vidcd in areas that will be uaed by persons with 
impaired vision. When relighting existing tradi· 
tional·type library reading rooms, the use of sup· 
plementary lighting equipment consistent with 
the decol'ative treatment of the room is sorne· 
times required. lt is especiaUy importent to avoid 
direct and reflected glare and to avoid veiling 
reflectior.s when uaing supplementary lighting 
equipment. 

Speclflc Areas 

Reading Areas. Resding areas in libraries, 
including main reading rooms and reference 
rooma, oocur thro•Jghout almost the entire li· 
brary. Reading is usuaUy performed on either 
side of l1>ng tables~ in lounge chaira, in study 
carrels or at the circula !.ion desk. Care should be 
taken tO locate the luminaires to avoid veiling 
reflections on the seeing tasks and to use lumi· 
naires that reduce the luminance in the direct 
glare zones. · 

Individual Study Areas (Carrels). Individ· 
ual atudy areas or carrels may be found in almost 
any public area of the library building, such as 
main reading rooma, endosed individual rooms 
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Ftg. 7-24. Low cafUng llbrary, where open acceas atacka 
are lighted wlth rowa ot nuoreacentlumlnalrea at rlghtanglea 
to tho stacks. 

and stack aress. One of the most serious lighting 
problema for canela are the shadows produced 
by dividing walls. To avoid ahadows it is desira· 
ble to provide lighting from ss many directions 
ss practicable. Special care ahould be taken to 
avoid veiling reflections especially from localized 
luminaires. 

Shelvlng and Stack Areas. This ares applies 
to ahelving and storage units for aU types of 
materials in addition to books. The visual tssks 
in book stacks are very difficult; for exnmple, it 
is necessary to identif.v the book by numher and 
author on the lowest shelf. As a rcsult. of studics 
made of typical books at actual viewing anglcs, 
it is recomrnended that, when practica!, non· 
glossy plsstic book jacket& should he uscd rather 
than glossy; large and legible non-glossy lettering 
should be used for nuthora' names, book titlee 
and index number. L,..rk book, ahelf and floor 
surfaces reflect very little light; therefore, the use 

· of light colored surfacee should be encouraged. 

Open AceeBB Stm:k& Opon access stacks are 
open to the public for finding their own books or 
for browsing. Book stacks are usually arranged 
in rows with continuous rows of fluorescent lu· 
minaires located along the center of each aisle. 
An alternativo is to locate luminaires at right 
anglos to the stacks (see Fig. 7-24). Obtaining 
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maximum illumination on the lower shelves is 
the greatest concem. 

Limitad Access or Cloa«l Stacks. Th ••• 
stacks are used primarily by library personnel. 
The aisles are usually narrower which increases 
the problem of obtaining illumination on the 
lower shelves. Compact shelves may also be. used 
for limitad access or closed stacks. Luminaires 
controllcd by delaycd time ~witchee may be con· 
sidered for these stack area:s . 

.-.,,,,.l'l."f 

Card '.::atalogs. Individual files of card in­
dexes are usually located in the main reading 
rooms. Location of overhead generallighting lu­
minaires at right angles to the file carda rather 
than parcllcl to th~m will p,ovide slightly better 
illumination on the vertical'surfaces of the cards. 

Clrculatlon Desks. Circulation desks are 
usually located near the entrance to the main 
reading room. Often the general overhead light· 
ing system will provide sufficient illumination for 
the deek; however, if not, aufficient supplemen­
tary illumination should be provided, which may 
be from an architectural element that will iden· 
tlfy the circulation deak. 

Conference and Seminar Rooms. Confer­
ences are frequently scheduled in librarles, and 
groups hold scminars on occssion. In addition to 
general overhead lighting, provision ahould be 
made to illuminata the speakers and their ma­
terials at the lectem and at the seminar table. 
Severa! illuminance levels ahould be provided for 
the multiple type use of thla space. 

Dlaplay and Exhibldon Areaa. Many Ji. 
brariee have display and exhibition aress. These 
may be in glsss covered horizontal cases or may 
be mounted on vertical walla or dividers. See 
Museuma and Art Galleries, page 7-33 for light· 
ing such displays. 

Audio Visual Rooms. There is an incressing 
use of listening areas for lectures, music and 
other recorded material. These aress are either 
small rooma with individual reproducing equip­
ment, or large rooma where head receivera may 
be plugged into circults or carrels. Small rooms 
havo poor utilization of light because more light 
is absorbed by the wall surfaces and, therefore, 
require a closer spacing between luminaires. 
Lighting similar to that required for carrels in a 
large room is aJso needed for the audio carrel 
system. 

Lighting for CRT and Mlrcrofonn View­
lng Areas. Computara and microform materials 
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permit much larger holdings o( newapaper files, 
raro bookll, apecial ¡:ollections and technical pub­
Ucatíons. Microform materiala include rolla and 
cartridgea ofmicroftlms.on strip!!, apertura carda 
containiJlll single frames of microfilm and micro· 
fiche carda or aheets containing a series of highly 
reduced micro·image.s. One of the most difficult 
oeeing tulla ls reading a acreen tllled with a 
printed page located under a general lighting 
s:vstem needad for other te.skll in the area. (Re· 
llectiona, diffuse and specular, tend to wash"oüt" 
the already poor image on the screen.) When 
notes muat be taken over long periods of time. it 
is deairable to provide illuminati~>n on the note 
pad, but eontroDed to reduce rellcctiona on the 
acreen. 

Higher illumlnances are heedecl for files of 
microforms than are needoil for viewing. Where 
viewers muat be placed in reading areas or work 
areas with hígher level general illumination and 
no controlled lighting or dimming is availablc, 
machines should be selected that are hooded nnd 
have screena which are treated to reduce reflec­
tions. A amallluminaire ahould be provided be· 
tween viewers to illuminate a t'ixed or sliding 
shellln front of each machine for note taking. 
Such a luminaire should be moveable so that ít 
may be indívidually located· to accommodate 
right or left-handed operators. 

Offices. Office areas in líbraries sho11ld he 
illumínated in accord~nce with the recommcn­
dation for Oflice Lighting in Sectíon 5. 

Rarc Book Rooma. Highcr 'mumino.nces ar~ 
recommended for rare book rooms bocause of 
the poor quality of printing often found in many 
rarc books; however,lighting tcchniques such as 
those used in Museums and Art Galleries should 
be used for bookll displayed in glaAA cases. These 
would include means of reducing the amount of 
deleteriou& radiation. 

Archives. Archives are for the storoge and 
examination of public documenta of all kinds. 
This would incluck '· ,~aJ documenta, minutes of 
meeting, legislativa a.;tions and other historical 
papers. Pencil writing, small letters and con­
densed type are uaed in many of these docu· 
menta. 

Map Rooms. Map rooms have both storage 
and reading areaa. Storage of rnnps involves the 
use of deep cabineta which, in tum, requires 
aisles sulficiently wide enough to open drawers 
for access to the maps. Maps mounted on vertical 
surfaces require vertical surface lighting. 

Fine Arts. Picture and Print Rooms. See 
Museums and Art Galleries for th<• propcr li~ht­
ing of displays, paintings and art flbjec\11. 

GI'().Up Study Room&. Someümes a group of 
4 to 6 atudents is aaaigned to a project to be 
solved by consulting among themselves, and iso­
lated rooms may be provided for this purpose. 
Techniques uaed for classroom lighting are rec­
onunended for these roorna. See Section 6, Edll­
cationd Facilities Lighting. 

Ovei-night Study Halla. Som~timcs students 
prefer éO work all night when preparing for cx­
aminationa, and libraries may provide a portion 
of the building that can be íaolated for this pur· 
pose. Lightlng for these areas is similar to that 
required for Reading Are88 or Individual Study 
Are as. 

Entl'ance Vestibules and Lobbies. Lighting 
in entrance vcstibules and lobbies should create 
an atmosphere suitable for the particular type of 
library. The lighting may emphasíze the archi' 
tectural features and provide a smooth tranaition 
to the functional areaa. 

MliSEUMS ANO ÁRT GALLERIES 

A museum is de;ined by a leading organization 
(the Anwrican A .. ociation of Museums) as "an 
organiozed and permanent non-profit inRtitution, 
cs.•entiall.Y educationnl or esthetic in purpose, 
with professional st'lff, whicb owns and utilize• 
tangible objects, carea for them, and exbibits 
them to the public an a regular schedule." For 
illuminances recom:nendationa, see Fig. 2-2, 
page 2-8. 

A museum's highest responaibility is to the 
study and care of ita collection and to the collec­
tion's effective public display. Thus,lighting has 
been considered to be the third, or perhaps the 
second, most important responsibility of the cu· 
rator or designer, for lacking effectivc lightíng, 
the most interesting collection and tasteful dis­
play& are ineffective. Líghting, however, can 
cause or accelerate degradation of certain kinds 
of museur:l and art gallery objecta and this 
should be l:ept in mind. 

Damage to Museum and Gallery Objects 

The principie riakll 8880Ciated with museum 
and art galley objecta are duc to: 
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J. Vandalism. 5. For continuous exposure, the most pl1!Cious 
2. Excessive heat and humidity, eepecially rapid and delicate objecta ehould have no more than 
changes. · 50 lux (6 iootcandles]. Surrounding areas of the 
3. Chemical attack, such as from acidic matte muaaum will have to contribute to the viewer's 
boarda. accomrnodation to this low illuminance. 
4. Airbome pollutanta, lncluding vapora and dirt. 6. Daylight is potentially far more damaging than 
5. lmproper handling or marking. most electric light sources. Direct sunlight or sky 
6. Radiant energy: infrared,light and ultraviolet. light should not be allowed to reach susceptible 
7. Biological attack: insecta, fungi, etc. materiale. Daylight may be uaed if redirected by 

Each of theae sourcea of damage must be dealt louvers, blinds or similar treatment onto upper 
with by the curator and designer, often with the •· w'lll or ceiling aurfacea to indirectly illuminate a 
aaaistance of a conaulting specialist; however, gallery. A paint containing zinc oxide or titsnium 
only the problema caused by radiant energy are dioxide will abaorb ultraviolet radiation. 
covered here, along with guidance on minimizing 7. Period houses ehould ha ve a ultraviolet ab· 
the damages it can cause. All damage cannot be sorbing plastic or film placed over the glass in all 
eliminated, but it can be reatricted to an accept- windows. Light can then be controlled wlth shut· 
able degree. For example, a suit"of a famous 18th ters, blinda or drapea, as may be appropriate. 
century American was displayed for 8 yeara un- Louvered window screening is another possible 
der good controlled conditions with a maximum control medlum for daylight. 
illuminance of 60 lux (6 footcandlea] and no 8. Display time for susceptible apecimens can be 
ultraviolet radiation-the dye was of poor quality ahortened by rotating objecta aeasonally, putting 
and auffered noticeable fading. copies on display part of the time, covering cases 

with opaque lids which the viewer can lift at will, 
. Materiala Sl;lbJect to U~ht ~~ma~e. Essen- or providing local awitching for viewer operated 

t1ally all materiale .of org~1c on~n will change lighta (with or without timers, as appropriate). 
due to the a~rpt1on of bght or 1ta relatad en· See page 19-31 for addition information on fad-
ergy. Among pigmenta, vegetable dyes ehould be ing and bleoching 
treated with great care. Writing inks are also · 
aubject to extreme fading. The lower the reOec· 
tance of a colorant, the greater the energy ab­
sorbed and the greater the riak of deterioration. 
The material on which the pigment is placed and 
the thickness wlth which it is applied aleo affect 
ita ausceptibility. Printa and watercolor painting 
are more vulnerable than oil paintings. 

