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105 A) ILUMINACION INTERIOR: PRINCIPIOS;,DISEÑO Y APLICACIONES 
Del 17 al 28 de octubre de 19.9Íi · · 
DIRECTORIO DE PROFESORES 

lng. José Luis Bonilla Griz 2. 
Gerente de Desarrollo de Nuevos Productos 
Lumisistemas, S.A. 
Blvd. Toluca 520 A 
Naucalpan Edo. Méx. 
Tel. 227 72 77 ext. 0449 

lng. Alfredo Badillo Trejo 4. 
Técnico (OSRAMl. 
Osram de México, SA.de C.V. 
Camino a Tultepec #8 
Col. Tultitlán, Edo. Méx. 
Tel. 872 16 00 

lng. Jaime Galindo. 6. 

lng. Carlos García Romero 
Prof. de la F. A. ; Asesor ·Externo de .'la 
Comisión de Energéticos del Edo. Coahui 
la y de la Empresa SAINCOMEX 
Gobierno del Estado de Coahuila 

1 ng. Ernesto Mendoza Estrada . 
Gerente de Laboratorio 
Manufacturera de Reactores, S.A. 
Vicente Guerrero # 28 y # 30 
Col. Del Moral, Del. lztapalapa,Méx.D.F 
Tel. 694 10 60 

Arq. Enrique Quintero López 
Director General 
Iluminación Corporativa, SA. de CV. 
Tuxpan 89 
Col. Roma Sur 
06760, Méx.D.F. 
Tel. 264 51 28 y 264 50 44 
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105 A) ILUMINACION INTERIOR: PRINCIPIOS, DISEÑO Y APLICACIONES 

Del 17 al ·28 de octubre de 1994 
DIRECTORIO DE ASISTENTES .-------

1. Lic. Diana Dávila Ru(z 
Mercadotécnia 
STARCO, S.A. de C.V. 
Sierra Sta. Rosa # 61 
Col. Reforma Social 
Tel. 282 51 05 

3. Miguel Angel Farrera Rebollo 
Supervisor 
Prolum Instalaciones 
1 ng. Militares #32 
Col. Lomas de Sotelo 
Naucalpan de J. Edo.Méx. 
Tel. 576 86 97 

5. lng. Juan Galicia Rodríguz 
Area Comercial 
STARCO, S.A. de C.V. 
Sierra Sta. Rosa # 61 
Col. Reforma Social 
Miguel Hidalgo, Méx.D.F. 
Tel. 282 51 05 

Eduardo Gutiérrez Peleteiro 
Gerente 
Lumina, SA. de C.V. 
Mariscal Sucre # 9 
Col. Del VALLE 
Benito Juárez, Méx.D.F. 
Tel. 536 47 05 

9. C.P. José Hilario Huerta Hernández 
Gerente AdministraÜvo 
STARCO, S.A. de C.V. 
Serra Sta. Rosa # 61 · 
Col. Reforma Social 
11650, Miguel Hidalgo, Méx.D.F. 
Tel. 282 51 05 

11. Gustavo Alonso Magaña Domínguez 
Jefe de ensamble y Recubrimientos 
Duro de México, S.A. de C.V. 
Av. 1 No. 498 
Col. Parque lnd. Cartagena 
54900, Tuc titlán, Méx. D.F. 
Tel. 888 14 53 

---.,. 

2. Raúl Mauricio Díaz Castorena 
Puerto de Cozumel # 72 
Col. AMpliación Casas Aleman 
07580 Gustavo A. Madero 
Tel. 757 59 59 

4. Francisco Javier Fernández Soto 
Director 
Importadora y Exportadora Ferval S.de R.L. 
Pie de Cuesta # 459 
Col. Reforma lxtlaxihuatl 
lztacalco, Méx.D.F. 
Tel. 674 81 07 

6. Sergio Juan Gutiérrez Campos 
Administración y Ventas 
Importadora y Exportadora Ferval S.de R.L. 
Pie de la Cuesta # 489 
Col. Reforma lxtlaxihuatl 
lztacalco, México, D.F. 
Tel. 647 81 07 

8. Ma. del Socorro Guzmán Hernández 
Ejecutivo de Cuenta 
STARCO, S.A.de C.V. 
Sierra Sta. Rosa # 61 
Col. Reforma Social 
Miguel Hidalgo, Méx.D .. F C.P. 11650 
Tel. 282 51 05 

1 O. 1 ng. Rafael López Ruíz 
Profesional 
Negocio Propio 
Vertiz 966 - 15 
Col. Narvarte 
03020BJuárez, Méx. D.F. 
Tel. 682 1 O 66 

12 Juan Carlos Munguía Es~ítia 
Director General 
Lumina, S.A. de C.V. 
Av. Mariscal Sucre # 9 
Col. Del Valle 
03100, B. Juárez, Méx.D.F. 
Tel. 5364 705 
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105 A} ILUMINACION INTERIOR: PRINCIPIOS, DISEÑO Y APLICACIONES 
Del 17 al 28 de octubre de 1994. 

13. lng. Carlos Arturo Ramírez Martím!z 
Técnico en Pruebas de Fotometría 
Laboratorio de Alumbrado Público 
Lebrija 196 
Col. Cerro de la Estrella 
09860 lztapalapa Méx.D.F. 
Tel. 632 09 28 

15. Pedro Rodríguez 

STARCO, S.A.de C.V. 
Sierra sta. Rosa# 61 
Col. Reforma lxtlaxihuatl 
Tel. 

17. Mario Sanabria Acevedo 
Responsable Técnico 
Fac. de Ciencias Políticas y Sociales 
Circ. Mario de la Cueva S/N 
Zona Cultura, C.U. 
Tel. 813 42 76 

19. lng. Héctor Santillana Calzada 
Area Comercial 
STARCO, S.A. de C.V. 
Sierra Sta. Rosa # 61 
Col. Reforma Social 
Miguel Hidalgo, Méx.D.F. 
Tel. 282 51' 05 

21. lng. Luis Bernardo Silva Rivera 
Area de Ventas 

· STARCO, S.A. de C.V. 
Sierra Sta. Rosa # 61 
Col. Reforma Social 
Miguel Hidalgo, Méx.D.F. 
Tel. 282 51 05 

14. Octavio Rocha 

STARCO, S.A. de C.V. 
Sierra Sta. Rosa # 61 
Col. Reforma 1 xtlaxihuatl 
lztacalco, Méx.D.F. 

16. 1 ng. J. Félix Roque Romero 
Jefe Control de Calidad 
Duro de México, S.A. de C.V. 
Av. Uno # 498 
Tultitlán México 
Tel. 888 14 54 

18 Fidel Rosales Monroy 
Ingeniero 
Comisión Federal de Electricidad 
Calle Don Manuelito # 32 
Col. Olivar de los Padres 
Tel. 683 2210 

20 Féliz Santiago Cortés 
Ingeniero Mantenimiento 
Comisión Federal de Electricidad 
Cerrada de Toluca NO. 60 
Col. Olivar de los Padres 
Tel. 229 44 00 

22. Ricardo Trejo Becerril 
Académico 
Centro de lnvst.de Diseño Industrial 
Ciudad Universitaria 
Tel. 743 27 38 

! ... 
.. . ~' 

----~-. ---- - ~ ·~-~-· ---
23. Deborah Walters Brauwn 

Diseño 1 ndustrial 
STARCO, S.A. de C.V. 
Sierra Sta. Rosa # 61 
Col. Reforma Social . 
11650 Miguel Hidalgo, Méx.D.F. 
Tel. 282 51 05 

24. Aldo Villegas Romero 
Diseñador Industrial 
STARCO, S.A. de C.V. 
Sierra Sta. Rosa # 61 
Col. Reforma Social 
11650, Miguel Hidalgo, Méx.D.F'. 
Tel. 282 51 05 

' 



DIVISION • cDUCACION CONTINUA 
CURSOS ABIERTOS 

ILUMINACION ·INTERIOR: PRINCIPIOS, DISE~O Y APLICACIONES 
;Del 17 al 28 de octubre de 1994. 

FECHA .HORARIO TEMA PROFESORE ill 
===:::::=~~=::~~=============~~~::=:=~:~::=:::~============::::~:::===============================;::~=::::::=::::;:=:1=========== 

MARTES 18 

MIERCOLES 

JUEVES 20 

VIERNES 21 

LUNES 24 

MARTES 25 

MIERCOLES 26 

JUEVES 27 

VIERNES 28 

18:00 A 21:00 

17:00 A 19:00 
19:00 A 21:00 

17:00 A 21:00 

17 :'00 A 21: 00 

17:00 A 21:00 

17:00 A 21:00 

17:00 A 21:00 

17:00 A 21:00 

17:00 A 19:00 

19:00 A 21:00 

17:00 A 19:30 

19:30 A 20:00 
20:00 A 20:45 
20:45 A 21:00 

EVALUACION INICIAL 1 

LUZ Y COLOR ING. ERNESTO MENDOZAI 
TERMINOLOGIA 1 

BALASTROS 
LAMPARAS 

CONTROL DE LUZ 
FOTOMETRIA 
SElECCION DE LUMINARIOS 

NIVELES DE ILUMINACION 
CALCULO DE ILUMINACION 

CALCULO DE ILUMINACION 
EJERCICIO DE ILUMINACION 

ARQUITECTURA DE LA LUZ 
ILUMINACION DE HOTELES 

ILUMINACION COMERCIAL 
EJEMPLO DE ILUMINACION 

ILUMINACION DE OFICINAS 
EJEMPLO DE APLICACION 

ILUMINACION DE IGLESIAS Y MUSEOS 
ILUMINACION DE BANCOS Y LIBRERIAS 
ILUMINACION INDUSTRIAL 

AHORRO DE ENERGIA EN INSTALACIONES 
DE ILUMINACION 
EVALUACION' •: 
MESA REDONDA 
CLAUSURA 

ING. ERNESTO MENDOZA 
ING. ALFREDO BADILLO 

ING. 

ING. 

J,NG. 

ARQ. 

ARQ. 

ING. 

ARQ. 

1 NG. 

ING. 

JOSE LUIS BON!Lli~ 

1 

CARLOS GARCIA Rl 

CAtLOS GARCIA J 
¡Í 11 

ENRIQUE QUINTERO 

11 

ENRIQUE QUINTERO 

JAIME GALINDO 

ENRIQUE QUINTERO 

~ARLOS GARéiA Rj 

CARLOS GARCIA RJ 

*rad. ------•----· 
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1 
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CURSO: IL\JMINACION ·INTERIOR: PRINCIPIOS, DISEÑO y APLICACIONES 
FECHA· Del 17 al 28 de octubre de 1994 

CONFERENCISTA DOMINIO USO DE AYUDAS · COMUNICACION 
DEL TEMA AUDIOVISUALES CON EL ASISTENTE 

ING. CARLOS GARCIA R. 

ING. ERNESTO MENDOZA 

ING. ALFREDO BADILLO 

ING. JOSE LUIS BONILLA 
ARQ. ENRIQUE QUINTERO 

ING. JAIME GALINDO ' 

·~ 
1 

-

.. 

EVALUACION DE LA ENSEÑANZA 

ORGANIZACION Y DESARROLO DEL CURSO 

GRADO DE PROFU.'iDIDAD LOGRADO EN EL Ci,;RSO 

ACTUALIZACION DEL CURSO 

APLIC,CIO . ._. PRACTICA DEL CL'RSO 

EVALUACION DEL CURSO 

1 CONCEPTO 1 CALif. 1 

CUMPLIMIENTO DE LOS OBJETIVOS DEL CURSO 

CONTINUIDAD EN .LOS TEMAS. 

CALIDAD DEL MATERIAL DIDACTICO UTILIZADO 

c::::J 
ESCALA DE EVALUAOON. . 1 A 10 

· .. · .. 

PUNTUALIDAD 

. 



' 
1.- ¿lE AGRADO.SU ESTANCIA EN LA DIVISION DE EDUCACION CONTINUA/ 

11 SI NO 11 

SI INDICA QUE ''NO" DIGA PORQUE. 

2.- MEDIO A'TRAVES DEL CUAL SE ENTERO DEL CURSO: 

PERIODICO fOLLETO GACETA OTRO 
EXCELSIOR ANUAL UNAM ,MEDIO 

PERIODICO FOLLETO REVISTAS 
EL UNIVERSAL DEL CUR50 TECNICAS 

3.· ¡QUE CAM.BIOS SUGERIRlA AL CURSO PARA MEJORARLO!. 

~-- ¡RECOMENDARlA EL CURSO A OTRA(SJ PERSONA(Sl! 

[~JI NO 
11 

5.- ¡QUE CURSOS LE SERVIRlA QUE PROGRAMARA LA DIVISION DE EOUCACION CONTINUA. 

-----··~~--~----

&.· OTRAS SUGERENCIAS: 



/ :;::. -::. 
DIVISION L_ cDUCACION CONTINUA 

CURSOS ABIERTOS 
ILUMINACION INTERIOR: PRINCIPIOS, DISEÑO Y APLICACIONES 

Del 17 al 28 de octubre de 1994. 

FECHA HORARIO TEMA PROFESORE l 
===================================================================================================~~============================= 

LUNES 17 OCT. 

MARTES I8 

MIERCOLES 

JUEVES 20 

VIERNES 21 

-
LUNES 24 

MARTES 25 

MIERCOLES 26 

. JUEVES 27 

VIERNES 28 

17:00 A 18:00 HRS. 

18:00 A 21:00 

I7:00 A I9:00 
I9:00 A 21:00 

17:00 A 21:00 

17:'00 A 21:00 

17:00 A 21:00 

17:00 A 2I:OO 

17 : 00 A 21 : 00 

17:00 A 2I:OO 

17:00 A 19:00 

19 : 00 A 21 : 00 

APERTURA 
EVALUACION INICIAL 
LUZ Y COLOR 
TERMINOLOGIA 

BALASTROS 
LAMPARAS 

CONTROL DE LUZ 
FOTOMETRIA 
SELECCION DE LUMINARIOS 

NIVELES DE ILUMINACION 
CALCULO DE ILUMINACION 

CALCULO DE ILUMINACION 
EJERCICIO DE ILUMINACION 

ARQUITECTURA DE LA LUZ 
ILUMINACION DE HOTELES 

ILUMINACION COMERCIAL 
EJEMPLO DE ILUMINACION 

ILUMINACION DE OFICINAS 
EJEMPLO DE APLICACION 

ILUMINACION 
ILUMINACION 
ILUMINACION 

DE IGLESIAS 
DE BANCOS Y 
INDUSTRIAL 

Y MUSEOS 
LIBRERI AS 

17:00 A 19:30 AHORRO DE ENERGIA EN INSTALACIONES 
DE 1 LUMI NAC)ON 

19:30 A 20:00 EVALUACION 
20:00 A 20: 45 MESA REDONDA 
20:45 A 21:00 CLAUSURA 

1 NG. CARLOS GARC 1 A R.' 

ING. ERNESTO MENDOZA 

ING. 
ING. 

ERNESTO MENDOZA 
ALFREDO BADILLO 1 

ING. JOSE LUIS BONILL1Ai 
1 

ING. CARLOS GARCIA R. 

lf'lG. CARLOS GARCIA R.l¡ 

1 

ARQ. ENRIQUE QUINTERO t 

!11 
ARQ. ENRIQUE QUINTERO 1 

1 

ING. JAIME GALINDO 

ARQ. ENRIQUE QUINTERO 
1 

ING. CARLOS GARCIA RJ 

ING. CARLOS GARCIA R.l 

1 

1 

---------------------------------------------------------------------------------------------------------------------------:~9~: __ _ 

,. 1 
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CURSO: IL\JMINACION ·INTERIOR: PRINCIPIOS DISEÑO y APLICACIOitES 
FECHA: Del 17 al 28 de octubre de 1994' . 

CONFERENCISTA" DOMINIO USO DE AYUDAS COMUNICACION PUNTUALIDAD 
' DEL TE!M AUDIOVISUALES CON EL ASISTENTE 

ING. CARLOS GARCIA R. 

ING. ERNESTO MENDOZA -
ING. ALFREDO BADILLO 

ING. JOSE LUIS BONILLA 

ARQ. ENRIQUE QUINTERO 

ING. JAIME GALINDO ' 

·~ 
1 

1 

-

' 
. -' 

EVALUACION DE LA ENSEÑANZA 

ORGA,_IZ.,CION Y DESARROLO DEL CURSO 

GRADO DE PROfUNDIDAD LOGRADO EN EL CURSO 

ACTUALI~CION DEL CURSO 

APLICACION PRACTICA DEL CL'RSO 

EVALUACION DEL CURSO 

1 CONCEPTO 1 CALIF, 1 
-

CUMPLIMIENTO DE LOS OBJETIVOS DEL CURSO 

CONTINUIDAD EN .LOS TEMAS. 

CALIDAD DEL MATERIAL DIDACTlCO UTILI~DO 

LJ 
ESCALA DE EVALUAOON. 1 A 10 



1.- ¿LE AGRADO SU ESTANCIA EN LA OIVISION DE EDUCACION CONTINUA? 

11 SI NO 11 

SI INDICA QUE "NO" DIGA PORQUE . 

. 2.- MEDIO A"TRAVES DEL CUAL SE ENTERO DEL CURSO: 

PERIODICO fOLLETO GACETA OTRO 
EXCELSIOR ANUAL UNAM .MEDIO 

PERIODICO FOLLETO REVISTAS 
EL UNIVERSAL DEL CURSO TECNICAS 

l.· ¡QUE v\.'••\.BIOS SUGERIR,IA AL CURSO PARA MEJORARLO!, 

4.- ¡RECOMENDARlA EL CURSO A OTRA(S) PERSONA(S}l 

IGJI NO 
11 

S.- ¡QUE CURSOS LE SERVIRlA QUE PROGRAMARA LA DIVISJON DE EOUCACION CONTINUA. 

6.- OTRAS SUGERENCIAS: 

~. 

'J 
~·. 
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FACULTAD DE INGENIERIA U.N.A.M. 
DIVISION DE EDUCACION CONTINUA 

CURSOS ABIERTOS. 

' ILUMINACION INTERIOR: 

PRINCIPIOS, DISEflOS Y APLICACIONES. 

B AL A S T RO S. 

ING. ERNESTO MENDOZA. 

\ 
\ 

Palacio de Mineria Calle de Tacuba 5 Primer piso Deleg. Cuauhtemoc 06000 Mexico, D.F. APDO. Postal M-2285 
Telefonos: 512-8955 512-5121 521-7335 521·1987 Fax 510·0573 521-4020 AL 26 
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Finalidad: El transformador de alta reactancia de dispersión. 

Tipos de Balastros. 

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

plejo, y la gráfica siguiente nos da idei del comportamiento ae 

las cargas.cuando se lleva a cabo el fenómeno. 

l 
\ 
.1 

A 

B 

CORRIENTE 

la información que.se puede obtener de la gráfica y que r.os in-

teresa ~xpor.er, se encuentra entre los puntos D y E que es la --
' 

región de operación nomal de la lám:nra fluorescente. 
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En esta parte de la gráfica 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 balas-

tros, que son dispositivos que sirven·primordialmente para 

mantener· la cot·ricnte eléctrica a través de la lámpara, en un 

rango de valores, que permiten a la lámpara operar satisfactQ 

.ri~mente.y sobre todo protegerl~ de la destrucción: 

.. 1 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, ~1 balastro, "es un dispositivo que, por medio de inductan 

cias, capacitancias, o resistencias, solas o en co~binación, 

limita la corriente de lá~paras fluoresce~tes al valor requeri 

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



3 

suministra la tensión y corriente de arranque, y en el caso de 

balastros parr lámparas de arranque rlpido, suministra la ten-

sión par~ calentamiento de los cat6do5''. 

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

mita la corrien,te, como por ejemplo, una resistencia, una ca -

pacitancia, una inductancia 6 una combinación de los elementos 
,. 

anteriores.¡ 
' j 

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

ciencia lumfnica es mayor que las incandescentes debido a que-

.. ~itas Gltimas emiten un gran porcentaje de radi&ción en la re-

gi6n infrarroja es decir en forma de calor; entonces si noso-

tres usamos un balastro a base de resistencias, lo que logra -. 

mes es crear pérdidas, y no tiene caso usar una llo.para fluo -

rescente que es incluso más cara, si la eficiencia del conjun-

to balastro-1á~p~ra es Par~cida a una incandescente. 

R 

V. LINEA 
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' El usar un balastro a base de capacitancias no es económico 

debido a las bajas frecuencias de transmi.sión de energía 

que se utilizan comunmente ( SO ó 60Hz ), además ·de que la 

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

notablemente, creando picos que dañarían a la lámpara 

En otras palabras, se necesitarían valores altos de capacj_ 

tancia para poder ~roporcionar a la lámpara una corriente-

nominal de operación muy deformada. 

Sin embargo el capacitar resulta ser buen balastro desde -

400 Hz en adelante. 

--+. ··-- ·-- ---~----

V. LINEA 



El tipo ~estant~ de balastro es una "reactancia inductiva" 

También conocida como inductancia, inductor, o-bobina de 

choque. 

De los tipos de balastros antes mencionados, éste es sin,d.!!_ 

da el más satisfactorio y el m~s económico, y en la actuali 

dad casi todos los balastros están formados por inductan --

cias, o combinaciones de éstas con capacitancias. 

l 
. ' 

.. 
L 

' \ 

V. LINEA 

/ 

INOUCTANCIA SERIE 
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EL AUTOTRJI.tlSFORtiADOR DE Jl.L TA REACTANCIA DE DI SPERC ION 

Los-circuitos mostrados anteribrmer1te, funcionan en redes de 

alimentación cuyo voltaje es mayor que el voltaje mfnimo de-

encendido de la lámpara, sin embargo cuando éste último es -

superior al de lfnea, se:necesitarfa, además de la inductan-

\ cia serie, un transformador o autotransformador que elevara 
•• 

1~ 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 el§ctricamente; 

~unque excesivamente costosa. Probablemente el avance técnico 

1 de más significación en el campo de la fabricación. de balas--

tros para lámparas fluorescentes y en general para lámparas -

de descarga eléctrica en gases, fué el desarrollo de los bala~ 

tros "autotransformadores de alta reactancia de dispersión" 

que son, las que se utilizan actualmente. Dicho de fo1·ma ele -

1 
mental, el balastro autotransformador de alta reactancia combi 

na los elementos del circuito de la Fig. ( autotransfor 

mador y bobina de choque) , en un solo núcleo, 16 que disminu - 1 

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

te tipo de balastro se muestra esquemáticamente en la siguiente 

figura'. 

LAM I'"A~A 

V. LI~A 

AUTOTRANSFORMAOOR AL.TA REACTAN CIA 
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En la figura se muestra la estructura del núcleo de acero y de 

1 os devenados, así como 1 as trayectorias de 1 as Líneas r~agné tj: 

cas. 

1 
1 

- ! 

-
l>r 1 mor'• o 

DI BU.JO ESOUEMATICO 

Nótese en la figura que el autotransformado·r de alta reactancia 
1 

tiene 2 devenados, uno primario y otro secundario, separados m~ 
- --- -- - _'l._ -- -

diante entrehierros magnéticos. 

En un transformador ordinario tendríamos wbos devanados uno en 

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

el flujo magnético que produce e11 devanado' primario pase a tra-

vés del devanado secundario. Al embobinar ambos dev3nados uno 



.. 

encima del otro se logra ésto fácilmente. Sin embargo en un -

autransformador de alta reactancia, al tener separados median-

te entrehterros los devanados primario y secundario, intencio-

nalmente obligamos que parte del flujo magnético creado por-

el devanado c~eado 1 por el devanado primario, pase a través de-

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

• Esta alta dispersión del flujo magnético creada a propósito, ma 

nifiesta su efecto en forma de una reactancia inductiva parási-

ta en serie con el circuito secundario y es precisamente esta -

reactancia inductiva la que controla la corriente eléctrica a -

través de ia lámpara . 

. TI POS. DE BALASTROS 

En resumen, para poder iniciar la descarga eléctrica en un tubo" 

fluorescente, se necesitan 2 condiciones: 



\ 

1(1 

\0 

' 1. Que exista entre sus extremos un voltaje igual o mayor que 

el mínimo necesario especificando por el fabricante de lám 

paras. 

2. ' .. Que sus cátodos tengan al moment6 de arranque disponibles -

electrones libres. 

Esta segunda condición se puede lograr de 1tres formas diferen-

tes y da lugar a la división de las lámparas y de los balas 

•• 
tros en tres tipos de encendido. 

a) Encendido Precalentado 

b) Encendido rápido 

e) Encendido instantáneo 

a) Encendido Precalentado: 

Se conecta un interruptor térmico entre dos terminales -

opuestas entre dos terminales opuestas de las lámparas, 

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

se pone en corto circuito, y origina que una corriente-

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

dolos y cumpliendo con la cor.dición 

BAL.ASTAO 

V. "-IN lEo'\ -

ENCENDIDO 
PRECAL.t¡;NTAOO 
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\ 1 ' . 

un instante después se abre el'interruptor térmico (cebador o 

arrancador ) 'presentándose 1 as dos condiciones necesarias 

para el ·e-ncendido. 

b) Encend'i do Rápido 

En el encendido rápido, devanados auxiliares proporcionan ca-

lentamiento contínuo a los cátodos mediante la aplicación de 

•• 
un voltaje pequeRo en los mismos, con lo cual se tiene la hu 

¡ 

be electrónica disponible, y con la aplicación de un voltaje 

mayor al mínimo necesario se cumplen las condiciones para el· 

encendido 

(fn (TTO 

-
1 . l "'i LAMPARA ~ 
¡BALASTRO 

V UN EA 

-

_ENCENDIDO RAPIDO 

·-----

• 
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¿) Encendido Instant~neo 

En el encendido instantáneo se tienen disponibles los electro 

nes en los cátodos por efecto de campo; ésto es que, para e~ 

te tipo de encendido se amplia uh voltaje en los extremos de-

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

trenes del material emisivo de los cátodos sean literalmente 

arrancados, y empiecen a viajar hacia el cátodo contrario ini 

ciando ·la descarga eléctrica a través del gas . 

. . 

·-·--~B;,A;;;L=:A;:;S;T;:;R;;;0:;--1-j-_J---4 L A M P A R A 
1 
1 

V LINEA 

" - r- ---

ENCENDIDO INSTANTANEO 

Cada tipo de encendido presenta ventajas y desventajas sobre .-· 

los otros, sin embargo todos tienen campo de aplicación, y 

por lo mismo mercado. 

', Ahora por el tipo de circuito que utilizan, los Balastros 

tienen otra división, a saber: 

• 
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· Principales Circuitos 

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

VL 

ná de choque. 

' 

. 
'---

rnHno LAMPARA 

IN EA 

' 

Se usa en líneas de alimentación cuyo voltaje excede el vo1t2. 

je mínimo de encendido de la lámpara . 
J 

Para el caso alto fac-. . 

tor, se le agrega un capacitar en paralelo con la línea . 

Normalmente se usa en encendido precalentado exclusivamente,-

aunque se puede utilizar también en encendido instántaneo. 

b) Le sigue el circuito autotransformador de alta reactar.cia, 

que se usa en los casos en donde el voltaje mínimo de en-

cendido es mayor que el voltaje de línea; usualmente son

bajo factor, para alto factor, se utiliza un capacitar-
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en serie con una inductancia, como se ve en líneas punteadas 

en el diagrama .. Se usa en encendido precalcntado, encendido 

rápido e jnstantáneo bajo factor de potencia. En este tipo-

de circuito, la regulación ~e la corriente de lámpara, se lo 

gra mediante la reactancia de dispersión exclusivamente 

• L..._f---·------:-1~ 
LAMPA.RA 

V. LINEA . 

ALTA REACTANCJA 

--e)-- El tercer tipo -de circuito es el auto.transformador: auto-__ 

rregulado; es de alto factor de potencia, y siempre -

tiene el capacitar en seri~ con la l~mpara. Se usa en 

todos los balastros de encendido rápido alto factor, y 

en los de encendido instantáneo alto factor para una so 

la lámpara. 
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En este circuito, la combinación de la capacitancia en· serie -

con la reacta~cia inductiva de dispersión, proporciona una me-

jor regulación en la corriente del ~ecundario, que el circui-

to anterior 

1-AMPA~A 

e 
V.LINEA 



BALASTROS H. I. D. 

< (! 

·' \! 

LAS LMlPARAS DE DESCARGA DE ALTA INTENSIDAD (H. I. D.) , TA}l-

BIEN Sj:: COl1PORTAN COMO LAS LA!1PARAS FLUORESCENTES YA QUE PER

TENECEN AL MISHO GRUPO DE LAHPARAS DE DESCARGA ELECTRICA EN 

GAS, POR LO TANTO TAHBIEN ES VALIDO EL RAZONM\IENTO ANTERIOR-

MENTE EXPLICADO SOBRE LA JUSTIFICACION DE LA EXISTENCIA DE 

. BALASTROS H. l. D . 

• 

LAS PRINCIPALES LA11PARAS H. l. D. . SOBRE CUYOS BALASTROS HA-

BLARE~lOS SON 

1.- VAPOR DE MERCURIO 

2.-- ADITIVOS HETALICOS 

3.- VAPOR DE SODIO ALTA PRESION 

.. 4;- . VAPOR. DE-SODIO. BAJA PRES ION .. - (*) · 

(*) SE INCLUYE ESTA LAHPARA, AUNQUE ESTRICTA11ENTE HABLANDO 

NO PERTENECE AL GRUPO H. I. D. 

ESTAS LA11PARAS TIENEN COMPORTk~IENTOS DIFERENTES ENTRE SI, 

Y CON RESPECTO A LAS Lk'lPl\RAS FLUORESCENTES, Y U!-10 DE LOS 

ASPECTOS DONDE HAY MAYOR DIFERENCIA ES EN EL ARRANQUE. 

g 2 •• 
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AUN AS!, SUS BALASTROS TIENEN ASPECTOS EN COHUN, DE TAL ~lANERA 

QUE A CONTINUACION DESCRIBIREHOS EN FOffi!A GENERAL SUS CIRCUI-

TOS 

I.- BALASTROS ATRASADOS 

SU NOi'lBRE SE DEBE A QUE EN LA FOR'!A 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 AUTOTRANSFOR.c'!ADORES DE ALTA • 

REACTANCIA 

\1, L-INEA 

' ' 1 
1 
1 _,_ 

-,-
1 
1 
1 

INDUCTANCIA 

L LAMPARA 

SERIE 

LA INDUCTANCIA SERIE ES EL BALASTRO ~AS SENCILLO, Y 

'SE UTILIZA PARA LAMPARAS CUYO VOLTAJE DE ENCENDIDO ES 

MENOR QUE LA TENSION DE LINEA. 

NOR/1ALl1E:-ITE ES DE BAJO FACTOR DE POTENCIA, Y SI SE 
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REQUIERE UN ALTO FACTOR, SE AGREGA UN CAPACITOR EN 

?ARALELO CON LA LINEA. 

SU REGULACION DEJA HUCHO QUE DESEAR Y SU CORRIENTE 

' 
DE ENCENDIDO ES 1-\AYOR QUE.LA CORRIENTE NOMINAL DE 

OPERACION, POR LO QUE DEBE TOHARSE ESTO EN CUENTA 

?ARA EL CALCULO DE LAS PROTECCIONES DE CIRCUITO. 

EL VOLTAJE DE EXTINCION (VOLTAJE DE LINEA AL CUAL 

SE APAGA LA LAMPARA) ES ALTO, PROVOCANDO QUE SE 

APAGUE LA Lk~PAR~ SI EXISTEN VARIACIONES FUERTES 

EN.LA TENSION DE LINEA. 

V. LINEA 

,---, 
1 1 

...L 
T 

1 
1 

L 

AUTOTRASFORMADOR ALTA REACTANCIA 

EL AUTOTRANSFOPJ•!.t'\DOR DE ALTA REACTANCIA PER/1ITE EN-

CENDER UNA LA!·!PAR!\ A CUALQUIER TENSION DE LINEA. 

u 4 •• 
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SI SE REQUIERE ALTO FACTOR DE POTENCIA, SE LE AGREGA 

UN CAPACITOR Y UNA INDUCTNICIA EN PARALELO CON LA LI-

NEA CmiO SE VE EN LA FIGURA • 

• 
SU REGULACION SIGUE SIENDO HALA COHO LA DE LA INDUC-

TANCIA SERIE (+ 5% V LINEA + 12% W LAJ.IP.): SU 

CORRIENTE DE ENCENDIDO ES HENOR QUE LA CORRIENTE NO-

MINAL DE OPERACION, Y SU VOLTAJE DE EXTINCION TA!·I-

BIEN ES ALTO. 

EN GENERAL, ES NECESARIO HENCIONAR QUE ESTOS Bl,LAS- -

TROS ATRASADOS SON LOS !-lAS ECONOMICOS Y LOS QUE PRO

VEEN LAS CARACTERISTICAS DE OPERACION HE:WS BUENAS. 

" II.- AUTOTRANSFORl'IADORES AUTORREGULADOS 

EN EL MERCADO NACIONAL SE LES CONOCE CQ1.10 "AUTOTRANS-

FORMADORES AUTORREGULADOS" Y EN ESTADOS UNIDOS DE NOR-

TEAMERICA ·sE LES LLA!·IA AUTOTRANSFOR!·!ADORES DE POTENCIA 

, CONSTANTE (C. W. A.) • 

EL CONTAR CON UNA CAPACITANCIA EN C0!1BINACION CON UNA 
' 

INDUCTANCIA PROVEE AL CIRCUITO DE ~IEJOR CONTROL SOBRE 

LA OPERACION DE LA LA:1PARA. 

u 5 •. 
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AU.TOTRANSFORMADOR 
AUTORRCGUL..ADO 

e 
--~ 1\ 
,_,.~.; 

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 1·\E-

JOR ( + 10% V LINEA + 5% 1~ LN·\P.) , SU CORRIEN-

TE DE ENCENDIDO O ARP~NQUE ES MENOR QUE LA CORRIENTE 

NOMINAL DE OPERACION, Y SU VOLTAJE DE EXTINCION ES 

MENOR QUE EN LOS CIRCUITOS ATRASADOS. 

TR&~SFOR}L~DORES 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 PRI~~RIO Y EL SECUNDA-

RIO AISLADO. 

\ ifl 6 •. 
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LA VENTAJA QUE SE DERIVA DE ESTA CONDICIO~ ES SEGU

RIDAD PARA EL USUARIO. 

e 

TRANSFORMAO':lR OE POTENCIA CONSTANTE 

POR OTRA PARTE LA REGUL~CION DE ESTE BALASTRO ES 

LA MEJOR DEL ~lliRCADO YA QUE PARA UNA VARIACION EN 

TENSION DE LINEA DE + 13% S:S OBTIENE UNA VARIA-

CION EN LA POTENCIA DE LN!PAR.l\. DE + 2%, R.l\.ZON POR 

LA CUAL SE LES HA ASIGNADO EL NO~!BRE DE TRANSFORJ.!A-

DORES DE POTENCIA CONSTANTE. 