The moat fragile of the comrnon fabric mate· 
riale is silk. All other natural fibers have greater 
resistance, while the synthetic fibers, except ny· 
Ion, are most reaistant to destruction. Color, how· 
e ver, affecta the degree of riak. 

Other materiale which can suffer degradation 
are paper, leather, fur, feathers, plastics and 
wood. 

Mlnimizing Damage. To minimize damage: 
l. The source of light >hould contribute as little 
heat as posaible to the displayed object. 
2. Humidity in the building and in display cases 
should be stabilized, whether lights are on or off. 
3. All ultraviolet radiation ehould be removed by 
filters, such as UJ-3 acrylic sheet. 
4. Total exposure, in terms of lux (footcandles) 
X hours, ehould be held to the absoluta mínimum 
11:" light damage is the product of illuminance and 
u~e (se~ Fig. 7-26). For highly susceptible ma· 
ler~als, hght ehould be fully excluded except dur; 
IDB actual viewing. 

Principies ot Muaeum end 
Gellery "-lghtlng 

High contrast of light and color produce ten­
sion and drama; over·all soft Ughting and pastel 
colora create a mood of relaxation. Either treat· 
ment carried to extreme& can produce fatigue or 

Flg. 7-25. Recommended Total Exposure Limltsln 
T erms ol lllumlnance-Houra Per Year to Llmlt 
Damage lo Llght-Susceptlble Museum and Art 

Gallery Objects 

Hlghly aua<:eptlble dlsplayed mat ... 
riata-allk, art on paper. antlQue doc­
umente. lace, tugtttve dye& 

Modetately auaceptlbte di.payed m~~te­
rials-cotton. wool. other texlilea 
where !he dye la atable. c:ertain wood 
flnishOI, leatMr 

Lux--Hourt Footcandle-
Houra Per 

Par Annum Annum 

120,000" 12,000• 

180,000'. 18,000"' 

• Approxlmately 50 tux (6 footcandlea) x 8 houtl P8f ctay • 300 
days per year. 

•• Approxln:atety 75·tux (7.5 foolcandJesJ x8 houra pet day x 
300 days per ye.ar. 
Non: These IUumlnancea, 11 carelullv appiled, wlD not reeutt In worae 
then Juet perceptible fadlng In the stated materlatl ln ton yecra 
8kpoii.UO. A/1 WD\IIOIOnQthS ~/Joder Mala 400 nanontelers 1/touJd be 
fiplcJ/y 61tC/uded. 
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boredom. Muaeum curators and deaigners will 
usually be aware of theae effecta and will use 
their galleriea appropriataly. A museum may 
have a aculpture court or a hall devotad to light 
atable artifacta which could be daylighted or 
lightad with large general lighting luminaires 
providing excellent visibility. Drama may even 
be added with appropriate strong directional 
light,;, but not always without a problem. One 
problem could be the need for an extreme chonge · 
in illumination required in an adjacent"space 
where light must be restricted because of perish· 
able artifacts. 

Superior gallery planning or visitar routing is 
the ordinary aolution to this problem, but fre­
quently theae cannot be done. In this case, the 
brightly lighted space may need to be dimmed. 
The ratlos of adjacenf spaces in termo of lumi­
nance ahould not exceed 1 O to 1 and preferably 
be lesa. Thia ratio of luminances ia not merely 
the ratio of the two illuminance readinga taken 
with an illuminance meter, but the apparent 
visual impact · on normal viewers as they rnake 
the tranaition from one apace to the next. This 
would allow the mathematical ratios to be vio­
lated by clever placement of a brightly lighted 
object or surface in an otherwise dark room. For 
example, Ü a daylighted court were devoted to 
ahowing frontier artifacts such as plows, wagons 
and locomotivea, and adjacent space were de­
voted to native American object.• such a8 fur, 
robes and feathers, an lntroductory display of 
replica costume piece• on a manikin could be 
very strongly · illuminatad to attract visitors to 
the dimly lighted room and to aasist in the visual 
transition. 

Museum display lighting tands to be princi­
paty oriented at objects or artwork. This would 
lead one to expect high drama in all exhibits, but 
thill is rarely true. Background aurfacea pick up 
spill and reflectad ligh t and modify the appear­
ance and impact of the space. True focussed 
lighting only occurs when all surfaces are rel•­
tively dark. Such exhibits must be used sparingly 
since they tand to fatigue the visitor. As in all 
things, variety increases intarest. 

In sorne instances the light and the lighting 
equipment are part of the exhibit statement. 
These occasions are exceptions. Normally, the 
Plll'JlO&e of the llghting iB to provide exhibit visi­
bility and enhancement in the most unobtrusive 
manner possible. 

Llght Sourcea 

Modern electric light sources for museum and 
art gallery lighting .fall lnto three broad cate­
gories: lncandescent, fluoreecent, and high Íllten­
sity discharse. The latter group ls very efficient 
in generating light at low cost, but their spectra 
will usually make them unsuitable for most in­
terior display lighting. Experienced lighting de­
slgners will use these sources In limitad areas­
for extarior.floodlighting and protective lighting 
these lampa can be effectlve and economical. 

Fluoreacent Llghting. .Fluorescent sources 
offer the following !ighting advantages to mu­
seums: 
l. F.igh efficacy, resulting in lower energy use 
and costa and lower heat output. 

Tht> Mt>lropo/ilan MuHum o/ Art, n, Mttmpolilan Mulfftllll of TM Mrtrvpulítan Mu~unr 
MurrU X. Jf'IC1lUp Fund, 19:19. Art, kuprt1 Fluul, 1912. o/ Art, Ro1tr11 Fu11d, 1917. 

Flg. 7-28. Lighllng of aculptu1o. a. Conc€1ntrating aources, atona, from trontleH. b. Total overhead dlffuae llghting conforms 
to expreaaion of teaturea. c. Low diffuse lighling and atrong concentrated aceenl adds to etem expression. d. llght 
concentration from upper righ1. Strong ovorhead dlffuae llghting aldsln viewing lhe detalla of thls eomplex aculpture. 
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2. ExceUent range oC colora (including over 20 types. Theae produce exceUent shaped beam.• 
different white lampa). · with very little spiU light. The beam• can be 
3. ExceUent color appaarance, when the correct projected considerable dlstences and the lamps 
lampa are chosen. are physically compect, allowing easy conceal· 
4. Long lamp life, reducing maintenance effort ment. They have two disadvantages: their main-
and cost. tenance and that they require tranaformera. 
5. Good size variety. They are, ~owever, energy efficient. 

Fluorescent lampe are inherently large, soft 4. Tungsten·halogen lampa. They are: more effi· 
light aources and are incapable of generating true cient, whlter In color, more compact,longer lived 
beama oC Jight. Creation of highlights and "', .. titan standard lampa of the same type. The.v are 
shadows for revealing three dimensional form also hottar, more costly, produce double the ul-
and texture io not practical with fluorescent traviolet radiation and are difficult to filter. 
lampa. They are ideally suited to case lighting, Theae qualities suggest their use in intenso light 
dioramas, transparencies, luminous elements, on metal or stone óbjects, but preclude their use 
creating falso windowa and virtually all practica! in many ot.'ter museum areaa. 
working areas of a museum. They should also be 
uaed for stairway and other nightlights becauae 
of their economies. Wherever general iUumina· 
tion is required, fluorescent will usually be found Speclflc Museum Llghtlng Problema 
to be effective. 

IncaDdescent Lampa. Incandescent sources 
can be subdivided into Cour broad categories for 
museum and gallery use: 
l. General aervice lampa in the familiar "A" and 
"PS" bulbs. They require directing of the light 
by reflectora and/or lenses. They are principally 
uaed for Wumination of areas rather than apecific 
objects. Moat muaeuma can fulfiU all thelr needs 
wlth Cour of five aiaea oC theae lampa. 
2. Raflectorized lampa oC the R, ER and PAR 
typea, flood and apot diotributiona in a large 
range of sizea. See Sectlon 8 of the 1981 Refer· 
ence Volume. There are sorne varieties oC low­
voltage lampa available, but most are intended 
to operate directly at line voltege. Blown soft 
glass R and ER lampa are relatively inexpensive 
with reasonable· life ratings, and are generally 
highly useful. The "field" of the Ught beam is 
usually quite smooth and the beam edge is not 
pronounced. 

Moldad hard glaas PAR lampa, in flood and 
apot, have a beam narrower than the correapond· 
ing R lamp beam. The field of the beam may 
often contaln inegularities and the beam edge is 
considerably more notic~able than with R lampa. 
Life rating is generally the same as R lampa and 
<nRt is alightly higher. For longer beam throws 
and higher drama, the PAR apot is superior to 
tho R spot. One particular cautlon; these lamps 
aro relatively heavy and should not be mounted 
abo ve glaas caaea or Craglle objects. 
3. Low voltage lampa are available in general 
""rvice and reflectorized types. Smalllow-voltage 
lampa are uaeful in simulating candle or oillamp 
li¡¡ht in period rooma. The most useful low volt· 
•&.,lampa are the 25- and li().watt spot and flood 

·: .. , 

Museum exhibit design work can be divided 
into the categories shown below and further di­
vided into "permanent" and "temporary." Many 
museuma have spacea intended Cor changing ex· 
hibits and these require great flexibillty. Alter 
dlacussing the most basic design problema, tech­
niques oC tluible llghtlng wiU be deacribed Cor 
aolving theae problema in ahort·term exhiblts. 

Large Three•Dlmenalonal Objects. 
Whether aculpture or machinery, or costume 
manikina or C&nDon, an important aspect oC such 
objects io thelr mass. Lighting must reveal their 
plasticity llnd as much euñace detall as ls appro­
priate to the object. Total UDiCormity oC lighting 
is rarely called Cor. There ahould be sorne dis­
tinction of strong and weak illumination, such as 
a spot Jight from one side and a flood light Crom 
the other. A degree of ahadow ls desireble (aee 
Fig. 7-26). The ahadow ahould not be so dark as 
to conceal si:Jnificant detsil8, or to produce dis­
tortions in appearance, but the shadow ia a sig­
nificant visue.J clue to the aolidity of the object. 

IC not objectionable from the atandpoint of 
honesty, subtle color differences may be uaed in 
the Jighting from different directions. For exam­
ple, a portrait bust might be placed near a win· 
dow with a spot light directed at the other side. 
Even more subtle is the difference between a 
standard incandescent lamp and a tungsten-hal­
ogen lamp, but the difference is sufficient to 
improve surface texture in an object that must 
have almost equal illuminance from all direc· 
tions. 

When large objects are placed in open .,pace, 
light will usually need to be directed •hurply 
downward to avoid glare to the obaerver on the 
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opposite aide of the object. lf some degree of 
upward lighting la required lo avoid overly harsh 
shadows, this can frequently be achieved by pro­
viding a hi¡h rellectance base, such as white 
linoleum. lo bounce the light upward. Small mir­
rora, strategically placed also may serve, if they 
are not diatractiona themselves. Direct lighting 
from the botlom is possible, but care must be 
observed that nearer aurfaces are not over­
lighted, produclng the unpleasant effeéf""ól 
shadows ruMing upward. 

Where the object is pleced in a niche and the 
viewing will be only from one direction, the light· 
lng can be as theatrical as desired. Lighting that 
atrikea the objects directly from the front, at the 
same angle that the object is viewed, will tend lo 
ftatten surface features. This could be desirable 
for revealing the colora of a tapestry, while con· 
ceallng the weave, but it would be undesirable 
for moat aculpture. 

Flat Diaplays on Vertical Surfaces. Paint­
ings. printa and documenta lit inlo this very 
important category. There are essentially three 
approaches lo thia diapley problem: ll¡ht the 
entire space uniformly,li¡ht the verticalsurfaces, 
'or light only the objecta. The lirst approach 
assumes that the object wil1 be prominent in ita 
environment without lighting auistance. This 
may well be the case where the objecta are in 
lii¡h contrast lo the wall surface. Many of our 
classical museuma were designed in this manner, 
but the trend is lo provide sorne additional fo. 
cused light lo enhance paintings or tezt mate· 
riala. The Natlonal Gallery in Washington em­
ploys akylighta, but has recently installed a sys-

Ftg. 7-27. Raking r-:: weave of 
Renaiaaance tapestry by 1'1igh angle 
directlonal light (left). Sama tapea­
try with concentrated Ught al 60 
degrees incidenl angla (right). 
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tem of spotlighta lo add wann color lo the art­
works and lo provide more focus on them. 

A gallery space may be the ideal settins for tlw 
objecta exhibited and supplemental li¡¡htinr, 
might seem artificial. This is true of period rooms 
and houses, so that specific objects are rarely 
highlighted in these spaces. 

Lighting only the vertical surface is often a 
very attractive method of displaying ftat objects. 
Severa! commercial "wall.washcr" luminairc sys­
terns are avaüable in alllamp types. Fluorescent 
types offer very smooth continuous illumination 
and can provide good uniformity vertically, when 
used according lo the manufacturer's directions, 
The appeal of the displayed object is again re­
leted tothe contraat with the background.lncan­
descent wall-washers ha ve optical deviceslo pro­
vide lighting hi¡her on the waU than a common 
downli¡ht. This minimizea scalloping and pro­
vides a more even wash on the wall for a prede· 
tennined area. Such wall washers are normally 
mounted qui~ cloae lo the wall and the manu· 
facturer's installation' directiona should be fol· 
lowed closely. Since such unita are providing 
li¡ht at a steep angle, shadows of trames. shelves, 
etc., can be troubleaome. 

Llghting vertical objecta lndlvidually, the third 
technique, pennits more dramatic separation of 
objects, including lighting from varying angles 
and at varying illuminances. Where correctly 
uaed, this method is highly effective. Wherc in· 
correctly uaed, glare or shadows can seriously 
detract from the tlnished appearance (see Fig. 7-
27). Fig. 7-28 shows preferred angles for lighting 
nat vertical display¡. lf the display has cónsid· 
erable reüef or heavy trames, the angle can be 
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case background. In most light fmished cases 
there will not be subatantial variation in the light 
vertically, dueto the multitud e of interior reflec· 
tions, including the front glazing. Dark flnished 

"""" .... cases will have much more top-to-bottom varia· 
01' GAI.UIY 

· tion. In theae, it may be necessary to overcome 

1 

this by arranging the amaller items high in the · 
caae and the larger, crude items toward the bot· 

· tom. Occasionally this will require side lighting, 

1 

particularly where the case is taller than wide. 
· , .... ~ Display caae luminairea (light boxea) do not 
. need to utend the entire length of the case and, 

1 

in fact, will produce a very noticeable end acallop 

Flv. 7-28. Model perlmater (vktwing) zonea al nominal ceil· 
lng helght. Modet baaed on: (1) Pflmary dlffuae componen! 
(Of vertical Ulumlnance) al approxlmatety 40 per cenl of 
horiZontalltlumlnanee at 8, (2) helght o1 wall-hung dlaptay, 
(3) Ideal utltlzatlon of beam eones, and (4) mlnlmum effoctlve 
vlewlng dlatance retetlve to a nominal holghl of object (A to 
8 - 1320 mUUmetera (521ncheal tora 30-degrae cona, Ato 
C • 1850 mUllmetera (851ncheal rore 8Q.dogroe cona). To 
catculate viewlng zonas for hlgher obiecla, increue horizon­
tal dimensiona 38 rnJIUmelero (1.5 lncheo) for each 25-miU~ m- (1 .0-lnch) lncreaaeln helghtof object. 

X • (caltlng helght - oye helghl) (.577) 
for an almlng angle ol 30 degreee lrom the vertical. 

greater and diatence X increased. lf the display 
ia mounted hi¡h and has subatantial glosoy areas, 
the revene ia appropriate. UnleiiS there is a con· 
trary reason, normal eye height is assumed to be 
1650 millimeters (66 inches) above the floor. 

Display Cases. Built-in display caaes are gen· 
erally provided with customi.zed lighting which is 
integral to the case. While any surface could be 
the location for the lights, certain objects dicta te 
specific lighting approaches. Glass, for example, 
looks very handsome when back or bottom 
lighted. Objects with little surface detail, but 
intereating shapes may be silhouetted. Most ob· 
jects, however, will be top, or top-front, lighted, 
since this is most effective and natural. In thesa 
categoriea, the lighting units should be fuUy con· 
cealed. Fluorescent li¡hting ia perticularly appro­
priate to this purpo~e aince the source delivers 
more light with lesa damaging heat and can be 
n:adily filtered againat ultraviolet radiation. The 
entire case is then lighted with considerable uni· 
formity and objects are made to assume impor· 
tance by their position and the contrest with the 

if they do. Normally, fluorescent lamps should 
end 100 to 200 millimeten (4 to 8 inches) from 
the end walla. In a receaaed case, the li¡ht box 
can be completely out of aight in the top front of 
the case and no lellB or louver is required for 
concealment (though a sheet of clear UF-3 plas· 
tic should be inatalled). 

Most often, the light box will need to be in the 
viewer'sline of sight and concea!ment of the light 

· source is important. A low brightness lens or 
louver ia then mandatory. The parabolic-wedge 
louver is highly favored for tAia, but it will pro· 
duce a partial dark area at the top walls of the 
case because of the cut-off of the louver. In tall· 
cases, or in those where the display begina sorne· 
what below the top, thia is a deairable feature, 
but in othen, it may be preferred to use an 
angled louver to provide the lamp shielding while 
still providing light to the top of the rear panel. 

lncandescent spotlights can be provided in 
cases to add warm color or to highlight specific 
items. Jewelry has more sparkle and can be 
placed on dark background& when the items are 
individually spotlighted. The light box then re· 
quires greater depth, both for the bulkier lamps 
and to allow for greater heat diasipation. The use 
of plastics for glazing ia limited because of the 
heat in the light beam. 

In aiJ instances ofbuilt-in cases, provision must 
be made for easy access to the lighting compart · 
ment. Thia acceas should not be through the case 
interior, thus risking damage to the diaplayed 
objects. Recent designe of fluorescent ballasts 
ha ve grestly reduced their heat output and ha ve 
made the risk of ballast leakage a!most disap· 
pear; it ia therefore no longer necessary to mount 
ballastS remote from the case. Remo te ballasting 
requires more complex wiring and crea tes greater 
problema when replacements are needed. 

Freestanding cases also can be lighted exter· 
nally by the room illumination or by spotlights. 
Ifthe general room illumination serves the cases, 
they will be undifferentiated from the remainder 
of the spece and will bave leaser impact. Spol· 
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lighiB on cases can give the color and emphasis 
that the display deserves; however, there wiU be 
a shadow of the top edge of the case somewhere 
within the case, unless the ·iighta are directly 
above, and there will be a rellection of light from 
the top of the case onto the ceiling. By careful 
positioning of the case or the ligh!B, these prob­
lema can be overcome. 

The most severa problem with aU cases is 
rellections in the viewing glllBS. This is most"' 
noticeable when a relatively dark case facea an 
area of high brightness. The only complete so­
lutions are to use either speciaUy curved glass 
(so-called invisible glass) at great cost in money 
and space, or to place aU cases opposite dark 
waUs. Other partial solutions· are: to slope the 
front glass of the case outward to that only the 
lloor is rellected to the viewer, and then the lloor 
must have n relatively dark, mntte suñace; to 
place cases at right angles to each other so that 
~~-~~rf.: is at lc'ast one favorable viewing position; 
<or to keep aU case interior& very bright in ap­
¡learance. In period rooms, natural settings, etc., 
it may be possible to omit the front glazing ü 
other suitable protection ofthe displayed objecta 
can be achieved; e.g., railir¡gs and alanns, or a 
taut wire acreen. A truly non-rellective glass is 
available, but at very high cost and only in lim­
itcrl dimensiona. Areas of cases below eye leve! 
will normally rellect the floor to the viewer. 