RESPECTO A LA CORRIE~ITE DE LINEA DURANTE EL ENCEN-

DIDO, ES MENOR QUE LA CORRIENTE NOMINAL DE OPERA

CION, Y SU VOLTAJE DE EXTINCION ES TAN BAJO, QUE 

PRACTICAHENTE NO EXISTEN PROBLEHAS DE LAHPARAS APA-

GADAS POR VARIACIONES SEVERAS EN LA TENSION DE-LI-

NEA. 

u 7 •• 
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1.- BALASTROS PARA LAHPARAS DE VAPOR DE HERCURIOo-

SUS ciRCUITOS SON EXA.CTAHENTE LOS DESCRITOS ANTE-

RIORMENTE, ES DECIR 

I.- ATRASADOS 

IIo- AUTOTRANSFO~~DOR AUTORREGULADO 

III.- TRANSFOR}~DOR DE POTENCIA CONSTANTE 

.• 

2 o- BALASTROS PARA LAHPARl\S DE ADITIVOS !·lETALICOS o-

LAS LAMPARAS DE ADITIVOS HETALICOS REQUIEREN BA-

LASTROS CON CARACTERISTICAS UN POCO DIFERENTES A 

. _ .• LOS DE VAPOR DE. HERCURIO, .PRINCIPAUlENTE PORQUE -

DESPUES DE CIERTO TinlPO DE HABER ENCENDIDO LA 

LAMPARA, SE PRESENTA UN ESTADO DE BAJA CONDUCTAN-

CIA EN EL ARCO ELECTRICO QUE EL BALASTRO DEBE SER 

CAPAZ DE SOPORTAR PROPORCIO!,ANDO !·!AYOR ENERGIA DE 

LA NOR}~L PARA HANTENER ENCENDIDA LA LAHPARA o 

ESTE FENOHENO SE CONOCE COHO "REIG!HCION" 

u 8 o o 
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EL CIRCUITO APROPIADO, DE LOS DESCRITOS ANTERIO~'ffiN-

TE ES EL 

I I) AUTOTRANSFORHADOR AUTORREGULADO. 

EXISTEN ALGUNAS LA!·!PARAS DE ADITIVOS HETALICOS QUE 

PUEDEN OPERAR EN ALGUNOS TIPOS DE BALASTROS DE VAPOR 

DE MERCURIO. 

ESTAS LM!PARAS TIENEN UN CIRCUITO DE ARRANQUE ESPE-

CIAL INTEGRADO QUE BASICN·ffiNTE ES UN DOBLADOR DE 

VOLTAJE QUE FUNCIONA EN CO:·lBINACION CON EL CAPACITOR 

DEL BALASTRO, POR LO QUE SOLO PUEDE OPERAR EN BA~ 

LASTROS DE POTENCIA CONSTANTE O EN AUTOT&\NSFO~·m-

DORES AUTORREGULADOS. 

SIN EMBARGO, ES NECESARIO HACER NOTAR QUE TANTO LA 

VIDA COMO LOS LUl1ENS PRODUCIDOS SON :·!ENORES, QUE SI 

SE UTILIZARA UN BALASTRO DE ADITIVOS METALICOS. 

3.- BALASTROS PARA Lili~PARAS DE VAPOR DE SODIO ALTA PRESION.-

A DIFERENCIA DE LOS TIPOS ANTERIORES DE LN·!PARAS QUE 

u 9. 
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PARA EL ARR!,NQUE 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 Ac.·)JAR 

ESTE ELECTRODO DE ARRANQUE. 

, POR ELLO, LOS BALASTROS DE V. S. A. P. CUENTAN CON 

UN CIRCUITO AUXILIAR QUE GENERA PULSOS DE ARRANQUE 

DE APROX. 3, 500 VOLTS, CON EL U!HCO OBJETO DE EN

CENDER LA Lfu~PARA. 

ESTE DISPOSITIVO DENOHINADO IGNITOR ESTA CONSTI

TUIDO DE ELEHENTOS SE!UCONDUCTORES, Y ES'i'A CONECTA

DO AL CIRCUITO COV0 SE VERA EN LAS FIGU~~S SIGUIEN

TES 

LOS. CIRCUITOS DISRONIBLES. PARA ESTAS .LAMPARAS-· .. SON . _ 

APROX. LOS DESCRITOS ANTpRIORHENTE CON ALGUNAS VA

RIACIONES, AUNQUE SU MODO DE OPERACION SEA DIFEREN

TE. 

I) CIRCUITOS ATRASADOS.-

SOLO EXISTE LA INDUCTANCIA SERIE 

u 10. 
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1 
1 
1 

.J.. 
V. L-INEA .... L. 

1 
1 
1 

INDUCTANCIA SE:RIE: 

II) AUTOTRANSFOR~DOR ADELANTADO - REGULADO 

V. LINEA. 

ES EL EQUIVALENTE DE LOS AUTORREGULADOS PARA LOS 2 

TIPOS ANTERIORES DE LAHPARi\S o 

SE LE LLA}~ ADELANTADO PORQUE LA CORRIENTE VA ADE

LANTADA AL VOLTAJE EN LA LAHPARAo 

CIRCUITO ADEL.ANTADO- REGUL.ADO 

ti 11. o 
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III) CIRCUITO ATRASADO-REGULADO.-

ES EL EQUIVALENTE A LOS CIRCUITOS DE POTENCIA CONS-

TANTE fu~TES DESCRITOS. 

CIRCUITO ATRASADO REGULADO 

4.- BALASTROS PARA LAHPARAS DE SODIO DE BAJA PRESION.-

POR LAS CARACTERISTICAS PROPIAS DE ESTA LAMPARA, RE-

QUIERE NECESARIA Y- UNIC.l>J·IENTE DE UN BALASTRO-· --T-IPO 

"ATRASADO", POR LO QUE EL UNICO CIRCUITO EXISTENTE A 

LA FECHA ES EL AUTOTRANSFORJ-~1\DOR ALTA RE.ZI.CTAN-

CIA, CON ALTO FACTOR DE POTENCIA. 

~~--·~ S. 8. P. 

CIRCUITO ALTA REACT.:>.h!CIA PARA S. B. P. 
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Lighting Merchandising 
Areas 1 

SECTION 

8 
Design'Criteria/8-1 

E xtenor Spaces 18-1 3 

In tenor 'Spaces/ 8-9 

Lighting System 
Considerations/ 8-7 

Objectives/ 8-1 
Show Windows/8-13 

New lighting techniques, equipment and more 
eff1cient 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 !ack 
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 contribute to a 
pleasant and secure environment in which to do 
business. 

OBJECTIVES OF MERCHANOISE 
LIGHTING 

' . 
Ther~ are thrt'l' primary ohjectives of light-

ing merchandising are as: .to attract the customer, 
to initiate purchases and to facilita te the comple
tion of the sale (and minimize returns). 

Lighting to Attract the Customer. The first 
step in the merchandising process is to attract 
the customer to the merchandise and merchan
dising space. Light attracts. The quantity, qual
ilv. and effect of the light reaching the mere han· 
dise and the appearance of the area-show win
dow or store interior-are determining factors in 
the effectiveness of the sale of the merchandise. 

Lighting to Initiate the Purchase. Buying 
dl:'dsions start when the customer is visua11.v 
intrigued. The actual purchase is not accom
plisht:-d until the customer can visuallv evaluate 
tht· merchandise and read labeling th;ough ade-. 
t¡ua1~ 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. and 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 and environmental aspects of the space 
and merchandise. See Section 1 for a general 
discussion of lighting design. 

LIGHTING DESlGN 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 aga'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 
considerably. As size increases, visibilit_v in-

1 J 

1 

i 
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Flg. 8-5. Currently Recommended llluminances tor Merchandising Areas 

lllummance' • 
·- ------

Areas or Tasks Descr~p110n 
Typf: Ol ACIIVIIY 

Art~a' Foot-Lu• candles 

Circulalion Area not used for display or appraisal ol merchan- High activity 300 30 
dise or for sales transactions Medium activily 200 20 

Low activity 100 10 

Merchandiset (including show
cases & wall displays) 

That plane area, horizontal lo vertical, where mer
chandise is displayed and readily accessible tor 
customer examination 

High activity 
Medium activity 
Low activity 

1000 100 
750 75 
300 30 

Feature displayst Single ítem or items reQuiring special highlighting 
lo visually attract and set apart from the surround 

High activity 
Medium activity 

5000 500 
3000 300 

Show windows 
Oaytime tighting 

General 
Feature 

Nighttime lighting 
Main business districts-highly competitive 

General 
Feature 

Secondary business districts or small towns 
General 

Low activity 1000 150 

2000 200 
10000 1000 

2000 200 
10000 1000 

1000 100 
5000 500 · Feature 

------·~----~~~~~~----------------------~=-~~ 
• One store may encompass allthree types within the building 

High achvJty area- Where merchandise disptayed has read1ly recoonizable usage. Evaluation and v1ewing lime 1s rapid. and m~rchandise· is 
shown to attract and shmulate the impulse buying dec1sion. 

Medium act1vity - Where merchandise is familiar in type or usage. bul the customer may reQuire time and/or help 1n evalualion ol Quality. 
usage or tor the decision lo bu y. 

low activ1ty - Where merchand1se •s displayed that is purchased less lreQuently by the customer. who may be unlamilíar w1th the inherent 
Quahty, design. value or usage. Where assistance and t1me is necessary to reach a buying aecision. 

• • MaintameCI on the task or in the area at any time 
t Ligh!lng tevels to be measured1n !he ptane olthe 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 exceed a 3-to-1 ratio in iUumi
nances between the two locations. 

During the day, 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 reflfctions, reflectan ce of merchan
dise and backgrounds, and iUuminances in com
petitive store windows. 

For iUuminance recommendations relating to 
sales transactions and tasks in service or support 
areas, see Fig. 2-2. 

1 

~--
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Energy 

The basis for lighting energy conservation in 
the design and operation of merchandising facil
ities is described in lES (ASHRAEJ 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 
lim!t 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 1 

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 frrmly kept in mind to 
avoid inappropriate decisions which while pro-

,. 
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ducing the desired energ~· efficiency might lead 
to ineffective merchandising results. On the other 
hand energy evaluations ma)' produce way.s to 
improve the quality uf the illumination, lower 
operating costs, as well as lower energy use. 

Lighting Requirements. Merchandise light
ing levels in Fig. 8-5 are measured in the plane 
in which the merchandise is displayed. A fre
quent check should be made beca use of the flex
ibility of space use, changing displays and display 
planes and iflevels are higher than recommended 
a reduction is encouraged. 

The type of activity area initially selected from 
Fig. 8-5 should be reevaluated to determine if 
the category description is still accurate. In sorne 
cases rearrangement of store space may have 
resulted 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 Sources (Lamps and Ballasts). A 
periodic review of sources being used and a fa
miliarity with new types is advised to determine 
if more efficient types may be substituted. In 
evaluating the efficacy of lamps consideration 
should be given to not only lumens per watt but 
also to candlepower beca use of application si tu· 
ations where small displays requiring special em
phasis are lighted from distan! luminaire loca
tions. Color rendition of merchandise is also of 
importance in selecting light source substitutions 
and may he a deeiding factor in changing from 
one light source family 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 units not required for the changed 
display should be removed if mounted on a track 
or other flexible installation, or shut off if part of 
a permanent installation. 

Consideration should also be given to control
ling the lighting system so that a low leve! of 
lighting may be pro,ided for nighttime security 
surveillance purposes, e.g., perimeter lighting or 
a ponion of the general lighting. Frequently a 
low leve! on a waU at the rear of a store wiU be 
ttufficient to provide a view into the store and 
•ilhouette any intruder. 

·-uGHTING SYSTEMS 8-7~~~~~~~ 

Arca Surfaces. Lighter fini,hes should be 
used for greater utilization of reflt•cted light, but 
excessivc lurninance ratios should be avoiderl, 
keeping in mind the suitahility of background 
surfaces for the merchandise. 

Maintenance Program. Coordination be
tween maintenance and display personnel is im· 
portant so that equipment 1s maintained 
(lamped, cleaned, positioned) to produce efficient 
display lighting solutions. 

Operating Procedures. Accent and display 
lighting is for customers-to attract and aid in 
appraisal of the items presented. lt 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 beca use 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 
givén to the use of the space so that the most 
energy efficient lighting solutions may be 
achieved. For example, spill light from feature 
displays may be sufficient for delineating circu
lation areas without the necessity of providing 
separa te aisle lighting systems. 

LIGHTING SYSTEMS CONSIDERATION 

Both daylight and electric lighting systems 
are used in merchandising areas, but each has its 
own specific 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 day
lighted areas and interior areas iUuminated to 
recommended levels. This may be accomplished 
by controUing the daylight, rather than by in
creasing the leve! of electric 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 propenies, and the relationship of the 
window height to the room width. See Section 7 
of the 1881 Reference Volume. 

Comfonable 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 retlec· 
tance values of the area surfaces. 

Draperies, shades, baftles or louvers should be 
used for windows in areas where sky luminance 
or sunlight becomes uncomfortable or glaring to 
persons within. Horizontal or vertical overhangs 
outside the windows can eliminate glare from 
direct sunlight. Sales personnel should be ori
ented 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. 

lncandescent Filament Lighting. The. chief 
advantages of incandescent ftlament lighting are 
its low initial cost, good color rendering proper
ties, and good optical control capabilities. Dis
advantages are shorter lamp life and lower lamp 
efficacy (lumens per watt) as compared to the 
other light sources. Included 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 ftlament 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. 

Fluorescent Lighting. Many merchandising 
areas are illuminated with tluorescent light 
sources. A tluorescent 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 tluorescent luminaires to provide lamp pro
tection as well as maximum shielding. Essentially 
a tubular light source, tluorescent lighting may 
be controlled to sorne extent; however, it is dif
ficult to control the distribution of light emitted 
lengthwise from the lamp. 

lES liG¡.,¡TtNG HANOBOO~. 
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High Inten.<ity Discharge Lighting The fam-
. ily of high intensity discharge lamps includes 

mercur.v, metal halide and high pressure sodium. 
Although each of these lamp types has its own 
specific characteristics, they have the following 
characteristics in common: long lamp life and 
high luminous efficacy when compared with in· 
candescent lamps; compact source size, which 
allows for good optical control; and a time delay 
and slow build-up of light output 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 tluorescent lighting. 

In areas where color rendition is important, 
improved-color phosphor-coated mercury lamps 
are recommended rather than clear mercury 
lamps. It 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 
have good color rendition. 

The high pressure sodium lamp has a higher 
luminous efficacy than the metal halide lamps 
and an excellent light output maintenance char· 
acteristic. Color acceptability is fair, but all colors 
are recognizable with these lamps. High pressure 
sodium lamps are used primarily for outdoor 
lighting. 

Luminaires. No one lighting system can be 
recommended exclusively. Each system has qua!· 

· 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 installation 
within the architectural and decorative design of 
the store. 

Among the factors that affect the selection of 
a luminaire are: 
l. The type of light source to be used. 
2. The 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. 
8. The quality of product. 
9. The economics. 

Two luminaires may have the same general 
appearance, but differ in performance. Campar· 
isons using distribution curves and data from 
photometric tests obtained by qualified testing 
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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 space use and for effi
cient energy utilization. If neither display lighting 
nor switching or dimming controls are used, there 
will be a lack of area emphasis on focal points. 

Specific System. The specific system em
ploys a layout of luminaires determined by the 
location of the merchandise displays (store 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 
circuit application and/or control. 

This system may be used for general pattern 
lighting or for specific lighting and offers the 

Fig. 8-7. Specific lighting systems relate lo the merchan
dise displays. They may be concealed as shown here to 
avoid competing with the merchandise. Flexibility may be an 
additional desirable teature of the system. 

-
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Fig. 8-6. Fluorescent and incandes
cent luminaires used in a general pat
tern system. 

added advantage of interchangeability of lumi
naire types to crea te lighting tailored to. the 
merchandise display. 

Feature and Supplementary Lighting 

Lighting on vertical displays and wall cases, 
because of the favorable viewing 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. Certain 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 those merchandising areas that will 
generally require supplementary lighting. 

Counter Ughting. 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 
terrns of color, fit and how well the personality is 
complemented. When a buyer appraises wearing 
apparel, the face is generally observed frrst. The 
following factors should be considered when 
lighting mirrors: 

10 
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l. The face should be softly lighted with light 
sources that flatter skin tones, and from a direc
tion that minimizes harsh lines. Overhead light
ing directed toward ha ir can add sheen and color. 
2. The sales item should be adequately lighted 
over iL.;; entirety. 
3. The lighting should be of a quality consistent 
with the illumination under which the merchan
dise will be worn-i.e., outdoors for beach and 
sportswear, indoors for evening wear. 

Light sources can be used to direct light into 
the·mirror and then back onto the subject if the 
source brightness cannot be seen by the cus
tomer. It is possible with fixed viewpoint to con
trol the lighting, especially in fitting rooms or 
special selling alcoves. Side lighting can be used 
and confined directly to the garment, especially 
in departments where there are coats and furs. 
In the case of triplica te mirrors, such lighting can 
be reflected from the wing mirrors. Controlled 
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 important. See Fitting Rooms, page 
8-12. 

Showcase Lighting. Another element for 
emphasis in merchandise lighting is to cal! atten
tion to merchandise displayed in showcases. Gen
erally, showcase lighting is three times the illu
minance required for circulation area lighting. 
Fluorescent lamps may be employed for a con
tinuous line of light, and to minimize the heat 
<·reuted in t>ndosed spaces. The major objective 
of showcase lighting is to attain maximum light 
on merchandise without obstruction from light
ing equipment; therefore, small-diameter lamps 
are generally preferred. Despite the general use 
of fluorescent lamps, incandescent fllament 
"showcase" lamps are frequently used for more 
acceptable color rendition. They show merchan
diF>e as it will be worn or seen in warm light and 
ma." create sparkle for the display of jewelry, 
io:las.,.ware and other similar merchandise. For a 
curved or irregular case, cold-cathode tubing can 
1 ... hent to conform to the shape of the case. See 
Fi~ 8-8. 

Modeling Lighting. The form and texture of 
men·handise may be more apparent through the 
u>-t· of directionallighting supplementing the gen
eral diffuse lighting needed for the over-all effect. 
Huwe\'er, light should not be directed too 
ohliquely, since objectionable shadows may be 
(:a.. .. t. 

Wall Case Lighting. Wall case lighting can 
bt- wn.,idered in three categories: (1) the free-

INTERIOR SPACES 8-11 

standing vertical display mounted against a wall; 
(2) the encaserl, open-front, wall-mounted dis
pia.v; and (3) the glass-door, wall-mounted dis
play· case. 

Accent lighting of the freestanding vertical 
display offers the greatest freedom in expression 
to the lighting designer. It may be accomplished 
by flush, surface-mounted or suspended adjust
able luminaires, strategically located to produce 
highlights and shadows to crea te a three-dimen
sional display. Colored lamps in lieu of clear 
lamps may further dramatize or call attention to 
the displayed merchandise. 

The open-front, wall-case display foUows the 
lighting methods of the freestanding vertical dis
plays. The system should be planned to project 
light within the encased 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 virtually a show window problem, the best 
way to overcome annoying reflections is to in~ 
crease the lighting leve! within the case. Spot
lighting can accomplish this; however, extended 
periods could cause fading. 

Rack Lighting (Clothing). Rack lighting 
should be designed to attract customers and for 
easy evaluation of the merchandise. Racks lo
cated in large, cased wall areas may have con
cealed baffied light sources above racks. Where 
linear light sources are used, the color should 

Fig. 8-8. Fluorescent sources benealh diffusing material 
produce a transilluminated display for a cosmetic counter 
showcase. Perfume bottles appear lo glow and float. 
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Fig. 8-9. A uniform wash of fight over !he fength of the 
hanging garments tacilitates customer evaluation of the item 
and eases the task of reading pertinent data on tags. Flu· 
orescent sources are housed here in !he 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 customer 
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 of the general or ambient light
ing of the aisles between racks. In the aiming of 
the downlights, caution must be exercised to 
avoid directing the light beam· into the eyes of 
customers viewing clothing on the opposite side 
of the rack or at adjacent racks. The use of 
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loun•rs, haffles or lenses helps t.o allt>viate this 
sit uat ion. 

Perimeter Lighting. Perimeter lighting is an 
asset to a store environment, contributing to a 
sense of pleasantness and adding to the visibility 
and visual impact of displays at the walls (see 
Fig. 8-10). 

Other Store Spaces 

In addition to the lighting consideration for 
merchandising areas, attention should be given 
to those for other spaces utilized by customers 
and/or store personnel. The following is a list of 
those spaces: 
l. Fitting Rooms. The selling potency of fitting 
rooms is of tremendous importance. This is 
where the final, critical 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 
crea te 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
tion is made. 

Careful choice and placement of overhead lu
minaires will add to the vibrancy of color, en-

Fig. 8-10. A store, seen trc-rr .''""!::: outSide, utilizing perimeter lights to produce vertical surtace lum1nances lor attraction and 
to overcome potential veiling ref¡~;;octions in the windows. 
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Fig. 8-11. Exterior lighting of a large department store lo 
attracl and lead the customer lo the entrance. 

hancement of texture, sheen or glitter of ha ir and 
materials, and create modeling effecl,. Lighting 
at the mirror should be used to compliment and 
soften facial shadows. Vertical illumination 
should extend far enough clown to enable cus
tomer to easily evaluate full-length garments. 
See page 10-5. 
2. Alteration Rooms. Sewing and Pressing 
tasks are involved. 
3. Stock Rooms. Methods of storage shelves, 
bins, racks, etc. 
4. Wrapping and Packaging. Sample dis
plays, wrapping and bó.xing are involved. 
5. Toilets, Washrooms, and '.Locker Rooms. 
Lighting at mirror, sanitary maintenance, lounge 
facilities, and locker lighting are importan t. 
6. Offices. See Section 5. 
i. Food Service Facilities. See Section i. 
8. Escalators, Elevators, and Stairways. 
Safety, traffic pattern and use, graphics, and 
emergency provi.sions are importan t. 

EXTERIOR SPACES 

The role of outdoor lighting at stores and 
shopping centers is numerous and varied; it 
should attract customers to the center and then 
to specific stores (see Fig. 8-ll); identify key 
art-as such as entrances, exits, parking and the 
\'arious stores; facilita te safe passage of motorists 
.and pedestrians on the grounds; contribute to 
effective security and surveillance of people and 
prupeny. and visually unify the shopping area, 

providing a po~itivl' ¡·ontrihution lo lht• visual 
t·nvin~nmt•nt. ~t't' ~,.,.,ion l ~-

Wht·n tlw pott·ntial {"Ust.orner arrives in tht· 
vicinit.y of t.hl· :-;hopping cf:nl~r (or freestanding 
store) there i:-; a pattern of progres...c;ion 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 si te, en trance to center, parking area and 
store (all vehicular circulation) to locating the 
store en trance, departments and finally the mer
chandise (all pedestrian circulation). 

SHOW WINDOWS 

The show window can be a powerful attraction, 
providing the link bet ween the potential cur.· 
tomer passing by and the merchandise within 
the store. Each of the following factors should be 
considered in the design of show-window light
mg: 
l. Type and characteristics of merchandise. 
2. Location of show window-outdoor or en· 
closed mall area, urban or suburban, solo or 
shopping center. 
3. Night and/or day use and associated ambient 
illuminances (see Fig. 8-5), including the nature 
of the competition. 
4. Open back or enclosed. 
5. Size and shape. 
6. Contour and slant of show-window glazing
brightness from daytime and nighttime reflec· 
tions. 
7. Interior surface reflectances and colors. 
8. Flexibility requiremenl,. 
9. Size and location of display graphics. 

See Section 9 of the 1981 Reference Volume 
for calculation techniques. 
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ILUMINACI~ Df APARADORES. 

En loe el•acenee unos artfculoe son de mayor importancia que o 
tros, pueden tener •ayor margen de ganancia, pueden ser artfculos -

· de tfl8p0rada 6 de ex i a!ene i ~ regu 1 ar • 

En eulquiera de los caeos loa artfculos deben de presentarse -
de forma que impaCten e la apreciación visual del comprador. Et ob 
jetivo de le iluminación de es ~eeer que el comprador vea las mer-: 
eeneias eleves. 

Una ilu.ineeión de aparador buena proporciona variacion<.; er. -
configuraciones brillantez.que dan el enfasis visual necesario p-'o• · 

atraer la atención hacia·los artfculoe de atracción particular. Ta2 
bi6n la iluminación adicional inereaenta la visibilidad ~reduciendo 
une apreciación r6pida y exacta por •edio de alta brillantez y di~
tribuci6n de luz favorable. En su•a una iluminaci6n de aparador-
buena enfatiza aquellas earaeterfsticas de la •ercancia que son es
pecial•ente atrayentes- pulido, atractivo, textura, forma, transl~ 
cidez, etc. Final•ente la iluminación de aparadores añade interes 
a lo que de otra forma podrfa apar•eer como una atmósfera sin atra~ 
tivo. 

Para lograr ·un grado significativo de impacto visual, el apar2 
dor ilu•inado deberá tener una brillantez de por lo menos el dople 
de los espacios que lo rodean. Conforme aumente el significado o -
iaportancia del aparador, la diferencia en brillantez, también deb~ 
rá aumentarse, •os aparadores clave deberá~ ser de 5 a 10 veces más 
brillantez que los espacios que los.rodean·. Ejemplo: Una tienda 
con un nivel de ilu•inación para la •ercancia en geñeral de 100 fe, 
deberá utilizar niveles de"i4uminaci6n de 200 a 1000 fe para los a
paradores. 

Para añadir iluminación a las superficies verticales o a los
artfculos que son de atractivo especial, los almacenes de frente a
bierto, el factor que determina la i IUDiinaci6n de aparadores, no es 
la i luminaci6n de los espacios adyacentes, sino las reflecciones -
producidas en la pr~cci6n de_vfdr(o. En este caso, los espacios 
•ás i-.portantes del aparador deberán estar dentro del rango de 500 
a 2000 fe., pc)rque ellos están en el aparador. 

El arreglo que se dé a la i luminaci6n de aparadores se rige 
por_ la naturaleza de la mercancía y la for.a en que se quiere pre-
sentar. El arreglo •ás COII6n de. i hsinaci6n de aparadores es el de 
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de luz puntual, cuyo haz de luz direccion-al varra las cualidades de 
configuración, brillantez y acent6a la forma que no se logra con la 
iluminación general. las lámparas fluorescentes también son útiles, 
en cornizas y doceles 1 ocultas en las repisas iluminadas y en los 
gabinetes iluminados, e instaladas en cabidades ocultas por table-
ros trasl6cidos para producfr un ambiente 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 i~ 
candescente 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 
•inación puntual de aparadores. 

la elección de lámparas y equipo de ilumiriación-está:b'asada 
parcialmente en las necesidades de iluminación,' asf como en-e· la nat.!:!. 
ra 1 eza de 1 aparador y su ub i cae i ón en e 1 almacén. Cuando '·un· 1 ugar 
fijo se estab 1 e ce para· aparadores de decoración ta ¡r·com·o·"e'l extremo 
de una góndola, un manequf de pedestal o un lugar 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 pr .. incipales 
de 1 os aparadores son verticales, 1 as 1 uces puntua 1 es debe.~án 1 o ca-
l izar ce de ta 1 forma que 1 os ejes de 1 os haces incidan en ·¡os pun-
tos importantes del aparador un ángulo con respecto a la vertical -
de 25° a 30°. Esto asegura que son.efectivas visualmente en la ve~ 
tical con contornos naturales de sombras. También, este angula de 
dirección evita la posibilidad de un deslumbramiento que moleste a 
las personas que se aproximen hacia aparador o transiten en ár~as -
cercanas a e 1 • las· 1 u ces puntua 1 es insta 1 adas en 1 a parte baja pa
ra dirigirlas 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 ilu•inación hacia abajo, es importante partícula~. 
•ente vigilar las reflexiones en los momentos que puedan ser moles
tos a las.personas o producfr velas en los objetos que se muestran. 
Por esta razón, la ilu•inación de vitrinas con luces verticales, u
sual•ente se localizan dentro de la mitad del área de la vitrina--



que quede hacia el comprador. Algunas veces estos eqcipos ~on por
talámparas ligeraaente inclinados se utilizan para &)~dar a posici~ 
nar las 16aparas fuera de las zonas de reflexión y tengan el centro 
del haz hacia el centro de la cubierta de la vitrina. 

Las herraaientea •'• ~unes pera la ilu.inaci6n puntual inte
rior eon las l6lapfras PAR y R. Sus ventajas principales so . .., 

1.- Amplia variedad de equipo para alojarlos y de costo accesi 
ble o ec6nomico. 

2.- Amplia variedad de ta.años y potencias para satisfa~er las 
necesidades de le •ayorfe de los aparadores, tanto en can
tidades de luz ca.o en 6rees por iluMinar. 

3.- Reflectores que no necesiten ajuste o li~ieza. 

4.- Vida dtil -Jerga. 

Se recomienda utilizar hasta donde sea posible equipo fijo pa
ra la iluminación de aparadoras, pare asegurar que el equipo per~e
necer6 enfocado adecuad-nte sobre el aperador sin que de lugar e 
•puntos calientes•, 6reas obscuras o deslumbramientos para los---
clientes que algunas veces encuentran equipo •el dirigido. 

En cas~s donde Jos aparadores puedan variar ligeramente en ta
aaño o foraa, y especiel•ente en casos donde la ubicación general -
de los aparadores pueda cambiar frecuentemente, se necesita una fle 

- -
xibilidad •ayor, 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 les nuevps ubl 
caciones de los aparadores, perdiéndose aucho del atractivo visual, 
que pueda lograrse del aparador. Para estos casos, algunos d~ 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 s istetnas de i luainación de aparadores. 

Esta tabla'•uestra las relaciones espacia.iento y la ilumina-
ción resultante para aparadores con iluainaci6n puntual vertical. -
Loa datos· se basan en orientaciones de cada lálapara con su eje del 
haz incidiendo en el objetivo 5 pies arriba del piso, con un ángulo 
de 30°. Los valores de iluminación aon los obtenidos en un área p~ · 
queña en el centro~ haz de luz sobre una superficie p~rpendicular 
al eje del haz. 

!{· 
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• 
Las tiras lu-inosas son utilizadas ~ás frecuentemente a lo lar 

go de paredes para i lu11inar repisas y anaqueles decorados, pero tan• 
biin son eficientes en áreas centrales del almacen para iluminar_: 
gondolas o Muestrarios siMilares con artfculos de lujo o alto mar-
gen de ut i 1 idad. 

Brillanteces 11ás altas en las mercancías claves, es el objeti
vo de la iluminación con tiras continuas luminosas en los almace--
nes. También se utiliza para compensar las reducciones o carerycia 
que resultan en ciertas áreas unicamente con la iluminación gene--
ra 1 • 

La fuerza de atracci6n de· las tiras luminosas usualrr,¿,"~" ec: , 
cho 111enos dra111át i ca que 1 a obtenida con i 1 um i nación puntu a 1 , y 1 1 <> 
mala atención desde di~tancia en el área total iluminada. Puntos 
de alta intensidad y las ~bras son disminuidos 11ás que con la il~ 

minaci6n puntual, ya que la diiRensión de la fuente de luz es rr.ás -· 
grande y au brillantez es •ás .baja. 

( 

Alfunas guias de diseño para tiras luminosas se ilustran en -
los siguientes bosquejos y tablas. El Montaje de las lámparas su--
ficientemente separadas de la superficie vertical para producir une ( 
distribución de iluminación razonable es de importancia principal, 
si la tira lu•inosa está demasiado 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. 

J. O 
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PIE CANDELAS MANTENIDOS E" lAS SUFERfiCIES VERTICALES DE APARA~ORE5. 

La tabla y el diagrama aauestran la il1.1111inaci6n .. antenida, las 
Miperficiee vertiec~les obtenidas con tiras luainosas equipadas con 
16aparas f'luoreaoentee blanco f'rf<> de lujo 6 blanco cálido de lujo 
40 Watts SI irr. linE T-12. las S'.'¡:'érfici€.5 interiores de la 'rne;, -
luw.inosa son pintadas de color blanco, se considera un factor de 
aantenitr.;ento de 75 %. Los valores de iluorinaci6n di-.inuyHt en 
1 os extre,.os de 1 as 1 fneas 1 urr. ir,'-' sa~. 

~ietencie abajo de 
1 a 1 fnea de centro 
~ 1-.,araa . 

Distancie de llnef d; centre d10 la lál-r.¡:oa~a e 
superficie vertical. 

1 •• f 
. ' 

15.24 Cll!. 22.. 86 Cll\. JQ.48c:a. t 
45.72 cu1 

~--------------r-----~--r----------r----------r--------' 

538 lu>- 1 7.62 Clll. 

22.86 Clll. 

38.1 ar .. 

53.34 Cll. 

68.58 Cll. 

83.82 c.. 

99.06 c.. 

114.3 c.. 

1614 

645.6 

236.7 

107.6 

75.3 

43.4 

32.3 

21.5 

Lux 1076 

699.4 

·344.3 

182.9 

107.6 

75.3 

43.4 

32.3 

L.ix ó2ó.S 

664.6 

398.1 

236.7 

139.9 

96.8 

64.5 

53.8 

lux 

516.5 l 
3"" 1 'j - • 

279.8 

193.7 

129.1 

96.8 

75.3 
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1 
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-----~---· ta-i-1 ua·i nac i ón~de~rep-i-sas~o~ex~rep año s~con~fuentes~f-1 uorescen-----
tes es de otra aanera para obtener brillantez variada y aumentar el 
poder de atracción de los aparadores: la iluminación integrada a vi 
trinas noraales y vitrinas refrigeradas cae dentro de esta catego-~ 
rra, lo •ismo que la iluminación de repisas o entrepaños individua-
••• en aparadores eapecialea o convencionales. 

Se dispone de varios •~todos para integrar la iluminación a-
los entrepaños. los reflectores de vitrinas comerciales pueden su
jetarse a los entrepaños, con l.os balastros local izados lejos, de -
tal foraa que no interfieran la distribución de luz en e.l espacio -
por i 1 u• i nar • 

los reflectores para vitrinas utilizan lámparas fluorescentes 
de di6metro pequeño, tal como las lámparas SI im-line 42T6 y 64T6. -
Esto reduce el espesor necesario del extrepaño. 

l6Dparas y canaletas convencionales también pueden sujetarse -
en algunos extrepaños. las lámparas deberán quedar bien ocultas p~ 
ra que no distraigan la atención del comprador, apartandola de las 
aercancias y para no disminuir 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 lámparas 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 aodulares, utilizando entrepaños de vidrio delgado
con lámparas f'luorescentes sujetas a herrajes verticales existentes 
entre los coeparti•entos del aparador. Para obtener una eficiencia 
aáxima con este arreglo, a las lámparas deben estar localizadas con 
una separación del frente del •ostrador a un octavo de claro entre 
herrajes: asr, para aparadores con claros de 48 pulgadas, las láapa 
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 la par . -
te superior de las paredes y a la mercancía. los entrepaños y vi--
trinas iluainadas en for.a individual son detalles aás localizados. 
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Teleroa con i iUDinación por la parte posterior producen efec
to. i~entea con laa uercancias transparentes y traalucidea. 

En les .Piicacion- que se IIUestren, las tiras luainooeo util i 
zen 1' ,,...._ '-r Groo\re, .ontadas en canaletas de secci&a i:rana-: 
ve roa 1 Peciueftac con be 1 estros · reeotos. Se han he che di -ft,c,a de ti -
r- IUDino ... con ceneletee pera contener los balastros, Bt.ljetos dl 
rectazento 111 111 eetructura de 1 entrepai\o y con brazos aopori:e de -
portal6111pare a una distancia apropiada desde la pared. Esto.u dos a 
rregloe di-inuyen la poaibil idad de que la canalete con balastro';;; 
b.tecul ico la dietribuci6n de luz y t-bi4§n son arreglos que se __ : 
pierden - ol conjunto de la estructura de los aparadores. 

La ilu.treci6n -..estra un diael'lo aenci llo de tablero 1-incso 
que es el edecuedo ~· instalarae en los aparadores existentes. 
T..-biú ea de _,. costo que tableros fabricados con el sisteaa de 
iiUDineci6n ¡"~agrado y retiene !Wcho de. la eficiencia visual de la 
•ayorfa de les unidades caeptejea. Para las •ercancias preoentedas 
por IÓtes, la no unifOI'IIIided de brillantez en un tablero c.-o úte, 
no eerfe di.tr.,....te. La luz puntual esta sujeta .a un riel el~ctrl 
co que pe-ite relocel izar la unidad r6pidaeente pare acentuar al-
gdn ~fculo en particular. 

La i lustreci6n nos -..estra los •edios para introducir color en 
1 .. 8UP&rficiea de fondo de lea •ercancias, •ientras que con-rva -
un rendi•iento de color favorable en los aparadores. 