Table cases alwaya rellect the ceiling area op· 
posite, and this portian of the ceUing should be 
free of ligh!B and relatively dark to avoid rellec­
tions. Table cases against a waU will rellect the 
waU directly above the case, thus restricting the 
use of this for vertical displays or text. Sloping 
cases will present troúblesome rellection prob­
lems unless the designar makes a preliminary 
sketch in profile showin¡ the normal viewing 
positiona and the areas that will be rellected to 
the viewer. Such a sketch, done accurately, will 
anticipa te problema and show the designer where 
the lights must be mounted to minimize both 
shadows and rellections. 

The above three catcgories (large objecta, waU 
displays and cases) cover virturuly all museum 
t!isplays; however, another category could be 
called "environmenta." This includes houses or 
P"riod rooms which are not treated as cases­
any exhibit where the public walks into the ac­
tual display. For such spaces, naturalism will 
enhance the ambi~nce, but the problem of object 
rlegradation complicates this. Genuine antique 

. or natural items must be protected against the 
very light that the original owner lived by. Win­
dows will need to have ultraviolet filtering, and 
it may also he necessary to provide drapcs or 

blinda to reduce totallighting levels. In this cns•, 
the guide or docent will be instructed to opcn tht· 
blinda for better lighting and close them "'' the 
visitora leave. Concealed lights can be controllod 
by awitches or an automatic program devico te> 
point out objecta in the space with short duration 
spota of light. 

Halla or Galleries for Changing Exhibits. 
·"'If a flexible exhibit space is conaistently used lor 

the same type of display, such as a chaut.ng 
exhibit of printa, then it can be light.ed in a 
semipermanent manner, positioning lighta on 
regular spacings, permitting the changes with 
variable lamp wattages, beam patterns and lu­
minaire aiming. Altematively, track can be in­
staUcd paraD el to the areas of intereat at appro­
priate distances from the suñace or area to be 
lighted anda selection of track units kept avr.il· 
able to provide the neceasary variety. 

Many changeable spaces are not uscd in " 
predictable manuer from one show lo thc ncxl, 
and this would caU for considerably higher de­
grees of variability than can be accornplishet! 
with simple straight runs of lighting track. One 
solution uaes a "track-on-track" approach, aUow­
ing lighting unlta to be placad virtuaUy at any 
point in a space. This caUs for a heavy investment 
in built-in and auxiliary lighting hardware ant! 
will alwaya result in a certain degree of ceilins 
clutter. The aesthetics of track lighting systems 
are important to the interior museum enviran· 
ment. Luminaire types should have compatible 
housings and be finished in neutral colora to 
blend with ceiling architecture. The other ex­
treme is to merely provide sufficient elcctrical 
service above a dropped ceiling and reconstruct 
the ceiling for each exhibit, locating alllights in 
the new ceiling design. A variation in this last, is 
to provide a modular ceiling grid with lighting 
unita mounted in standard panel sizes. These 
would be removed and replaced at will. Grid 
patterns of lighting track can be installed, with 
llexibility dependent on the closeneas of the grid 
spacing. 

When preparing servit:e for such a changeable 
space, it is desirable to allow at least 50 watts per 
square meter (5 watts per square foot) in the 
panel and cable sizes, thou¡¡h this high loading 
will probably never be ¡,.Uy utilized at any given 
time. 

Standard receptacles should be provided on 
relatively close spacings, about 2.5 meters (8 feet) 
on center in aU perman<•nt partitions, and addi· 
tional provision should he made to provide elec­
trical service in the middle of the area, either 
through the Ooor or the ceiling. 
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Conaervatlon and Reetoratlon Shop. Non­
display portiona of muaeuma ahould be designed 

. in accordance with the beat modern techniques. 
One unique muaeum apace whlch may requlre 
speclal attention, ia t.he conaervation and resto­
ration ahop. Such a space ahould have moder· 
ately high illuminancea with apecial localized 
task llghting unlta avallable. All t.he fiXed llghting 
ahould be color balanced according to t.he pref­
erence of t.he working conaervator and ahould 
alao be fully filtered against ultraviolet. Special 
ultraviolet portable examination llghta will usu­
ally ba required for speclfic testS. 

Entrance Foyer or Lobby. An entrance 
foyer or lobby ahould be regarded as a viaion 
conditioning space in which the viaitor's eyes are 
pennitted to sdjust from daylight levela to the 
lower Ughting in most galleries and muaeuma. lt 
ia useful to have soma control ovar the general 
illumination Jevelln such (oyera to adjust to the 
changing need. 

Color 

In general, the color of exhibit lighting ia in· 
tended to achieve the highest degree of verisi· 
militude for the material displayed. This would 
auggest that dayllght tonalities ahould be used 
for a11 ltema that were found In nature, or that 
were created under dayllght. A major problem 
arises here. The high illumlnance levels that 
nature provides are not pennitted llnd the cool 
tones of daylight become gloomy and cold at low 
leve la. See Fig. 2-11. The color of the noonday 
sky ia about 5000 ·K. The coJTelated color tem· 
peratW'e of a deluxe cool white ftuorescent lamp 
ia o ni y about 4100 K, and yet the light could 
appear exceasively cold In many exhibit circum· 
stences. In fact, where illuminances are at or 
balow 200 Jux [20 footcandles], light source colora 
ahould rarely exceed 3400 K. Exhibita ahould be 
prepared, or checked under the light source that 
will be uaed for display. 

Actual tinting of the illuminant color ahould 
be uaed with great discretion, and only with t.he 
concurrence of the curator concemed. Where 
this ia done, it is preferred to use glass liltera over 
incandescent lampa rather than colored lampa, 
fmt because this is more economical and second 
because the range of colora in glaas liltera pennits 
more freedom than the limited number of lamp 
<"Ulors avallable. 

Providlng color with ftuorescent lampa is rel· 
atively easy In the more popular sizes (such as 
th~ 40..watt lamp). See Fig. 8-115 In the 1981 

MUSEUMS ANO ART GALLERIES 7-35 

Reference Volume. Where more than ont• lamp 
is used, a combination of typea can provide al· 
most unlimlted color choice. lnterpoaing colored 
acrylic ftltera can further extend color pOAAibili· 
ties, and for ahort term exhibita, theatrical color 
gela are appropriate. 

Malntenance 
,· .. 

One of the larger problema of the museum 
adminiatrator ia providing good maintenance on 
restricted budget. Lighting, requiring constant 
attention and balng highly visible, is a very sig· 
nificant part of thia problem. 

The designer of museum Ughtlng can ease the 
burden by following the listed precepta: 
l. Use as few types and stylee of lampa as prac· 
ti cal. 
2. Use as much lnherenúy long-lived types of 
lightiilg as practica!. 
3. Avoid lampa which require disaasembly of the 
Juminaire for changing. 
4. Don't use special purpose lampa where general 
service lampa can serve. 
6. Provide ready acceaslbillty to a11 lighting 
equipment. 
6. Where poasible, use fewer large lampa instead 
of many smalllampa (this will materlally increase 
efficiency as well). · 
7. For lncandescent lampa, use those with me­
dium screw baae, unleas there is a demonstrable 
advantage to a Jamp with a different base type. 
8. Provide adequate storage space for lampa and 
maintenance suppliee. 
9. Provide laddere, towera, hand-tools and clean· 
ing materia!S; any material device which will 
expedita lighting maintenance. 
10. Treat the llghting malntenance person as the 
skilled, lmportant pereon which the position jus­
tifies. 

Energy Manegement 

Museuma will require more lncandescent light· 
lng than most other categories ofpublic building. 
This will not juatlfy careleas or wasteful lighting 
practices. To echieve higher lightlng energy ef· 
ficiency, designen must thlnk as follows: "Lamp 
and luminaire X is the most efficient available. 
Will this work effectively for the exhibit lighting 

. problem? No. Then lamp and luminaire Y is the 
next most efficient system. Will that work'!" :uod 
so forth until they arrive at the most satiafactory 
lighting solution. 
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In general, mueeum and gaUery Uluminances 
wiU not be hlgh and lighting energy consumption 
ohould be quite moderate. Over and above con· 
aerving energy, maintainlng a Jow Jighting energy 
use contributes to better specimen conservation, 
aince there wiU be leaa draatic temperature 
changas as Jighta are turned on and off. See 
Section •· 
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A FM van Gils 

Una matriz para la iluminación de un establecimiento 

SI quieren lrabatar con éxllo en el seclor de 
Iluminación de eslableclmlenlos, Jos ven­
dedores y proyedlslas han de ser plena­
meDie oonsclenles de la diferencia que 
exlsle en este campo del mercado de la 
Iluminación. La relación entre el Upo de 
eslableclmlenlo en cuestión y el estilo, 
modelado y ambiente y, por ende, también 
la Iluminación, que más probabilidades 
lenga de atraer a un grupo obfeUvo de 
compradores estA muy estrlaamenle defi­
nida. 

PARlE 1: LA FlLOSOFlA 

Podemos a.clarar esta relación por medio de un 
dl8grama(fig. 1), constituido por una especie de 
matriz, con los ejes marcados oomo predos y 
esttlo de ventas. Basé.ndose en el comporta­
miento y las necesidades del vendedor, se pue­
den dellnlr en el dl8grama los lug8l'es para los 
distlnlos 'Upos de Uendas (flgs 2 a 7). De esle 
modo, el lugar ocupado en la ma1rtz Indica el 

..:OMPOBTAMJENro Y NEC&SIDADI:S AL COMPRAR 

Bmbiente y estilo més apropiado pera cada clase 
de establecimiento. 

Amblenle y dlseilo 
En el diagrama bllsloo de la fig. 1 se pueden 
especificar el ambiente y la presentación en la 
tienda desdo cada una de las cuatro posir:tones 
angulares (Hg. Bl. 
No menos Interesante e:s indicar la fonna en que 
los distintos a..qpectos del diseno, t1plcos de 
determinAdas ciH.SeS do establecimientos. exhi­
ben una lnlluencla que se tmidtn hacia otros 
U pos de establecimientos, donde se copian. En la 
Hg. 9 se pueden ver algunos ejemplos. 

Por lo que se refiere al estilo y el diseno. en 
cuanto que eUo afecta a la Identidad del esta­
bleclmlento, existen determinadas palabnas cla­
ve apUcables en los cuatro Angu1os del diagrama 
(fig. 10). 

TBmbién hay una tendencia reconocible en el 
estilo y el dtseno. En algún lugar, oerca del 
éngulo superior derecho de la matrtz (fig. 11), 

encontrará a quien delemúna d.Jch& tendencia, 
que es quien desarrolla y presenta un concepto 

A COMPI!AS SE/oMNAI.ES 
AMPUA GAMA DE ARTIOJLOS 

l:IARATAS 
IMPERSONALES 

de estab(eclmlento que manifiesta sus Ideas y le 
destaca de los demás. De aqul se ortgtna una 
Influencia rad1aJ continua hacia el mercado 
total. 

Estructura de la decisión 
Cuando haya de adoptar decisiones sobre la 
fonna de equtpar el establectmtento, el experto 
en luminotecnia debe saber, adem&s, con quién 
está tratando y los Upos de servidos lmpUcados. 
Es oolabonando con estas personas y servtdos 
como dtsenara la tlumtnactón Ideal, apropiada 
pera dicho establecimiento en particular y pera 
el grupo ob)etivo lnleresado. 
Dentro de la estructura de tome de decisiones en 
el diseno de un nuevo establecimiento, o un 
nuevo interior. son varios los semctos y el 
personal que desempenan sus respectivos pape­
les en las diversas plednas angulares del mer­
cado, fig. 12. 

En A enoontranl el lector, ante lodo, el deper­
ta.mento de servicios técnicos de una empresa 
Están luego los servidos de escaparates o deco­
ración interior, que también tienen voz y voto en 
el asunto. 

B COMPRAS DIA/l/AS 
GAMA IN!XJMPLEI'A 

BAIIATAS 
PERSONALES 

.--------_...,,, GI!ANDES ALMACENES, FEI!I!E1EIIIA (3) 

---- ~ MODAS (S) 

IWNILKJHAL 

.(j;: COMPilAS IMIVI.SIV AS 
AMPUA GAMA DE ARTIQJUJS 

D COMPI!AS DEUBEI!ADAS 
GAMA EXCWSIV A 

POSIOONAMIE!<ro DE LOS ESTABLECIMIEI<IOS EN LA MA1RIZ 
ALMACENES BA1!A10S ( 1) 
ESTABLEC/MIEII/0 EXCWSIVO. 
ESPECIALIZADO (1) 
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9./PllRMEIICADO (2) 
llENDA DE LA ESQUINA, PBQ.JEÑO 
MINOIIISI'A(S) 

CARAS 
IMPERSONALES 

CA/lAS 
PERSONALES 
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'BRICOWK, ARTIOJUJS 'BLANCaS' 
Y'MARIIONES' (4) 
AUDIO/VIDEO (8) 

DEroi!ACION DE INTI!IIIORES (O) 
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AMPLIA 

IMPERSU,\'AL 
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CAMA DE AmiaJWS 

ESnWDEVENTA 

ESl'I!ECHA 

PERSONAL 

Yi8- 7 En loa diagrama~ a. lipol a. atabl«l· 
mitnto>ntdn ,..,.,.da, la.! "'""'"'aclividad de 
la.! Bi¡¡uienla 11n«u romerdalea. 
1 ALMACRNBS liAJIAillS 
2 IIJP!IlMERCADO 
3 GI!AND&S ALAIACRNES, I'!UI/iBI'IRIA 
4 'BRJOOWE',A/!TIWUlS'IJLANO()SY'AIÁ/IRONBS 
5 MODAS (ROPA OONFBOC/ONADA. CAUADO) 
O AUDIOMDOO 
7 !:STABLECIAIIENIO EXCWSIVO, &SPBCIALIZADO 
8 'LA 'ITENDA DE LA F.SQJINA', Pl11lJKIIO 'AIINO­

RISTA' 
9 DEOORAC!ON DE INTERIOR&S 

Rererendu 
1 NlUC J.'ai.rpri.a·. CLemen.ti NewTawn, Sin#lapur 
2 AlbBri Heijra. Tilburg. Paises Baios 
3 De B~enlrorf, Utrecht. Paises Baios 
4 Dom. Van den Bergh, Sittard, Paí.o;es &;011 
5 Peek & Cl<Jppenburg. NijrriAJIIen, Paises Baioo 
6 Schossau. Wuppertat, RFA 
7 Slaets. Bruselas, Be/giro 
8 KessBi8. Einclhoven. Paises BaiDB 
9 Placicle-Joliet, Paria, -



PRESEI/T ACIO~ 

! r 1 
A PRESENTACION MASI\' A 
B PRESEI/TACION SENCIUA 
e PI!ESEI/TACION REFINADA 
D PI!ESEIITACION EXCWSWA 

2 L _j ~ 
8 

11#/Y:I!.'IuNM '"''~""'"',¡' 

INfWENCIAS SOBRE OTROS TIPOS DE 
ESfAIJl.ECIMIEM'OS 

~-,/1 
llENDA DEN/1!0 DEL ESTABLECIMIENTO 

2 EL' MOSl'IWlOR REFIUGERADO 
3 SERVICIO PERSONAL 

¡2 

/' ""' L-L~ 
9 

i: 
ESI!W 

r ---, A IDENI!DAD DE LA CADENA 
B IMAGEN IVNCIONAL 
e IDENI!DAD PREOOJPADA, 

SEGUIDOR DE TENDENCIAS 
D IMAGEN INDMIXJAL, 

GONSCIENI!l DE LAS TENDENCIAS 

L _J 
10 

PLAN DE D.UMINACION 
IWMINACION GENERAL /IWMINACION DE REIVERZO 

so 

IWMINACION GENERAL 
SELECOON DEL NIVEL DE IWMINAQON 

13 

14 

', 
'' 100(UO IU.I 

' 
250/socilua \\ 

1 
1 
1 
1 
1 

: 

MICHOS REIVERZOS 
(FUENTES DE BAlO VAllA/E, 
PACIJETES DE WMENES PEQUEÑOS) 

2 MENOS REIVERZOS 
(IIJENTES DE Al3lJ VA!! AJE. 
PACIJE1'ES DE WMENES GRANDES) 

EL CREADOR Df 1INDE:NC1AS Y&) AURA 

11 

LUS D~CISOHES EN ESTIW Y DISEÑO 

12 

A · SERVICIOS TECNIGOS 
·SERVICIOS DE MONTA/E DE 
ESCAPARATES!INI!lRIORES 

B ·INGENIERO ELECI'IiiGO 
• CONTRATISI'A 

C · ARCIJl/'EC!U DE INTERIORES 
· 01'llOS SERVICIOS INTERIORES 

D • ARCIJil'ECIO INDEPENDIENI!l 
• D/SEÑAÍXJR DE INTERIORES 

E ·MONTADORES DE ESTABLECIMIENTOS 
. ASESORES 
·EMPRESAS DE IWMINACION 

1 Perfil del eatableclmlento 

Angl!IO Comportamiento al Presentac·,on 
comprar y necesidades del 
cliente 

A Clase de precios Baratos Imagen de 'bajo 
presupuesto' 

Imagen del Compras semanales PresentaciOn masiva 
establecimiento 

Gama de articulas Amplia Grupo objetivo amplio 

Estilo de ventas No necesita servicio Al!loseiVicio 

B ~ase de precios Bajos Imagen 'le damos el valor 
de su dinero' 

Imagen del Compras diarias Presentación simple 
establecimiento 

Gama de artlculos U mita da Grupo objetivo 
vecindad/comunidad 

Estilo de ventas Necesita servicio El servicio como comacto 
social 

e Clase de precios Altos Imagen de 'calidad' 

Imagen c1et 'Compm Impulsivo' Presentación relm~~oda 
nstableclmlrlnlo 

Garna do arllcutus Amphu uumu do Grupo ob¡etiVO arnpt1o. 
articulas de alla consciente de la calielad 
calidad 

Estilo de ventas Servicio según 'Comprar es divertido' 
requiera 

D Clase de precios Caros Imagen de 'exclusMdad' 

Imagen del Compras deliberadas Presentación y ambiente 
establecimiento exclusivos 

Gama de articulas Exclusiva Grupo objetivo exclusivo 
reducido 

Estilo de ventas Necesidad de servicio Servicio de alto nivel 
individual 
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En B se encuentra. prtndpalmente, el ingeniero 
electricista que, mientras charla con el c:ontra· 
t1sta. va trazando. en la cara· posterlor de una 
caja de PUros, un bosquejo del plan de Uumina· 
clón. 
Vemos en C al arquitecto de tntertores y a los 
restantes servicios internos de la empresa, quie­
nes tendrán sus propias ideas en cuanto ~ la 
1Juminacl6n y esperarán que usted. el dtseflador, 
las salisfaga. 
En D enoontramos al arquitecto o diaeftador de 
Interiores independiente en plenalarea;esquien · 
le pediré. que 'traduzca' sus ideas en un plan de 
iluminación. 
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lnlll\ll111il1\'" ti1Ít'ÍI1U.~-C'Oil5Uilinlt~ qul·'St;'tl('~t-i'Nt'lt· ·¡,' 

dt· dt·~tm•llw· ~- rei\liiar ltl!' plnnc!'l,l'n f'olntW'ilt-' '• 
c·iún ('Oil lit .... l'mprosfL., dl' luminÚh•miu. 

1\eallzadlln de un plan de Iluminación' 
(·.Qur ¡.;il!nilinl lodo és1t1 en In pnlrtirn. en IH 
iluminRrillll d(· establt'C'imil·nlus'? Herummlo¡.; 
dl' llUt'\'0 111 dii\1-Pfl\mH bftsiro y SU!' pttn\mf'II'OS: 
ba.mlo. cnrc.1. lmperSonnJ. pc!rionnl. Como se hn · 
mostmdu un·ibft. dentrO dt' esta mnlliz se ptiedc 
rcprésentnr IR garim com"PielR de estableci­
mienl.o~·. 

Por lo qut> sr refiere a la Iluminación. mi ex­
periencia personal me· conduce a la siguiente 
imagen (ti~. 13)·. una iluminación de alto nivel, de 
500 n 1000 lux. en el Angulo de un supem1ercudo 
con su c:a.rácter barato, impersoi1al:utl segmen4> 
encierra ese área angular ron niveles de 250a500 
lux y, fuera de ella, há.ria el éngulo perSonal. el 
oaro, un nivel de 100 &'250 lux. 
Como complemen.Odeello estA lacuesti6n de la 
Iluminación de refuerzo. en : el lugar "exacto 
donde, "en ese área anttJlar C:iUa y pei-sohaJ, se 1 

' 
11 

•• 

emplean riumeiOsOW1.refueno5'reCuft1eDCIO:i a 1' •. '· 

fuentes de bajo .. y, On elaegm<IJIÍ(!q~e ',, ¡:•' 
· rodea el 'área. maD08 refuerzos produdci'os. f)Or ',.:..' 1

.