Una estructura de entrepal'lo como la mostrada se puede obtener 
h~ciendo variaciones pequel'las el angulo no,..al de entrepal'loa y al !. 
quipo de i IU11ineci6n. 

Algunas veces puede aer probl-a el calor producido o generado 
por loa siate.ee de ilu•inaci6n de vitrinas y entrepaños. Para di~ 
•inuir lo anterior las balastras pueden local izarse lejos ayudando 
a di-inuir le cerg" de refrigeraci6n en aparadores que necesitan -
..b i ente fr ro no obstante· e 1 ca 1 or de 1 ba 1 astro puede ser neceser i o 
para calentar • 1 .. 1 f ¡>A!Oea en vi tri nas refr igeredores. 

Cuando artfculos sensibles al calor son colocados en entrep-
ilos i IUDinedoo la local izaci6n de te.peraturas •iis aS-tas en loa ex-· 
tre•aa de 1- 16eparea y arriba de los balastros puede -r duaaia
do y deilan al~nos productos, bt»tés de aerosol en particvlar, no ~ 
ben aer -a1:radoa en eate tipo de exhibidores. . ' 
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ILI.JUNACION PERIMETRAL. 

El ~biente de tiendas ae relaciona con la vista de superficies 
verticales alderedor del perímetro de la misma, y con superficies --
verticales dentro de ella. El sentido de es¡oacia! ided en la tiertda h-

Y le apariencia de su decoración están influenciadas por la iluaina
ción perrmetral. La pleneación cuidadosa ayuda a crear configura--
ciones brillantes que ca.pl~enten al diseño y orden del depertaaen-
to, dando el co.prador une i•presión favorable de la tienda. 

En tiendes de aparador, lea superficies superiores del interior 
de el les constituyen una parte i•portante del campo visual a trav~s 
de loa escaparates. Las paredes de color brillante, iluainedaa efe~ 
tivamente para realzar su brillantez, ayudan a eliminar las reflexi2 
nes en el cristal, asf los comprobadores pueden mirar dentro de le
tienda durante el dfa. De hecho, las paredes interiores de le tien
de constituyen la •espaldaw del aparador. Estas deben ser auficien
teaente brillantes para que la gente pueda ver facilmente dentro de 
la tienda. Esto requiere pare iluminación sobre paredes de altas r~ 
flectancias de lOO a 200 pie-candela. 

Parte del efecto de la apariencia de superficies de un cuarto -
se produce por le i lum:ineción general y por la 'exhibición. Si en la 
ilu•inaci6n general ,é usan lámparas fluorescentes en conjunto con
una amplia distribución de luz, existirá mayor i luminaci6n sobre las 
paredes, no asf, si se usaran luces incandescentes bajas de distrib~ 
ci6n concentrada. Los exhibidores con reflectores, los nichos ilo-l 
n&dos, los anaqueles, y los paneles luminosos también contribuyen a 
la apariencia de las superficies verticales de la tienda a una.dis-
tancia, estas deben t~bi~n ser consideradas como una ceracterfstica 
de la iluminación perimetral. 

La ilua_inaci6n unifor•e de superficies perimetrales es f6cil de 
real izar con láMparas fluorescentes. Las luces superiores de lfnea 
colgante pueden ser efectivas en este aspecto. Frecuente-ente, sin 
embargo, un siste.a separado para iluminación de paredes puede aa--
pi iar la flexibi 1 idad de diferentes tonos o colores a las •i--, -
creando un .-biente •ás interesante. 

La brillantez no uniforme alderedor del perímetro de la tienda 
puede ser bastante interesante, añade individualidad a la apariencia 
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y acent6a un rasgo de diseño particular 6 un departaaento. lea 16.
paras incandescentes, localizadas cerca de las superficies que ellas 
iluainen, son utfles para este propóaito. Este ~odelo de il~ina--
ción variante, se acentda aún •ás por la ~ayor atención dede e les -
texturas ó forwas~ en las superficies iluminadas. 

La luz de color para uso en exhibidores posteriores y paredes -
pueden estar convenientemente logradas con lámparas fluoreacenteo 6 
incandescentes. La aayorfa de los tamaños de lámparas fluorescentes 
se encuentran disponibles en varias clases de blanco y en un n~ero 
de colorea saturados. Las l6aparas fluorescentes de color aon aucho 
•áa eficientes que las incandescentes de color, 

Las l .. paraa incandescentes de color incluyen diseftos de bulbo 
convencional en wattages que oscilan entre los lO y los ISO, y en-
bulbos PAR y R-Shape para lfneas de luz de color. La variedad de e~ 
lor adicional puede realizarse combinando luz de dos o •68 la-pares 
de color. Algunos cu.erciantes han empleado sista.aa·•otoriaedoa de 
atenuBDilnto para lograr un caabio gradual, sutil en el tono peri .. -
tral de la superficie sobre un ciclo de varios minutos. 

LUZ Y DESVANECIMIENTO. 

Algunos tipos de •ercancia se desvanecer6 el color debido a le 
exposición a la luz. En la •ayorfa de los casos, los desveneci•ien
tos son re&ultado de la oxidación qufmica de tintes y pis-antos; la 
luz actúa como un catalizador que acelera la reacción. (Une excep
ción iaportante ea la decoloración de las cernes frescas en .ostrad~ 
res de autoservicio. El espacio no permite aqur, une discusión deta 
liada, pero la investigaoión he demostrado que la luz no tiene, 6 -= 
tiene poco efecto en proporción del decoloramiento de la ca~e fres
ca, pero esa decoloreción es resultado del crecimiento de beci:err
superficiales ). El nd.ero de factores que se involucren en cede si 
tuaci6n de desvaneci•iento ea tan -pi io que ninguna se-reli.-:i6n 
acerca de proporciones en desvaneci•iento parecen justificar... El 
gran nÓIDero de fábricas y sus tintes, tanto como las condici--. en 
el proceso de teñido hacen que la predicción del desvaneci•iento en 
solo los textiles, casi iaposible. Algunos artrculos son notebl
te luz - fi.-.e; otros tienen colores relativamente • fugitivos • que 
pueden cambiar fki 1-nte. La investigación recient~te conducida 
en Mela Park indica clar-nte que all i ha habido adelentoa conaide
rables en la firaeza de la luz de las fábricas comercial~. en loa ~ 
ños recientes c0111o resultado del aprovechamiento de fibr- y t:illtea 
•ejorados. 2 8 

2'j 
• 



El •6todo general de evaluación- ae_I ___ COiiiliciones-oaj·o~l-as-cua~~ 
1- el deavenec:iaient:o tc.a luger, es CG'IIpUtar la •exposición• a la-
luz. La eJCpOaici6n - el produrlo a.binado de la i luainación sobre 
el producto y el tieapo en que el produrlo ea iluainado. Asf que, -
un producto de ap.-ador bajo lOO pies-candela por 300 horas, ha teni 
do una expoaic:¡i6n de ~.000 (horas-pie-candela (fc-hr); si•i laraen-: 
te, un perfodo de ~ horas bajo 1000 pies-candela, t.-bi6n represen-
ta JO •il (piea-candela-heraa) de exposici6n. La investigación re--
ciente ha indicado que exposiciones iguales pueden no tener el mismo 
efecto de desv-cieiento; ai to.an lugar en diferentes niveles de l 
l ... ineci6n. Eao es, 5 veces •6s i luainaci6n, probable81ente no prod.!!, 
cir6 el •i- grado de desvaneci•iento en un quinto del tiempo, si -
bien ea ceai cierto que acelera el desvaneci•iento en algún grado. -
Sin ..bargo no ha habido suficiente inveatigaci6n en suficientes y -
diferentes •ateriales para clarificar la relaci6n ilu•inación versus 
tieepo, •~e CCIIIIplet-nte de lo que - ha expuesto aqur. En pruebas 
de •~• de lOO aueatr- eoaerciales de f~rice, bajo 8 condiciones di 
f'-ntes de i luainaci6n, euchas de el 1- resiatieron •6s de --------
1,000.000 f'c-hra. Sin desvaneci•iento defectable, •ientras algunas 
de ell- di-inuyeron notabl-nte con 50,000 fc-hrs. 

Una de las principales ca~aea dB deavane~i•iento ea la disposi
ci6n de exhibidores y eu ilueinaci6n en tal f'-a que se exagera la 
eJCpOaici6n en parte del erth:ulo. Por ejeaplo, euehos exhibidores -
de ropa i l ... inadoa con 1 rnea colgante eatan diseñados de tal •anera 
que la IAapara fluorescente se encuent:ra a a61o unas cuantas pulga-
d- direct..ante arriba de los haebros del exhibidor (perchero). ·A 
esta diatancia, la ilueinaei6n debe tener varios cientos de pies--
candela aobre loa haebroa y de algunos artrculoa con colores fugiti
vos, puede esperar- que di-inuyan con aenoa de 200 horas de exposl 
ci6n. La prevenci6n de esta situeci6n ea, gr~Jrlde•ente, un asunto de 
buen di-ño de iluainaci6n. Para iluainar efeciiv•ente las superfl 
ciea verticalea de 1- prendes, la 16epara deberfa estar cuando me-
nos a 9 pulgadas fuera de la superficie vertical; esta re-locación -
reduce nat:uralaente la alta i lueinaci6n aobre el haebro, por tanto -
di-inuye la probabilidad de desveneci•iento, •ientras que el mismo 
tieapo - -jora la efectividad de exhibici6n. Ejaiplos si•i lares -
de diaeftos pobrea - encuentran en euchas instalaciones de reflecto
rae y eat .. tea _ i 1 ... inados. 

L- recur-a el6ctricos de il-inaci6n difieren en diatribucio
nea eapectral- y en eua efectos aobre la ap.-iencia de colores, pe
re 1- pruebas han :.te astrado que no existe dif'erencia significativa 
entre recur-• razonabl-te blencoa en eua ef'ectos en deavaneci--
•iento. 
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Eeo ea, ~ara la miSMa ilu~inaci6n, ei desvanecimiento es probable~
que ocurra en el ~ismo tiempo ( 6 igualmente que no ocurra ) bajo i
lu.inaci6n incandescente 6 fluorescente. La radiación ultravioleta 
de lea lé.paraa fluorescentes es casi la misma en cantidad, que la -
de incandescentes. Las pruebas muestran que filtrando el ultraviole 
te de loa modernos colorea blancos fluorescentes, no tiene efecto m; 
dible en las tasas de desvanecimiento. Cuando existe una proporció; 
substancialmente mayor de onda ultravioleta larga 6 media que ocurre 
con incandescentes ó fluorescentes por ejemplo bajo luz n·atural el -
desvanecimiento de color ocurrirá más rápido con muchos géneros (tex 
tilas). La ilusión popular de que las lámparas fluoresctntts son e; 
particular causas severas de ·desvanecimiento de color, es a menidc, -
originado por lea experiencias con recursos de baja rendición de co
lor •. Loe coloree Oeluxe alivian frecuentemente estos problemas: En 
otras situaciones, la deficiente iluminación de exhibidor arribad~~ 
crita ea la causa; las fluorescentes son más señaladas, simplemente 
porque son aplicadas err6nea.ente más a menudo. 

El manejo de artrculos con colores transitorios, es un asunto -
de intérea. Reducir la iluminación- no operando la iluminación de 
la vitrina, por ej-plo puede ser una sóluci6n parcial •. Otro artifj_ 
cío efectivo es exhibir el producto, asr el desvanecimiento que afe~ 
ta, ta.ar6 lugar uniforaesente sobre la superficie, en lugar de con
centrarse en una pequeña 6rea; esta es una de 1 as ve,,tajas secunda-
rias que ha resultado con el caabio de las corbatas de caballero de 
las vitrinas con e61o loa dobleces expuestos a los mostradores supe
riOres donde toda la corbeta es iluminada uniformemente en algunos
caeos, su caja 6 envoltura puede proteger de la luz, a casi ·todo el 
corbatrn. En cualquier circunstancia, debe recordarse, que cual---
quier artrculo que se decolora durante el perrodo de cambios en la -
tienda, ea casi seguro que decolore si se expone mucho a la luz dei 
dra, 6 al exterior 6 cerca de una ventana; asr, este puede ser un r~ 
curso posterior de queja por el cliente aún sr no se ha decolorado
en la exhibición. 

En algunos casos, loe requisitos de exhibición correcta, espe-
cial•ente en escaparates, auto.átic .. ente resulta en exposición a la 
luz del dra y a la luz eléctrica que causa pérdida de color inevita
ble. En estos casos lo que puede ocurrir, se descuentan normalaente 
coao parte de gastos de exhibición 6 publicidad. 

ECONCNIA DE I~INACION EN TIENDAS. 

Cuerla •6a ilu.inar una tienda c:groun sistema de. iluminación g~ 



-- --~-- --- ---- --·--- --·-·-- -·--
--eral-,-n.,. inaci6n, c~e-e~liMbi&or-e-i-IUtllinaci 6.;--P;~i•etra 1-que~r-eune- -- ----
~• eonjutrto de objetivos expuest.,s en este proyecto, que aplicar un 
ai..,le -.odelo k equipo de iluainaci6n general de tubo desnudo, con 
un •fni•o de iluainación periaetral y de exhibici6n. Una razón de -
la existencia de auchas instalaciones en i IU111inaci6n es el alto cos
i:o de -jorea i luainaciones, parece prohibitivo. La perspectiva ga
nada por un en" isis de eostos de i lu.inaci6n en relación con las --
ventas a •enudo juStifica la buena iluminación al proyecto planeado. 
Es posible esti-r exact-ente los costos de dos sistemas de i lumin..!!. 
ci6n, y coapararlos en té,..inos de les ganancias de la tienda. 

El incr-nto en el eosto de mejor i luminaci6n tendrfa que ser 
visualizado por el increaetrto del beneficio bruto. Este costo aume~ 
t:ado repreaente sólo una pequefta fracción de beneficio bruto. Por -
t:anto, un increaento en las ventas, y el consecuente beneficio bru-
t:o, ea suficiente pare pagar el costo de una aejor iluminación. Un 
incra nto del 10% en vetrtas rinde una utilidad de lOO% sobre la
inverai6n eñadida en i luainaci6n. 

Para obtener el incremento de ventas que pagará por su costo· au 
....tado, le i luainaci6n IIOderna en tiendas ofrece las siguientes ve~ 
.ajes a 

1.- Mejor iluaineci6n hace posible decisiones de coapra 
pidas y certeras sobre-de todos los artfculos de la 
a trav'• del incremento de visibilidad de detalles. 

más rá
tienda, 

2 ... - La iluainaci6n escubierta reduce la •olesta brillantez di-
recta de las luces superiores y mantiene la atención del -
cOIIprador sobre la •ercancie. También crea un aspecto más 
terminado a le tienda. 

J.- En exhibidor, la iluainaci6n de relfector y la de ·localiza
ci6n postérior llama la atenci6n hacia .los artfculos princl 
palea acentuando eu foNia y textura ql¡e añade una chispa a 
la atmósfera de la tienda. 

4.- La i luainaci6n peri•etral hace que 1 a tienda parezca •ás e~ 
paciosa y realza la decoración de la •i-a. 

Muchos CCJ~~erciantes han atribufdo 
res ganancias en ventas a la aejora en 
quiere para .pagar por tales aejoras ). 
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significativamente las .ejo-
la ilu•inaci6n (que se re--
Mientras que las estadfsti--
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cea no pueden predecir exectornente los resultados pera una tienda e~ 
pecrfica, lea utilidades demostrables de la •ejor iluminación y las 
•6dicaa ventas requeridas para pagar por elle, erguaentan fuertemen
te la euidadoaa consideración de le iluminaci6n en el proyecto para 
nuevas tiendas 6 para au reaodelaci6n. 

Datos cuidadosaaente reunidos de muchas tiendas muestren que la 
buena ilu•inaci6n de exhibidor desemboca en aumento de ventas que os 
cilan del 10 al 20 %. 
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4 Control de la luz 

Generalidades 

Una vez obtenida la luz, mediante el manantial lum.inLso currcs
pondicnrc, se presenta el problema de su control ya que,] d~bido a su 
gran Iumil~ancia, la mayoría de manantiales luminosos c.\istCntt.:s en la 
actualidad no realizan por sí mismos uria distribución <.k!J 'flujo lumi
noso que permita su aplicación directa, sino que se hace necesaria la 
utilización de dispositivOs que modifiquen o controlen la lltz emitida 
por dichos manantiales luminosos. · 1

1 

La modificación de las características luminosas lk un ¡manantial 
lUminoso, cori vistas a una aplicación eficiente de luz cn~itida puede 
realizarse aprovec~ando uno o varios de Jos fenómenos fisicos que 
se citan: 

a) Reflexión 
b) Refracción 
e} Absorción 
d) Transmisió1l 
e) Difusió1J 

Reflexión 
- . 

' 
' 
\ 

Cu~mJu una superficie devuelve la luz que incide sobre ella, se 
dice que refleja !a luz. La reflexión de luz depende, l.'scncialm

1
clitc. de la-; 

siguientes circunstancias: 

b7 



a) Condiciones moleculares de la superficie reflectante. Por ejem
plo, una supcr!idt: lisa rellcja mejor la luz que una supcr!icie 
rugosa. 

h) Angulu dc inciUcncia dc los rayos luminosos; ya vcrL'mos algo 
mJs adclantc qué sc conoce con el nombrc dc üngulo de inci
Jencia. 

e) Color de los rayos incidentes. La .luz. blanca se re!leja mejor 
qth.: la luz colur·cada. 

La· l1:y fwulaml!ntal de la re/lcxiú11 de la luz dice (véase figura 24): 

1::1 ÚJf.~ttlu de i11cidencia es i,~ual al ángulo de reflexión. 

Llarnamos dugt~lo de incidencia al ángulo a que forma el rayo !umi
nusu incidcntl! con la vertical en el punto de incidencia cuando cstc 
rayo choca con la superficie, y tiltgttlo de refle.-ciún al ángulo {3 que 
furm¡t el rayo luminoso, ya reflejado con la vertical en el punto de 
incidencia. cuando ese rayo luminoso. se aleja de la superficie. . 

Esta h:y fundamental es solamente teórica. -En la práctica se cum
ple solamente cuando la superficie sobre la que incide el rayo luminoso 
~.:s absolutamente lisa y brillante como, por ejemplo, la de un- espejo. 
En este caso, se habla de reflexión dirigida o, también de ref/exiÓil 
~.:specular. Si se coloca una lámpara encendida sobre un espejo puede 
observarse en el espejo la imagen de la lámpara. 

Cuando la superficie sobre la que incide el rayo luminoso es rugosa 
y brillante, por ejemplo, el papel couché, a cada rayo incidente (figu
r<.l 25 ). corresponderán varios rayos .reflejados, que cumplen sólo apro
\imadamente la ·ley fundamental de la reflexión. En este caso se trata 
•)L' n.:f!t:xió1l semidirigida; si situamos la lámpara l.·omo en el caso ante-

Oc=J3 
Fi1;. U.- Fi~111:u ilnsUafil'll de la 
ky /tmdam~utul di! ft: n·[:,·.,iÓI1 
,f¡• la lll;:. 

/ 

1 

• 1 

':fj; 1 / / J 

~~ 1 _ ...... / 

' -
l~ig. 15.- Rcf/e-'<ióll .semidirigidu. 

1 
Fi¡:. 2fl.- Ut·f/e.liliu !li/wa. 

. 1 : 

rior, Ucsaparcce la imagen de la lámpara, que queJa s~ts.tituid<:t por una 
mancha de luz más brill;.mte que el resto;de·la superhcre. 1 .r 

Finalmente, cuando la superficie es rugosa y mate, P'?rfcjemplo, 
un trozo de tela blanca, el rayo incidente (figura 26) se rc!lcjra :por igual 
en todas las direcciones del espacio y, por lo tanto. no se cu,mplc la. ley 
fundamental de la rclic.xión. En este caso, se habla de rc{le.r}U,n difusa; 
en las miismas¡condiciones citadas en los párrafos antcrior.~s, desapa
rece la imagen de la lámpara, porque, la luz incidente se dtspersa en 
todos los sentidos. ·. 1 ~ · 

La reflexión especular proporciona una ltm.linancia má,xima en la 
dir,ección del rayo reflejado y nula en las demás liin:ccioncs ~el espacio. 
La reflexión difusa proporciona una luminancia constan~c l.en cual
quici·a de las direcciones del espacio, aunque dc menor val~r que en 
el caso de reflexión dirigida. . . 1 : 

Con la reflexión difusa se evita el efecto de t!cslw~zbra,~ueuto, que 
trataremos en un próximo capitulo, y que se .apn.:c1a CUfn:do en el 
campo <.le la visión existen elementos luminosos cuya lumi~ancia es 
mucho mayOr que la Ó! !os elementos circundantes. 1 ! . 

Otro efecto interesante de la reflexión difusa es qut.:; cualquu:r 
superficie reflectora aparece como un disco luminoso de igUal lumi
nancia en todas·direcciunes; es decir, que si iluminamu~ un ~i~co Y. una 
esfera, ambos difusores y ambos de igual diámetro, cJ cfr~.tO VISUal 
será. el mismo y los dOs objetos- disco y esfera- apan .. -ccran a nues
tros ojos como discoS. O, dicho de otra forma. con la rclle~i?~. difusa 
desaparece el decto plásÜco. Ya volveremos sobre esta cuc~t10n más 
adelante. 

Refracción 

un 
La din:cción de los rayos luminosos queda !~•o<.q'!cada ~llira~ar de 

mL·dio a otro <.h: tlifcr·cntc densidad; este fenúmL·no Usi~o: s.: lbm.:t. 
refracción. 



Atre 

Aire 
' 

Fi¡;. 27.- Figtml ilt~strati\'ll de la ley fwulwHei!Ud de ftl refrucc.:itill ele ICl Iu:.. 

L1 IL'y fwule11nental de la n.:frau.:ión dice (véase la figura 27.): 

La ra:,ú11 de los índices de refracr:ióll de" amboS medios t.: S igual 
a la raz.ún de los .sellOS de_ los án~ulos de incidencia y de re{ racció11. 

O, expresando esta .ley en una fórmula matemática: 

11! sen i 
--=---

111 se11 r 

\l~Lturalmcnte, llam3rcmos dngulo ele i11cidencia al ángulo que 
lonn~1 • .. :1 rayo luminoso con la vertical en el punto de incidcnc.:ia, cuan
do dicho rayo choca con la superficie, y ángulo de refracción, al ángulo 
q11_L' forma el rayo luminoso con la vertical en el mismo pu-nto de inci
tk·nt:ia, cuando dicho rayo luminoso se aleja de la superficie. hu/ice de 
rc/rw:c:ióll es la relación entre la velocidad de la luz a través del aire 
y su velocidad, a trav0s del medio o suswncia correspondiente; por lo 
tanto, el índice de refracción del aire es la unidad y cuando las sustan
cias son más densas que el aire, lo que es el caso más general, su 
índice de rcf racción es mayor que la unidad: lo que quiere decir 
·-como era de suponer--que la velocidad de la luz es tanto menor 
'-:u¡mto mayor sea la densidad del medio que atraviesa. . 

Pur lo tanto, si el primer medio es el airC, tendremos 

rit = 1 

;.· L'lllunccs 

sen r 
11¡ = ---

sen i 
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Volvien<.lo a la figura 27, sup~ngamos, p;tra fijo.••· ideas l~uc los do~ 
medios son, respectivaml.!nte, .aire y vidrio. Podemos ohs~(var qut..· ~¡ 
hacemos pasar el rayo luminoso del aire al vidrio y tic' ~ste nueva· 
mente al aire, este rayo luminoso, al pasar por Sl.."!.!lltH.q ~·ez al ;tire 
seguirá también la Jt.:y fundamcnt¡d lk· Ja rcfratTit.l11 '! "'11 din·cci•.lll ~l..'l·:í 
paralela ~1 la <.le! r~tyo inc..:identt..··antl's de p:1S;tr a tr:tv\·..., il~l vidrio;'' 

' sea que 

Angula i = An~-:ulo r' 
Angula r = AHJ...:ll[o i' 

Para terminar este parágrafo, en la tabla 4 L'xprcsamos: los indit·L's 
de refracción de ~lgunos rnalcriah.:s empleados en luutin,h~cnia. 

. TAOLA 4: l~DICI:s' DE REFIUCCH~S 

M~terial 
1 

Indice de refracCión 

Aire 

1 Ag-ua 1,33 

Vidrio común 1 l,.'l a 1 ,.'"1·1 

Cristal 
1 

l ,.'"JI) ;1 1 ,7~ 
• 

Absorción 

En el ft::nórneno de reflexión de la luz, no todo el fltÓo luminoso 
que incidt..! sobre los cuerpos, se refleja; una· parte de c~tC !lujo lumi
noso, queda absOrbido en mayor o menOr proporción s~g~m los mate
riales Componentes de. cada Cuerpo .. Por lo tanto, los fenómenos· de 
reflt!xión y de absorción están íntimamenll: liga1..:us. 1 . 

La consecuencia más interesante del fl..'nÚnJo..:rw de absorción es 
el color de los cuerpos. Si el cuerpo es de colu1· blancÓ, quit:rc dt..'l..·ir. 
que al incidir sobre él la luz blanca, la refleJa ~..·nteramJnte, sin halw,· 
absorción; por el contrario lOs cuerpos ncgrü"s absorbe1i por cumpll..'lo 
la luz blanca, sin haber renexión V si es de culur ¡zris, Pa1

rtc dt.: la luz 
blanca cs rellcjada y parte absorbida. Un cuerpo :..s,·ryr¡' ~...·jemplu, de 
color rojo a caustl U.c que absorbe todos los co\ort.:s que Cü1i1poncn la 
luz blanca, excepto el rojo; que ref11.!ja sobrt.: c"'ta cul.!~tiún volvemo~ 
más adelante, ·al hablar del colo1·, en general, y de !a luz c~lorc::H.b. 

1 
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Fi~-: . .!S.- Trcmsmi.siJn dirigida. Fig. 29.- Transmisión difusa. 

Tn•••s•nlslón 

Al pasar los rayos luminosos a través de los cuerpos transparentes 
u traslúcidos, se dice que estos rayos han sido transmitidos. 

La transmisión de la luz puede ser dirigida (figura 28) si el rayo 
luminoso sufre solamente la variación debida a la refracción normal; 
~e consigue esta clase de transmisión utilizando cristales claros (es de· 
cir lra11sparentes) y se produce intenso deslumbramiento debido a la 
gran luminancia de los rayos luminosos incidentes. 

La transmisión de la luz se llama difusa (figura 29) cuando el rayo 
luminoso incidente queda dispersado al chocar con el material, de 
rnan·cra que quede iluminada uniformemente toda la superficie del 
cu..:rpo de que se tratt.:; en la citada figura 2_9 se puede apreciar como 
una parte.! del flujo luminoso incidente se _refleja con reflexión también 
difusa. Se puede conseguir una transmisión difusa utilizando cristales 
opalinos, mateados, etc ... , es decir, c_ufrpos traslúcidos. En este caso, 
la luminancia es constante en todas las. direcciones del espacio y el 
deslumbramiento es mucho menor que'en el caso _anterior. 

Difusión 

De este fenómeno ya hemos hablado en los parágrafos que hemos 
dediculo a la reflexión y a la transÍnisión de la luz. Debido a la rugo
sidad tk.• In superficie qtie refleja- o. en su caso que transmite -·d 
!lujo lúminoso, éste se espar<.:c en todas las direcciones del espacio; 
y a t..'Stc fenómeno se le da el nombre ·de difusión. Podríamos añadir 
que una superficie perfectamente difusora .tiene la misma luminancia 
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Cil CU;~Jquiera de );!S dirCCCÍOnes dd esr~\CÍII, 0 ~l";\ 

Lambcrt. 

<J' IL" "Ít!tH! la ky dv 
• 1 

RclncloncM entre rdlL·xh~n. nh~nrclt'm 
y trunsmlslón luminosas 

' 

' 

Cuando· se ilumina una ·superficie, una parte del flujo: luminoso 
se refleja, otra parte atraviesa dicha superficie Y. qt_tcda a~sÜrhi~la p_or 
el cuerpo y, por fin, una tercera parte de la luz mc!~lcn.tc ~e, tr;~nsmtiL' 
a través del cuerpo. Esto quiere decir que los trcs knomfn.o..;- rdk· 
xión, ahsorciún, transmisión- cstún intim:uncntc ligados Y L'll hH.!t ,..; 

los casos tendremos: . . .. 1 : . 

Flujo luminoso total= Flujo lumhwsu n:.[k¡adt~ f.!t,Jo lum111oso 
a!Jsárbiclo + Fluio lrllflil,'"-'11 ll"<lllSllu·:"i"·.l ¡ 

Hemos de tener en cuenta· las siguientcs co!!~te~..:racum~s que, por 

otra p~rte, s.on de· scnti~o común: ./ ! 

, . ' n . 1 . • .1 I ' J. En los cuerpos opacos, el UJO u m m oso transmltt~ o es n~.o. 
Pues la principal cualida-d de los· cuerpos opacos es, prectsa
mente, que no dejan pasar la luz o, dicho de o!.r~ ¡forma, qul.! 

·no transmiten la luz. Si lo hicieran, dtljarían de se( 
1
opacos. 

2. No existe, en ningún caso, cuerpos refkctanti.!S pl¡lr,os. El Cuer
po más reflectante que se conoce es la pbta pul~d1a: y aun en 
este caso, una parte dd f1ujo luminu::>o qut..:da ab?orbiJo por 

el cuerpo. . _ . 1 i . 
J. Según estas explic;aciones, Jos cuc~pos dt:mmatl?s; se convtcr

tcn en fuentes luminosas sccundanas u V!rtual\.·~. Y una parte 
del flujo luminoso que procede de est;~s fuentes ,.¡,r~ualcs pue.de 
percibirsc visualmente: de est;t manera es como 'as superfict.cs 
iluminadas se hace~ Visibles d!rcctamcn~L' u por tr¡nsparencta. 

Ahora llamaremos 
<flo = Flujo luminoso incidente o total 
<t>R = Flujo luminoso rdlt::jado 
<l>.t = Flujo luminOso absorbido 
if'lr =Flujo luminOso transmitido 

Hemos visto anteriormente que 

i 
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Llamaremos fac.tur de reflexión, que simbolizaremos con la h:tra p, 
a la rdación que existe entre el flujo reflejado y el incidente, o sea 

Llamaremos factor de absorción, simbolizado con la letra a, a la 
relación entre el Jiu jo absorbido y el flujo incidente, es decir 

Finalmente, llamaremos factor de tran-smisión, que designaremos 
con la letra b, a la relación que hay entre el flujo transmitido y el 
flujo incidente; o sea 

<l>r 
T=-

<~. 

SL· comprenderá fácilmente que, en todos !os casos. los factores 
dL" rL'IkxiOn, absorción y transmisión son inferiores a la unidad. 

Si en la fórmula que.expresa el valor del flujo total, multiplicamos 
y dividimos los tres términos del segundo miembro por <Ilo, tendremos: 

<flR <!lA <f>T 

<fl., = -- <1>0 + -- <f>o.+ -- '~• 
<l>o 'cflo <fl., 

,., tt·niendo en cuenta las definiciones anteriores 

,-
y .si ahora dividimos los dos miembros por <l>u, obtendremos: 

Es <.k·cir, que la suma de los tres factores· (reflexión, absorción y 
transmisión) es igual a la unidad. La tabla 5 expone los factores de 

·reflexión, absorción y_ transmisión que corresponden a diversos mate~ 
l"ialcs interesantes en Luminotecnia; en muchoscasos, hemos indicado, 
ad~müs, el efecto resultante. Téngrlse siempre en cuenta· que la absor. 
~.:iün r·cpn:senta, en todos los casos, pérdida, por lo que deben utilizai-se . 
normalmL"nte materia!l.!s de bajo factor de absorción, excepto en casos 
111uy espi.!Ciales (por ejemplo, iluminación decorativa). 
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LUM 1 NARI O 

CARACTERISTICAS DE CONSTRUCCION 

Cualquier tipo de luminaria es un conjunto armonioso que integra 4 as-

pectos : 

1.- MECAN 1 CO. 

2.- ELECTRICO. 

3.- OPT 1 CO. 

4.- ESTETICO. 

Y además debe satisfacer los siguientes puntos: 

' 

1.- Distribuir el flujo luminoso emitido por la lámpara para obtener 

resultados óptimos. 
"-- ' 

2.- Controlar ~1 flujo luminoso de tal forma que la l>ri 1 lantez' sea mr

nima., y co~ esto obtener un máxi1no confort visuQI. 

3.~ Tener propiedades mecánicas, eléctricas y óptic~s que lo hagan acle 

cuado para el propósito para el cual fué diseñado. 

4.- Que la lámpara, el. sistema eléctrico y óptico queden protegidos 

contra la acción de los agentes 'externos que se encuentran en el -

medio ambiente que r,odea a 1 1 u minar i o y que pueden afectar 1 a ef i

ciencia del mismo. 

El sistema óptico de un luminaria puede estar compuesto por 
J 

1.- REFLECTOR. 

2·.- REFRACTOR. 

.. 

.· 

. . . 2 
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El reflector es un elemento con la forma y cualidades 6pticas ade-

) cuadas para dirigir el haz luminoso producido por la lámpara,al .área-

por iluminar •. Para su funcionamiento uti 1 iza los fen6menos de reflexi6n 

especular y reflexi6n difusa y puede ser fabricado en cristal 1 iso 6 -

prismático, aluminio anodizado mate 6 bri 1 lante 6 bien lámina de acero 

pintada e~ color bri 1 lante. 

Pero sin importar el tipo de material el reflector debe tener un -

tratamiento contra la corrosi6n que garantize la 6ptima eficiencia el ~ 

mayor tiempo posible, bajo cualquier condici6n de instalaci6n. 

Generalmente SOil de forma parab61i~a 6 el rptica de acuerdo con la 

forma deseada del haz~ 

El reflector elrptico es más eficiente que el p~1·ab6lico, pero pro 

duce un haz más abierto; e 1 ·ref 1 ector parab61 i co, produce un haz más e~ 

.rrado y uniforme pero menos eficiente. En la mayorra de los casos el. r_2· 

flector se fabrica combinando las dos formas para obtener una distribu

ci6n más adecuada. 

El refractor uti 1 iza las leyes de refraxi6n de cuerpos transparen

tes y normalmente está fabricado er1 plástico 6 vidrio. 

Los ingredientes principales que forman el vidrio son la arena 

si 1 ice; carbonato s6dico, cal y borax, en .adici6n con otr·os ingredien

tes menores. La proporci6n de cada uno.de los componentes es conocida 

de tal manera que se lleva ~un' estricto control de ellas, asegurandose .. 
asr la calidad de los productos • 

. . 
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Una vez pPeparada 1 a mezc 1 a se mete en hornos en donde. se funde P.!!_ 

ra ser posteriormente vertida en los mold~s' 
( 

El vidrio puede ser formado por varias técnicas, prensado, soplado 

ó centrifugado. Estas operaciones pueden ser realizadas por método ma-

nual ~ por máquinas automáticas dependiendo del voldmen de producción. 

Ya formada la pieza de vidrio pasa a otro horno para el proceso de 

templado, ·el cual elimina las tensiones internas, asegurando una buena 

_resistencia m~cánica. 

El terminado del vidrio es muy variado y depende del método de f~

bricación. 

La superficie del vidrio puede ser alterada con ácido, arena a pr.!!_ 

sión (Sand Blast), pdl ido,.pintado, ó tefiido. Estas operaciones son us~ 

das para mejorar lair~flexión 1 y tene~ mayor control de refraxión. 

La función del vidrio en iluminación puede ser dividida en las si-· 

guientes categorras. 

1 • .,. CONTROL DE LUZ. 

2.- PROTECCION DE LA LAMPARA. 

3.- SEGURIDAD. 

4.- DECORA~ION •. 

Estas funciones pueden ser combinadas para una aplicación en partl 

cular • 

. Las propiedades de transparencT~, estabi 1 idad de color y durabili

dad del vidrio uti 1 iz~do deben ser exeepcionale~, asr como su maleabi ll 

dad para ser formado en prismas pr•ccisos. 