1 

·fuentes de altOvatlaje'i:on i>aqueles dor~enes j('' '-, 
m4s ¡¡rindes {ftg. HÚa 11UIIIlnacJ6n -~ y.li '"; 
Jos dl~as· de "ilulntftacton d8 Terue"'i.zo Se. ··,:i·J1 1' • 
superponen de rohna" que uila 00mpl8manta ·a 'l ; 1 

los otroi.· ,. '.; ! ·,~, 1: ·1 :·• !1J' : .:,~~ ·111 1 .~ 1' 11,,1 

Empeiando por la &ele<:ción de los niveles de '1• 
Uuminactón. también deberi'tenerse en cuenta ¡':-¡' 
otros criterios. Finalmente. el plan de Jlumln8.- .. ; 
dón deberé. completarse con Una aelección'l 
apropiada de lámparas y lumirlartas. 11, 

El monlale completo esté destinado a ~rvir de 
herramienta en el proceso de introducilse en un 
mercado y operar en éLo.lja peñeOsamente 
claro. sin embargo, que pataesleti)XÍcÍetrabajo 

''1• 
,, 

'1 

Flg. 15 El 'que eBtablece lar renderlciat .EBprit 
Bentlux Sto,., Amarerdcm, Palaea &¡03, llamado 
'el leCiro minori.lta'. /lologra/lc' l'oiOSIÚ<Iio liijn­
mond, &b<rt N~. Véonat tambl~n 14jig. 
17 y la cubierta ~- ... 

1 ' 
Fi(¡. 18 La tienda dentro deleatablecimienro. V. 
Biienkorf, Ámsrerdom. 
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fe pn'<iSA pt•rsnnal qUl' n:mo1ra el 'lcniua¡e· a ¿Qué tmagen? 
tmplt·m· en c:ada caso ronrrPio ~·que no pntSC'ntc lA segunda prellunta. en orden de Importancia. 
,~n plun dl· ilum1nacl0n qut• ntl ·ron"Uspondn' al ea: ¿Para qué tipo de establocimlento hay que 
, jnp:ulo' en el que estt! tra.bü¡undo en 88l• mo· proyectar la llumlnBC'IOn? 
inento. Factores tales como el paquete de articulas. el 

. 1 emplazamiento, el grupo obJetivo, el propietario 
PARlE 2r LA PRAcnCA y su capectdad profesional, componen Jaescena 
, sobre la que se construye la Imagen del esta· 
Melas de la Uumlnadón de bleclmlento. La suma de todos estos factores se 
.. lablectmlenlos ,, denomina fónnula del estableclmlenlo. 
(uMdo se va a Iluminar un establecimiento, la Esta fónnula se establece definiendo el grupo 
'primera pregunta es: ¿cuáles sori las exigencias obJetivo de clientes. Una vez detennlnado, se 
t\mdamcntalea que debe saUsfacer la Uumlna· pueden atustar a sus necesidades cosas tales 
dOn? Se pueden resumir como sigue: como la gama de artlculos, la relación callda.d-
ljl Atraer la atención. El establecimiento debe precio y el servicio al cUente, facJores que, a su 
· sobresalir sobre el fondo de una muiUpllcldad · vez, Indican el tipo de montaJe requerido. Y aqul 

delnfonnadónvtsuaJ,seaenune.ce.Jieoenun es donde la UumlnaciOn del establectmtento 
centro comercial. El escaparate y el tntetior , desempena un papel clave. 
del establedm1ento deben dar una imagen '"~~ 

i que tenga ancter individual en relación con De la rormula de establectmlenlo a la de 
1 la competencia ' la luz 
~ Croar ambiente. El amblonte general de la ¡:.\. Como, se ha sena!ado en la Parte 1, se puede 
1 ! zona de ventas y la fonDa en que se exhiben lllluar im un dlagrama matrtclal cada tipo de 
1 los ..Uculos influyen sobre el comporia- eslableclmlento. A lo largo del eJe horizontal de 

1 ! miento del comprador. este diagrama se traza la gama de ..Uculos y el 
O Integración. La decoración Interior del esta· Upo de ventas, y siguiendo el eJe verucal. la clase 
' bledmlento es un refleJo de la estrategia de · ·de precios y la Imagen del establecJmlenlo {figs 

ventas. La Uumlnaclón debe estar acorde con 1 ·7 y tabla 1 ). Dando por supuesto que cada tipo 
ella. de estableclmlento requiere un estilo especifico 

O flexlbUldad. Las estrategias y las tendencias de Uwninaclón, podemos ya d- cullles semn 
1 cambtan ré¡Jidamenle. Ha de ser posible, en Jos crltarios principales de la misma. Esta es la 

conaecuenda. adaptar la Jlumlnaá()n con basesobrelaquesehandesarrolladolosdla¡¡ra-
' Idéntica rapld~z. mas de Uumlnaclón de las fl¡¡s 19 a 24. 

TlofS- ,, .:umows&a !.k' T01'TRQ1 ~ rBOUt'íi.Nli Of' w::. 
E•prlt AIMwrdam. FotogratlO,John V<IU8hcn." 

F\g. 18 E8copC1r'CIW con 'poder d<' d<'tenti<ln'. 
Thwrl)' Mu¡¡wr. GiiiRbro. Suiza. FotoBra/ia• JF · 
Camin4da . 



CRrtllUOS SOBJU: ILUMINAOON 
llL:MI.\'!\C/0.\' GL\EiiAL 

F~ 20 Ast~·rto del ro/or 1. blanco rt('Ufru: 2· 
blanco mlidu: 3: blanco extra calido 

NT\ 'EL DE /WMI!\'ACJON ASPEC10 DEL COWR 

F\g. 21 F'idi>lidad cromdtic'a. 1: buma ficklidad 
cromdtica. 2: excel.enU' /idt>Lidad cromcitica. 

', 
..... , 10012:50tu.l 

' ' 150/500 lu.l \ 
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/ 500/ \ 
1 tOOOiu.l 1 
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Fig. 23 Densidad dt> Lo..~ rp{uer:os. Los puntos 
pequeños indican muchos re(uer..os pequrños: 
lps puntos md.s grandes corresponden a menos 
1?{~r..os mas fuertes. 

2 Ntvel reconMtndado, llumlnecl6n general 

Vatoracion lluminaciOn (lux) Campo de aphcacion 

Muy bajo Menos de 150 Galerías de ane. boutiQues 

Bajo 150·300 T¡endas exclus•vas 

,.,..__ Mec1•o 1 a mayor1a c1f' las llendíls 

r//)f:/J/),4/l ('lit )\j '11'/t ':\ ~-:~.n.u·:l'm l'> tw! '(m.,.,." ·rJS 1\lln 

21 22 

Muv uliP :tOIII:Itllll) :,lhUII.ICIIIIt!: 11!• hit IUihHiil lttl 
"'.1.apwa1w, y /utur~. dr~ VUHtw; 

3 Fklelldad crorN!tlca J aapecto del color 

Fidehdad cromática Aspecto y temperatura del color 

Blanco Blanco Blanco Blanco 
extra cálido cálido neutro frio 
2500-2900 K 2900-3300 K 3300-3500 K Más de 

5000K 

Aa 90-100 TLD92 TLD93 TLD94 TLD95 IWMINACJON DE REFUERZO 
DENSIDAD DE WS RóR.IERZOS V AWR DE CONIRAST!: Excelente Incandescente Incandescente TL57 

Lámpara Lámpara 

-~· ..... . ' haiOgena halogena 
• • • :t.• 

' ' SL 
', 30:1 

' • • • e!•A• • •••• . r):~:·.: ', 15:1 ' 
A, 80-90 

' 
Buena PL82 

/ 

()',, ' ' ' ' 
' ' ' 

PLC 
TLB2 
SDW/T 

A, 70·80 
AaTonallll• 

;',/ 

Ellugru·-l)CtJpudo en l'l du~¡.;mmu por un tlptl dt· 
establecimiento determinado es vAlido J>lUll 
todos estos diagrams de iluminación, as! como 
para los de selección de lámparas y luminarias 
{figs 27·33 y 35-391. Dicho de otro modo, el 
diagrama matricial se puede superponer, como 
de hecho se hizo. a cada uno deestosdl8gramas. 
uno tras otro. De esta forma es posible trazar el 
plan general de Iluminación. Hay que subrayar, 
sin embargo, que este enfoque sólo sirve para 
dar una indicación sobre la clase de iluminación 
más apropiada. no para establecer reglas fijas. 
La fórmula establecimiento/iluminación se 
mantendrá o se vendrá abajo según el grado de 
colaboración entre los especialista..'> implicados. 
es decir, el diseflador dt' interiores, el oquipador 
del cstablecimicnfo. t'l di~eJ)ndordc iluminación 
y el cien ricista 

Cr1ter1os 
Se puede distinguir entrl' dos componen tos del 
sistema de iluminación. a saber, iluminación 
general e iluminación de refuerzo. 
Los diagramas ofrecen una indicación sobre la 
forma de crear la iluminación general teniendo 
en cuenta criterios taJes como el ntvelluminico. 
el aspecto del color. la fidelidad cromática y la 
cantidad de llumin&ión dt'COrativa. Los diagra­
mas dt! ilumtnación de rcfuen.o indican la 
densidttd y el valor de contraste de los acentos. 
Se puede establecer. al mismo tiempo. una 

1!,, !~ 1 /() 

M1"l"1,ul,, 
··--~---

rclución bit·n tlQUilibmdu entre In iluminndbtl 
~enernl y·la de refuerzo. 

Iluminación general 
Nivel Luminico 
El cuidado en la elección del nivelluminico tiene 
su recompensa en los beneficios que supone, 
tanto para el personal del establecimiento como 
para el cliente. Los elementos de Iluminación 
recomendados en la tabla 2 están basados en la 
experiencia obtenida internacionalmente con 
proyectos de iluminación. 
Cuando se trata únicamente de iluminación 
general se pueden adoptar Jos mAximos indica­
dos en la tabla. Sin embargo. si se cuenta. 
ademA.s, con iluminación de refu~r/0, deben 
cmplcu.rsc vu.lnrcs mA..., bnjo~. K<.;to !W deh(' u qm· 
In ih1mínudún dt• refuen.o produn~ hu. difusu y 
rcl\t!judrl lu que l'ontrihuyc u In iluminudlm tit~ 
conjuntr1. Adt~nu\~. In ilumlmu:i(m getu~mJ fumtt: 
limita el grado husta el que se pueden croar Jos 
refuerzos. 