Sin control de la materia prima la mayorra de los vidrios ó crist~ 

les pueden variar. de color despué.s de una larga exposición a la radia-

ción ultravioleta de las lámparas comerciales ó del sol, por lo que los 

componentes uti !izados deben ~er cuidadosamente estudiados para obtener . 
máxima estabi 1 idad qufmica, si-n cambio apreciable de color. 

. . . 4 
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Dentro de lós v· ,.-,os utilizados, podemos distinguir dos clases 

principalmente: el L.· ·•i licato ó resistente ~1 choque tér~ico·y el 

Hi-Stress 6 de "alt~ , ~sistencia mecánica". 

VIDRIO BOROSiliCATO. 

la tendencia al uso de lámparas de mayor capacidad y el uso de -

lámparas de vapor de mercurio hizo que se desarrollara un vidrio con 

buenas propiedades mecánicas y térmicas, principalmente para uso in-

temperie. 

Dicho vidrio. está formado por borosi licato principalmente, el 

cual contribuye grandemente a reducir el coeficiente de expa~sión, ha 

ciendol~ resisten~e a los c~mbios bruscos de temperatura. 

HI-STRESS. (alta resistencia mecánica). 

Todos. sab'emos que el c1•istal es muy resistente a la compresión, -

pero es. re 1 at i vamente déb i 1 a 1 a •tens i ón. Cuando un v,i d1• i o se quiebra, 

es debido a que el esfuerzo de tensión en este punto ha superado el -

punto de falla. Un vidrio ordinario sujeto a un cl1oque m~cánico se --

flexiona haciendo que la superficie que recibe el golpe se comprima y 

la opuesta sea sujeta a tensión, ocasionando en esta forma la ruptura. 

la caracterfstica principal del vidrio Hi-Stress es que sus su

perficies .están en constante compresión esto se logra con la adición 

de un tratamiento térmico especia.!. Cuando una hoja de Hi-Stress re

cibe.un choque mecánico, la superficie opuesta experimenta' una ten-

sión pero como se encuentra en ~.stado previo de compresión, e 1 golpe 

debe ser suf i e i entemente fuerte para superar 1 a, antes de'" que 1 a ten

sión empieze y vaya más a114 del lfmite ocasionando la ruptura. Si 

ésta ocurriera la rápida desGarga del esfuerzo compresivo hará que, 

el cristal Hi-Stress se estrelle en pequeños pedazos. 

. . . 5 
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Este tipo de crist<~l se uti 1 izd en lumin<~rios sujet'os a golpes co 

mo son gimnasios, áreas pcl igrosas, instituciones penales, salas psi-

quiátricas, etc. 

P l A S T 1 C O 

El uso del plástico en dlumbrddo l1a sido aumentado debido princi-

palmente a su poco 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 vinfl ico, po

I i est i ron o, acr r 1 i co y u 1 ti m amente e 1 po 1 i carbonato. 

la selección del ti~o de plástico a utilizar en i luminaci6n depen 

de de las condiciones ffsicas y económicas en donde se vaya a usar. 

E 1 acr r 1 i ca· es e 1 materia 1 más usildo en 1 a fabr i ca·c i ón de di fu so-

res po~ 

~- SU ESTABILIDAD EN COLOR. 

* SU ALTO COEFICIENTE DE TRANSMISION. 

* SU bUENA ESTABILIDAD DIMENSIONAL. 

~' SU RESISTENCIA Al IMPACTO. 

* SUS CARACTERISTICAS.INVARIABLES B-AJO CONDICIONES NORMALES. 

Ad~más el acrfl ico resiste la 1 luviil, sol, caJor, frfo, etc. Y no 

es afectado por la mayorfa de los gases ·industriales. 

METODO DE MANUFACTURA, 

los diseftos de lentes prismáti6os pueden ser hechos por 

extruidos ó inyectados a presión. 

rolado, 

En alumbrado, la cill idad y o¡o,fectividad de un s.istema óptico es-

.tan bueno como sea el proceso mecánico que siga para producirlo. 

. . . 6 
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-------~-----:---------,fi.;r __ -;,-sto,---:l·a-reproducd·ón-de-l·entes prismát-icos requiere un pro c.!:_ 

so de a.l ta pr.es i ón c01rio e 1 de inyección, ya que so 1 o de esta forma se 

tiene la presión suficiente para llenar el molde y la precisión necesa

ria para controlar· la luz. Los productos deben estar hechos por este 

proceso, además de utilizar moldes adecuados para minimizar el flujo lu 

minoso en la zona de 60° a 90° con· respecto a la ver-'tical ya que ahr es 

donde se ~ueden producir deslumbramientos molestos. 

El exceso de bri 1 lantez en la zona de deslumbrámiento de 60° a 90° 

con relación a la vertical disminuye (a-comodidad visual y es perjudi-

c¡al a los ojos. Se ha demo-strado por los investigadores cient(ficos -

que la agudeza visu-al disminuye con el cuadrado de la bri liante% direc-· 

ta en 1~ zona de deslumbra~ie~to. L~s sistemas de rol~do ó extrusión -

son procesos de relativa baja temperatura en los cuales el plástico --

suavizado pasa a travéz de rodillos-dados y es expuesto inmediatamente 

después a la temperatura ambiente. 

·Esto dá como resultado un producto con considerables esfuerzos in

ternos en 1 os prismas ·que ha ce que se defor·men prematuramente además de 

irregularidad en su estructura prismática causando un control deficien
' 

te de luz, aumentando el deslumbramiento directo. . . 

Exi·sten _en el mercado una gran variedad de diseños prismáticos, t.!:_ 

nien~o prismas de diferentes formas ;·diseños como son : piramidal de ~ 

bas<:o cuadrada, pentagonal, circui.Jr Génico, en forma de estrra, etc. To 

dos el los embutidos ó salientes. 

De todos estos tipos de prismas, el más adecuado es el tipo circu

lar cónico ya que es el dnico que nos garantiza un control sobre el ra

yo luminoso en los 360°. 
.· 

Porta-lámp.:lra: Es un elemento muy importante ~a que su función además -

de alimentar eléctricamente a la lámpara, debe· darle un soporte mecáni

co adecu.Jdo para mantener a· la r~mpara en el foco óptico ppeviamente-

¡j • • • 7 
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. definido; en ~lgunos casos el porta-lámpara no es suficiente para mante

ner la lámpara •n. posición. Sobre todo en zonas de mucha vibración, por 

1 o qu_e son nccesar i os soportes extras. 

El gabinete ó ~arcaza proporciona protección contra la· intemperie 

a la lámpara, balastro y demás partes de la unidad. ·Está compuesto por 

uno ó varios el.e~entos los cuales deben tener resistencia a impactos

mecáni~os, rigidez, resistencia a la corrosión y no deben. ser deforma

dos por elementos extra~os ó por vibración. 

Su forma, dimensiones y el material de fabricación deben correspon 

der al tipo de luminaria y Watts de la lámpara, asr como a la zona de -

instalación, su dise~o debe facilitar el mantenimiento y reemplazo de -

la"lámpara y además debe ser un cuerpo estético. 

El montaje del 'luminaria puede s.er reul izado con elementos integra 
. ' -

les 6 bien con elementos anexos como son postes, brazos, etc. Pero sin 

importar el elemento de montaje este debe ser dise~ado para garantizar 
. \ 

e.l fáci 1 acceso al luminaria. 

Los luminarias se clasificun de acuerdo con el CIE (Comisión Inter

nacional de 1 luminación), por el porcentaje de luz emitida sobre y aba

jo de la horizontal ( Fig. 1 ):· 

DI RECTA 

SEMI DIRECTA 

GEN ERAL O 1 FUSA 

DIRECTA INDIRECTA 

SEMI INDIRECTA 

INDIRECTA 
.· 

La forma de distribución pued~ varia~ dentro de los 1 rmites antes 

senalados, dependiendo del tipo de la fuente d~ luz y del dis~no del -

lumina.rio; por lo que podemos .t.,"~,bién clasificarlos por el tipo de cu.!: 

va ( F i ~l. 2 ) • 

l 
. . . 8 
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-------- ·-- __ _._ __ 
~----~-~~~~~~~-~--AL-T-MIENTE-CONCENTRADA.~----~HAST-A-0-;-5~At:TURA-DE-MONTAJE~.-----

CONCENTRADA DE 0.5 A 0.7 

M ED 1 A DE O. 7 A l. 5 

EXTE~SIVA DE 1.5 A 4.5 

SUPER EXTENSIVA DE 4.5 A 12.0 

Todas las anteriores pueden ser simétricas 6 asimétricas. 

En los sistemas de i luminacióp con. equip~ tipo directo se pueden 

usar todas las curvas descritas anteriormente. Este tipo de sistema de 

i 1 u mi nac i 6n ti ene muy alta ut i 1 i zac i 6n, pero se peduce bas~tante por 1 a 

necesidad de minimi 
2
ar el brillo, además no se .recomienda en áreas pe

queftas por que se presentan los problemas de bri 1 lo reflej~do y som--

bras. 

El sistema de i luminaci6n semidirecto es utilizado b6sicamente en 

las mismas condiciones del di r·ecto, con 1 a ventaja que la componente -

superior atenda las sombras y mejora la. relación de 'bri 1 lantez. 

El sistema de i luminaci6n directo-indirecto, debido a la poca emi 

si6n de luz en los ángulos cercanos a la horizontal reduce la bri 1 lan

tez en la zona de brillo directo ( 60° a 90°·). Este sistema es mejor 

que el general difuso, pues eate dltimo distribuye la luz en todas di

recciones careciendo de control de bci 1 lo. Los sistemas semidirectos e 

indirectos eliminan virtualmente lils~sonibras ya que todo el techo 6 e.l!. 

tructura pueden funcionar como un reflector gigilnte. Para que esto pu~ 

da operar, es necesilr i o. qu'e e 1 techo Y.~ 1 as paredes tengan a 1 ta ref 1 ec

t¡¡ncia, ya que de otra form¡¡ la energfa eléctrica para mantene~ el ni-

. vel de i luminaci6n calculado se incrementa enormemente. 

Dentro de las curvas super extensivas se encuentra toda una gama 

de distribuciónes, las cuales son ~tilizadai.para el disefto desiste-

mas de alumbrado pdbl ico. 
.. 

En el disefto de estas curvas se toma una alturil de montaje cons-

tante, por lo que es necesario tener diferentes distribuciones de luz 
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para rluminar di"fcrentes anchos ae canes ,usando ¡Ji"fcrentes" espacia-

mientos. 

Las·curvas para ~lumbrada pdbl ico se pueden clasificar tomando

en cons¡deraci6n : 

• A.- SU CONTORNO DE DISTRIBLICION LATERAL. 

B.- SU CONTORNO DE OISTRIBUCION VERTICAL. 

C.- SU CONTROL DE LUZ SOBRE EL CONO DE MAXIMA INTENSIDAD. 

La distribución lateral es apl-icable par~ difenentes relaciones 
' 

. de anchos de calle a altura de montaje y se dividen en : ( Fig, 3 ). 

TIPO 1 

·TIPO 

TI PO 11 

TI PO 11 

TIPO 111 

TIPO IV 

TIPO V 

Cuando el· conb de máxima potencia pasa a 1.0 A.M. sobre la 

lrnea perpendicular a la cal le. 

Cuatro vias. Igual pero con cuutro rumillcs. 

Cuarido el cono de máxima potencia pas~ a 1.75 A.M. sobre

la 1 rnea perpendicui.:JP a la calle, 

Cuatro vi as. Igual pero con cuatro ramales. 

Cuando el cono de máxima potencia pasa a 1.75 a 2.75 A.M. 

Cuando el cono de móxim~_potencia pasa a más de 2.75. A.M. 

Es una distribución simét~ica, 

La distribución vertical es apl icable'para diferente¿ relaciones. 

de ·espaciamiento a altura de mon-~aje y· se dividen en : 

DISTRIBUCION CORTA 

DISTRIBUCION MEDIA 

O 1 STR 1 BUC 1 ON LARGA ·_ 

4. 7 5 A.M. 

4~7 5 A 7. 5 A.M. 

HASTA 12,0 A.M. 

•••• 1 o 
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-- --~- ~- ---~ --- -- ·-·-- - ~- ---- --------~--- --·-------- - ----·--
-------'-~--~--s-i-tomamos-en-cuanta-e-1-control-de~luz-s;;br~-eC-~on-o-::.-de-_:-,;;-.fxlma -,.,::. ___ ~-

~ .. : . 
intensidud, lo.s luminarias para alymbrado púb'l ico se dividen en : ---

( fig. 4. ). 

A.- CUTOFF 

B.- SEM 1 CUTOFF 

C.- NON CUTOFF 

El 
. \ 

luminaria con curva tipo cutoff es designado así cuando las -

candelas no exceden 2.5% a un ángulo de 90° sobre la horizontal y--

10 % a· un ángu 1 o de 80° sobo•e 1 a hor• i zonta 1 . Esto se ap 1 i ca a cua 1-:-

quier ángulo l11teral alrededor del luminaria. . . 
El luminaria con curva semicutoff es designado así cuando las -

candelas no exceden 5% a un ángulo de 90° sobre la horizontal y 

20 % a un ángu 1 o de 80° sobre 1 a hor i zonta 1. 

·ri o. 

_Esto se aplica a cu quier ángulo laterul alrededor del ----a:r lumina--

El lumi"!ario con curva owncutoff no tiene ninguna 1 imitación de 

emisión de candelas en cualquier ángulo. 

CU~VAS FOTOMETRICAS 

La curva fotométric11 de un lu~o_inao·io es una gráfica representatl 

va de la emi~ión de luz del mismo, por lo cual es un elemento indis--
-· pensable en el dise~o de cualquier sistema de -alumbrado, es decir, el 

luminaria de acuerdo con este dato debe ser aplicado de tal forma que 

llene las necesidade~ del proyecto, tales como nivel de iluminación, 

uniformidad sobre el plano de trabajo, altura de montaje, iluminación 

sobre superficies verticales, etc. Todas estas condiciones nos obli--
.· 

gana uti 1 izar las curvas fotométricas. 
1 

Es usual que los fabricantes de lumin""'lrios proporcionen esta Cu.r. 

va únicamente como un valor thdicativo de la distribución de flujo, -

_,_u· .. •.•. 11 
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--- ~- ----. -·~~--· -e-s_~e~~c,;_:_ú-ñiCanlC~.te~p ~op-a ~c·_¡_Oñan~CJ-=--~ont~r~-~de"~l-~~cu ~~~a~(--f-¡_g-:- 5-f~ __ ._ -- ---

·Esto en realidad ,no es ninguna ayuda, ya que no es una herra----• . . . 
mienta de c~lculo, e~~indi•pensable que ~nicamente se ~ti lizen curvas 

t . . . . / ... 

con datos tabulados p~r el. fabricante { fi~. 6 ) •. Los ~~lores en la -

columna central representan .. la potencia medida en candelas a los ting_!! 
·.• 

.los correspondientes, por lo cual. .. son :los ú~'icos valores ·confiables -
. . . ·.. . 

para el_ ·~~lcul.o. Anal izemos los elemento~ que normatm~nte incluye un 

'rep0 r.te fotométrico. 

1.- En la parte central, sobr'e un sistema de ~oordenadas polares se

encuentra dibujado el contorno de la curva. Esta es obtenida en el la 

boratorio, y como se dijo anteriormente es la-representación gráfica 

del comportamiento del lumiriario. 

Si la unidad tiene distribución simétrica solo necesitamos un s.2 
1 

lo plano, pero si nosotros s~bemos: por adelantado que la distribución 

es asimétrica entonces necesitaremos curvas f_Otométr i e as en todos 1 os 

planos principales para poder obtener 1~ información del funcionamie~ 

to completo del luminaria. 

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-

re·s. es· posible computar el rendimiento luminoso en lúmenes del lumina 

rio·como un· total del porcentaje de lúmcnes emitidos por las lámpa--

ras, ó bien para cada zona en part.i.cular. Estos datos se encuentran

en la parte inferior izquierda. 

Estudiarémos la emisión de flujo en las varias zónas tomando el 

punto 0° como pur>to de referencia. El porcentaje de flujo .luminoso en 

la zona de 0°-180° nos dti el va4or de la •fi~iencia total de la uni--
.· 

dad de iluminación. 

El flujo de 90°-180° nos indica el pof'·centaje de la luz transmi-

tida arriba de la hori~ontal; el porcentaje de 0° a 90° nos dá el fl_!! 
' . .. 

'. jo luminoso transmitido l•acra abajo de la l•orizontal. El flujo emiti-

' i . 
. ·1. 

.... 12 
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' 
--------,do-en~J-a-zon·a-de-0 °"60 o-¡ n·d i·ca~e-1 porcentajeút_i_l_def lujo! u m i""nc:o::cs;;-o0:--:;s:;o:-----

bre el plano de trabajo. En áreas donde las unidades están montadas a 

relativamente b~jas alturas, un mayor porcentaje del flujo en la zona 

30°-60° 1 lega a las paredes, de manera que para alturas de montaje me-

dias (4.50 a 7.50 metros), solamente e.l flujo -en la zona 0°-45° nos dá 

una indicaci6n de la luz útil hacia abajo y para alturas de montaje ma 

yores (más de 7.5 metros), debemos considerar únicamente el fluj~ en -

la zona 0°-30°, como luz útil. Es decir, en otras palabras, un reflec-

tor industri•l de ilto montaje diseAado para alturas de 7.50 metros 6 
' más, no es efectivo si produce un alto porcentaje de flujo luminoso 

en la zona arriba de los 30° del nadir o vertical. 

-(a porci6n del flujo luminoso en la zona 60°-90° debe ser estudi~ 

da cuidadosamente porque ésta es la luz que llega a nuestros ojos di--
. 1 ~ . 

rectamente y nos produce-deslumbramiento. Por ejemplo, es posible te--

ner dos unidades con el mis~o rendimiento lumfnico úti 1 pero con dife

rentes P.OI'porciones de flujo luminoso en la zona de 'deslUmbramiento y, 

por lo tanto, con ~na con~iderable diferencia en la cantidad de deslum . . --
bPamiento directo. 

En l.a parte infe~ior derecha se enc~eniran los lúmenes para cada 

zona. 

Estos son obtenidos en laboratorios y son uti 1 izados para-conocer 

_la emisi6n luminosa del luminaria en diferentes zonas. 

Por· ejemplo tomemos la zona oo-·a 10° tomamos la lectura_de las 

~andel as a la mitad de la zona 5° y multipl i6amos este valor (10870 

candelas) por la constante de zona 0°-10° (0,095) obteniendo 1032.65 - .. 

Júmenes. 

Este mismo procedimiento s,e· ut i 1 i z6 para obtener 1 a ef i e i ene i a 

dei luminaria anteriormente expl{cado, 

Las unidades de iluminaci6n deben ser diseAadas para usarse con

espaciamientos perfectumente definidos para áreas interiores o exteri2 .. 
res y es import~ntc nq ~x¿cdcr el -espaciarnicnto_ máximo para una altura 

·de montaje dada, pues de otra manera no se obtiene una i luminaci6n unl 

forme sobre el plano de trabajo. 

< 2 .l. ... • . 13 
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Una uni~ad de iluminación debe de ser diseRada pa~tiendo de la 

curva fotométrica.de la distri~ución deseada y por esta razón, todas-
. ' . 

las unidades de iluminación manufacturadas deben producir curvas de --

distribución 1nuy aproximadas a las curvas fotométricas ideales a frn -

de ~roporcionar una distribución lumfnica adecuada. 

A v~ces, es necesario evaluar una curva de distrib~tión en fun--

ción de la extensión que abarfa su flujo l~m(noso hacia abajo y no ob·s 

tante que esto es relativamente diffci 1 para unidades diseRadas para -

aplicaciones con espaciamientos muy grandes, existe una regl"a muy sim

ple para estimar la relación de "espaciamiento 1 altura de montaje", -

de unidadei tfpicas 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 mqntaje" 'es 0.5; para relaciones de-

1.0 y 1.5 respectivamente las distancias angulares del 0° a los puntos 

con n1itad de potencia luminosa son 35° y 50°, esto se logra dividiendo 

esta distancia angular entre 34°". 

Para usar es~a sirnple regla vamos a suponer que tenemos una uni-

dad de iluminación cuya distribución es tan concentrada que el punto -

con la mitad de potencia luminosa en bujfas está a los 10°. Esto signl 

fica que esta unidad no debe' espacl"arse a más de 3 décimas de la altu'

ra de montaje sobre el plano de tru~ajo para. obtener una iluminación

horizontal uniforme sobr~ dicho plano. 

Por otr~ parte si se desea espaciar los unidadCs de i luminaci6n a 
1 

una distancia igual .a la altura de montaje, porque las condiciones de 
' 

la instalación asr lo requiere, ·entonces una curva de distribución cu

ya extensión angular sea extcnsi~a proporcionará demasiada l'uz en las . ~ 

zonas superiores, la .cual está sujeta a int-erferencias debido a mampá

ras, maquinaria, equipo, estibas de materiales, cte. Para un mejor di-.. 
~eno, las unidades deben local izarse dentro de su máxima relación de -

"espaciarniento-altura de monf~je". 

. ... 14 
1 'l 
·' "' 
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~-"--_Vamos~~ ahor~a ~~a -"es u m i.r_ la técnica -que -emp 1 ea remos ~en ~ana~l-i~zar-y 

evaluar una curva fotométriéa. 

~ ~ 1 ~ 

1.- Asegurarse que la c~rva tenga una escala numerada con valores de 

bujras. 

2.- Asegurarse que el rendimiento lumrnico de la lámpara de pruebas -

esté indicando. 

3.- lnvestrguese si la curva fotométrica representa la caracterrstica 

total lumrnica de la unidad, en lugar de un plano especrfico úni-

·canlente. 

4.- lnvestrguese la distribución del flujo luminoso es~ecialmente en 

las zonas 0"-30", 0"-45°, o•-6o•, 60"-90°, y o•-1So•. 

5.- Cerciorece de que la curva fotométrica represente una unidad de

i luminaeión adecuada para el espaciamiento y altura de montaje de 

la instalación en cuestión. 

6.- Cuando se trate de dist~ibuciones concentradas 6 asimétricas, in

vestiguese la dir~cci~n de la ~otencia. 

Vamos ahora a probar nuestra habi 1 idad para analizar curvas foto

métricas de varios tipos. En la la. hoja se ilustra una curva fotomé

trica ~de una unidad de iluminación del tipo esencialmente de distrib.!:!. 

ción hacia abajo. (Prismpack 630). El flujo en las diversas zonas ve

mos que es del 69.1 %de rendimiénto en la zona úti 1 y s¿lamente 1.1 

en la zona de deslumbramiento • . · 

No pasemos desapercibidas las pequeñas orejas de la curva que r~ 

~presenta la componente lum~nosa hacia arri~a ,Y por lo tanto que ésta .. 
\ u~idad dirige un 12.1 %de su rendimiento hacia e) techo • 

1 4 • • • • 1 S 
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--------~--~E-1-punto-de-med-i-a-pot-enci-a-luminosa-está-a-25°-aprox-imadamente------

indicando que la unidad puede ser espaciada 0.73 veces su altura de -

montaje. la distribución luminosa es simétrica y es aparente que ésta 

es una curva fotométrica de una unidad de iluminación tipo directo, 2. 

dccuada para la iluminación de fábricas, gimnasios, etc. En la 2a. se 

ilustran diferentes tipos de curvas, la la. curva es de una unidad 

con distribución asimétriéa más bien concentrada (F-798). E~ aparente 

que esta unidad es adecuada especialmente para la iluminación de su-

perficies verticales porque la distribución fotométrica en un plano -

transversal dirige la mayor.part~ de luz hacia la superficie vertical 

y en el plano lateral la luz se difunde sobre la superficie vertical 

por iluminar. la 2a. curv• ilustra una curva similar_ pero en este. ca-
• 

so la fuente luminosa es u~a lámpara fluorescente (9012). Sin embargo 

debido a que las aplicaciones de iluminación son similares, las cur--
' 

vas fotométricas deben ser necesar~amente del mismo tipo, cualquiera 

que sea la fuente luminosa empleada. la 3a. curva ilustra una uni~ad 

con distribución asimétrica (C-824). Esta untdad se disenó para la i

luminación espec[fica de corredores y yeremos ·si sus caracterfsticas 

fotométricas son adecuad<Js para_ este tipo de i luminá'ción. la curva t_2. 

-mada a lo largo del corredo~ muestra que e~ta unidad tiene muy baja 
' 

pot~ncia luminosa y por lo tanto muy baja bri 1 lantez en los ángulos 
• 

superiores, ló cual significa que f~ unid~d será muy cómoda a la vis

ta de las personas que se aproximan a el la. -· 
Usando nuestra regla sobre relaciones de espaciamiento vemos que 

el punto con mitad de potencia lumfnica está a los 49°, lo cual indi

ca que la unidad puede se~ espaciada una y media veces la éltura de_

montaje para obtener una iluminición horizontalmente, u~lforme. la--
.· 

curva de distribución transversal al corredor muestra que hay una co~ 

ponente considerable de luz dirigida hacia.las paredes laterales y--

también hacia el techo, lo cual es bueno p'a['a dar la impresión de una .. 
iluminación abundante. De lo anterior se deduce que esta curva de di~ 

tribución fot~m,trica es ide<JI para una unidad de baja bri 1 lantez di

señada para iluminar el techo, las paredes y el piso de un corredor,

de acuerdo con la técnica más moderna. 
.Í 5 .. .. 16 
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La siguiente curva muestra una distribuci6n muy concentrada. Es

ta unidad es .adecuada paril alto montaje. El punto con mitad de ~oten

cia está a 18°, lo cual indica que la unid<Jd puede ser espaciada a un 

poco más de 0.5 veces la altura de montaje. Los datos del rendimiento 

1 u m rn i co indican que un gran porcent.aje de 1 f 1 u jo está en zona 0-30 -

( 54.4% ), y una pequefta porci6n de la zona de deslumbramiento ----

( l. 6 % ) , es interesante comp,arar 1 a cantidad de 16menes de esta unj_ 

dad con la de la lámpara sola, la cual emite 21500 l6menes, o sea 

4301 16menes más que 1 a unidad de i lum in ación; 1 o que nos da una ef i

,ciencia de 79.9 %. 

Finalmente vamos a considerar una distribución muy interesante -

en la 61tima curva y nos preguntaremos si las caracterrsticas fotomé

tricas de esta unidad son <Jdecuada.s para la i luminilci6n de áreas ext~ 

riores cuando 1" unidad se monta sobre la pared de un edifi~io (41S). 

Debido a su distribución concentr<Jda en cierta dirección, el análisis 

se hará por medio del estudio de los valores de las p~t.;ncias lumrni

cas principalmente. En la dirección vertical se vé claramente que la 

mayor parte de su rendimiento lumrnico está en la zon~ entre los 70° 

y 80° de vertical. Sin embargo, la distribució~ lateral en el cono de 

lo~ 75° (tomada a través de la máxima potencia luminosa), muestra que 

la mayor parte de la luz es dirigida en direcci6n opuesta al edificio 
' 

con· solarnente.una pequeña parte enviada hacia la fachada misma. No se 

espera que· de una breve plática como·osta, convierta a todos ustedes 

en experto~ fotométricos, pero yo confro que dada la atención y el iu 

terés que se han servido prestarme, ahora está ustedes capacitados pa 

ra comparar curvas fotométricas"e investigar las caracterrsticas lumf 
.· 

nicas de las distintas unidades de i luminaci6n, por medio de sus cur

vas fotométricas, aplicando las pocas reglas que he descrfto en el -

curso de ésta plática. . . 
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CLASIF\CACION % DE LUZ RESPECTO A LA DISTRIBUC ION 
HORIZONTAL DE POTENCIA 

1\RRIBA AOAJO WMINICA 

1 -w-0-10°/0 90-100% 
, .. 

DIRECTA , 

SEMI-DIRECTA 10-40% 60-90% -z$ ~ . ' 

' 

DIRECTA 
40-60% 60-40% ·-$-. I~WIRECTA' 

.. 

GENERAL 
G0-40% 40-60% -$-DIFUSA .. 

SE1-~-INOIRECTA 60. 90% 10-30% -~ . 
-

· INDIRECTA 90-100% 0-10% -· _\12 
1 -- . 

" SOLO CLASIFICACION lES i 

' 
o 

FIQura L. CLASIFICACIO.NES CIE-IES. 

o 

. 

.. 
; < 7 ' ; 

1 .1 1 1 1 1 1 1 1 1 1 
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MEDIA DE 0.7o l5 ALTURA DE MONTAJE 

FIG. 2 TIPOS DE CURVA. 
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DESCRIPCION: TIPOS DE DISTRIBUCION LATER~L DE LUZ. 
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200 e d. tOOcd. !JOcd. 50 e d. tqocd. 200cd. 
90° 90° 
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' ' ' -- -~ 

o) CUT-OFF (HAZ RECORTADO) 1 

o o 

b) SEMI CUT- OFF (HAZ SEMI- RECORTADO) 

lOO e d. 200 e d. 
---.--90° 

80° 00° 

--

o• 
e) NON CUT-OFF (HAZ NO RECORTADO) .. 

Fig. 4 



- --- ----

N 

(o) REFLEXION ESPECU
LAR 

( b) REFLEXION EXTEN
DIDA 
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(e) REFLEXION DIFLSA 

(e) REFLEXION MIXTA (e) REFLEXION DISPERSA 

CONFIGURACIONES DE REFLEXION 
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Ten of Ho 1ophane No. 635 

-
Position of Lamp Light Center 2-3/8" be1ow top of 

glass reflector 

Remarla Unit. tested with 400W, Multi-Vapor, 
Super-Hi and Metalarc Lamps. Candlepower 
and 1umen va1ues are average of the three 

tests on 31000 1umen basis 
Lamp 
Lumens 31000 Ampr. 
Wattr 400 Volts 
Bulb BT-37 Fil. 
R.P.M. La.mp & Accessory - 50 
Test Oislan<e 25 Feet 
Tos! Cell tJo. G-'9 

· Tosiad by 

Certifi.d by.'<? 1 ~ti;_ ·- -

FIGURA 6 DATOS FOTOMETRICOS 

Dirfrib.vtlon Dala 

o. 11680 
5 10870 1060 

10 10950 
15 12690 3540 
20 13660 

25 15200 7130 
30 17520 
35 14300 8280 
40 6410 
45 1865 1900 

710 50 
55 
60 
65 
70 

365 370 
205 
130 135 
85 

75 55 65 
80 45 
85 30 35 
90 20 
95 30 30 

105 40 45 
115 50 50 
125 295 265 
135 985 765 
145 1465 920 

155 
165 
175 
180 

995 460 
450 125 
245 25 

Zone 

o~-· 

265 

Output Dala 

0-45 21435 
0-60 22280 

60-90 235 
90-180 2685 

0-180 25200 

% Tchl 
Lur.j) 
lum1~1 

69.2 
7l.E. 

a.: 
81.3 

Dote January 26, 15~ 

File 

Test No. 21372 



-PHOTmllETR~TESI~REP-ORT 
HOLOPHANE COMPANY, INC. 
ENGINEERING CENTER 
NEWAR_K, OHIO 

Test of Holophone No. 630 

Positlon of Lomp Light Center 2-9/16
11 

below top .Df 
glass reflector 

Remarks 

Lomp H33-IGL/C 
· Lumens 20 000 

Watts 400 
Bulb BT-37 

Mercury 
Amps. 
Volls 
Fil 

R.P.M. Lomp ond Acc~:s~:tlry-50 

Test Oislonce 25 F1.1et 
Test Coll No. G_:8 

Testad by 

Certit"ied bg' 

Distrlbution Oota 

Angle · Cand le-
Oegreo' power 

Lumt:ns 

f---+-----1 

o 16950 
5 16600 1575 

10 16050 
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 
so 43 
85 39 42 
90 29 
95 60 66 

105 155 164 
115 ···3 !9 316 
125 ·~P2 414 
135 i(.l:! 466 
145 6&0 427 

155 060 398 
. 165 570 161 

175 58 6 
180 10 

Out pul Dota 

Zone Lumens 
0/ 0 Total 

Oegrees Lo m p. 
Lumrc.ns 

0·30 9415 47.1 
o- ·15 12 418 .. 62. 1 
0-60 13812 69.1 

60-90 236 1. 1 
90-180 2418 12. 1 
0-180 IG4G6 82.3 

Date Me y 28, 1962 

File 

rest No. 19575 



HOLOPHANE NO. C·824 CORRIDOR LIGHTING LUMINAIRE 

r 
~ 
¡¡ 

• o o • 

l 

No. C-824 
Longitudinal section 

"" " " " 
'" " " •• <O 

ll 
" ll ,. 
¡¡ 
' 

COEFFICIENTS OF UTILIZATION 
ZONAL-FACTOR INTERflECTANCE METHOD 

floor lD% ,.,. 
Criting U;; u,. 111: ... 
Walh Ur, U:o 5Gr,. , .. 51 ;o u;; U,:; "~ 

J ·-· -77 _, -" _, .77 ·" ·" ·" 1 ••• ,, ·" ·" .77 ·" .. ,9 .lO .77 
H 1.0 .39. ·" ·" .JI ·" ·" ·" .JO 
G 1.2S ... ·" ·" 

_, 
·" ·" ·" ·" , 1.5 

• ,_. 
D '-' Corrido• lighli"ll vñit. lt•r•• room ind .. u o•• 
e ••• 1101 grneroll1 found ;,. greo• llrin1Jihio trp• unir • 

• <4 
A S4 

~at.No. Lamps 
C-824 1-150 W. 1Ai3) lnc. 

2-75 W. lnc. 

H~ 
"' "' "' 
"' '" '" .. 
'" 
" " "' l!l 

'" " " "' " " 

f----~·824-2 
'--,---0 9 ~o bt~ntion Ri~9_-~_' Surff:'.c• Wir~g. 

Maximum 
Spacing 

Ratio 
1.5 
1.5 

Lateral Section 
No. C-824-2 

lon¡itudinal Section 

No. 0900 Extension Ring 

: et" · 

FACE VIEW 8ACK VIEW 

r 13~· ~r·. 
-~-.;=:,~- -----------_ -:c~-~-=--=~n;: . 
-•·f: -'""-I..G rv:>N..-...-<0 1 i lc"~;:?~-:-c _:;.;-, -1ft 

1'=-----i"'-:""...:.:.=---=-::l': =--:.- ;;.J__L. 
-~l-__ ......_ -. 8.. 1 ---", ¡--:t"" 
1 ___ :__:____:-:-,3. ! 1 1 
1

•-··------------- 13!" ......:..__ _______ __:__ 

No. 0900 extension ring for No. C-824 lumin~ire when 
surface type wiring is required. 

CATALOG DATA 

Dimens¡ons in lnches 

len¡th \Yidth Depth 
Net Wgt. 
Lb_""~ 

131,~ g:,J, 6 61.'1 
13: .. 4 91'• 6 6vl 

2h -
UNDERWRITER'S ltlSPECTED ElECTRIC FIXTURE lABEl 

HOlOPHANE COMPANY, INC. 
Coprr.i&hl 1962 by Holophan• Compony, lnc. 

• 1120 AVENUE OF THE AMERICAS, NEW YORK 36, N. Y. 
Prinltd in U.S.A. .SM-J.9 64 



F,798 VERTICAL SURFACE LIGtHING UNIT 

PHOTOMETRIC_T_E-ST-REPO_R_T ____ .:__r¡--:_--:-_-_-:;.-.• -~ 
• 0\0rHo.NI """'ANY, ~C. [2~---··-·--, ,_:c ..... , 
"''"'"""'"" axtU ., .. ....._""'o ..... ,,.__,.~ .. , 

o· ~-:s~; 
ll ~}j 
~~ :L~¿ : H~c 

lC l)CC )7~~ 

"i J~t:S 

" }7f~ !l:.! 
l7i ll ~~ 

" <a~· . ~:.~~ 
;¡¡ lb~~ ,, 

H~~ ! ll.~; 
21i l ~'S 
~o. "' ~;L 

'" "' JS m ó),:. 

" l ~~. ll< 

" "' 7) 

" " 1! " " " 61 " 
" ~l " " 4L 

" " " " " t< " 

,......., flf .....,, lltt.\ Cer.ur ~-l ~ .. • "'"' bot.\c.; 
~e lene..,..( <:t••~ 2·~:U' 

··-

' 0.0,..0. Oooo 

Di~tribution Curve No, F-798 

Salid Curvé-Vertical Dislribution in Plone of Olf•et 
Dolled Cvrve-lol11rol Oistribution in Plone ol Mc111im~o~m 

Condlepower 

. .1--·-

o:--i -',' ,-~~--1 -·· .. - . . . r~ -~- .... . . . .. .. . 
. .. .. -·. . .·. ~ 'i i' ,...·-<.;...:·:·7.¡ t. __ ... ________ .... :..:":.....:.-.~ _. ____ ..:= __ ~::.:. 

CATALOG DATA 

Roughln; ••• 
Col. No. lompl lenglh Width Depth 

,.,. 1-150 W. lnc. IPt IPi 6'"-

Dimensions in lnche1 
~ 

fon Piole fromed OpcnÍng N•t Wgt. 

~~----~~~----~~----~L~bi. Each 
ltngth Width l•ngth Width 

ll'i 13~ 12'.'1 121.'1 17 
--· .. 

Platltr flange No. 0'251 for f-798 ond No. 02097 - 4' Fluil•l• Condwit/Conne,c.to~~ ovailabl• on 1eparat• ord•t. 

Unilt or• not wi••d. 

HOLOPHANE COMPANY, INC. • 1120 AVENUE OF THE AMERICAS, NEW YORK, N. Y. 10036 

~"'"'"~ '" u ............. u 
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VERTICAL SURFACE FLUORESCENT 9012 SERIES 

;~;=t~:~=;J; :·;·~-~---· 

1 ~ .............. 

.•. · 

~ •·. ' . . ' 
r.~ 

' 

·.:.. ¡,','. 
,''.' ¡ •. 

............ " . 
'-. . ..... , .. ... 

·. ·. ·.: ·.·! ~-¡ 
~:¡ 

..... .e 
= ... :_~ ...... 

...... .• ......_ ":... . · . .r 
--.. __ . .. . ·_ .. _·-~-

·~ '.:. .._ . '". ,. . . . ,• -- ... ? < . ;,c.: S-~~:-~·._.. : -::>/ 
k: . . . - ·.. . . . ·---:-~-- 7 . . ] 
.... :.;·.::: .... :~.-~~ ••.. ·.·':·_7":_· .. .: .... ~.- .. :l;. ..... ._· .. --~;·1:..~,:.··-·.: ..... :. ~- // •. 

-~----- (3;j/r.'" . .,, _____ ,_~ .......... ::J 

J 1 [
-11( : - • • ·~ T '' 

: -,-·-. " . -_:; "· ~ ,_;· .. ~~- . f 
C('ilin~ construction. ExtPrior parts arr finh>lll'd in pNtrl 
~:ray t•nnnwl to blc>nd with adjat•ent ct.•ilin¡: nmstruction. 
Pri:;m:~tic CON1'ROI.!-:Ns" are' peri11anC'nt iil thí•ir li~ht 
controlling propcrtiC's. TIH•y rr.quire nwrely routim· 
washing to rt:>store initial pfficiC'ncy nnd .1rr rcrnow><l 
simply by tippin¡:; and tilting for l'a:>y rc:lamping o( 

1 
"' e~_.,..- 6''-fl--.J 

. 1-iV.,." . 

Vrrtica1 surface lighting rf'quirl:'S sp<•cific distributions 
o( light to assurC' maximum useful illuminalion and a 
mínimum rlmount of li{!hl cast backward toward thP f'yes 
of thP vÍPWC'r. Thesc Holophan<' products accumplish 
thc~se rf'sulls hy prism:-tlic lf'ns action. Th1•y :m• ól\'ailah)(• 
in eitlwr ·sin¡:: le or douLie width units, dppending u pon 
th~ lev~l uf illumination dc>sircd. 

ThC'SC units are completely TC'Cf!SScd so that tlwy virtu
ally dis.1pJ"le3T {ro m view. Housings and trim_ nr(" of 
hra\'y gauge st<-el rf'infor~ffi lo assure ri¡.:_idity ancl ac
curate ali¡::mmcnt in _continuous runs. Thl' units can be 
mountcd cnd to end without unsil!htly metal mullions. 
A univNS.:ll yo k e is provided which has a rP.vcrsibll" 
bracket ~rip :md ronvf·niL•ntly loc.1tc•d knock·outs. This 
nssurcs flC'xibility _for installation in a JI vari('tit•s of hung 

• Unitt. require 61•H nu•uina; deplh whetr t.bndud brltkll'lt. '" ut.ed. 

luminaire. 
=c~=-c· --1-·----~----· --- .. -. ' ,_ ' ...... 

~~ .. -·.._ .:.:.::.· 
")l~~\-~1-·------ -· 

, ... ·-·-.··- ·--, 
Net Wgt. 

· L_ L~.-~ach 
34 

CII.Jto& det.itn.llhan• end in • n1.1mber tho~t c•wn lt•• nan1in11 lll'n~l'l of lh• eamplete.un1t in fell'l. lhut. 9012·16 eaut.~t.lt. af on• 9012~ 
p•ut. thf~l' o~ddll'd 1.c-c;loont. ,¡ond h•t. .,, awer-•11 len~~:tn al 16 fr•t '• lnthll't.. Unih ••• fut.l'd •nd w11ed. Slolndolrd.~r.ltiJI.:I' IJO w. to 11~ .,, 
Speeilr wh•n athcr wallo~St-' ltf rrquired. Pl.l\lu ll.•nt;t.~ .11111 nat lurnot.hed .. ,,.., lh••• un.•tt. . .. . . :- ' 

• 

. ~ .. 

1120 AVEi;UE OF THE ¡l.t:.t:RIC,\S,_r;E\'i ·,e:·;·. ::·s. \. 1· . 
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., .. 
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~~~~~~Est~~~~~~~~~~~~~óE~ta;:~,e~;~~~---~~::~;;~~~ 
está diseñado poro instalarse ca·n 
·impares de 7 5, 100 y 150 Watts. 

La parle metálica está hecha de 
aluminio fundido. 

El refractor No. 4203 está formada 
por dos-piezas de cristal transparente, 

. cuyos prismas se combinan para pro: 
porcionar una iluminación del tipo 
super exte_nsivo. 

Este luminaria esta diseñado para uso 
a la intemperie. 

Espaciamiento máximo entre unida· 
des para obtener una iluminación 
uniforme sobre el piso: 6 veces la 
altura de montaje que se tenga sobre 
dicho piso. 

, __ 11))0 ... ¡. 

Distribución Fotométrica del Refractor 
No. 4203 con lámpara de 150 W., 
bulbo claro, 2700 lúmenes 

Holophane*, S.A. de C.V. 

S I.C .• D.G.E .• 4841 No HM-16 

Julio 76. 2M. 

.. ; ·. ;, . ·,.,· .. .... 

... 

~-=~';i ¡ 
'W) __ , 

Corte transversal del arbotante No. 415 
con dimensiones en mm. 

z 
O .JO 

~ 
:.zo 
Q 

w z 
w 
Q .10 

~ 
u -; 

o 

F~ENT~ 1 
1 

v 1 i 
/ 1 1 

/ ! 1 

/ 1 

-· ·- ... --
1 : ¡ 

1 
A TRAS 

¡ i 

¿;;
1
::c¡o• 

1 
= 

Ancho d.l Ar~• 1 
~ltura da Mon_lajel 

1 1 ' 
'o 20 3.0 4.0 

Curva de utilización 

1 

1 

a .o 

lluminad6n media en luxes 
sobre ti Area Horizontal 

U.uft u • .,. ... • tMnll••'• llt;)incii• 

ts,lút•iMtl 1 .U.U. '' Arn~ 11 ••frll 

KM. 31 CARA. MEXICO.CUAUTITLAN ESO. AV. SAN ANTONIO 
TULTITLAN EDD. DE MEXICD TEL. 565-51.00 MEXICD 

.·AV. HIDALGO No. 1277-B MONTERREY. N. L. 
TEL. 44.()4·35 MONTERREY. 

MEXICALTZINGO "No. 2162 GUADALAJARA. JAL. 
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e 
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FACUL TAO DE INGENIERIA U.N.A.M. 
DIVISION DE EDUCACION CONTINUA 

CURSOS ABIERTOS 
ILUMINACION INTERIOR, PRINCIPIOS, DISEÑO Y APLICACIONES 

' 

LUZ Y COLOR 

AUTOR: ING. ALEX RAMIREZ 
EXPOSITOR: ING. ERNESTO MENDOZA E . 

Palacio de Mineria Calle de Tacuba 5 Primer piso Deleg. Cuauhtémoc 06000 México, D.F. APDO. Postal M·2285 
Teléfonos: 512-8955 512·5121 521-7335 521-1987 Fax 510-0573 521-4020 AL 26 · 
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LIGHT and COLOR 

!\-(,¡\!( 
,-¡~-.,·.vd .;: ~ .• :-¡1 e•:J;r.:_-: 

r{l)t,:· ,,-;¡JI ;l!:,·.-it :d chjcct<- th::: :trc 
ií• dwir :-ur;.(,;1:1dint:>. ~i1ch ;,. \J¡-;,u-

:i:~:: r:.l'<'.\·¡·,_ .. :~:!~i h<.ll'(! h-:1\'l".' in ;,,_l:Utli:L (or \1ith \lw ;¡jo:_:. 

C•!l ;,n :::·;;:-;·~ \¡:·~¡_,\¡ ;¡. lll· :1\it'::::Jl:- tn rl"crc::tl" tiw,c 
Hclt iil ;:di":iti(l:l 10 cn)(¡:·L·d '··¡)¡¡!,~.>-- (,-,].:•: ::L-r¡ 

:- ,..,,,,¡;,¡cd ·,.,::¡-, 0\Tr:,il ,.;:-li:1! irn¡,:·c:-.-.:,,:l.· nf tln -h ::: 
~'.l!':.•V' .. f,:·cv.u:·k· n:: :: :-\iiiillw:· ni~ht. tl1( ;¡fttT-d:,:·k p,,·¡¡,·;;;r :11 

~·f ~~ c::·;¡¡\·;d Cr_,J,¡r 111 cinio:.::::. dii•t:C"k i~ nftt':l cr>:;-.id, :·((! 
;1n ::1r .• (:·.d ¡1::rt o.i tc.\l\ll't'· ;,¡¡d ~ur:.~.-c~ ,,·:·Jl ... r..:·;" :-. 
::¡·¡·,;¡;::;n··. r.::·:-. rtc CrJlClr .1l~o 1~ \'Í'.'\\t·d ;¡, thc Íni:oil!.::L~dc. 

tn•.•t.Hl·~t ltl:\!:.: l'::t.·n u: culurni \i~ht~ . 

. \t·:>:~ :::H! h:_¡:Jd::·.:..: dc~\t.:rnT~ h;;\T :: lon~ tr;¡•!::icl:l in ll:c l!'l' 

of pi!.:::~IC!!l cDivr;::H.' - .1 tr.~c:itiol: th:tt rc:1cltc~ \,::ck \CI c!H· 
::1\:wr:,: :1::c! \·•.-:.::t·::::dt· ¡;;Í.'\iu:·n u,cd lO color dw \\.,il.- of 
c:t\"C'. ::.;(l jH'(l~.J¡;. ::n· :tccu~w:-::t·{! \(1 thin\..:in~ of culm Í;l ¡!J:, 
"':l~l'. Bu; :he ::h:!i;y to m.lnip'ubtc cr.1lor hy t-or:irf•i:i:l)-: llw 
(!::t!":!C\t=:·:~~j(, of \jo;,:)¡¡ 5{lUiCl'~ Í~ ,1 J'C~:dÍ\T\y f('(C!H \k\T](l;)· 

¡¡¡c:ll - :1:Hl ¡hj~ (lftcn i:- more difficult tn COinpn·!¡c:Hl Z':l\Ci 

z-q , ¡ ¡¡·ve i::t e 

:\:< t·,¡>l,li:H'd throushou: thi~ hook. color i~ nnt Z"1 prc~pc:·ty 
til."!t ¡,. ;1 ph;-~irztl p:1:-1 o: thc t!-:in~~ \\"l' ~tT - culor i~ s:m¡d\ 
thc dicct~ of lid:.t _,, . .1\'C~ huu:Kinr; off or p:l:-.~in~ throu~h 
,·;¡:·iu·,¡~ ohjcns. Thc colClr of· :1 ~i\T!l olJjcct. Ü1C'I1. i~ dncr· 
mincd b\· ~n-c:-.1! th:nt.> thr ch;¡r¡tctrri5<ic~ of thc licht "-O'.:rct" 
u:1dn ,,:hich i1 i~ ,.¡t:,,Td: Jnd thc \\',1\' thc ohjcc·, Jh~cn:h,. 
lf~lll~Illits. or rcnt'ctS thc licht \\,l\TS !'trik¡nt:. it.· SÜnwtimc:- th¡._ 
dfect:. of surroundinc~ 01; thc mind is ;), dncrmininc color 
f:1ctor. <1~HL of cours<··. thc phy:-.icJl condi:ion oí thc \:it ,,.u·~ 
ryL·~ <1rt' ~mothcr import.1nt dctcrmining beta:·. HCl\\"L'\"Cf. o:~ly 
thO!-l' lif:hi ,,·¡:q·~ Ci1:crin~ thr eyc from !h(' objccl Jrc itYh
nic:dly rr>¡K•!bihlc for what ·color· ~~ "sccn. · 

Colors :1~soci.1tcd \' ith ohjt'C~ C:1n hr ch:::1ccc: in :n:tnY w~~,-~ -
b\· ch:-:no¿;i:1-::: thc ~¡..:_:ht ~ourcc (~uch <b f;·0m ino;:cl~·,(cn.: tc1 
flll0rt'~(l';ll J:t:~lp~·i. f1y <Jck!\n~ \i~\li jj)¡er~ (-uch :t~ \\"C¡f~I~t: S'..lil 

-;1.:-:ssc<:. J~ ,,..-[¡ :t~ hy :~lin;nc thc m:tkru¡' oí thr ll\lj('Ci itsclí 
For n::m~llc. to ch:-:nc(' Z"tn :~uwr:L()hilc cok•r fro:'m rccl to hluc 
J difieren~ p.1int pi::r~Knt is u~rd - onc rh:tt ,,·ill rr!tcct hlu< 
lic.:::h1 \'.':t\T:-. ,,·hih :th:.orhinc olhcr color~ of li-::ln ,,·z:\T!'. But 
C¿llor~ Glrl be ch:tlli:ed t_y,· li~.:hts. too. lf YOU h:1n· ncr ~ccn :1 
red c;1r p:~rkcd un(Jcr J. clt~J.r mc-rcur:· ·~trcrt bmp :d ni_..-:h1. 
,·c·u \,.¡¡¡ h:1\"f nCJticcd th:1t thc c.1r w;1~ C:1~ih- ¡;·,i,:,;:\..:en ior 
i)ro,,·n in color. for thr cl<::1r mc:·cury bmp. '' fjr \Tr: fXl\-.cr· 
fu! in pn1d\1Clll,S: li~h!. i~ pr:Jctic:tll~· dc\"oid uf red ent·r~~
;hL·:T!orc. thcrc ''nt· fe,,. n·(! li~h: ,,;:\T!' ¡¡,·:td:1hk to rc,ch 
thc cyc 

Sincr li~ht .~tnd color J. re such intcgr:1! p:1rt.' of our n-cryd::y 
li\T!'. thc hmp dcsi~n en~inC'cr i~ bcccl nut only ,,·ith dc-..i_s-:1· 
in~ bmp~ to _~.:in· lig-ht to ~ce hy. but murr i:nport:lrHly. he 
must dc:.i~n bmp~. \\·hich :oimult:lneously ;¡ppc:1r ,,·hite a:1d 
rc:Hicr natur:dk thc color :,ppc.:n:JnC(" of f:~mili.lr objccts. 

B\· t·.xpbinin~ thc fund:mlCnt:d principie~ of li~ht :1nd color. 
;md hO\\ they :1rc m:mipul.Jtcd for pr.JcticJI .:-tpplic:,tion in 
~hools. businc-s~. industrv. :md thc homc. it i!. hopcd th:tt 
so me of thc mystery and · misundcn.t.1nding of thi~ bscin:nin~ 
se icnce m;, y be rcmO\Tci. 

. . 
] 
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THE NATURE OF .LIGHT 

··J.¡'..:¡li·· 1~ :1 ~:'t·c:.:l. n:::TO\\ :·:1::~v o: r_·l¡·;,t_;·u-
¡;,;:c-:HJlC 1'1Hr;..'\'. ]\ j_;. ;: ~¡,_·:·i;:/ r;¡;·,::c ~J(C.-IU~I." j; 

:tl(l!ll' e::: <.tÍ:!·.ul:t!( tl1•. ;\\·r_, l\'iH ~uf rccq:tu:·~ \', itl> 

:...i. 

l.ltT:r0111:1<...::·,nir l':lt'rt:v :~ Cl!\¡,- onc fCJr::: 0: l·:lt:·sy 
1<\iH•\\;; ioc:.-~y. ( l:hc:· fc•rn~ .. :t::c thcr::l:t!. rhc:~·,:r::!. 
hiill"llC . .it\nnJC. cit·ctrir:t\. c1c. l~knron~:-~:.:::~·t¡c ti> 

tT!...'":'- 1:- ::\_,¡, rl'icrrcd \() :::- r:tdi:111i. cncr_<..::~ !Jc~·::~::;t· it 
c,¡q, onh :n tht fl·;·¡n o:· rq1c::tins \· . .J\t p::ttn:l:
tr:¡,·L'Iin!.: 111 :-tr:~i_<..::itt p:dh.'. :t.'-¡-;¡,·_, __ in ::ll dir•:CiÍ(li1S 

fm:n it~ s.:•UITc ~e' li~h:. hcinc :1 ~ptci:d for:11 oí 
r:1di::11! l':ll'f~Y- :t!~(· 1:- c:::~c~! ··Yi:-:blt r::cli:":m 
cncr~y. 

C:c•n:-idcring 1h~ll cncr~:;; c<~nnot be dcst:·o,Td 
onh- ch.:~nc:ccl frur:¡ onc fvrm 10 .l:lothn. zwd con
~idt.rir.¡; tl~c ¡;hy~ivlos-ic:d compo:-ition .:~:td íur1Ctiom 
of thc C'\'C. \\T c:tn no,\· undcr:,t<lnd th:tt \i¡.;ht is 
tr::n.durmL·d from rkctric;d cnu:..:>· to r:tdi::!:.l- ckc· 
tro:nílgnct¡c cncrcv ,,·i~hin ;;:¡ lich: sourcc. tr.Jvds in 
:1 hig-h-s.pecd. hi~·h-ircqucncy ~\-~1\T .form. and bC
comc:- u:-.dul 10 m.:1:1 \\ hcn :1 sufíicicm · ~mount of 
i;, is tr::nsfor:ncd into chcmic¡-¡\ cncrs:-· \':ithir, thc 
;Tccpto:-~ of thc l'~'C. 

Tht-rc is a \'C'ry b:·oJd spcctrum of r<HJi<lnt. 
e lec t:or~·.::c::1ctic crv::·ln..·. oi 'dlich Ji(!ht is but onc 
nuro\'. b;nd .. \ll radLnt cncr_¡;y tr.J,.;ls. at thc- spccd 
of 3:\108 mCiC'I! per Sf"CO:ld (l~h.tMI(l mi\~ pcr Sl'C· 
ond ¡ in a ir or in ;;:¡ ,·acuum .. \t onc cnd of thr 
:<f.KCi.rum Jrc co:.-mic r<~y~. ~ind at thr opp(h.Íit en{! 
;,re ekctric.Jl pü\\"Cr \\ <L\'e:.. Thc indi,·idu¡t\ typcs of 
:--.:-~d::1!1t cncrgy .1rc idl'ntificd hy their p::nicu!Jr 
r:¡¡;-;cs of frcqut"ncio. or number of ,,.J,·c cyck~ pe:-
5<CO:ld. Thc J\'t'ragc \\'J\'ckngth of the 5horte~t 

.(;·' 
• 9:'' t:.~ [le:~·::-J<~~t': VU•t !l'l~r, and t~t Qwa~•~-:- 1 r~:, ~-'·• ~H- :·;; 

:. o·<: a:. p.:-~:;.~.~ e•~ Jr,at·~~\ lo• tllf plltnJrrotn~r o' :a:.a~: ~~f'i• ..... ~·:• ~=·t·-:• 

~3: :·: e· cf.:r~· te da:~ tllt ,Eitchomunrt•: wa.~ T~~"'• P•~ .• ~~! rr.• ,.,;:;• 
e·~::~··.· :-.;~•=•· ~! :a:;loa"-1 tnr·~ 1 ~~~·a::!··~r·:~ 

it~ thL nT h·\".ich pnrnit ,-¡~¡(fll. Thncfurr. ''T c:il\ 
iir.:h; .. ,·i.~i:.dt c:H:~y ... t'''l'~ t!·~o~:~h \\T c:::--.no: ~c.T 
thc Cilt'! t.':- lt"e\f. 

cyck~ 0: r::d!Jii~ crH::·f::.."Y kno"·n \CC•~mic r:t\·:_.1 i~ 
\J.!IO!Hil r:::r·:(JllK:l'r~. (Une inch con~.:-1;n~ ~:bout 
:L.-lA ;~lil\ír);1 n::nc•i:\t'tcn. :\ n::;wmc~cr is. · u¡:c 
thot:5-::nd-mi!!io;~th of a mctcr.l .\t thc othcr cnd 
0: thc kno"·:; spt·ctrum of elcctrom<tt::1ctic radi:ttiCtn 
are clcc;~ic po\':cr wa\·~ - ,,·itL ar1 z:,·crc:g(· ,,·:t'T· 
len~t!J of almos~ 5 million mctcrs (3100 rni\DI. 

Thc spcctrum of rJdi:mt cncr~· \\"J\TS '\e c.Jl! 
light. is \Try nano\\'. r01nging fr0m .::ppíüxim:ttcly 
:::xu nanomcters to ;-Go n:i.:Jomc:crs. ~· 1 or from 1 S 
to 30 millionths of an inch). \\·a,·Clcnc-ths shoncr 
or longer th.::n thcse do not .stimul:¡¡c· thc rccrptors 
in thc eve. Bc-.·ond this range is d::1rkacs~. for. \dlilc 
thc eye .m.Jy be e.xposed tO ~:n.1ny othcr ,,.J\"Clengths 
of r.1diant encr~::. the\' are not cJpabk of in.itiz:tin~ 
r~pomcs in thc eyc. 

The sun - and e\ectric lamps. are considered light 
sources because the\' tr;J.nsform energ-..· from another 
form into the radia~t energy ,,.a,Tle~~g¡.hs ,,·hich ,,.e 
cal\ light. But thesc \ight sourc<3 also emii usefu\ 
enert;>· at \\'3selenl!ths both :,.honer and \ongrr :han 
light~·wa,·es. l'lt:-;,.iolet encrg-y - \'aluabl~ for its 
genn-killing. suntanning. and photochemical prop
erties. has WJ\·elength.s shorter th.an light ,, .. J.,>cs: 
and irúrared ener~· waves (often referred to as 
he.at ra\'S) are longcr than \igh;, ,,.a,:es. :\\1 radiJnt 
encrgy., when ab~rbed. can~ be transformed imo 
hcat. 

ao So--:~ aui~>Jr•l•!~ u\e~d t~f v•sot-:e te ~80 r.a~~..,.,~~e·~ Tr.e !f.'!:: ~- ~~~ .. ~¡ ~r 

troe~e ion¡e: .... a.r'!1it~s os •t'r cl'se \:. lt'c 

.. ·. 
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:\ l:s::·.: sourcc c:litt_;nc r::cL:·,n¡ e:1c:-¡:;y rd::::\·c!y 
t_,¡d;:;1CC¿ 1!1 .JJ] \·i~ib!~ \\".J\"t';t":l~ih..'- -~,-i)) <tt•~o{'iH 
\,h:~c to thc ryc I!o\,T\Tf. p.1::.$lnt: :1 r.::r:-o\~·l;c.am 
of "hi:c lis!~: th:-(¡¡_;~h .:1. pr:~m of tr::n~¡•:.a·:;t m:'!tc
rle":! ,,-¡¡] sp:-c:td .Jnd -'CpJrate thc indi\·!du:J.! \\-~:\·e· 

k:1~!11s- of vi~ihir c::c:-~:-· so that "thc cye cz1n dis-
tin~ui~h bc;\,.l'L'rl thcm - thc r~ultiag \-¡:.uJ! phe· 
:·¡c,n·,c;wn 1s Ct! lcd J c.:•lor ~¡JtC tru m Thc :10rmJ.l 
eyc \,-¡¡¡ ser th:-ce- \,·idc b:,nds of bknckd color -
\·io!ct. green. ;,nd red.\\ ith ~n·er:sl n;1rro,q•r b:t:lds 
(blue. ycJ!o,,·_ J.nd or.1ngc) blcnded bct\,·ecn tite 
,,·ider bands. Thc .. color blind .. eye will see or,ly 

Represer.:a:.on o! a p;1s:-n bend;ng 
1a;-s o! w:--.ne I•Qh!. The e::ec: oi 

--:no? ;:>r:srr. is :e benc sho•1e• ·.-.:a.e
ie;.g:-.s r:lo;e :r.an lo:1ge· wa.·e
ie;.g:'"ls- se;:;a·a:;ng n·.em in:o 
c.s: ; .. .::r¡. •C-::"'.:,f,aoie banas oi 
c.:.:o·. T:--.<:- ::w:ors can t-e recorr.
c.:-.-::.::: ,;-.;.: a c.<:-3--r. of ..... n,:-e ltgh: 
:::·, ac.:...;·ate~\ or·t~t•ng a oro;:>e;l, 
wes·g'"".:-::: se:2-:<.= :J':s:--1 10 ""'-:e;
.:e;:J: t'"·€: c.s;:.Psec COlOr l.gro: 
•a·.s !'..,;;:_.;~ tha: t~e p~ts:-r; a!so 1s 
,_.se!.J' fo: se~ara:.nc 1n!rare..:: and 
-....-:·.: .. c.:e ra,·5 as .::eli as v•sible 
;¿;'S. 

300 400 

-~~-~--. ....-··---

500 

3-

~;-;¡rh::1tic•m of gray. or pc:--LJ.p:; so::1r of thc colurs 
Jnd ~o:nc gray dcpc:-.¿::1g upon tht e.'\tcn: of 
p;--,y~iolus-icai imp~1irmc-:: of thc cyc. 

:\ ];¡¡~¡p dcsi_slllT Í~ lTl()l"l" CC•!iClTllCc! \,·j¡h l!lC ClU."l" 

uf thc~c \\;1\"Clc:H.:::h, th,-111 he i~ \·:ith thc n:lmt·~ .,,e 
h:i\T c-i\·cn thcn{. l-10\,C\Tr. it i~ \·j¡;¡JJy i:nport:mt 
th:d he k:1o\\· th::l ,,-::Yckn;:th~ lo;:ccr th:,n blO 
n;tnomctcr~ produce th;-¡¡ cffrc~ \\t" c.-dJ-··rcd··- :1nd 
tho:-c bcl\'- t"t"ll -Hil :tnd .=)/Hf Jl,l!lOJ:lC!CTS ;¡re c.:1lkd 
· "hluc. · and so on. in arder 10 control both thr 
:1p¡w::r:::K~· of li~h¡ sourcc;:. thermch·cs :-tnd thc 
dft-CLs !id11 ~uurcc~ h.:1\T on thr appc~Jr.-tncc of 
colors in objcct:- aro une! us. 

OPTICAL PRISM 

i fl ' 100 ft 

----------
INF"RA.REO ---------

600 700 1000 

WAVELENGTH (Nanometers) 

1500 

5 
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THE NATURE OF COLOR Y-
··( ¡,:,¡: 1~ ;t !t"l"lll whit·h (i'c.~t·: il1c~ ;¡¡¡ ·•.• '·· :··.· llf 

· .. - .. ':t· !".11:: ::1: e 111Tt..:~· f(".tl.::ln:-: :!n· nt· f:·~·ln lí;..::,t 
".=.:·,,- .• :10\ o!q,·n~ inl!l,:i:·:ll't l>t Iil<...: dei-in··~:::~ 

,;; ,i:·\·!.:::•<: ~:•<!:i tln ,;:,··::··-: .)::1••\:J;i ,,; t"::t·r:..:y :1: 

1 t•:::: .·,;,¡¡,1):·. ;1:· .:\::H•·\ 1'1\,:i. u!:t~d·. 1:: ¡¡:;::i!•t·: -
\\:.-.:el: :~tt11::·::- f,_,: tlHrl ~•t>.\".: ~~~:.:.::;y ··t,,),,:·-..· 

(.•: :i.::::•··. l•• dc-t:·i;.~- :!ll \".t:·:c•u- ·n::'\t'·· 01 

\ ~-,,;,,:.t'! li:.:l:t -Pt::·cl r:tr!::::~· .• n:urh ti"tO!T ciP:n..:Y :u 
~";;¡: \\;¡•;, n:,!.::::.· t~:::n ;:; (•;:·.l:··. ::nd :1 ru\u:-cc: 
• ,:,_¡c(·t rc!ivl t~ u: t:·:1::~::1;:- ~'•::H· ''· o~\Tit ;¡;,::h~ llH.,rC' 
l't .:r.!;:\ 1::,::·1 t,:.)¡, :·~. ] :·1 { ¡\i,HT l:t~t'. d,t·:·t 1~ :111 

l':l: .··~~ i¡:;ll.~i.·::\.'1 tH t.:•:t•:':.:Ly lo tÍ.l' \'''::li \'_!:nc 

~~·::lt ''-·'"''ki:<.:::.!:· ;il'iu::lh- ;::·~· 1\l:"-:n-..:. in :he ::u:\ 
tlt::· rc.:L!n·~ th t'\'t·. ·¡·i;u.- \\'(' q·c th:t: Cúltl!' h::.~ 
¡,,,\i1 't'l•'·: ...... ~~:-.el •¡;;.," .,.. cL:·:·:a·tc·i~til·~ Thc 
qt:::iTLoli\T el:::: .11 t•·:·¡.¡¡c~ rdl'r tt• ¡niu:·nt:lli•:•~l 011 

;, :, :::·/· 1 _. 

rh .. :·:tt:c:·i-::r- rdv:· itJ i!, .. ,:,;"i: r•:·•_.,:·, i~ .¡1rv~cill ;tt 

111• ¡, ,._ ,\\·vlt Tt~ih. Tln qu.:li<:::iq· ch:¡:·:!CltTi~:ic~ :trc 
:1 ~¡~~·, i(it·.::i<·•• (1f 11., .... ·, .. :· ,r¡. :tnc~ :1rc tl'l'IJI•-,~ d,.,,. 
,;,-;n: ,.,,.,,',.,~._.;_ :t:td p;;·::.; .. Thc qu::n:iuti\T ch:1r· 
:t( te:·¡~! ir ~~ :1 --pvlifi~ .::iu:l (,[ / .. rr.!•;ru;¡r - fc,nnl-rly 
ctlln! ;~!tc'illinuri~ bri~hll~t:-~. 

\lo:T:in:t:Jt w;¡\Tkm:th i~ tht \\'ZI\Tkn!,!tlt. or color. 
\', !li,·}¡ ::¡rj'r;:'.' \(1 hl· Ili(b\ :dlUilCbllt ]}u\\T\'CI'. it 
1:cvd ,,,.· hl· tht· ,,.,1\'l'iv:•:::•h "hich i~ u,·,'¡,a//¡ thc 
~~:·z·::~v~l in i:l:t·:J~it\'. :tldwu~h buth ,,·;¡\Tkng;h:. 
:::t u~u:t;h· \Tt., nv:~:··¡(, c:1ch udwr. 

)',;··\¡:· :n::~ ~w clt---uilwd ::.· tl1t' p: •:rr.· ,·:~·r Df rolar 
\ 'dH" ¡,,,.,.,:;:;: t•: ,.,\¡j;c i:: :ti:\· C•.J!oo. 

·¡ n ckr:HJ~l·tr:ttc lkst color i~ the rc-ult of J!l 

.:,,: .:'.:· of "i~ihic r;1t!i:t:~t t·m·r~,-. con::-idt-r t\,·o 
l\lV(J!Ttic:\l OlJiCCt~ \-.·hiel; hot!J ralcct ha\f of thC 
lio:..:::t b.J!ll ~~ i•vrfcrd:· h:IlJnccd \,·hite light sourcc. 
1 he re:-kn.~ ;_.,,-/.: of thc c:ll'l'~\· :1t JI! \,·¡-¡\·dcm.:th::: of 
t!ü ,.¡,¡!)k ~pcclrum - it :1p~~¡·:1r~ gr¡-¡y :1nd pr(ll.!ucc:
:1t' nl\c..:· ~e:1~:qion IX'Cau:-c (1// \\;1\·dcnt::th~ Ztrt· .'-till 
:•rc·--t :::. t!i(•u":..:h•.-1ihi~·, h:df :1~ iiltc:F-c~ Tlw othn 
' ''"'7'':... 
ll:J_itl·t rv1in·t~ u/L~thc l'l1t'l'!.:\' in ;<~:!:· of thc :.t--JcC-

t:·~l:ll >:t\'. tht::f.';hOrttT ,,::IH'lt·n~t·h.-.. from .)XO 
:;:t:ill!lll'llT~ to .Y;-il~;l:uiumctl'l'~ - ¡,~H //(• cnn!.!"' in 
tlw (1\l.n h;df of tht· spt·ctrum. Thi~ uhjcc~ ·,,.¡\1 
¡n·· othiCt· :1 '-l:'l,:l~ ndur illljl!'t"~~iun - \duc. hut nn\y 
:1 ~cco!ld.tn· 'f.'il.~.Jtion th;tt u11ly h:df uf the li!,!ht 
--••UnT t·:¡ns:y i~ 1 •c¡ll!..: rv0t'C'It'd . ..,"'•o it i~ ;tpp::a·:li 

th:tt color i~ 1¡,.; ;¡ rL·~ult of :1ny ch:n1gn in \'t.,Jumc 
oí li·f(il r;tdi:tll! cncn.:s. hut i::, :1 rc·-.ult uf cucrgy 
dcficicncics at indi,·idl1~\ \\·;¡\·ch·ngtru.. 

\'. ...... :d ¡,l 
lt•lt.o;-. n: \\,:\'t)lil!.:'ilt ~·f \·i~ill\(' t'lll'l''.:y. 1~ prl'.'-l'\1\. 

T:11 t(l!t_¡¡ j>c;T~:n·d \\(1·.:!<: \u· e•:· ;he ¡1Ut'c< qu:dity 
~:!;1 1.' l~l· <.•:!,t·:· \\.:1\':·~t·:t~'!:• t>{ l':lf'!'!--'Y .'l(l~(>;":-i :liT 

¡·:·: ·..-:·¡¡ •,,, dilutr. it· ¡•lll'lt> 

' . i ~, e ~ . , : 
\¡ :~ nm·: :q•¡):n c:1t :h:11 \,·¡¡h(•UI Et.-:ht tlwn· C:tn he 
tHl colt•r~. fu1 culor~ :liT "i:n¡•ly otlll'r n:,;n('~ tú 
ci~·~·--r:lw t!H· ,.:tri(•ll~ llli.,ture~ 0: l'ltci.n>t:l::L';ll tic 
c:H·: ~~ - \\ :dch n.:i~t~ c,¡¡j~ lll thc tr:tn<.ir·nt ~~:1\c of 
¡;¡•::::1\il•ll .. \:·:d .'-incc ce•¡(,, ... ~~re tk:-criptic·n~ of cly
¡¡;;n,¡c. o: nlo,·;n!.:'. plw:KHIIC'Il.l. thcy c:HltiClt :d.<.o be 
¡lll:<c:ll pr•)¡KrtÍ~ oi st:llion;try c•hjccts. \\'h;tt. then. 
:uT tolor~ ir: ohjccts:' 

(:r_1\ur~ \,.,_. scC' m ohjcctE- .:-11T. sti\1 tht rC"':'ul1 of, 
"::,·(~ of r.·tdi:t;H l'tH"r• .. :Y th:~t rc:tcil tht· cvc - but 
1iil1' dwy h;¡\·c lx-en ··~--~·,:(,,·~:·in m:my ,,·;¡~·s.hy c.ach 
,,¡ ,_icct. 