El aspecto del color detennina el ambiente 
La impresión creada por un espacio depende en 
gran medida del color de la luz empleada en éL 
Esto es aplicable, en espectaJ.al caso de los 
Interiores de establecimientos. 
Tomemos. por ejemplo. el caso de Jos articulas 
que requieren ser expuestos en un ambiente 
cálido, lujoso y acogedor. Para ello se requiere 

PLB3 PL84 
TLD83 TLD84 

MHN-TD 

TL054 

1111; ·~ j 11 :ti 

un nivel de iluminación bajo con una lll2'. de color 
extrac-Aiido. Por otra parte. como mejor asp;cto 
tienen los articulas- pero también los productos 
lácteos, pescado y verduras - es cuando se 
exhiben en un ambiente activo .. bien ordenado, 
en un entorno que da impresión de color blanco 
neutro con un nivel lumlnico relativamente alto. 
Además. estA el establecimiento que pretende 
crear la imagen de 'llévese el valor de su dinero'. 
En este caso se precisa un nivel de Uuminación 
alto, combinado con un color claro relativamen­
te frto. En términos generales, es acertado decir 
que el color de la luz se debe enfriaren la medida 
en que se aumenta el nivel de iluminación. Esto 
es aplicable a niveles de iluminación de más de 
1000 lux. 

Fi.ú.didacJ cn>mdti<:a 
SI hicu ciiL<;pt!(iu del colur df~ lrL<.;lfUnpttnt..<.; que 
se cmpleru1 en la lluminucíón de tlStableci­
mientos tiene una importancia vital pWll (Ji 
ambiente creado, también sus caractertstlcas de 
fidelidad cromá.tlca son sumamente Importan­
tes. 
Una de las principales finalidades de la ilumina­
ción es lograr una presentación atractiva que 
muestre los objetos de que se trate sacándoles el 
mé.ximo partido posible. Lo que, naturalmente, 
implica. que también el color debe ser reproduci­
do con la mAxima naturalidad y fidelidad posi­
bles. 



Ct,ll..,cienlt' o inronscicntl•nwnlt•. rompnrumos 
la lidelidHd cromélicu d(• li1 fm·ntc en cuestión 
ron una dt· refercnrlH que no~ sen familiar; es 
decir. una fuente que ronsid('n·mosquc muestra 
los objetos en sus ·auténliro!'· rolares. la fuente 
df' referenctn mejor ronocidn ~· ml'ts utilizndn es 
In lm. de medio día. ¡_y quién no está fM111inriUt· 
do con In indlnarlón natural dt• losdepcndicnte!li 
dt lastiendasasaHrun momento al exteriorpnra 
mostrar a la luz del dla el rolor de la presunta 
prenda que vayan a comprarliinc!uso aunque se 
tmte de un traje de nochen? 

'.o'> 

Desde luego, ,el método General Color Ren· 
dt>rin~ lndex recomendado por la CIE utiliza la 
hl7 diurna especlfkada c-umo fuente de referen· 
rla pnra las fUt>ntes lumlnosa.c; quf' teni(Un una 
IL·mpemtura d(' color pur t>nrlmn dE' 5000 K. 
Cuando se trUa de lAmparAS nm temperaturas 
dt> color mAs balas SE' uttlimn radiadores Planck. 
qut: establece la escala de valores R .. (o CRIJ con 
100 como rnéximo. 

Para la mayoria de tos establedmlentos se 
recomendaré.n limparas con 'buenas' o 'excelen· 
tes' propiedades de fidelidad croma.tlca (véase la 
tabla 3}. Sm ~embargo. no es necesariamente 
cierto que la fidelidad cromática de una lémpara 
con un valor R. de 100 sea ideal en todas las 
circunstancias. Desde luego. una lémpara que 
tenga un valor R., Inferior seré. más apropiada, 
teniendo en cuenta que el rolor del cutis y los 
colores de otros objetos (carnes. ensaladas, etc.}, 

1 aporecen mt\s atractivo!' qm·. por ejemplo. e la 

\ 
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~z del dla. Esto resulta especialmente deriO con 
la serlede Jé.rilparas fluorescentes de lUJe que, en 
realidad. hacen que los colores tengan rnés 
viveza que si se eXponen a la luz del~ o a los 
radiadores Planck y que. por ello, mejoran el 
efttcto. 

Elementos decorativos 
Los ele.~entos decorativos de iluminación pre· 
sentes 'Em el Interior de un establecimiento 
desempenan un importante papel en" la deter­
minación de su ambiente. Esto incluye no sólo 
les luminarias de ple,los apliques de pared y los 
candelabros, sino también elementos Bl'Qultec· 

tónloos tales como molduras para luces y cor· 
nisas y zócaJos iluminados. Se pueden emplear 
estos elementos, además, para que Influyan 
sobre la forma de circular por el Interior del 
establecimiento y, de este modo, atraer la aten· 
ción hacia grupos de productos seleccionados. 
Ni que decir tiene que todos· estos elementos 
contribuyen a la iluminación general, lo que 
significa que es necesario sopesar con sumo 
cuidado la tntemcrión ilumtnaclón ~Jeneral 1 
lluminai:16n docorath·a. 
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LAMPARAS HALOGE,,AS 
DE ALTA TENSIOS 

LAMPARAS HALOGENAS 
DE BAJA TENSION 
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LAMPAH.-15' 
IIAWROS Mt.TAUCOS t MHI\'1 '\\'HITE so~· (SD\1' T) 
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Dumlnadón de. refueno 
Aumentando o reduciendo localmente la inten­
sidad lumlnica se puede crear una pauta variada 
de luces y sombras, produciendo contrastes que 
sugieran dinnmismo. Cuanto mAs notorias sean 
las sombm.-;, mayor dramatismo y ngreslvldad 
tendl'é el efoclo obtenido. Et:lt.u técnica de iluml· 
nacton de refuerzo la aceptan mejor, entre 
nosotros. los jovenes que Jos mayores. 
La finalidad perseguida es dar la mO.XIma ex­
presiOn a la forma, la estructura, la textura y el 
color - en contraste con el entorno. la Uumina­
c!On de refuerzo crea, además. brtllos y destellos. 
Dicho en pocas palabnas, produce el reflna­
miento que haré atractiva una presentación. 

Densidad de los refuerzos 
l.a finalidad de la iluminación de refuerzo, al 
contrario de lo que sucede con la Uuminac16n 
general. es afirmar la relación entre el cliente y el 
producto, como se define en las áreas angulares 
e y D de la figura 8, que corresponden a 
·presentaciOn refinada' {venta Visual), y a 'pre­
sentaciOn y ambiente exclusivos', respectiVA· 
mente. A una presentac!On mAs sencilla y rom-

o 
pacta, como en los ángulos A y B. menor 
necesidad de reforzar la UumtnadOn. 

El valor contrastante determina el efecto 
¿Qué intensidad debe tener el refuerzo para que 
muse efecto?¿ Y hasta qué punto se puede medir 
dicho efecto? 
Se puede contestar a estas preguntas utilizando 
el concepto 'factor de refuerzo', que da la rela· 
ctOn de lumlnancia del objeto iluminado con su 
entorno Inmediato. Un objeto que se ilumine con 
un factor de refuerzo de 2 resultará simplemente 
visible, ya que brillará dos veces més que el 
fondo sobre el que esté. Con un factor de 
refuerzo de S(p. ej., la luz suave de un teatro)seré · 
cinco veces mAs brtllante que el fondo, etc. La 
tluminac!On rea1 de un teatro Implica un factor 
de refuerzo de 15 o más. 
Este grado de ilumlnaciOn de refuerzo es relall· 
vamente fácil de lograr, pero cuando se desee 
obtener una iluminaciOn espectacular (factor de 
refuerzo de 30) o muy espectacular (factor de 
refuerzo de 50 en adelante), es Imprescindible 
emplear una lluminactOn de fondo de bato nivel 
y superilcies ~"'!"' reflectantes. 
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Haces 

ó 
i 

La gama de lllmparas reflectoras y de com­
binadones de 1Ampara·luminar1a, cada una con 
sus propias caractertsücas de haz. disponibles 
para: la creación de efectos luminosos. es ex· 
traordlnariamente amplia. Los haces difleren 
entre sl en intensidad, anchura del haz y grado 
de dtFusiOn. La dlstanda y el ancho de haz, 
:-onjuntamente, determinan el tan1nno obtenido 
jt'i érea llumtnada.Cbn anchuras de haz que van 
iesde muy estrech&S {2°) hasta anchas (52°). 

\1f lo general. parte de la luz cae fuera delérea 
le interés. Esto suele resultar beneficioso ya que 
ayudi.asua\iZarlassombrasdensa.sysirvepara 
TeST un efecto conjunto más acogedor. Además, 
ontrlbuye ala UumtnactOn general. 

6. : 

il : 

" 

.: !Amparas y luminarias 
Existen diversos tipos de lamparas apropiadas 
para la tlumtnactOn de estabiedmlentos y es­
capol'llles . 
1 l Fluorescentes normales y compactas. 
21 Lámparas Incandescentes y ha!Ogenas, en 

versiones tanto de alta como de bajatensiOn. 
31 Lámparasdedescargadcalta presiOn, osped­

ficamenle las de haluros metéllcos (MHNJ y 
'SON blanca' rsowrn. 

Como en el caso de la fOrmula de luz, se ha 
desan-ollado una malriz para las comblnadones 
lllmpara!lumlnarla. Su fonna es similar ala de 
la malriz para la fOnnula establecimiento/luz. 
En lamalriz se ol'n!cen las éreas deapUcadOn de 
·las distintas combinaciones. b4slcas lampare/ 

'1 ' : 

luminaria apropiadas para el sistema de llumi·, 
n8dón que se proyecte. Una 'vez detenninada la 
fórmulad_e establectmtento, se pueden leer en eJ. 
diagrama las combinaciones lámpara.llumina· 
riadlsponibles. Lasfigs27·33~·aplicablesala 1 ' ·~-o · '1 

iluminación geJ1eral; las~. 35--39, ala ilumina· 
ción de refuerzo. 
Ni que decir ttene que el ambiente donde se 
presenta el producto desempenasu papel en esta 
elección. As!. en el ángulo barato. impersonal, se 
desean\ disponer de Jumln~ tales como 
tableros fluorescentes desnudoS que realzen la 
imagen de ·Jedamos el valor de su dinero'. Por 
contraste, un establecimiento que establezca 
tendencias optaré por luminarias que apoyen su 
presentación. frecuentemente esUlista. 