\1! tyhy~ic:d ubjl·ct.<: h:I\T z1 lllodif,·im: cffcct on 
li<..:ill \\:t\'l'~ - rnlucim: bu:h thc :.~:nt;uni c.f t'!Kr~y 
;¡¡,c\ thc t:vc~ of light ":tH'~ 'düch n·:1ch thc cyt· 
fru:n thr li~lll sourcc. E,-cn thc p:1rtic\cs in thc 
ctrtl!'::- ;ttlllo~phcrl' filtcr thc sun·~ r._-¡di.:ttion bcforc 
it rc:tcht·~ our cycs - 'dlich i~ .1 pz1:-ti::l ex;Jl:tn,ltion 
for ch::ngc~ in thc· color~ of thc ~ky ~ncl cloud~ ~~~ 
Slllbl't. 

p-.· ""'0-------. .·'/ /. 5EeicTIVE 

-
____ G_'_'_'_._' ____ ....... IL~~--l- A6SC.•;.Fi!Qt>; GLASS . 

-~ ---- TF.A~5'·~1SSI()r-.; 
(.:,¡:; ::::~ ;_¡e,,..:¡ 

EXAMPLE OF SELECTIVE SPECTRAL TRANSMISS!ON 

'i¡ ¡v:; --·?¡~--. 
ABSORPTION 

EXAMPLE OF SELECTIVE SPECTRAL REFLECTANCE 

• o •. 

>'\~_,"~ 
- '~--¡ 



L--:: :: \1 .:'.T-

\ \ ~ ; : ] l • 1 ''· ' • 

":·r ., ; . · ] r·;. :": :· · · \' :!: ·\". .. :'1 

.,. :.:(. \\\ :.:\1 :••: 1' ·! 

¡f:¡" ¡,~·._¡:·, ~-

. ¡)! ¡ i ·..:: :; ¡! 1 ._. ( ( ·: ; ' :: : \• :~ 

::-
!1. '· ::.·:· •1 

' 'L('' 

! ll '· ••• : -: 

l: ·! ·,-¡ ·:; :·v::d~ 
.. , ::~ -.:-.:,.;¡_ l. u¡ 

··::. ,. , " ! ·'- '\\" 
·~:~:eh l:·tl:T~·. ;::-.. ;,; \·.:·:e:: \·.;:\·r:!t:E::~:- ¡!,,\· .,,.¡;¡ 
!:· .. ·-:-::u; ,,:· re:-::·, !i-..:::: T!;c :-;.c:v~. ... ,._T . .;.;,¡ll:(::·:d 
l"r;,;)~:~~;_ .. ;; :1 1:· ..... 1.¡1 (;; ~)11''.\ ):,:n·. ;, s·Tt'l !l 

e~:!•• :::tn \".:i: .. :~·c;i\t·i·> :;~~~:!· :dl ·.-.;;\·t·!t-:1:.:::!:~ 
l"\.(q·t ~.::'l'l 

•(• do::\, !JI·>: 
;·(Hn .. li:.:::; !".·.:;n ¡1.:•~!n·..: ·t!:;,y,:<...::: it. 
:ot r!.:,•::~;,¡;ci;, :1:~(: ;u:::in: :·,u (lf ;he 

Ju~t !Hll. ::.~;e:, tht cr_•:u:· ;!:H: i:::c::-::.\ e/ t!tc 
tr :::~:Jiittui li~l:t 1'- ill<."•c!ifivd ckpc11C!~ (1:1 tLt nwkc· 
u:.tr c.-,::;~~·)•:;:cm of ti1( :rt:::t·Ii:d .. t!;rc.u_l!h ,,·hich 
thc h~!:t p.:~-t:~. Fu:· rx::;::¡dc. 111 :-\•!!K cc)lurcd 
i:.:n~~ ... e,_,:::::~!.::' 0: cu!o:Td p:~:nt':H.'- ;¡;~d dyt·~ Zlrt· 
t:'-c(l t•.) :'cln·t;\'l-: :dt~(1:·h t;!;,,·:tll:cd ,,·,:,-ciclsth .... 
(ll n >·:·~ :tnd :r .• :;~;r;i: thc cic~in·ci \\·;¡,·clcn~th~. J n 
udw: c::--l~. ti:c eh~~ 01 mcciiu!n it~clf i~ colorcd tu 
:tci::n·r thl -:-,;:il t·:":-crt. 

r•. :. ~ ~ : ·-··.: 

!i~h: ~~ c-·:c:1!y pbyl·d on .:1 d~L.:s.c ~ u:l· 
",;:·::ttl'. t:1l' cf!l·Ct i~.th<1t l:t:hi \\;:·:t~ ;-:;e 
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·:·: ll (: : •\ : )·,( ¡ :, ' '1; 

"'i)! c·:c:¡]~ rt:·;cc \·. h.<:·:t r 

e•: l :w:·~y. d:::t ;::·e !h•: ::i,. 

! t ¡.. ;¡: q 't': \.• ni ((1 r• :t t :·.: it' t!::tt ~::Jet ,·;"· 1:.._·:. · 
\1:··.t·· ;,:·v :::·:·di:.1vd 1:: nc \-.;¡~ hy r. ¡1:::-:~ ... = 

('~·_:•:(i.· d .. t: thc ,,.;,;. :t¡•¡tt",::·.t;J(( o: Z\n u!t,!t'C\ 1• 

ck:c:·::;::1t e! !1, ;:.e :n:\ ;,:;d l ::c:·!.:,. (1Í !it::lt \· .. :\ ~:

\\·!:!el; ·· .,,,;:· .. :;,e; tl• :·t :tcl: (•lll' (';e~. ( 1\oj('c~ ....... , 

:t ci<:::-:lí:tcri-tit· l•lk·:· Cll"li\ !)('C::'.L"l' of thc .,,·::: ti:c; 
"tit-ct:\'l·i:· n·:·lt·li <.1í t:·:t:l•ll·l\ or odltn .. l~t ::n":::\ 

::¡l¡.•c:tr.• ··yt iil''' · l•t't,I'J~t· 

1 LliLCl• ;¡ f:1~!: fJ\TCC:lt:t~C 
·re,ul:;tlll cur:lbin:ttiu:l. 01 do::lir,·,n: \\·;t\l"!t-i;t.:t!;. ·~ 
yvllo\\. <...:.imibrl~·- kttucc 
k:Jsth:-
1 l"l"l"t"jll 

pri::l:iri! y 
r:ln(.:c <:ncl 

111 thc 
rcflcn.' ii~ht 
;')(ltl 10 {¡ll(f 

I~lOSl 

other ,,·:1\·éil"r:s;:th'-. :\ tGm:::o. thc:1. :s ;,_.(: <:•: .• , 
bcc:-tlbt" it rd!("C~~ :-:ldi:-t:lt cnt"r~\ ::t h]tl it.• 7',"1tf 
n::IW!l1ctcrs \\·!·.ilc 
othcr ,,·:1\t.:k:l!.::.hs. 

¡¡h~u:-Sin>.:: :nos-¡ of thc e :lt·:·¡_::o, :1t 

B\.il ju.•t <::- J:-:1¡x·:·::1:it 
objt·c:s Í! thc ch;¡;;¡c¡n 

di,liCJ CHllO tiH' oh_j-.. :c:~ b; 

tu t!:c :t¡•;·:t:·l·::: Ct•k.: l!: 
Cti ¡:_:¡:¡ \\,'.'e~ :n ::·::: r:· 

thl _,r.;, · 

WAVELENGTH (Nanometers) 
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·~·l()r('d li~ht :-(•lrrcc .. C'lll!\ c:wrgy i:t .. t kniq· "·::\T· 

lrll':.:¡!l J¡;l!td". ;,¡l(\ ·\':\tire' ]j¡_::\\ "Pll: {"{'• l:C!JU::i/: 

t':J:i: { \\("1"!..:: ;¡¡ ;dl ,-¡~¡],Jc \\';¡\'('\¡ IH.:tlt.- H:ll -.;¡:Jil" 

)¡L:);¡ '''\11"t ¡· ... ;1{'\tl:d!y ;1rt ¡l¡·:;cicl~\ ¡:~ l"t\lT':.:: ;ll 

•.-,,r\<1\l· \\;t\t·kn;.:th~ ;::Hl _.;¡// t'!l!Íi \\'h:1t i~ rt•JL .. idcn·d 
··,·.]:;i··· l,:.,:!~t : .•ce ;:l~:.tcT:l: ch::r;; !"!:i.- d1 :¡l icn~·y 
.:!\l'r;- tll'. ¡•t·:··~;·<Í·_l:i !!: ui._jn; Cll:Pr• .'u,].,¡ ll'll· 
dnÍI>!l ;orH: (ll~t•: fi.::: :·< :;n· ... L'i·.::;ll'...: ~llll\1 Cll!tl:-' 

\\·\J!k \!H":T;: .. •::-:_: \):o JTJ::ti\"t' \T>idr:t~' of C!l}l\ r-. 

T!J,·:-c ;¡:·:· ··\\;,:·;:,·· "''urcr" :-ut-h ;¡_. ,d·l i:1c::H!t."· 

L{'IH ::no '<ll!lt" ílur•:T'-Cl'lll l:::np'. Thc:-c prtoch¡cc 
H·hi;c !i!..'l1t t!:::; inHi"' W he :'\!"011!..: in tht· red. 
or;:n:.:c. U! \Tll(!\\ '' ;:\TkrH . .:ti:., ( .('::.q-r.-.c\y. tlrt'l"t 
:rrT ··c~>ol. "~'\li'('l' ~uch a~ c'k:r:· mnnrry brr<¡~~ :1nd 
p¡h,·r fluo:·c:-\'t"!\1 ~<·I!!Tl':- \\hi<::1 p:u<h.rcc ,,·hite li~lll 
th:rt i~ .-.tron~ i:: biuc :1!1<~ f:n·cn. l.ic:h:irh.: .1 .'-urf:rct" 
:dtt·:·r¡,,:d~· ,,.¡!)¡ '':!rlll .:-nH! (0(r\ b.mp~.· thcn. "·ill 
p:·(ld¡rct· :111 :rp¡':,n·nt ch:'n!-=c in IIH' t'tTCt"i\"t·ci cr.,lllr 
uf t!iat ~urLrcc. drspitc thv f:1Cl rh;t! in hc·th c:r-.t·~. 
~o·c:~llu! ,., hite :-ourcc~ :trt· U~(·cl. Thi.' dkct i!-- mo:-1 

prú!WtrncL"ci i! thc ch:111~r~ JrT r:rpid. :!:rd thc oh· 
:-t-r,·n· duc, nvt krH' timt· to :rcLpt tu thc cliffcrcncc 
in \' hitc:1e~:-. 

ó-
~/l:rw lidH :-.ourcC'. of cour:-.c. ::re ddibcr:llch

rll;!(:t \\·ir h Pllh- OlH" C(lior prcdumin:rnl. tu ;Khic\·~
:r ·"1~--T;frcd!y d~·~ircd cíft-rt. ¡:or c-:-..:llllJlh- .. :fa ,,;Ji\ 
th::t ;q,pc:rr·:- ''hite undn ;, ''hit!: lidrt i:- li-..:;lrt('d 
'' nh :r lio:.:hr '-O<rrcc th:tt j..._ prcdumin:1:rlly rnl. :h1· 
\\·;d! ,,:¡~ r./.,t'·li' to l1l red lwc:rtL~r l•u.:r rcc! w~\·t·· 
lt :1<...:lb of ,·l:-i\1\c l':lt'r~y ~rn· pn·_,c;H \ti lw rcti<·ctrd 
frun1 thc ,,·:d! tU\\-:trd tht oh:-cr\Tl'· .... <·~<·. lf thc s.:tnw 
,,·hitt w:tl\ ¡.., !i<;l,tvd with ~!TCn lit:.hl. th<" w;rl\ ,,.¡¡¡ 
;r\'¡w:tr ~rccn. 

.-\~ ''T h,1\T $-t"t"ll with tlH· tom:rtc1 ex:rmplc. liL:lll
in_:: :1 red ~urLrcr ,,-irh a ··\,·hite· !igh: $-OUrcc -\,·i\1 
rn:d·d' tire ~urf:¡cc. <tppr~H red - hc-r:n1~c l)nly red 
,,·;¡q·km::th> of lit:.ht are rdkctl·d tu"·:ircl ¡he uh
~cf"\·cr s ~·yt t1fl othcr w:r\Tlrnt:th.'- zrrc ;th-.Nhcd. 
llcl,,-c,-er. if thc ~~:me tomato i.~ \i¡_;htcc! \\·ith ~~ c.rcc;1 
\igh1. it ,,.¡¡¡ .:1ppc.:-rr much cbrkc-r ZHlcl r:-.::-cnli:dly 
color\c_;;.~ (bro,,·nish c:r.:-r,·) brc.:-rusc thcrc i~ l:li/r •a:' 
o:or¡ in the r .. r~n- i1~ht to he rdkctcd. Tire 
im~;c.,~tJnt point ~is th<lt rcg.:~rdlcs~ of thc ch<:tractcr
istir5- of a surbcc fin~h. the C\T c.:~nnot scc colot3 
from it that are not contain¿d in thc sourcc of 
i!lumin<~tion. 

,_ 
~ ... 
z ... 
"' > 
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a: 
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THE PSYCHOLOGY OF COLOR 
L"p to thi~ point wc h:t\T 'tfc~ttcd. color in thc 

n·rnacubr of thr illuminating rnginc<:r or phys_i· 
cist. The ddinition gi,-cn \\"J~-: ""Color"" Í5. a tcrm 
\' hich de~cribe:. an imiJabncr of \"Diblr radizrnt 
l·ncrgy n·aching thc cye from light sourccs and 
ohj<"cb .. \mi thi~ dcfinition ú, true - a:; far as it 
!-!'H:~. But con:.idn thi~ dcfinition ·Color"" ·¡~ a 
coi\Ct"pt or hum.;tn intcq.J! ct~ttion of thc· neural 

impulse~ transmitted to thc brJin from thc normal 
l"\T \\·hcn it is stimul~rtecl b,· ,-,:-¡rious imba\ancc~ of 
Yi:.ibk r.:1diant cnergy. This. lattcr definition is not 
more' true - it is just mor~ complete - beca use it 
cncomp.:1sscs all thrcc scicnces iiwolved: physics. 
p'hysiology. and psyc hology. Paraphrased. color is a 
concc·pt rc:sulti11g from thc interaction of light source. 
objcCl. eyc. and brain. 



COLOR PERCEPTION .. 
--~~~~-~LIH~procc:..~_~;~¡;t f~rnc~l~~: 11 i:-.:11·~-=J 1\_,,:L icll..,.t lH~Jn :1 \11--~~\\}¡t'n:...,...,.¡ iw~pro¡ HT ~: __ :1 p¡ ¡¡·~, r :1 ncc=of=¡ wtlpl ('-¡ .. ~--~~ 

··pnl·c:q:-· ((1hr. c11 :111Y 1H:1n C(JIJCt JI!. :~ nnt ::n¡~r·:·;;_l:lt. tl~erc j, ;, ~tron~ uncn;¡..,rim:• prdr:·t'!KC 

•• 

,·ct fl:lh· dt fi:1cd. )n_¡¡ :-cicl(C ;:!Jr! !u·h::1 1 l1'~\- ;¡;-¡· l(lr \\');¡te !:t:!H ~ourcn \\'lllch ;,rT nrh 1n red li\..::: 1:: 

l~v:n!..' C(':1;;;¡~::dly ::d<,::ccc! ltl\,·;~:-(! th:~t tlll: l'n- tltt>t" L::llp• hci¡1 Í:J:¡1:trt ;¡ hc:dthy. rudd~ ur t:t:::1cd 
l\.1;1~ ;;<>:::v1i.t\' \\'t ,,-jJl ;::·:dtT<:I::<! h'''' ,.,l" t!::::k - ::::ptt"'-·!on uf thc ~~i:1 :tnd :bttc~ thc com¡dt'.\:ü:!. 
··C11k•r )q¡¡ H1:· \lit :n>•:::1 ;¡¡ ,,·e :::·e n•:ht::.c.:i ·¡·j¡, ;,-;~~~(!;,re ;:~d:c::ir_n:~ th.:t f1l'C1pk prd:-r \\; 1r:n 
\\;~\¡ \-,).:,¡ 1~ ;,l:·c,ch ¡·_-¡,,~¡);,¡lt'c: klt(l\\'kd~·. i:l th(' l:c::~tl in ;,rc:t~ \\ltcrc lo\\"Cr icq·!~ oí illu:r:in::\:r.':' ;11-v 
::cil: l,i l:c::~t: ,,:~d no],,:-_ i:t.,-o)q·d. \\!1ilc CQ(o] !t~ill ~l.'l'lll~ to iw r:ton ::CCl'tll· 

Tl11 ;:·::r:cr ... d:;t<~·:,::rn~ ck::!(IJ:-¡:·:::c~ · th:H thc 
:t~un cu::,;d: :e r:~-:;::::i,.:: of coltl:· :1~ :t ('(l¡·,c•.·p; 1~ 

,·,C"cur::tc \-.he!: \\t ('1•::-Hlt·: ;):,-:\ n>lo: dü•.> 1101 

c:-..i-.t ir;dq~~-!:·.kt:: 11: nt·t·;n::l. ccoii•t \·:·11111 .. \' prt·
\')irll'-h· n~c:liÍ•.•::cd. thc UJ!::il\ C()h!J -ldind ¡Jt·r~l·l1 
r:tn:lul (::.<:t·;-c::J:~i: bt:·.-.vtTi \·:trHI\1.~ ;,a:r/.··:~·.-1:, of 
lir.:ln be (;tt~ o;·,:, cii-;i:i'-."ui~!: Lct\·:tTn \·;,:·imt' 
r:._., .. ,,,_,¡, oí ]i¡:ht. To hi:n t!~t-rc 1~ no "n_~ior· 

n·n~·¡J,itlS i:- cith~·r \,Ltck 0r \\·1-.itc c~r s]:;,cic~ of 
c-r:i,-! in hct\\'ccn. \luq :,¡,c·n~,nt i~ dll' f:lct th:n 
~he. ph: ~ic:d li¡.:!·:t \\-~t\T:- rt'lt ¡,-ecl ll\ ¡,111h :1 co~or
hli:ld pt-r:'C•!1 - :~nd hy :1 t•t·:·~un \\ith :1or::~::l color 
,-1~10!1. are not rh;,¡;gl·d b\· thc r"'''!r!i,·u-': oí thc 
recepto~:- in thc C\T~ -uf citÍHT pcr~on. Ot1ly thc 
,-,,,;,·(¡!,' (pcrccptÍlill or intnprn:1:ion) of \\·h:d i~ sccn 
[n ~.:-:eh })lT~c·:·, is ch.lns-cd. Thc:-cforr. rn!. or .:tm· 
odtcr color. is C\cl·.t~i,Th- thc mcnt.:tl (1·.·-·a:,: rc--uh
in_!-: frotE thc hr:ti:: irH~:-p~\ ~.:ttion_ of s¡xci:tl \-i~u.:tl 
stirnuli. 

COLOR ASSOCIATIONS 

:'\o,\· that wc h,1\T brouc;ht color inro thc rcalm of 
thc :thstract conct-pt. it ;;n:lltdi,1tcly becomcs a p3rt 
of whJt \\t' think ~thout C\'crythin¡; cbc - objccts. 
SltU<t~Jons. ;Jnituc\c~. mo(Jd~. cin-ironrncntJl condi
tion .. < cte. (:olor i~ unron-.ciou~ly ::ssimil:ttcd into 
zd! our i:nprc-:-~io:~~ or corKffll~ bccJ.mc our cycs Jrc 
C0'1.'-l.J:lth· ~u¡•t•!yin~ our hrJÍ:1 ,,-j¡h color i:1Íor
n~::tion \\·t-::ch 1~ :1Ut0m.l.tic:,l\~ as~ori:ned witi1 .:tll 
u~:H.::· l!lforr:l::tion on .:tny gi,·cn subJCCt or situ~nion 

Pcrh:Jo~ mure 1h.:m Jll\' othcr single clc:ncm in 
dc:-i~::. iwopk>~ 'n·zKtiom to colOr ~lffrct thcir indi
\·idu;t! prvfcn·nccs. Hui. somc color rc.:1ctiom ;~.re 

UliJ\Tr~::l. (:cn:lin colon. for cxJmpk . .:~re' ;¡ssoci
,:-,;cd \\'lth C"Crt.:tin mcxx!s. Rcci~. or.Jn~e::. . .Jnd yci
)O\\'E. .. :He scncr.:-tJ\y .JCCcptcJ <1.5 StÍmUbtin; whik 
bluc. bluC·\'iolct. .:-tn<l \'iokt <trt' considcrcd thc 
lc:tst c:-..citins. 

Pcoplc's rcactions to thc colors .:t~~oci,l<ed ,\·it_h 
m.:-tlcri.:lls do not J.h\·a~·s corrcspond 10 thcir rc
.JCtiom· to thc s..1mc colors associ:1ted \\'ith li;ht. 
:\~ a dcmomtr:Hion. thc grccn in foli:-tc:t· is c:cn
n:llly .:tcccptcd a~ rdreshir{g ... cool. :tnd ~ndist~rb
m~. so pcoplc h:t\'(._· come to think of trces .Jm! 
shrubs a~ some\,·h:¡¡ neutral or quicsccnt in cffcct: 
hcncc. grccn b.:tckground materials in mJn-m.Jdc 
objccts ;re psychological\y rcstful. But grccn in a 
light source is unn:nurJl: and uscd alonc. tcnds to 
p;oduce a macJ.brc or sinistcr rffcc1. 

,:-,!_.[e íor· h:cher \cq_-J~. 

\Yhcrc :::tro::c:cr. more s.:nu:·.1tcd cuiür~ :tn· 111· 

\'0h-cd. pcc•plc. _.:-cnt-r:'tl)~- .:~_cree th:11 \\;trrn ('(,h•r
:tppc;-¡r l(l ;¡ch-:ttH.t'. \,·hile cool colur~ n·C\-dc ;¡;¡ti 

hclp sup¡-•nn ~ fn·lins of sp:1ciomrw~~ In ;¡ !lltJ['(' 

~uh:lc ~c1~r. ch:tm.::c~ in thc co!or of li~!li .1¡.1¡w;¡:· to 
:::ter dw :nnod- CJÍ a :.p:,cc - :he i:_:!¡,:T:•'-io:l~ :1.•.'-0· 

ciatnl \,.;¡h \\·;nm ~unli::ht ;1nd Cüol ~h:Hbw~. tiw 
pinb .Jnd purpln of a ~un~l·t. thc ~irnd:1r n·,<ful 
qu;-tli;ic5 of thc interior of :1 C.:lthcc!r:ll \\·huc !i<::!-ti i:
tin:cd hy ~l:li:Kd ~l:t~~ \,·indcl\·:~: thr c:;udy. 0\Tr
~ti:~nd;:tin~ dfcct:- of r:t¡)idly r~lc,,·ins. co!o:·vd c:t:-
IÚY.-d li)-.:hts. 1\-o¡)!c in,·.--~ri::hly ftd the ¡):-ydwlo~:ol 
imp:1ct of lir.:ht .:-tnd color \,·;thout rHT rnlizinc th:ll 
thcy do - t;[. n·t·n ;¡n;tly1.in~ the rc.1~or1..-. for :;~~CJci
;nim.: color~ \,·i;h illtl<ocl~ 

'lt s red 1 No. t!'s dark.l 
·¡¡ 15 not - it's brigh! red! Nope - medium dark.!" 

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

9 
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COLOR VISION 
EYE FUNCTilmS 

Thc di:~~r;¡m hclo,,· l1ridh· :.umm:trizc:- !ltc· im:rc
olic·n:.~ in thv procc~~ of ~t<·inl..:: lit.:hi :.nd cnlCJr.· .\:-. 
\',¡· h::,·t :-c~·:1 ir: tht· precvdin~ p:t;..:t·:-. j¡ i~ :t t'tJ:: 1-

i'~~-, ¡·:·,,,c..,, i::q,kin!..: pi:,·~ic:-. Jl'Yc)¡:,J¡.L'"'.'·- t'll!..:> 

:H·c:·¡;¡·_:. ¡.•!., d,•;:H'(lY, t"l(. - ;,;H! !1:>\\ \H' CO!l~t· lO 

i.1lt l \'t i ¡ ... (' 1; - i ): ::-·· ·:•ll •<..: ~-. 

TlJtTc ,1::T m:t:~,- tht·uriC':' to cxpbin thc phcnomcnon 
of color ,.¡,¡c,n. Thc mo"l ca~ll,- unctcrqooc1 1~ 

Yt•UlJ.!.:·, thrcc-cnm¡lOJKJll tlwory ,,·hich J~<;,umt·::. 

thrcc kind:- of lidH 5-cn~iti\T clcmcm-. (cnnn'- cach 
rt'Cqt:in· to c•nc. of tbc primary co]c,r:- of li!!ht - .1n 
l''\trT::w spcctrurn red . .:111 c~tl'l"!ll<.' spcctrum ,-iolct 

e 

GENERATORS
TRANSMITTERS 

(LIGH"'r SOURCES) 

• 
' 

SUN. DISCHARGE LAMPS. 
FLLJOPE.SCENT LAMPS. 
iN•.:..:.·~J~SC~~~ LA.M?S. 

C;;E.r• Ft_t..,·t.~S. ETC. 

HOW THE EYE WORKS 

f 

SEEING LIGHT ANO COLOR 

MODIFIERS ANO RETRANSMITIERS 

' (SéCGNDARY LIGHT SOURCES¡ 

ATMOSPHERE. 
Wir-iC' .. JWS . 

111 
111 
1!1111 

Al R. W~TER. PLANETS. LENSES. 
TREES- ALL NATUR~L OR 

~.·~ . ..:.(iURE.O OSJE.CTS WHICH MODIFY 
LIGHi ,-,,'.'ES BEFORE THEY RE.ACH THE EYE. 

SUP(RIOR 
RECTUS Mi.JSCLE, ' 

RECEIVERS
ENCODERS 

. 1 EYESI 

CORNEA. 
IRIS. LENS. 

RODS & CON ES. 
OPTIC NERVES 

GANGLION 

DECODER
INTERPRE TER 

1 BR~IN) 

AN . .C.LYSIS. 
IOENTIFIC~TION 

ASSOCIATIQN 
PERCEPTION 

t_,g.,; v\a\·es en:er tr.e eve through the 
-:C•''-e:.. v.n,cn ~o ... gnl~y· tocuses tne 
ou::¿,~:-. of -.... ·aves on the foveal ptt 
•r- tr.~ ret,na Tne wa.,.es are f¡ne
foc·..,;;,.:-:: as the• oass· through the lens. 
-:-he 1r1s a-:ts as a diaphragm wh1cn 
e•::.a:-~os o· contractSi'.tbe· pupi! iOpen
·ng 1n th.e ,,,s to the:~~~~J. contro_lltng 
¡r-• .; amo"nt of l1ght tha1 is perm1tted 
tv en:er the e ve. 

~~· CELLS SYr-iAPSES CON ES 

ThE" rods and COI"Ies are the ultirnate 
rece:vers lar ind,v•dual parts of the 
,r.--,age. The't'· transform the rece•ved ........ 
op:,cal ,rr,age panern from rad1ant 
e;'lergv' 1nto cher'illcal energy wh1Ch 
energ1zes mdlrons ol nerve end,ngs. 
The opt,cal pa!;ern then oecomes a 
ser1es of electr,cal 1mpulses trave!ing 
wqn,n a .... erv special group ol ner ... es 
wn,cn connect to :he op11.: nen .. e. The 
opt1C ner ... es :lrom both eyesl combine 
anCl t1ansm1t the sele::t¡¡,·e 1mpulses 
10 the bra.n where the1· are ~nterpreted 

LID 

IRIS

CORNEA--

VERTICAL CROSS SECTION 
OF THE EYE 

' \ 
' 

~· . , e::. ____., ~ c;r-!!; = 
.% ~ ~ ... e:. 

~ ..-. 
~~- ...... ~· 

~ ~~ 
SYNAPSES RODS 
~ 

~e a: . 
~ 

"'ht OPTIC Nf"RVE .. ~ 
FIBERS BIPOLAR CElLS 

\ 



Thc cc>:JC.· !!1 c::ch n-e m:::J!1c: :d·.~~t:: _,n·t·n 
¡¡·,¡ii!(lil. Thn :trc !cJc:,;ni. pri::l.-triiy ir1 t:K .:-c·:r:r:tl 
pr·:·;:c.:; 0: ;)¡e rci: ... , C:il!rd t!;c flJ\l-:i. ::r:l! ;,;T 
)¡;,_:;,~,- '-t :;_;.;;:q· to cú1Zl! Pcc1¡)lc c.:u1 rc~,)q· fi:1v 
<!v\.::l- \1·;:h illl"~l' CC•:ll"' !:::·sv!y ll('C:U~t" c:c~-, uric 

1~ n>:,:;q\t\! :.u Íl~ 0\'ll lltT\"l" Clld \!.:~cit--. COII· 

t:._,:!::Lc ;!·1t t·:;c :::.~··:,y~ rc•t::tc thr cyrk:!l ULtii ;Le 

¡;~;;¡;_:e of :!·:e c•l•_:cct of ou~ ÍriLC:T~t i:di~ on th.' 
f...·,· e::. ( :o::r ,·:-:,1:· :~ k:-,u\\:n :ts phDtopic o: e!::\·
; i :: ll \":.• ; •. •!1. 

:• 

> 
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E;.UE. 
F~C t_PiQP. 

GREEN 
RECEPTOR 

' Íi i :e: ; ¡;· :·; ¡_,;:, 
,: !"l r \1 :il : :r' ::. 

lll" itJ::::ly i:np:1i!"!'t~- only ;lw roí~
T!:i- ¡1c:--l,:;·~ c,-T:-' :11T 11::k -t ::.-iti,-~ 

(\: rpt..:;::;~ (lf li-..::lt. .\' ;¡ n·-ttit. li!..:!.t 
::¡ljH ,:r ::, ··¡11-iL::I·c: or dim:nc1.· ;,:Hi ul1 

::-- ··¡;~!:tn u: (1:.:-\-d r_. · 

.\ to;;:l\~ cn:o:·-l>!i:ld ¡x::--,1:1 k:, full ;q>¡,rtTl,lt:o:l 

of :1i~ 5u:-:-Pu:~di;~L:~ • hut ir~ ,-;,]u("'- oí ::;·::•;:-. llP.!C h 
:1~ .:1 t~c:-~on \\ i;]~ nnr:r~:t! color ,-~~ion h:1~ ft:!~ ::¡1 
prcci:i¡Íc•:l of :: col()f T\. prL•~r:::n \\h:ch i~ ,.lt"\·.cd 

on :1 bbck ~:1d \\·hite T\" 5("l. 

RED 
RECEPTOR 

;::_ela;¡ve soe-::oat r.:s
p-Jnse funct•on o~ !:te 
.::one mecharo~sms as 
!)05~·;:ated 1n YOL.:-'1:_; S 

theory At>soru:e ser. 
S•ilv,::es of t~e three 
recE:ptor oea\..s ate 
no: necessardy eq(..;al 

WI-VELENGTH (Nanometers) 

cm 111 thc cyc - but thr: .Jrc not in,·oh·cd in 
colc•t ,·ision. R.od~ scrYc to ei"c a grncr3L O\"Cr.:dl 
p:cun of thc ficid of vicw. -and are rrcepti\·e only 
;o thc q~::-::ni:y of lit::ht ,,-a,·es cntering thc C\"C. 

Sc,·t·:-.:) rodE J.rt' cor~íi·ecu:d to J sint"lc ;c:Yc c:~d: 
:h·_;... thC\· o:~r;o; rc:-oh-e fine drt-.Jil. Rod~ are 
~t :1~i:i'"c to lo"· lcn:-ls oi illumin.Jtion :1:1d enJble 
thc C\T to sec .Jl nigh1 or undcr cxtrcmc!y !o\\" 
liL:htinc. conditiom. Thcrcfon:. objccts which :.1ppc~1r 
b~ichtl~· colon:d 111 davlic.ht ,,·hcn sccn bY thc 
culor-scr:siti,·c conc~ .JppCa; only as co1orle5~ 'rorms 
by :-n<.)();·;ii~ht bcc.:!usc only the rods are stimul.:ned. 
T!--:::- i~ kn0\\"11 J~ ~cotopic or night \'ision. 

Di-- Y- N IGH T VISIOr> 

.-\s thc adjacrnt spcctr.J! scmiti,·ity cu["\·t~ show. the 
C\T i~ not cquJ!h· scnsitiYr to .JI! WJ\"Clc-ngths. 1 n 
di:n li¡;in p:tnicu.brly. there is J dcfinitc -shift in 
:.he appa:-t·nt bri¡_;!-\¡ncss of diiTcrent colors. Th~~ ,,·Js 
d1sco,·crcd by Joh:!nne~ von Purkinje. \\"hile \\·a!king 
in thc fie\ch at dJ,,-n one day. von Purkinje ob
scf"\·ed th..1t blue f\o\\·ers appcarcd brightcr than red. 
,,·hile in full daylight the red Oowers ,,·ere brighter 
thJ.n the bluc. This is no,,· called thc Purkinjc 
effcct Jnd i.s panicularly important in phowmctry -
the mc:tsurcment of lishc 

The most promincnt h-p<: of color ddicil·nc,· is 
kno,\·n· J~ DcutcrJ:--,om~:],· ·• or red-l:rtcn blind:1cs~. 
,,·hcrcin thc pcrson 5Cl'S ;-ello"·~ :-1nc: -blue- norm:,!:~. 
but h.J~ trouhk difft-rc:nti:nim: re-d~ ;J!Hic:rcc:l~- ()t!h

about fi,·c- pncc:tt oí thc :~~~dr ?opub(io:¡ !1:~~ ~~1_;~ 
dcficiu1c'". ::: 1\! un:·.- t l. 3H pcrcc:11 of t ht fe:~::-: k~ 
.-\n c,·en !::1,-d!cr nu.mlJt:r or' ¡x·o¡.)lr- P.1ur~) pe--ce::: 
mJ.les and U.OU.! jJCrcent fcm.-t!l'~. :trt' tot:tlly ct.olúr 
bli ncl 

> 
f

VJ 
z 
w 

"' w 
> 
f
~ 
-' w 
0: 

WAVELENGTH (Nanometers) 
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VISUAL ILLUSIONS 

'':"o,,- vou srr it- nm,· \'OU don't_·· Thc old mrt
~ician·s.· linr about slci~h{-of-hand trick.~ i~ pnh;q-.,~ 
r-:1orc 3pplic.J.hlr to trick:- our cye!- pby on m "'ith 
col~r~- in difkn.:nt arr<~nscme:lts.. undrr diffcrcnt 

lic:htinc:. at diffcrcnt diq;~.nn~s. To ~ct thc ~tronscs.t 
,-i-:-u:-~1 ~rc:lctiom.. co,Tr al! othcr illm.trJtiom on thc 
p¡'¡~C":- ,,·hcn ~tudyins c:1ch illus.ion. 

C. OLOR .t::.ECE?TIQt-.; DE;:lClE-,'::1:-S. :\lo::-!unc
t-oi::ng c.o:--.es w. :ne eves o! :o:a:1,_ ::olor
b!·nc PE''501'1S result 1n rod viS•Or. on1~- -
v.heretJv e·,-e'vthong •S pe~ce,vej m b~acl..s. 

g·a,.·s. and w~:tes !r•gh; hall of il:ustrat•on: 
:nstt-aC of 1n co:ors ile!: hal~ o! di;_.>Sl'2:,onl. 
The \a:ues 1n ¡t-,e aca·•s of the il!us;•at•on 
r:--,¡;;,;r. the cc-r:1bonec- Ch~oma and va!t.dS on 
t~t: cc,:ors. 

015.:...=-'PE~FW;;G S?OiS. S:are at~ the color 
bloc~s and cah:ing spo:s will appear where 
tne c:Jr.'lers meet But try to look at one of 
the soo:s anC 11 faces a .... av. vv.-.at shaoe are 
tne spotsl Sauares. C1rcles. four-pointedStars? 

CHAMELEON EFFECT. Colors of med1urn value 
and chroma will appear to cr.ange in tne 
direction of lighter. brighter colors ~ or dar!..er, 
duller colors surrounding it. The b!ue bars in 
this i!lustration are al! printed with eKactly 
the same color of ink - but they appear 
lighter ne-.t to yellow, and darl-..er ne-.t to 
black 

OAY-NIGHT VISION. Under good lighting con· 
ditions the red flower will appear br.ighter than 
the blue. 1f viewed for five to ten minutes in 
very dim light though. the red tlower will al· 
most disa'Ooear while the blue flower will 
stand out as a light gray. (Look one or two 
inches as10e from the t>lue flower to see it 
more clearly since the roas (u seo for scotopic, 
or night vision) in the eye are most numerous 
in the retina just outside the foveal pit.) 



.: :;:. -., ¿ 5:-.:.. Tt.:L Fi..'SI·:)~-; nt ~:e e~. c:o: 
;-.. ;::t··- :.·H- s:-. .'l8'C· o' the 'Jn.ce~ S:a:es ·,•,di 
r·-~---~f- .:l:C e: soi:c: ::::·.:;., .-. .. en ·,-•(':,.;-::: frorp a 
cLs:: .. :r- o'- 6 to 8 ~~~: :..: ~n,'< r:1 s;;,nce :~e 
e,e c<tr, nt.- IV;tQ.:O' c.s•.·'lg"J::sh '">·••,::l .. a• cc!ors 
··,t'=o..-. a::' :yfer•: an.::: :~e oho.:",:.r.-.:-no.-. ;YO· 

, CO\~P:..E.\~Er\T ARY AFTERI~'!AGE. io see red 
C'IC v1:~•:-: 1rre· • ..-o:-l..s rn a b:-..,e~v;o!e: s~<v. 
s·:,·-:- lo: 30 se-:onds e: lhe blacJ.. do: jus: 
::Ofl:+:. :.;-r::e· ther ivo•. a: t:1e :Jtac•. 001 
,r. ::-~-; wh::-; s:.a-:e beloo-.. Proiongec con
,:e-r,:ra:'o;-1 o~ an1 colors wdl re-ju-:e eye sen-
5 ::_.,., to :nem. and the :e\·erse or comple
r.e..,:a~, color5 rema:r.,ng uraf!e::1ed. w;ll 
C·J"""r,a:e tne af:enmage for a br1ef pet~od 
LJn!,: ::¡atan.: e 15 re510:ec. 

1!-

i 

AOV.:.~,;(ING A.·.o RECtOING COLORS. \'\'ar:TI 
colors and lrgnt g·avs a~~ear to aavance 

J.' tO\'I.arc tne e;·e ·,•.,.hde cool colors anc aark 
· gravs ap;Jear to re:ede. s.nce thr~ ph..:nome

non rs reia:ed tO daJ.·-n•gh: vrsron. both ovals 
•n th.s dlustration will aooear as mounds wnen 
v;e\ .. ·~d for 5 to 1 O minutes ·n very drm ligm. 

• 

··~ 

, 3 
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COLORIMETRV 
CoJc,:-imctn· i~ thc ~cicncr of mc.1:-urinc ~nd ~·•:-tcm· 
:ttic::ly -dt..·~isr,.:-tting colo:-~. lt i~ .:-.n i;np(lr\:J;Il :-ci
cncc. sincr precise sy:.tnm of color mr;,surcmcnt 
:z:-t' rcc¡u!:"l·d !O ick:1~:fy. du¡di(::ic. :11~G s::-::ld:::·dizc 
thc :hou:':i:H:~ of c.:•l(,r- i:~ '....::-r tod,-~,- - Ztnd IK!!W 

u:-c:ul sy:-tcon:- fl:·:\T J,cc;; sct up tO ort::tniu ¡¡r-;.~l 
spcc ify thl':'f colr,:-s Hut beforc ¡¡ny of thc syqcm.' 
c1:1 hr ck~<."ribrd. it i~ cs~c:~ti:d 10 •.::Jdcrs;:,nd thc 
rcl:llic•:lship ,,-)¡!eh c.\.i:.ts lKihTrn th( pri:n:tr~· colors 
of lisiH :u1e! thc prim:-~ry color:- of pismcnt~. 

PPIT>.ARY AND SEC:OtW~P.Y CC1lClRS 

Thc p:-ir:1.:1ry color~ of !lsht (red. ~ccn tlnd b!uc) 
c:tn bL· :tddcd to pi"oducr thc s.ccondary colon, of 
lit=!H - m:tsc:JtJ (red plm hluc¡, cy:1n (grccn plu~ 
blucl. ~nd ycllo\,. (red plm ¡;rccn ·1 Thu~. thc colors 
of ,li~ht are c?tlled ··:!cldit:'-T. · .\ .-.cconcbry color of 
light mixcd in thc right proportion:. \\·ith it:. oppo
site primJry \\·i\1 produce \\·hite li~ht. For cxar~1plc. 
~ mixture of \'cllow Jnd bluc lic;ht wil! rt'sult ln 
\dlÍtc light. Thus. ycllow and bluC: are complcmen
tary colors of light - as are cyan and red. and 
m.1~cnta and grcen. 

1;2-

In tJÍ!;mcnt:. or color;¡nts. however. a prim:~ry 
colClr i.~ clcfi:1cd .:-ts eme th<~t subtran~ or ahsorbs a 
prilll:-try color of lisht <:tnd n.·nccts or trammits thc 
CJihu t\\'0. So thc pri;r,~:-y colors in pipncnts (some
tí mes c.:-dkd s~:~Hr~1c ti\·c prim¡1rics) are ma¡;cntJ. 
cy:1n. ~~nd ycllow - thc sccondar;; colors ,of li¡;ht. 

Thi:- subcractÍ\'C n:nurc of pi~mcnL" is casily 
dc:no:~~trJtcd by p!Jci¡~g mJgtntZl. cyan. and yd
lo\,. p:gment fiitcrs O\'cr a sourcc of whitc light 
fscc ¡¡dj.:Jccnt i!lu~tration). E.ach of thc pigmcnt 
filtc:-s ahsorbs or suhtracts onc of the prinlary 
colc,rs from the light. \\.hcrc two filtcrs overlap. onc 
of thc prima.ric-s of li~ht is tr<~mmittcd. For e.-..:-
3.mpk. the \T!low fih¿r ab:oorbs bluc (trammittinc 
red and er~en) and the m.J.(!Cnta filter absorb; 
c::Tcn (tr,-~;:;_..,mit{ing red and bluc). Togcthcr. the 
Íiltcrs tr.:tnsmit o~h· red - having. in ~ffect. sub
tr.J.cicd the mher . two primJry -colors from the 
.. ,·hite light. \\'here thc three pigment filters are 
supcrimposcd at the center. all light is absorbc:d. 
C:omplemcntary pigment colors are the s.ame as 
thosc in light - ye!low and bluc. cyan and red. 
magcma and grcen. 

Color tele\'ision recep'tion is an example of the 
"additive·· naturc of light colors. On the interior 
facc of the picture tube is applied approximately 
100.000 triangular dot patterns of electron-sensiti\'C 
phosphors - each triad consisting of onc phosphor 
dot cach that will radiate red \ighL blue lighL and 
green light. rcspecti .. ·ely. In opcration. a\1 red
emittin~ phosphor dots in al\ triJds are stimulated 
by clectron pulses from an electron gun ir.side the 
picturc tube which g1..·ncratcs ··red" pulses corres· 
ponding to ··red" encr~:"Y secn by thc T\' camera. 
Biuc Jnd grecn elect:-on guns insidc the picture 
tube stimulate the blue and green triad phospho["j 
in the sarne manner. 

The effect. ,·ie\,·ed on the home color T\' re
cet\·er. ts that the three primary colors from thc 
phosphors are "added·· togcther a:1d n·cei\'ed by 
thc color sensiti\'e eones in thc C\'C. and a full 
color image is perceived. Thiny s~cccssiYc im.:tge 
changes pcr sccond - in all thrcc colors. comple--te 
thc.motion illusion in color tcle\'ision. 

TH E COLOR TRIANGLE 

.\hhough black and white pigments are not con· 
sidered true colors. their addition to colored pig
ments produce tints. shades. and tones. The ad
jacent di~gram illustrates . the triangular relation
ship invoh·ed here - that adding black to a pig· 
ment color produces a shade. whereas adding white 
produces a tinL \\'hen gray (a mixture of black 
and white pigments) is added to a color pigmem. 
a tone is prod.uced. 
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FULL 
~"'.OLOR 

/3-
OSTW~LD COLOR SYSTEM 

~imibr in ;,rran~cmrnt to thr Color Trianglc is thr 
O~t\\·ald Color Sy~tcm \,·hich arrans:~ lcttercd roior 

~~~~.:.:~~~~~~~~-,¡,;;c;-c--;1-,n~tfianS"lcs· anO~descriDcs--thcm -¡-n --tcrm~ óf~~~~ 

THE COLOR TRIANGLE 

OSTWALD SYSTEM 

Tne Os~'-\C;c "c~:,:,or- !o, 
~C-E- c"~e v\(·<J•C: :.e 15 

ca Tr:e L':eer. aenc.:es 
t ..... e Das,c ccior'''•Cb!ue. 
n·.e ··:::" ceno:e:. tne per· 
:e~tage o! w.~.re. ané: :!"le 
··a·· ce10:e:. rne pe,.:ent· 
a~e oi Dtac'-.. 

\','HITE 

A
•"''-·:~ ------
~ ... ' 

'1 ': ' • • • " ":; ------
'.' , ... 

' ¡ 

ity. \\·hit-:1wss. and bbckness (J.djacent crian 
p:·ir;tcd \\ ith pcrm.ission of Con¡;,incr C:orporation 
lJf :\:nc:-ica). Thc purcst color:. (or hucs) contain no 
, .. ·hite or bbck pis:ncnts. The systrm as orisinally 
puhli~hcd di,·idcd tht· ~pectrum of crJlors into 24 
k~~ic nu:nhncd huc- with 21'\ \'ari:ltÍons of ez,ch in 
ii:;htnes~ or cb:-kncss (tints. shadcs. and ton~)-

r•'LINSELL COLOR SYSTEM 

Thc \lu:t~ell ~\·~:cm of color notJ.tlon i~ bJ.scd on a 
thcorctical soli.d form - much like an irre;ubr 
~iobe. Thc vcnical axis is grJduJtcd into :1me 
~:1:1d~ of grJy - with bbck at the bottom as zcro. 
;1nd \,·hite at thc top as ten (scc Jdj.;.ccnt illus· 
tration. printed h"ith permission of the \tun..;.c\1 
Color Comp.1ny). The colors of thc spectrum ~are 
di\·ided i:Ho 20 bJsic hucs \,·hich are rcprC'.tnted 
as \"Crtic:d pie sections of the solid \,·ith their purcst 
colors located around the pcrimcter. or equator. 
Thc \lume!l system also uses a set of coded. 
srJnd.Jrdized color chips for each coior. \·ariables 
in the \lunscll system are hue. \·aluc. and d1roma. 

Huf is thc cbssific..1tion of a color by which the 
eyc se~ it as red. blue. grcen. ye\low. etc .. -\ 
\lunsc\1· huc is de:signatcd by a single lettcr - R for 
red. G for Grecn. or pairs o{ letters. such as YG. 
for yel]O\,··grcen. 

l'aluf (similar to the gray scale in thc Ost\,·ald 
Sys:em) indic..1tes lightncss or d<.~rkness of a color on 
a scale ranging from O for bb.ck to 10 for v-:hite. 
Thus. a color can be dark or light red. indicating a 
position in a light·to·d~rk scale. (\1ur:sell \"a]ue 
is approximatcly equal to the square root of the 
pcrcent rencctancc of the color.) 

Chr¡,nu; indicates the purity or sJ.turation oi the 
color. or conversely. its freedom from dilution. 
Chroma is indicated by a number preceded by a 
slant line. fol!owing the value notation. 

MUNSELL SYSTEM 

~ r [J!fl 
1:1111 
1111 
111 
11 
1 

Form ot the Munset! 
color sol1d sho.-..·:ng 
cotor no:at1on sca:es for 
hue. value. and enroma 
and a sample color hue 
chart. A very gre·,·ed 
now value 1 yellow wouiC 
be iCentd.ea o~ the no
tation 5Y 3 2. 

1 S 
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Thc Intcr·Socict\: Color Council- :\ationa; Burc;~u 
of St.1ncbrds (.ISC:C·\·R~¡ ha~ stanrl.:rizcd :!t17 
n:llncs for dcscribing thc C<llürs of p:tint. Ltch 
n.1r~K i~ mJ.tchtd to a color chip. with thc hound
;¡:·ic;:; of cach n.:nnc fixe(: with limits ddincd in thc 
\1un:-.ell colur notation syst<:!n 

RED RA~GE 
4R-6P 

·- ., 

' ~~:: ll·:-..-- P¡'l,o 

"'•"'" 

L' :;- J >-

;:,; ~- ~; ¡:; ~·- ::;·.:~,.,:: v·•:o t.~:.:;t < ~ -~ •3-
P:'l,> ~t.·.:·.".~- ~::L:.: '"':!;." 

"·"' e, r-o;, ?11'." 

LIG.-• S'A=• Ott= DEE~ 
G~~"IS- ~¡!;• ~:r.•. V(LC)-11-:S,_. 

REV Plr>o• 
:;,. 

"'~ =-· .·"" "< 
:.~ ~· :=::. 

-

G~~v:s.- ~::lDE'>AT¡: s~~Y .. :. .. ~::- Pí:C ~;¡:: 

,· 

:.~=· ~ª G;~. 

' -

• :,t;. 

G=-'•. 0-'"'' PEO OH~ Vl'ii:/ ,. REO Rt:J 
;;:E: 

< 
. 'o'(PY 

6~"'-::• - VER~ """ OEE~" 

' 
RE_~~ .•• "' ;; 1~.:~-~~;. 

, ?-~~?:~. 

/o /¡ /¡ /, /, /' /¡o /¡;: /1' 
CHAOM.l 

ISCC-NBS STANOUD HUE NAMES A~D ABBREYIATIONS 

No me Abbre-
N.:Jmt A.bb·e-

~io!<on ~iotion 

·~ ¿ r v· ¡:lit p ,, 
0'0'19f ,Q •tddilh pv.-plt- ,p 

'. ,, o p ... ·pl:~~- "d pR 
0"0"9!' yellow OY P'-''P:is~. pi-,k pPI 
~ e!:o .... y pon k •• 
9'H . .,;,¡, ytllo .... gY )'E-IIo"'i¡l- pi, .. y p¡. 

~ello"" g·een "' bro ... nish p:n'o: brPit 

'";:o-ish 9'ff'1 yG b'~"'"''" o'onge b•O 
9'f€', G '".:id;sh boo ... n ,,, 
b!\i:lh c;·u·, bG c,o-... , ,, 
g•ee,.,,~!-. bJ...ot gB y tilo ... ish be e"'" ,,, 
6!ut B olive bro"'n OIBr 

p..:•p\j¡h blut pB o lo ve 01 

'iole! V olio! grten OIG 

.\dditional adverbs. and adjecti\·es are uscd in 
combination with the abo\·e huc names to com
p\ctely idcntify the. 2fi7 basic color chips in thc 
systcm. The additional modifiers are: 

Li~ht \'en· 
\tZ·dium Gra~·ish 
Dark ' :\lod~rate 
Dcep Palc 

Strong
\'ivid" 
Brilli~lm 

The adjacent chart illus-trates the application of the 
ISCC-~BS color design~tion system as, applicd to 
.the ~tunsell notation for Red ranging from -iR 
to 6R. 

C. l. E. COLOR SYSTEM 

The C. l.E. color system \,·as devised and adoptcd 
bv the C.I .E. {Commission Internationa\e de 
\'Eclairage - the Intern::uional Commission on 11-
luminati¿n} in 1931 and h.1s since become an ínter· 
national standard for measurins. doignating. and 
matching co\ors. 

In thc C. l. E. system. thc relative pcrcenwge:. of 
each of thc tht'oretica\ prim.1ry colors {red. grccn. 
blue) of a color to be idcntificd are mathematic.1lly 
dcrivcd. thcn plotted on .1 Chromaticity Oi.1gT.1m .1s 
onc chromaticity point. From the chroll'l3ticity 
poinl. the dominant w~l\'clength and puri1y can be 
detcrmined. :\11 possib\c colo~ may be designatcd 
on thc Chroma1icity Diagram. whether they are 
emitted. transmitted. or renected. Thus. thc C .l. E. 

...... 



:-~·-.1c111 lll:l~ l~t· coi,rdiil:llcd ,,-j¡IJ :tll othcr rol,,r ~~ \\-lwn ¡!J, d,rr•tn;,;JcJt\· u••,rdin::tt· ,-;dw~ for , 

ck ... i~n:Jtiot: ... y:-tl"lll~. :1:HI y :1n j>!lo\tn! <•::, ¡],e (: 1 1: (:J¡n, 111 ;1¡ 1cit\' 

. _To _ ~¡ ~t:c if y __ t! 1-C_ C'.hr.r.Jrn:ll ici t.y_of~:l-Ct ,¡(,;~ _ _! ¡~:_¡ L r [ )i :_, t:_r ·'.: 1 .;·:- -_1 h·~ 
1
• ÍJ,'_l}'!'-~n:: i 1 n: ! '1_,¡ :~ 1 :·: ill 1 n_ ;, ,t.: r:q • h i~-

~~-~~~<.:~I=F.·-~'~"It'ill=it~i ... =fir:.i=IWt'c:-":: rv==I(!=IJ !<--:: .. un=:-i:c- !l 1..t~Ul · · ': H.¡.J_n,=t lll-c.!: r\ ' 111 '' llCCll ~-t •!-t ¡ !t'-f!l'T:J-u•ln:·~-~·-· ~~~ 
1 · · 1 · ' · - 1:: r.cl.,¡lf,:-, ;r, ;i,c t!.::·¡·t t:lct•lTtir::! l·,r 11 r: .. -1r,.· re.:,,:, co.u:· ~ ~pcn:·(JplCl!(lllJC:rK ,-::J\lC' ·:rc!II'('.:::H<. C~dt· 

·¡· 1· 11 .,., u: ::1('. e!: ::.:::::1: "••::ct· u:: tl11 C.! L.' cit:J;,.:r;l:l: ~~:: t:trlLT. (ll u·;¡:;~:riJ!Linet· :1: (\tíh 11;:\·l'ic:J~\lt. r ,. 
\'.l~c:c~ thc:1 must be \q·ist-.tcc: by th< 1·;-~~ue~ of thc tlu ¡(I!Hiv. , .. _,. l• :t:t t~=·:' .. thc P'.'i:lt <•f cqu;d c:~c:·...:,· 

. ·1 (11L:tt' r~ )ro,::tr·c ;:; .11·, nr: t:,c .\ :rl'd. ;:\:~. :tnd thrcc t!1cllrt·tir:ti prir:-.;::·it·~ .:-ce t:li t:::11'\ ;r:i( 
1 l · -·· 1 . .-1 ·\ ', r•il ~:n \ i..':·vcl~ ::\.:· Thc rl::·c,r::,ltÍcÍt\ 1)')'"·'~ t ll' rc~t::i.t!l\ COl:liJ'.ll:ot:on 11:!: :·<·¡,:c~t:i: t.;c :::;¡¡_,:r:rl "" 
; 1 · · ' · · · · 1 · lf•r ~~·~·~·:·,,; :-lií·:·t'·.t·::: i:.::::11 coior.-. :li't ::l~o ~~~C'\1: 1 o, :.w ::;v¡_,;·v::C.tt p:·r;n;-¡:·Jc~ :rl'C1. !..'ltT::. ;¡;¡r; .duc: 

nn c!cd lt_, ;J:·,:¡(:\JCt' fc1: thc ~:.;,:HL:·d o'.•-.1 r·-_·r·¡ tht 
col<ll- c,f :ht ~¡~cc:·~:::J ::_; th.:t ~~·::,-c!r_ :::.:::1:. 

~'TCC:l 

:-1rH: J,h:c c:tlruL::io:1~ :trr r:dkd thr ;·:-::::·:,!:.-.. :.;1:.-n 
fot th:1t col<H- Tri~timulu~ \';duc~ :nv dcnot('(i bl' 
,·o;: :ci lt-tin::-. \: (for rcdi. Y {for l'rccn). :::Jd Z (:o~ 

hluci. Thc Y r:.::·ccnl "=:luc ::!:-.(• i~ li:<l! co:cn ·~ 
lwnino~i;1·. Thc t·:·i~ti:;JUJu~ ,-;¡Juc.-. :,re tLt-rl u~cd !(! 

c:lcuhtc thc uolo:-·s ch:·o;~·,z,ticity •~·: ·,;·:·;;::r_•. 

.-\ color·s c~,:-orn:nicity coo:-cl:n:::c~ n·¡):-c::-cnt the 
rC'htÍ\'l' pc:Tt rw:scs. o! c~1ch oí thc ?ri;:o;:ry co:o:·s 
prc~cnt in <1 ~..::q·n color. L,.:tt: i'r._;r k:tcr~ .:trc uscd 
to dc~il':Ldc ~dv: coo:-din=ttc \'::luC'~. x = f{'rl. 1· = 
grC'cn. '".1nd 7. = hluC'. Thc fr::ction:d \·~:!ucs · 2rc 
('Js.ih- co:::pl:tcc! from thc tristi:~:·.J!u~ 1·a!uc:-. :-\.Y. 
Z. by thL· fc)llo1' ins equ<ltion· 

' \:+Y+Z 

B1· suh~litutÍrJc Y ;md Z. rcspcn:\'cly. in thc 
mn;:cr::tor of si!lúl:1r ec¡u.:Hiom. thc chrom;-tticity 
coordin:ttcs for .::rct·n (1·¡ <"1nd biue (z'¡ nJJ\' :d~o 

~ 1 . . 
be c:lcuL;tcc!. Since the coordin.:Jtes re?r~cm fr.Jc· 
tion.:tl 1·.:dt:e::-. thcn the st.:m of x. y. and z \,·jJ\ 

;¡)\,·::\·::- cqu:.l unity. 1.0. Thc x. y \'Jlucs Jrc plottcd 
on thc Ch:·orn;,~icity Di.:-tSTJrn (ser p. IH¡. 
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BLUE 

\\'e.gl-.:!2c functions used 10 
resuce soe.ctropnotor'letr'c 
oa~c to colüt :ne:r.c ter;ns 
¡¡r;St•mulus values X,Y.ZI 
These funct•ons def•ne tne 

'Standard Observer· rec· 
ommended for colortmetry 
by the ln:ernat•O'lal Com· 
m1s5ion on lllumina:•on -
tne 193i C.I.E standard 
ooserver 

WAVELENGT ri (Nanometers) 

.\:·:n dtt <: :(•.:J::::c ::, ;1•:-!nt of ;1 cc,)(¡J h:t~ llt"-'il 

¡¡,,·.:in: l'!-. '':l r· l.L ( i::·uill:itÍcÍt\' lh:lt.,'T:::n. ll ~~ 
... :e: ¡o lit :·¡q ¡,1¡;¡¡ t:r•lll:··.~· dotni:un1 

\\·;:_.,¡_·i\ t:~t!: :::,H! ;~u:-E, ... \ li:H· d:·::\1·;¡ frc1r¡¡ thc 
)'illlll of l'(!\l:t: c:wr:.:.,· - t!'t:·ou!.:h dH' culor·~ rl,:·l·· 

!1;:::1(';¡\' \"''::~:-\Id:,'.',';'('" ,,jth ~ftt" ~j"'(i!:d lTi<.::·),.:y 

!ocl~ a/ :i1: d,_.:n::::::·:t \':t\Tk:l!.:lil .\,;d -incc thl 
"j1l'Ctr;,] l:-,, n:~- illC',l.• rc¡,:·~.-~c:lt~ itltl'\ t·•u:·:ty. :::·:e! 
thc pc,::H. of l'\.¡'.!:1~ C:lt ro;~· rcprc~c:n~ ll",. ¡)u:·:¡~-. 

t!:c:1 thl' (b::tnCl hctl\et·:: :he point of cc¡u:d cr:tr(\' 
:111cl tht' c:.~vm:,!icity iJ<Jint - ¡¡_;, :1 'r:::¡· oí thc e!:~·· 
t:li1Cc hct\\'t'l':1 ec¡u:d c::c:·s.:-· .:-t!Jd thr locu~ pvini -
!Jc(Ullll'~ ti·c jJlTCcnl.~!..'C of /,;,;/,•_¡ for t!H· cuior to ht' 
ickntlÍÍcc! 

Thc clt-~i;-:~~~:~rn: uf :-1 color on .1 C: 1 L C:h:·u· 
m:I!ÍCl!\' 1 Ji:H.:;r:::n t::\'l'~ no infurm.-ttiun on thl' 
spcctr.:~Í c:Jc;-·~~.- d1.•f" ::::r": of thr lí:;ht sourn· or 
ubjcct. 1 l>·t·r¡ thou!..'h thr fir~i Í11put:- to thc eh ro· 
:n:lllClly :c•r::1ul:! :1rc thc c:1t-r~·-y .11 <::tch \,·;¡q·. 

kn!.·!h. thn· ztrc concc:dcd ;¡:-, ~oon a~ thcy .1n· 
.J\T-~:tgccL ·! T:lt-rt·k·rc. ickntifyins. thc t-ltl'CCI1i:JS(~ 
of thc pr:::;~:-ie:- in .:1 color i~ not .:-~ complctt' color 
idc:1tific:ttion ~~·s;cm slnn· mztm· difkrcnt cor;:\·,¡n
Jtio:l .. '· of spt.:cu:al e:1cr_¡;y mi."u:·~s c.J.n re-u]¡ in t!-.c 
sJme .:-:pp.:-trc::t color. 

Thc prc~cnt 
.1ccu::nc th.:t:1 

C.IE 
both 

S\'Stcm is. ho\,'C'\'Cr. more 
tnc 0:-t\\·:-dd :nH:: \lua .... t·ll 

s;.-stuns bcc:n:sc it St)ccifit·~ color on ,:¡ ph~·si~·::i 

h:1!'-Í~ - e!::ni11::tin!..' tl1C' necd fur hu;:nr: or ~uh· 
jcTti1·c com¡J~t:'Í~cm~ o:· juds:ncnts. Tht :~1o:.t co:~1· 
pk·tc mcasurcmvnt of color. thcn. \\Ould ncccs~::ril~ 
h,1\T to inducir thc C. l. E. chrom:t;icit\·, dor~1in.:trH 
huc. ~~nd purity ci:tt.J. toguhcr ~~·ith the ~v·ctr:d 
cncrgy distrilJution d,1tJ. in arder to pinpoint .1!! 
kcy \·ari.:Jb!c:-. 

COLOR TEr.~PER~TURE 

.\JI objccts will emit !ight if thcy Jrc hr::ttcd to a 
sufficicntly high tt:mper:JtUrc .-\!so. a~ an objcct 
1s rJi~cd ¡n tcmpcr.:llurc. thc color of thc !i~ht 
ernillcd from it ,,.¡¡¡ ch:tngc .. \n iron bar. for 
ex.Jmpk . .:tppcars dul! -red \\-11cn first hca1ed. then 
rcd-orélngc. thcn \,·hile. and fin.1!\y blut'·\,·hitc J.s it 
is heated hottcr and hottcr. In thc s.1mc ''a'. a 
tungsten fibmcnt in an incandcsccnt lamp changcs 
col;r whcn differcnt \'OI!J.ges are applied. This 
phcnomcnon was studied by ~1ax Planck in 1~00 
and i.s thc basi.s for his taw of b!ackbod\' radiators. 
This la\\·, in c::.sl'nn.". predicts the disirib.~Hion of 
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1 -·-
GREEN 1 

OAYLIGHT 

DEEP BLUE 
1 -·-1 1 -·-

~. 

thc:-m:1l radi3ti~J:l. as a function of ttmperature, 
and dcfincs',."'th~l';uppcr limit of thermal radiation. 
. \ blackbody;:_ii"~'ddincd as onc which will absorb 
a1l radiation falling on it. 

This law can .be uscd to dcsignate the relati\·e 
color tcmperaturr of any heau:d object. A color 
temperature dcsignation. appli~d to a light source. 
rcfers to the absolutr temperature in .degrees Kekin 
of a thcorectical blackbody or full radiator whose 
color appearance matches that of the source in 
qucs.tion. Such a body is black at room temper
ature. red at 8001\.. n·llow at 3000K. white at 
5(1(1(11\.. pale bluc at S<~KIK. and brilliant blue at 
60.00(11\.. Tungstcn filament \amps uscd for general 
lighting ha\'c c?lor tempcratures in the 2fiOOK to 

3UOOK range. Lo\\' ,,·attage lamps used where lumi· 
nance is not too important operatc at aboUI 200(11'. . 
Such lamps as TY and studio Ooods opcrate in thc 
3HKI - 3~\KIK rangc. JUSI short of the tung>ten 
melting poim of 3SoOK. In r_nOst cases. actual 
filament temperaturc is slightly lo,,·er than the 
apparent color temperature. 

Technically. a ··color tcmper~ture" desigfk1tion 
CJO only apply to incand<.'sccm sources. and. as. 
such. it is a spccification of both the dcgree of 
,,·hitcncss and the spectral energy composition of 
the source. However. the term ··apparent color 
temp<:raturc" is often uscd to specify the dcgrce of 
,,·hitcncss of fluorcsccnt lamps as "·cll as sky light. 
mcrcury \'a por lamps. etc. 



GENERAL 
LIGHTING 
INC.O.NDESCENT 
LAMP RANGE 
2600K-3100K 

SOURCE "A" 

WWX-3000K 

CWX-4200K 

DAYLIGHT-7000K 

SOURCE "C" 

BLACK 
BODY 
LOCuS 

T~·pic;~l ex~mplc~ of ··.:~ppZ~rcnt color tcmpcr:~-
;urc · ,-:d'.JC~ .Jrc a~ follo\\'S: 

\\.;:¡rm \\'hite (\\\\'1 and Deh1xc \\.arm \\'hite 
¡\\\\'\:) fluorescent L'''"P' 3UI·Iil!;. 

C:ool \\'hite (C:'Xl and DcllL'\e Cool \\'hite 
1, C\\'\: '¡ Fiuorcscent L1n·,ps -l2U(lr\. 

\\'hite (\\'¡ fluorc;cent La::np 35(1(1!;. 

Daylight (Dl Fluorcsce:1t Lamp 7uOOK 

Sunlight at sunnsc 

Sunlight at noon 

Sky - o,·ercast 

18(1(1 ¡.;. 

511111tK 

650(1!;. 

Sky- extrcmcly blut (clc3r nort!l,,·est) 2.1.(\00K 

.\ fe,,. of thesc bmps J.rc sho\,·n tog•;thcr v•iih tht 
bbckbody locus on the adjJ.ccni C.l.E. Chrom~Hi· 
city Di.:tgr.:un. 

l'nfort'.lnJtel~·- the .::~pp.:ncnt color tc:npcrJ.ture 
dc~ign:nion for J.ny li~ht sourcc doe:. .not givc 
i:"Vonn.:Hion on its spccific S¡Jl'Ctr.Jl cncrgy distri
butlon. For exzu~1p!r. Coo! \\"hite and Deluxc 
Cool \\"hite lamps apprar to be thr sJrnc color 
but thcir sp.'Ctral distribution cun·es are quite 
diffcrent and thcir effc·cts on co\orcd objcclS and 
m.:Hcrials are dcfinitcly diffcrem. The samc limit· 
ation applies in using color tcmperaturc notations 
to specify sky light. mcrcury vapor lamps. etc. 

~ ..... 
p-

¡Q 
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óTf,'<él.:.RD LIGHT SOUPCES 

Thrcr ~<1urcc~ l1:t\T l1íTi1 ~t·!t rlrc\ 1~,- tl~t· (:.1 E. :t." ~lit!Jd.:-1rd~ 
ft1r 1.1:-t· in colorimctry. Th('~(' ~ou1Tc~ :11T c\c ... i~n;ttn! ~owTr 
.\. H. Zilld e (::dibr:LICd \;¡¡~ji)' 1 .:1\' lw (l]¡t;:iilC'd fr<•Il1 t!H· 

\'::ti(I!J::! Hurc:tu of S¡;¡¡l(l;¡rd'. 

:--:.-:.ur(c .\ i~ íl tun~:;tcn fi!:ll:lt'Jli L~::q1 (ljiCL!Ii::~ :11 ~:--i-1-!l-\.. 

:'tou:·n· B tHilii't':-- a l:nnp h:n·:::~ da -'iltT::·::! qu::~i:y el ~~~-..:rCL· 

\ in C(I::;J¡in::ti(I:J "·i¡h :1 :>pn i!i~·d filie:·. Tlw :t¡,¡~:~:·c;\1 CP]I_!r 
ic:;.¡u·:·:tt~!!'( o: ~11\J!'(T H ;li'i•:'u'.:;~ .. ;\t"' ti::tt o:' J'n•PJ: ~u;·,ii'..:LI 

:-t:-{:-rll-\.1. S(•i.i!TC C: i~ -..flu:Tl .\. tLt l\l!t•.:'-tl'n-iib:;¡cJ:t ~l•\.:rcc. 
~.ut \\ith ~~ diífncn; fdtn. T!:c fiitL'I :t:ld l:::n¡' (l!llt!•i:l:t:ion 
p:·~··dt:ü·:- a cu:o:· c¡u::in~· \\ hich :~pF:·t .. \im:tlt'.~ <!::yb.:!ll :tt 
t1-;-;ttK. 

Th< :t~\_i,1CC!lt Chilrl '-;i'·,c-. ~J¡:· .rc\::~Í\T ~¡ll'C\1':1] 
ol tlw~c thrvc '-t;t:lc::t:-c h~llt ~0urn-:--. 

e 1\Cf[..'"Y di:;tri-

RECORDING SPECTROPHOTOMETER 

P~C')~<a·"'G 
SP~-:r;;c·-

p .. c--:-c-~t'l"E~' 

_! 
1 

(lt;;HT 
SOUPCE 

PRISM 

COLOR! METER 

COLORIMETtJI 

-i-=============7,1 
ltG1-·a 
SOURCE 

SPfC7t;A. [ ... [;:.:;-.. 
[a,o_:SSIO!'o. ~t;A-.5-

'-':SSIJr.,, 0¡:; 0/UUC
T¡Qr--, O:FR·B·~·iiC·r--. 

cu¡:;vE 

S.:A.N~ING 
CE'~ ICE 

X 
y 

z 

PUlEC~ ANCE 
CO.O~'< 
S.A"';:LE 

¡r.;.¡>¡(i ,,, 
1 '1 
'\ 

,, 

,, 
70( 

COLOR r.",EASUPING INSTRUMENTS 

Thc t\,·o mrnt common color mca~urint: 

imtrumcJH5 111 u.~~· tO<by .:uc thc SlJLTtrc;

pl:otomctcr and thc colorimctcr. Thcir opcr
ating principies ~re quite diffcrcnt. :~s 

illustratcd on thc .:-tdjaccnt dias-rams. 

Thc spcctrophowmctt'r gl,-cs- thr racli;-::1t 
rncrgy at C<1ch u:út wJ\·clcn~th across. thc 
en tire ,-isiblr spt-ctrum. ,,·hile t!H: colorimc:_,_:r · 
giYC5o on\y thr sum of radi:HH cm-rg:. íor 
cach prim~1ry. S¡;cctr~.d cncr~~- dJta from 
eilhcr may be uscd to c..1.lcu\atc thc C.I.E. 
chrom<~ticity of a color. but it is ob,·iol.l5 
that thc sprctroph0ton1l'tcr Gdculations- "·ill 
be more Jccuratc since thr input d~na are 
more complete. 

Spcctral cnng~ di:-tribution curYl'~ from 
spcctrophotomncr~ are oftcn uscd for color 
nwtching ,,·hnc hi~h accurz¡cy i!:> cs:.cntial. 
ConYn:.cly. colorinH'ttT~ an· not as accur~tt<: 

as spcctrophotomctcr!> O\"cr broad rangcs. but 
thcY are cfft·ctiq· for c:cncral color mJtchim:
wh~rc minor color ,.;riatiom an· immatc;i:li. 
Colorimctcrs an: quite ;:¡,ccuratc ,,·ithin narrow 
color rangt·:.. though. and are oftcn built into 
production color control opcrJtions. 

Both dcYiccs ,,.¡¡¡ pcrform in cithcr additi\-e 
or subtracti\'c modcs. Jnd thus will pro,·id 
color mcaslu·ement!'- from similar light sourc<:. 
or objcct color:.. 



WHITE LIGHT SOURCES 
¡r;-

~~~~Ti.Jc _ _¡_::¡ H__:_,_o:=, .. ~!! i t r~li~; 1 ~-=~Pi.: rct~"=in=u ... ,~tocb :"=\':: r;Y~ _¡ ic~<~lH: 'e :11 '-=(-(1:1 :·::: ¡wr!=,,-¡ t h m=t IH,--;1 :·r-tTil~Tl\i.-, -~~~~--
crc::t!'> F:;;.o:·c~ccnl, iriC:;:r!t""ICL~I. ;Jnc: hi~L Ílll< .,_ \,:¡,iirll.i:ic•:~ c::;.:,c- tl:c ;:[(¡¡;;. [(_¡ c;nit );1:Tc ;¡¡Jlolllllt:-

<;;.·e:>~ i.:::·:.:t i..:n¡J•. ::- ,~-~;; ::· :;;,¡u:·::i d::;·i;:..:!-,: :::T e•: t·icc:ro::;:::::-,(\Íl C:il-~l':' n~ dll" ,-;~ildr r:1:1...:c. 
·:!! ,.,;¡_::,: '" ::- :-<11.:rn·~ (1: h} :lt 1:!..::,:. Hu: ::- \·:e 

· :1 · •:' uf l! :c ! •:·.: 1 !1 :: :H! f!' \'e : :< •· 

1 U!...: ir.~: :: .-:.,:, ¡ ,, : ;, ·:: \·; · : ,, : ,-,_,:L·. 

T::t ¡::,, :! r_¡f l::·:·:)' dc:-ic::c:·· !-:::~ !,ct:l ;o ::rl".!n·t· 
r..:-·l•(: Ct•::::lll'::::;,) '(•lil'll'' o: \\':litt" ]i~!l~. Tht .tL:"L"l 

c;:t,::·::- o:· r: q~;:;-,·;ncnt:- ZliT l1 c!:·:~it·:Ky. or l~lL" 

:::<.1.< l:c:;; ;•L:: c!o!!:::·. :!. e :o:· rc::r_:t:·nl'_'_ c•r t!w 
:::J;¡¡,, '<l ... ·~(" n 1 ¡j•·r•~ -.-·,·")¡·····in ¡j·,~_·ir ;:;u:-< ::~n:ili::r 

cn;ur~. :'t:i<'i·."~ v.·:'i::·c:::;.~~-.1 to·r"~dJ.'-r:::cL· ci cc_,:u: tilit:-. 