SC! pued~. loA"mr flexibilidad on la UumJnaclón 
por modio dt> dispositivos de conmutación de la 
Jlumtnadón general; utilizando luces concentra­
das ajustables y/o modulares, y un sistema que 
permita cambiar de sitio diversos fooos. Un 
ejemplofamiliardedichosistemason losc:arrUes 
electrificados. Una de las notas dave de la 
iluminación flexible de un establecimiento es 
prever las tendencias futuras. 

í?.Jl 
'L~f 

La luz como socio comen:lal 
La luz es un factor decisivo en la est.rategla 
concebida por. el propietario, En definitiva. el 
establecimiento es el lugar donde se presenta el 
producto al cliente. Y la Intención, naturalmente .. 
es que la presentadón produzca la decisión de 
comprar. 
Sin una llumlnnción correcta, Jos artlculos ex· 
hlbidos no atraen la atención, nO despiertan 
Interés, sencillamente no se venden. por el 
contrario, si laJlumJnadón es la apropiada. cada 
articulo se hace rné.s visible y EUia.cttvo y las 
oportúnldades de que se venda son mucho 
mayores. Por tanto, la 1luminadón de uii' esta_. 
blecimiento es una herramienta de lnnienso 
poder en manos del propietario en ·su luchA por 
mantenerse en cabeza de la competencia. • 8 

'i 1 
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PARAMAX® ~ PARABOLIC TROFFER 1; 
2' x 4' • 3 LAMPS • RAPID START 

3" DEEP LOUVER, 18 Celia 

12, 16, 24, or 32 Ce lis also available 

Metric sizes available. Consult lactory. 

SPECIFICATIONS 

SPRING-LOADED 
CAM~TCHES. 

Banas! Data . . . 

STEEL 
T-HINGES 

Thermally-protected, resetting, Class P, HPF, non:PCB, UL listad, 
CSA certified ballast standard. Sound rating A. Standard combina-
tions are CBM approvad. · 

Wlrlng & Electrlcal 1 . . ·• .:. :; • 
Fixture bears UL label and is suitable for damp locations. AWM, 
TFN, or THHN wire usad throughout, ratad for requirad tempera­
turas. All ballast leads extend a minimum of 6" through access 
plate. 

Materlals 
Louver parts constructad of pre-anodizad aluminum. Steel parts 
die-formad from code-gauge cold-rolled steel. Housing embossed 
for rigidity. No asbestos is usad in this product. 

Flnlsh . 
Five-stage iron-phosphate pre-treatment ensures superior paint 
adhesion and rust resistance. Paintad parts finishad with high­
gloss, baked white enamel. 

' e 

' 

. • Preciseiy-formad parabolic louver. shipped in a 
protective polyethylene wrapper. 

. ' 

• Automatad assembly, mitered corners. and inte~ock­
ing construction assure precise parabolic shape. 

• Pre-anodized aluminum louver. available in specular 
. or semi·specular gold, specular or semi-specular 

silver, and low-iridescent specular or semi-specular 
silver. 

~ Louver secured by ruggad T-hinges and spring­
loaded cam latches. Hingesllatches from either side. 

• Floating door appearance with full black reveal. 

• Air supply/return models feature optional air pattern 
control blades. Fully adjustable without tools. 

• Wireway covers (reflectors) lit against louver. 
Controls light leaks into adjacent lamp cavities. 

• • 
17/8" OlA. K.O. {2) . 
, IN ACCESS PLATE 'Yo" OlA. K.O. 121 

r! 

-0-.-. ··d._~ _L_-
. 3,¡".. 3'" .. 
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Ul bsted. CSA cen1fied. Labeted I.B.E.W. • ~.F. of l. Guatanteed lor 1 ye•r .;ainst methanic4l detects in rnanutac:ture. Oirnensions & ~fcabons subject to change wrthOut I'IOtlee. 

MOUNTING DATA 

~v=· ·".L .··~ ~ :¿ Celllng Type 

Exposed grid tee G 

Concealed grid toe G,ST 

Concealed Z-spline F,MT 

Metal pan (consull factory) . • MT 
LA Y -IN TRI M, OVERLAPPING MODULAR FIT·IN SCREWSLOT 

Screw slot (consull factory) ST exposad grid tee FLANGED TRIM TRIM with swing· TRIM, louver 
Acoustical tile. plaster. " with swing-gate . gate hangers llush to ceiting 
or plasterboard on rigid F . hangers .. 

' ·. ' suppons parallelto lamps 
• ·Recomtnencled rou;t'l·in dlrnensions lot F tnm fixtutes: 2c• • U" (Toterara is +114 ·- 01. 

·- Swtng-gatl range: 1"- 3·318" trom eetlln; plaN. span 23·11'2"- 2$·5.'18". 
~ . . - .. 

Approval 
. :. 

Job lnformatlon .. : 
-

f~LJTHONIA ' 
- .. - - t!l:!2l!.€§P.fff.T 

Tyoo 

!ScMtoty 120. 277 Of 347V) ~ 
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CüEFFICIENTS OF IJTILIZATIQN,·- Z0t4A~ CAVITY ~El_HOD.; 
· EFncfr~·E FLboR CAVIrf REfLECTANCE 10 PEA (Pie h 0.201 f 

1 

. • ' ! 1 ·· .. -¡. 
HFECTIVE CEILINC C"VITY REFLECTANCE- ~ERCEÑT '1 

" .. 

1 
1 
1 

1 

1 
1 

1: 
J 

-1 

:: -· ·-·-·i 80 ' 70 50 lO ' 10 
' •; ...... u JO 10 so lO 10 50 lO ,lO 50 lO 10 :so lO 10 ",. "''• ,n ... ·.cr SO 

o 

' " 1 
: u 

~ '2 . 
Q l 

f .. 
:' )- 5 . ... 

;;- 6 
. 1 <(· 

:1 ~ 
7 

._,a 

" '9 

1 , ~o .. 

·-

.e ti .H9 . ' . ' ' ' .91 -90 .e e .e6 es· .B3 . B3· .e 1 . BOL BO . 77--77 .76 

.eJ .eo .7B e 1 .79 . 76 77 .75 .73 . 7~4 . 73 . 71 .'7 1 -70 .69 

. 75 . • '] ¡ .6a 73 . 70 -66 70 .67 .6, .67 .65 -63 . 65 -63 . 61 

.6i' -62 ~S~ 66 ~ 6 1 .se ..63 .so .56 ¡.6'¡ ':'se~. ss· ."59' .ss-.s4· 

. 60 .S!; . S 1 59 .54 .so .57 .53 -'4 9 .ss . 5 t:. 49 .-53 .so .o .. 

.53 . 'a ... .52 .n .43 . S 1 . '6 142 • 4 g • 4 s: . 4 2 :4 6 ·" ·" . .i< <1 • 37 4 6-·. 4 1 .37 . <S .• o .:37 ~ •'• . 40 .37 .43 ·. 39 .36 ... , . 36 •. 32 ' ' 41 .36 . 32 <O .35 -32 -3~'.35' .32 .JB -34 . 31 

. 36 . 31 .2a .36 . 31 . :la .35 . 31 .2a . 34 . Jo: :2e .33 :Jo .27 

.Jz .z'i .2s 31 .n .zsJJr .n :2s ' .. 
.'29 -26 .2< .30.27--24 

·'" ·"· .23. 
-r:-::-:: 

.?fi ,'>11 ,? .?< ·" .?1 l27_...2..i .?< · ·" ;o? ,. . ' . • 
\ . 

. .. 
MAXIMUM RECÓMMENDED SPACING: r· 

. ' 

·-.---

;-~Tr~Es HEiéHT Aéovc ~ORKtNC Pu'.Ne1 
l' • . 1 . ~ . 
~·cAr-oO[LA ANO LUI<1f;,¡ C.MA . .o..Rf SHCWN FGR tCJO LU-
~ ME"'S A T THf ~lllll:E fXI-EClH.I N~FORMAt>.:CE y,..,LUES 
;- FO~ M~Y GF :Ttlf$E ll [M¡ M~ Y UE CfTERMINtc BY MUL TI. 
· - f'l 'flttG GtV[N IIAL~JE~ l!'f AN Af'f'f'OI'RIA Tt:: FACTOR :>UCrl 1 
:1 AS. L,.O..A.•,f· t.:...:MEN RI-TII;C )( I:A:.\ ... A~T FACTOM X MAINTE. 
t- NAN([ FACTOR • lfoOO LUMEUS : · ' .. 

o 
o 

. 75 

.67 

.59 

.52 

.46 

.40 

. 35 

.30 

.26 

'.23 

. 21. 

. ; ..:. l . .... .... )- . ' .... - . - .. ... .. .. 

'PÉR lODO: ~Mi'· lUMENS: . .. -.-
·- ' - 1 i ' 

. ' 

. 

... 

PHOTOMETRIC DATA 
1 
' 

T(<., T[[) .". T 1 Wttlrf ri\.'E fEfT 'v/il 11 
lA.v.PolATi:[J¡.,·; lf{•} 
LUMEI<S 1~ DATA 1~ 
DfStPED FOí-! o-.-~ttft lJ-.rAP 
LLJMfl·l~ Ml...il.Ttf.>L Y CAN U El..--'\ 
A.~ID•LU.'.-'.[r; V."llJ::.GtVEN 
!IY FL".TtO- LMniiENT 
I...AMP RAllr---.-G DIVIOL) BY 
1000 LUMENS, 

LUMINAtfli_Q[~_!t_f_!_.Q~ _ -------

' L0MnOUN1-tSO LUniNi"II\E 
... n·.curo srccu.íl~ I':ULCCTO!t J5-2Jt13~-c: 
f.(IRMCJO~ H-2:111B-Ot 
3TA•IGA.~O ~)(~(/ t-::'!110.'1 

LH."1P 
'¡;¡~ t:i.:r f11Crt rii(JS:JHt 'C01Uf1 
O.f. Nil. LUI~~1':._: 

rws: ·NC- 55S16U .... 

-_..-,.:_r¡-;H r~~l-----,-t-:JOI"<~ffl~ ----~-- --j 
. . 

,. 
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