(>•:F: •.:::~ :·c.:..c.·::-ch Jnc! ciL·,·d-.:;1:1:(·::: \\·ith lid:t 
:-.:>:.::Te ;:;::tv: i::!~ h:::- ¡•rvdt;Cc<! rc::;;¡:~::t!,ic ···.;ll"CJ\"t"· 

::;e·;¡:~ 1:1 i•. d:·.y":- liS"flt ~uurce~. Lut. :l.' :e<. th1 
¡•L:·:t·c;h !J;,!::::ct·d br:1p h:t~ nm L•ccn ;!d:in·t·ci. 
Thc l>t.·:-t of L-:::1¡.J~ Z:\":til:;\dc :t:"T ihc rL·~ult~ of 
t tl;:·:¡•r••::. ,e_, :t:~:un~ thc tl:rvc pr:::1•.· (:·!¡c:-i:: T!:c 
r:v_,....¡ r.:::(H::: !t-.:¡¡¡ 5(•U:Tc~ k:H_,,,·;¡ ::n dtf:,:!ent in 
cuit•l" :·L·:,r:t·nrl':.' c:¡J~:~J:!:tie~. To i::·::¡:-(r:c cc•!r.J:· rc:l

dc:·int.:. ¡;~:v::- :t::c! cu::¡;;-~~:- nH:St Le ::c!ded - hut 

dH'\" rcdl.:u thc c:.ficic:JC\" . .-\:1d oht:ti::.:·:~ J. l:1:np 
t:l:tt ·· ;¡ppcz-::-~· \\·hite_ c~n only he ;1chinTd U y 
:1ff·:ct::1r: ho<h cfficic:lcy and color :-c:-:dition. llo,,·. 
l·'-·r:-. c.:t..:h t:t-Jc of lisht sourcc hJ.• spcciJ.l J.d· 
,.:tnt::.s:e- \\·hiel~ :He uscful J.nd irnpor•.lnt in diíflrtnt 
tyycs of 3pplic:ttions. 

Tl'PES OF LIGI-iT SOUP::ES 

T:n·:-v :::-e t!lrcc lJ::!iC t\"fJC'5 of i:~h: sourcc~ m.cd 
::.•(:.:·. inc.::·,dc~cl·nt .. fluo;T:-cc::: . .""t:lc: hü:;h in· 

lt ·:~~l'- d>c!·::t:·(:( i:t:lii)'. lnc::nck~cciH l:11np-~ pro· 
C'..ll!." ii~!1t h\ ckctrict!h hc:ttl:l!..: hlt:h rc~i~t:1:1et· 
!~li:~,¡c;: fi!:1:!tl':1t~ \0 i:1tc:t:;c hri~!H:~cs~.-

Fluu:-c~ccnt bmps produce lis-ht l>y cstzJbli~hing 
Ztil :11·.:- hc:\\ccn two dcctrvdt"S in J.!l Jtrnm¡.J!wrc 

. l . ' ' e•: ,·r::·'- 1U\~ ¡J:Tssurc mc:·cur;-· Y:tpor 111 :: c:t,:tl1l:lcr 
i¡;;t· ~.::s~ tuht~ This ]m, prcs~urc di:-cl:.1n:c pru· 
d~1c·:~ cl!t:·:¡\·iolct radi.:ttion ~~: ,, . .:.t,-clt:n~;hs ,,·hich 
r::,l·i~l· c~·~¡:,l~ of phosphor (thr ,,·hite po\,·dtT) línin~ 
t~.c tu~H· \·:::ll. The ph05phor fluorc;,ccs. cor,\Trting 
c;)¡;-;¡\·iuk: crlcrs:-· into visible cnn:;y- lil'ht. 

\lnnu·y. \lulti-\";-¡por•. and LuC.1lox ~ bmps 
:1rc hit::: in:crbi;~- di~ch:trgc t~))C"S. They .:liso produce 
lit:Lt \¡\· L"':;¡\¡]¡:-!-:lnt:: ~~n are bct\\Ten !\\·o clectrodc: 
h'.lt t!,<.·· ck~·t:·udc~ ;re only J fe\': tnche:- ap:-trt - in 
o¡)¡JCr.-itr cnd:; o:· ~~ sm:t!l. sc.Jlcd. t· ."ln!lucnll or 
tr:Hb¡J:,rull :trc o.ubc :\n J.rc of clcc¡ncny sp:i:ming 
thc s:tp IJCl\\TC':l thc clcctrod<.:~ gcntT.J.tcs hcat anJ 
pr<.·~·dirc much highn than in Ouorcscent lJ.mps -
his:h cnough to , . .1porizc the J.toms of Y:J.riom mct:d-

Ti!•. r:w;·¡]i:c l"!( tJ;v:lt Ítl ;~IC"C",I:·y ];,r:l¡• :n-e tulH"' 
:~ ¡;,•::·e un ¡,. \L:li:-\·:~¡·,(q· i::::q>~ .. ':¡,:,!: q;.¡;,¡¡¡::iv~ 
of s•·d:t:r:·;_ ;:1:: !:u::l. ;,:¡f! :r:diun; ir·ódc~ :tn :1(~dcc! 
tu ;Le it::.'-il ,;,. rcu:·'- !:1 l.uc:!l(l:-. l::::·:;l' .... -:,dit:nJ ,i:
tht jli"tlll:try ,·ir::r:t'\1: ~Hti :1 ~:n::l: ::n·,,_.Uill uf !lll r· 

cu:·y i~ :~,:ckd. 

I:K:::H!~·-,n·:¡; L't"lln::l licl,;!n~ L11~1¡>~ pr· .. ·lun· Íl"Lllll 

l ~ ;r_1 :!") lu::1t·:~-= ,-,; iicl1t ¡1n \\,ill n:· ¡n1\\"l"l" cc,n· 
.'lli1Jl"d - dq,c:Jdinc o:; \".;tl:::~t-. lik ;1;Hi ¡,!::~ic;d 

clc<!..;!l ft-:ti~:rc~ Thc k:ik of t!tt· r;¡d:.!;t·d C:Jt·:·c,· 
::·(,;:·, ir:C:¡;¡rk,ct·::t b¡1:;1~ lit·.' itl tlll·. im·!.<ld!" 1:1·· 

ir::rcd rvt:!Cnl of thc ~pcctrur:1 (sr-r d1:1rt on ill":\l 
p:tl'C!. T:vic~! ""l1itL" íluort·~ccnt l:tmp" pmdun· 
;:!,utll :")(!- h!! lu:nrn~ ¡xr \\·;¡¡¡ - dc¡x-nc!in~ on 
tltt":r ~i:·.~· ZI!IC~ ;:·;•c. \lcrc\:ry b:1:¡J~ cm:t ;¡!JC•llt .!JO

:\~) i¡w. \lu!ti-\":!por b:np~ ~~!,ou; í-\IJ- ~Jtl lp\, .. 
Ztnd Luc:tlo;.... Lm¡)s. :he :nost dficiL"ni o! .:1!!. OHT 

]00 ltyw. ·~ 

NCANOESCENT LAMPS 

2 

j. 
4 

INCANOESCENT LAMPS: · i: ?·essec c!.::ss ""PAP.· 
l:)ara:::l01iC ah.:.~o,;·,·z~(: r.s-::e,::o:· .-.ea;,'"ler;:.,e>oi-5:·0! or :;.: .. _:¡a. 
121 Genera: p•..;':)I"")S€ A-lone ·3 a:a ... ·n g:ass :reiie-::o 
S~·Ol nr loúvG ..: :)JO-v • .::t: C'Jó!"::l.r-,¿. ~ 

FLUORESCENT LAMPS: 11: ?n~·.::>r G'OO\e-¡, h1gr. 
c.urrt:n: r;:;:¡,c s;<~·: :2. H.gn nut;Ju: raa•G star: •3: Si1m· 
l,ne ~nstan: s:a~:. -.:.1 Sianoarc .:.o- ...... an p1e-heat rap1C 
s tar; 

HIGH INTENSITY OISCHARGE LAMPS' 111 Multi· 
Vapor !2) Phosphor-coated mercury. (3) lucalox lamp. 

The lumcn is rht uniL of luminom flu.\ equal lO 
th<.· flux in or unit solid ~tnglt- from a uniform 
puint source of om· Cindt:b. 

21 
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SPlCTRAL ENlHGY DISTRIBUliON 

:\ ~r:1phic prr~cnt:nion of tllt' cner~y t·mitlcd h\- :1 
li!..:h: :-I>U:Tt' =lt c:~eh \\-;1\"Ckllr.;iL in thc :-PCCI!"UI\1 i:
C:.t!kd :1 ~pcrtr:tl cnrr~y d:,trilltniun r . ...:..J-:.·1>.1 n::·\T. 
Tltc .'-.L I>. cbLl are dniq·d ¡Ju·tJush :1 :-¡lt-ct:·c,. 
r::diun:ctcr. :11Hl :tn· u:-t;;dly :Jdju:-icd to ~tolllt C01ll

:J:I.•il n·fcrc:lCv (such :1:- tiL:t¡,ut plT b.::!:cn; 10 pn•·.·ick 
;1. l1:t:-i, of Ctl;¡¡¡J:tt·:~":l ;lil\(Jfl~ :-r_n.::·rt-:-. Thc cu:-\T:
lJn tltt· _:Hi_i:tct":1\ C!1:1~~ :·('p:T:-:::H '~1rh cb~:1 inr (onc 
ph:::-t" o~ n::tur::l o.::·:;:..:lll .1110 fr_¡¡ :11:1:1y 01 thc n1n~t 
u.;¡;;nt'n ct·ncr:d li!..:h;i:t:..: ~ou:-<T:-. 

lnc::nclc:-rcnt bmtJ:- ulwy c:-t:ddi~l:cd ph~<c:tll::\\·:
of t!tcrm:!l c:~;::-<~ion: cncn.:y i~ di~:r:!i~l\Cd in ;1 

~:::o<>ti: C'i.ll"\"t' \¡c~in;~in:.:: i:1 i!ie n•_·;¡;· l'\· r~tr::-=(' \\-ith 
\TI~- l1:tk' ckq> h!u•: r:tdi.::ion. inc-CJ:-Íll~ \\·itl:\·:;tn·· 

k:l":.:th intu thc ckrp r('d. L:H·r~··y :1ctU::lly pc:1b in 
tht· nc:tr inf:·;¡rcd. 1 );¡;;: :!:-v s!wh-11 íor color \('lllptT· 
:t:un.'~ COIIO!l!O!l Ín L;t·:~t·:·;¡j \i!..;lllÍ11C: l¡¡¡~¡p-.. (:liU!i!f':,) 

;¡¡·,(! plHI[•_IflUI'Iri {)l' '~lllliÍt• !i~!l!Íll!.:' !:J1:1p~ 13-it.)(!r\_1. 

lkct~::-c it k1~ rcbti\Th !llore blut· ;mt! lt-~~ red 
c:ln~'""· thc :q()\lf':_ sourcc :1ppc;¡rs muc!1 .. ,\·hitcr"" 
th:t:1 thc ~~i~ln!y \Tllo,\·ish ~rncr:1l li~htíns; bn;p~. 

ocu.:•E 
COO; WHIT{ 
nuo"rscr,.r 

coo~ w .. 1n 

:.· 

;lo-

lli!..:h intcn-ity di~ch:tr¡::t bmp~ proclu(r pc1k- of 
c:wr_t:~· :11 "!'l'l·iiic \\'ZI\Tlcn_t.:th.'. Thc;,{' :1r<· dctn· 
n:i:H·rl hy "JWcii1c ~}¡jf¡, in ('lt-Ctron orhit~ \\·ithin tht' 
;¡¡(,:nic ~tructUrl' of thc 'nH·t:il. Thu~. nH-rl.:y ~~ 

r11:ittnl 111 "r(':-un:tnct· lim·:-" th:!l ;¡n· diffnn\1. fur 
c:1ch mn:d. 

For clc:1r IlHTcury l::Iltp'-. m::jor rc:-onanc-c r:tcli
:tt.l<.:m occur~ :tt .¡p-·l. -Uf1. :">4h. ~u1d :i7t'l n~::v_>:nctn~ 
in th(' ,·i:-ihk SJKTtrum. ~:nd :1\:-o at :.!:->:{. :.!~11). ;1nd 
::1 ~.--) llil tllll\Ktn~ in thc ul: fi1Yiokt. 

·(Thr mllcr bulh of th(' mn(Uf\' bmp z¡h:-,(II"h~ 
¡;w::t of liw :.!Jurlh'Zl\"C' L'\"l. l'hmphor-cu:t:in~~ ;q)· 

plicd 10 thc in~idc of thc hulh ahs(lrb this. ultr;l
,-iokt. Ztncl r:1cii;J\C <·ncrc:v \\·ith continuc1U'-' ch:tr· 

· ;¡ctni~tic~ to impro\'c tht-' t:olor uf thc clc.l:- nH-:-cur~· 
\;t;np. ~s in thc Dcluxc \\"hite bmJJ i!lus.!r:tu:d. 

Thc \lulti-\'apor lamp abo contJins mcrcury. 
Lut :'(·,·c:-::J.! mctZ~llic iodidcs. (cg .. sodium. thallium 
:md indiurn) ha\"e bccn addcd. Thc mcrcury rc~u

n:lncc radi:Hion is subordinZJtc. and mo~t of thc 

II'IUI. TI-~APQJI 

.~ b ... 
. 
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I."Kil."'D[SCEr-.iT l~MPS 

... ~.' 

lic.:ht co::,c: f¡·(l:r: Lile iL·~:r l::w~ :.~itl. ~.'1l. .~1:F1. ~tild 
YIP n.::',('!~lC'tn~; c:l.-::·::clc:·¡~:ic of thc ¡odicic <tc:di-

t :;· T~. _?-¡~e__ ~ (,l.l ¡:~e '-~~- ~ !: ~- _i ~-:' ~-~ _::~-·.~,:":· __ el ~~;ti-~-~· r :1\·~· _:_~_:: 
o. C.!L .. ,1, \LL \h ..... \ ·'¡hl. -~.lt(\L ..... _ •• t.c.~ \\,)<L! 

li .·ht ::nr: \· .. :tt,':- colur rc:Hkrir:~ th.Jn thc ck:-:r 
c.vrcu:·y i:tJ:1tJ.,_ 

Thc I.ucJ!n:-, lamp' i~ b::s.ic:-llly :-1 sc·diu:n :1:-c. 
~vdi'Jn~-s nor:11:-d rc:;.)n:-tr,cc r::c!::-ttion 1: ::t :).S~' 

n::lll•ll':<:tcn t_:rctu:-:!1:. a ··do:.Jbic:" or t\,·o linc~ Jt 

:)t\~1 ::nd :)r:~.' {)_ c:ilt-d thr socli"Jrn "l)"' linc•. !lo\,·
C\T:-. tf-.c tC'In¡:x:r:rt~::-cs rc-ztched 1!l thr Luc:do:-> 
la:n~,'~ a:-c C:tt.J:.v: :; rc:n:::-k:-tbll :n·c::.J!. Tht Ll-li:1c 
rztcL:t:io:1 i_:;. .:-thsvrbccl. jJld thc cncrC'· is rc-r:tdi:ned 
.11 shoncr .:u:d lon;-cr \\",1\Tlcn~d1s~ ·Thi~ produces 
Zl rt:!~1tiw·ly con!i::uo,..:s 5. E. D. cur--e with J clip at 
SH~I n:-:!1üJI:c·c:-:. . .-\ 5..:-n:dl .:lr'!lount of mt.Tcu:-v i~ .:1lso 
ir, thc .J:--c tu~H.: . .:-tnd t:-.Jcr:; of thc mucury \i.ncs .:irc 
r:-tc!Í:Hcd. 

l n thc lluoresc•:nt l.:! :no. r:1ost oí tbc are rJdi:-ttion 
:s at thc- :.!)3.:- n:q1o~ctr:- uitr.Jviolct line. büt 
ph(,spho:-s ::-elcC!cd for se:"biti\'ity te• this l.\. line 
ab~·::.1rb and rc-rJC!iJte tht ene:-g:.· in ,-.J.rious con· 
ti::•.lol!s sptctr.J as sho\q;_ In ad.di:ion. there is a 
~r:~:di ::n:c•u:H o: r:Jdi;:;.~ion !r. tf1e nll"rCJ";-. reso:~a:~ce 
1 i :w~. 

COLOR EFFECTS OF WHITE LIGHT SOURCES 

Sc-~eciinc a "'v,·hite· lic:ht wurcc on thc b<~si:- of its 
color ~~ppc-;¡r.:-JrKe or it;· color renckring pro¡JCrtll"S 
;done 1s r::reh· done for gcncr.1l li_Q"htinr;. Uftcn. 

• The term color_ rendering w11h re!erence 10 ltght 
sources is a measure of the degree 10 which the 
perce1ved colors of objects illum1nat€d by various 
l1gnt sources wdl match the percer~·ed co'lors of 
the same object when illuminated b-,· standard l•ght 
sources. for specified viewing conditions. iThese 
cona.t.ons mclude an observer ... .,nth normal color 
V:sion who has adap:ed to the environment. illuml
nated Dy each source in turnl~ 

... 

:..:.: .. :;,- / 
/ 

::•r.~.-/ 

cff¡c:trv (lumcn output pcr \\·au cnn~u1rwci'l i~ :1 
m:~¡.:1r con~ickr:tlion. [;¡_:;.e of :-hicld:ng anc! (Lrcc
tio;u: cc•:Hrol. .15- \n:il .:-±~ m.1intrn::nc(.'~:~nd O\Tr-:dl 
sy~ccm ccuno:::Íc.'- :1!:-o mmt be comirkn.:d. 

lnc:tndc~CL:H hmp5 ~cnerJlly .:-trc con~idncd tu 
f;~wc .:: slic:ht edc:c u,· e:·¡ uthcr bmp3 in color rr:1Cln
int - not 'fxc"tm-c• th('\- rc1c!cr color~ ::1orc n:Hu:-:dh·. 
\n;i bec::usc throut:h dcc :tlk~ of u~1ge thcv h.1~T 
come w be rn.\1"r:'rr;ri tl:c nonn · ·coo ... d' · n:;1clition 
is _~;cncr.1lly i:Hr:-prctrd to _mc.1n thc ""f:tmdl:1r· 
J.ppe:trJncc of fJ::1iliar objcct~ - Z"ti~d objc-ct~ Jss.urnc 
"bml!l:-u-· colon. on!y by :Kin~ fn:l1uc:n\y ~<:en 
under cntain t~·pc~ of li!;ht 50urccs (cbylif;ht or 
incJndc~rl'nt). lf nuorcsccnt !:unp.<- h:1d come into 
widc m.:-:tc bcfore incJ.ndcs.ccms. it i5 pos5iblc- th:n 
objcct color~ \,·ould .:-tppc-~tr most ·b:ni!i:n· undcr 
the:11 - ÍI~stcJd of lnc:-tnc!e~cults 

Color .:!nd color re:¡dl¡ion Jrc as much fu:Kti0ns 
of indi\·:dual' prefcrc-:Kc- as thcy Jrc func:.io:1~ of 
lit:ht ~Ollt"Ce. Pcop!t :-1:-c f:t::1i!:.1r \\·ith thc coiJr 
cffccts of dJylight - \\'!--.ich C!~ph:-t:.izes cool colors. 
¡¡_nd cquJil~ bmili;tr \\"!th thc color cf:"c·ct~ of in
CJ.ndt.."Sccnt bmps - \,·hich ac..::rntu.l.te \\·::rm colo:-s. 
T!-';is ob\'ÍQU5h· '¡¡;co::¡::-u•JU~ _:;.ltu.:-::io:; :~ Cüli"':f)O~l:h;cd 
by thc effecs ·of ¡¡·:er;ory. J::no~r--·hcre. c-n\·iro!;:nc:lt. 
a~1d per:.onal color prefercnce:- - to thc point v.-lwrc 
"'truc colors· and ·truc color rcndition'" uc vcry 
subjcc¡j\·c a: best. The c!'-:oicc oi \,·hich lamp.<- to use 
for which situativm ah\-;t\'S \,-¡¡¡ \"jf\. Jccordinc: to 
pcrson.1l prdcrenccs. Thc- ~olor n.:-:1de.ring propc;tics 
of bmp t~-pes dcscribrd on thcse p;¡gc~ mJ.y be of 
considcr.J.blc- a id. ho\\"C\·er. in pointing out to \Jrnp 
use-n thc rc!a:1: t color C:fccts of \\hite light sourccs. 

Somc lamps tcnd to --n:tttcr· ohjcct colors -
which is anothcr v,·ay. of s.1ying thcy t.'rnphJ.:.izc the 
dominant color of thc object \\·hile dccm¡;h.Jsizing 
complement.J.ry colors. For e.-..:Jmplc. \\'¡¡_rm \\'hite 
and Deluxe \\'arm \\'hite lluorc~cent~ and all in
candcsccnt lamps will bring out warm object tones: 

'· 
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!lw ;mon· dficirnt \\.;trrn \\.l:itr f!ul•rt':'-\ t'nt• \;,rk 
tllt' c;¡p:dJilit\· tn brin~ out rcck ),ut d,, ,·:~¡¡,i:.:-:1 1 
<•thc:· ,,;,!"!11 tonv~. ThC" I1c!u\r \\':il"IIJ \\"i,:t•· 1~ 
n~u:,!h· rt'Co,:n:ncndt"ci fo: ho;:H·~ :::1<! <'!loe: ::¡•¡11i· 
C:t:lr•::- '' !w:·c illul11in:tt:tl!< ,.,.¡¡¡ he L1i:-),· ¡,,,.,. ~ \11 k 
<•1' lt·~~·· ;,nrl thr ;,¡¡r¡o-.p]·,c:T \\111 be pn1H::!·ih -..~~... 
i.d.· 

( ):~ th'·. ll:.!!c: h:::Hl. \', :1r·:~ :: non]n ;¡¡;;,rh¡•),,·:·c 

i~ ck~ircc!. 1 kh:xc \\.hite nH":-cury. \lu]; 1• \"::¡J(or. 
:tnc! C>)(J\ \\"hiit :1n(: lk!~l:\(' (:¡¡()¡ \\"!iÍ\l njj(J1"l"~("('jl\ 
]:,¡;¡¡~- :trl" J;tcJ.~; [¡ cc¡w ::tly ~~~rd hcc::<l~t· thcy fl.ot!n 
thl" ron! c(llilr.~. Th:~ rc,uh~ in¡¡ ni•;p('l ::t!iHI~¡·!,crc 
,., hich i:-- u~u:d!'" rvl:llcd H1 hit:hn il!<:nli:;;,;ion nr 
lll<,r<· ~criou~ ~:ni,·¡;,·. a~ i:1 0fíi(1· ..... ~\¡~<,.,¡_,, :mi1L-:r::.l 
pl:o:lt~ :tnd ¡¡-,;,:1\" ·~toro \\"ith f)¡;,,rt'~CT!ll. l lduxc 
(:oo! \\'hiit' i:- l"CCCI!1ll!ll':lckcl for :trc;:~ ,,·)¡lTC' ("(l¡OJ' 

rnHlni:l~ i~ J:11pnr:zlnl. 

\krcury J¡¡:np~ :trc comp\ctdy s:1::~!:Jctor~ 1n 
thrir rc¡dcrim:: of hl:tck.::.. ,,·!Ji:l·:-. ¡¡nd ~.:r:l\·~. hut 
thc :;c¡¡rci;,· of red ;;iHl thc .conccnt:-:ttio;l o.f b!uc. 
~rccn. <1nd ycilc•" in a fe,,· n.JJTO\,. b:tnc!~ n·;¡¡kc~ 

thcm poor sourrcs for produrins- thc f;t~ni!i.:~r 
Z~pp.·;¡·r~inccs. of ,,·,:¡rm color:-. llo,,"C',TL recen: yc:trs 

.:<2-
h;1\'c ~(Tll in;prm-cd color mcrcury bmp~ .1chicq·d 
ll\· liw ::ddi:it•n of tJhospllnr co:ttinC"~. Thc :JJ0:-.1 

~i_c:ii:ic:1:1t ni tLt-...(' h:t-. hccn thc [Jclu.xc \\"hit<" 
¡dH~·¡:::ll:·. '' hich yidd.~ ccdr1r rcndcrinc fulh· ¡¡~ 
::ccq,¡;,l,)c :1- ¡j,;¡¡ o: Cuu! \\.hitl". thc mcr.t ,,·ickh
ll"C"CI flwnc:-cclli col()r 

Thc Luc¡¡lo' l:¡¡~lp produce.-. J sunny ¡¡tmo~phcrc 
,,·hcrc t.::.cd- hcr::u~c of it~ c:rc¡-ttcr Jlllúllnt of 
~Tilo" :tnd or:m.C"c rrH-rcv. ano" rcduccd blue :\1-
thCiu_ch thr currc;H Luc~Íox bmp. likc thc .\fulti· 
\':~por !::r:1p. i!' mmt frcquc:Hh· U!'cd whcrc color 
rc:Jdcr:~g i~ .:O<"cond:1ry to eff~can·. it:; pk:t:.ztnt 
goldrn·,,·hitc color offcrs mJny rÍcw applíc;nion 
opponunitio for thi~ po,,Trful new lic:ht sourcc. 
Pro:;pect:- are promising for Lucalo.x bn~p~ of much 
be< ter color rcnckrin¡; c¡¡p.:ibility. 

LAr"P SELECTION·GUIDE 

r The tabk prcscnted bdow is intended as a gencr:tl 
guide to lamp selcction - gi,·ing a fe-w indications 
as 10 the color effccts oi the lamps on atmosphere. 
peoplc. and objrcts. 

LAMP 

FLUORESCENT LAMPS 

Lamp Names 

Efficacy 
1 (Lumens/watt) 

Lamp appear· ~ 
ance effect on 
neutral surfaees 

Effect on 
"atmosphere" 

Colors 
strengthened 

Colors greyed 

Effect on 
eomplexions 

Remarks 

Cool" 
White 

High 

White 

Neutral to 
moderately 

~;~·., 
or{,.e:· 
Yeflów~' Blue 

. '\\1"'"• •· 

Red 

Pale Pink 

Blends with 
natural day-
light-Good 
color accept-
ance 

1 

1 

Deluxe• 
Cool White 

Medium 

1 

1 White 

Neutral to 
moderately 
cool 

All nearly 
equal 

1 

Non e 
appreciably 

/ 

~ 

.Most natural 

Best overall 
color rendí· 
tion; simutates 
natural day-
light 

Warm•• 
White 

High 

1 Yellowish 
white 

Warm 

Orange. 
Yellow· 

Red, Green 
Blue 

Sallow 

Blends with 
incandescent 
light-poor 
color aecept-
ance 

1 

1 

1 

Deluxe•• 
Warm White 

Medium 

Yellowish 
white 

1 Warm 

Red. Orange 
Yellow. Green 

1 Blue 

'· 

Ruddy 

Good color 
rendition; 
simulates 
incandescent 
light 

• Greater preference at higher levels. • • Greater preference at lower levels. 

... 

Soft 
Daylight White White ·Natural 

i 

1 

Medsum-High 

1 

High 

! 
Medium 

1 

Bluish 
1 Pale yellowish 1 

Purplish 
white white white 

¡ 1 . 

1 

Very Cool i Moderately Warm 

¡ 
warm pinkish 

Green, Blue Orange. 
1 

Red, Orange 
Yellow 

1 

Red. Green. 
Red, Orange 

1 
Blue Green. Blue 

Greyed Pale Ruddy Pink 

Tinted Source 
Usually 'Usually Usually 
replaceable 

1 
repla.:.eable replaceable 

with CW with CW or with CWX 1 

1 
ww wwx 

-



,------,-,-----,----, le'•: 
DE LUXE 
COO'.. ñH1T[ 
rL'JQj:<(SCt:ST 

T 1 __ 0 N 

Lamp Names 

Efficacy 
(lumens 'watt} 

' Lamp appear· ¡ 
i ance effect on 
i neutral surfaces 

Eff ect on 
''atmosphere'' 

Colors 
i strengthened 

¡ 

' Colors greyed 

1 Effect on 

i complexions 

1 

1 

1 

Remarks 

G U 1 DE 

INCANDESCENT 

F'i!ament .. 

Low 

Yellowish 

1 

wh1te 

Warm 

Red 
Oran se 
Yellow 

Blue 

Ruad1est 

Good 
COlOr 
renaenng 

-

Clear 
Mercury 

Med•um 

Greenish 
blue-white 

Very cool. 
Green1sh 

Yellow 
Green 
Blue 

Red. Orange 

Green1sh 

Very poor 
color 
rendenng 

1 

1 

Tne 
dlu~::at•ons sno.,.. he..-. 
SEC)'s of Coa' \·\'r,•te a:-~a 
Oelu~e Cool \\'h•:e :a"lps 
a'e mod;f•ea bv reftec 
:oncE oí t~·pica< hurr.an 
cornple~•on. Undt-! tr.e 
ce•u•t:: iar:~c·. mue:-. more 
r10-G tS reílfc:eJ 10 tne 
n-e Result :. he.:dth
•er rnc;e ~atu:-a! a~:l:..,ear

ar--c·• i"hts is I'U€ !ha.,CJh 

e: '"" C\\'X lac>cs 
r.;;~. .l:.•Dr();,<r'1atei·) t.'oe 
sarr.e .... n:;eness. De
lc•e \\'arm \-\'r11:e, wh=Ch 
CE'·f~~p-~.as:zes ::~·.:es 

sor:<e • .,r,a:. •S eve:-. r:1ore 
í:aw:r,ng to comt.::iex
•ons 

HIGH INTENSITY OISCHARGE LAMPS 

White 
Mercury 

Medium 

Green1sh 
white 

Moderately 
cooLGreenish 

Yellow 
Green 
B!ue 

Red. Orange 

Very pale 

Modera te 
color 
rendering 

1 

1 

' 
i 
1 

1 

1 

1 

1 

De luxe White• 
Mercury 

Medium 

Purplish 
wh1te 

Warm. 
Purpi1Sh 

Red 
Yellow 
Blue 

Green 

Ruddy 

Color 
acceptance 
similar to 
cw 
fluorescent 

1 

1 

Multi-Vapor' lucalox' • 

H1gh 

1 

H1gh 

Greenish 
white Yellowish 

1 

Moderatety 
1 

Warm. 
cool.Green1sh 

1 
Yetlowish 

Yellow 

1 

Yello"" 
Green Orange 
Blue G~een 

Red 
1 

Fi:ed. Blue 

Greyed Yellowish 

Color Color 
acceptance acceptance 
similar to approaches 
cw th;:,t of ww 
fl uorescent fluorescent 

------·''!'if! 
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Thc i:¡¡npíct::ti(ln of thr colCI: rrt1dc:·inc ~tbili<ib of 
:;sht !-(,~trcc~ h:-t~ :1(>\ twrn \\ ickly :~.s-:·cn-1 upc>n in 

thc illt::-:lin:~~ion im!u~try. :mcl thc :-c~t:!tin!; co:1-
:u~~on :::n('i1~ b::-.¡, u:-t·:·s i~ t:nch.Tq:~nc!:dl\y ~-c:tt . 
. -\cl(!itio:~:l~ CCln!':.:~ion h,;_;. btTn =cncr;ncd ;_¡y ci~~im.-. 

oí l:tmp~ \,·hich :trc s:tid to duplic:~tc ~unlisht. c!.Jy
li~h; or :.CJ!JK othcr arlJitr:ny cotnp.1ri:=.o1~ ~ource. ln 
l~lh:l. :lli incit:~tr>· s~.1nd::rd \,·;¡s :t.doptcd J.s a !>tqJ 

tO\,-:¡:·d c:--t:~L>li..~:J!n~ 3 u:úfur:n \.!;~si~ fe>r dctcrminin~ 
thc colo:- rcr:clt-ri:1~ J.bi!iti~ oí al\ light :.ourccs. This 
r.:uin~ sy.:-tcm is cllled thr Color Rrndcri.nt:: 1 ndo~. 

1'\DE:-: C:CJ.'\C:EPT. Thc Color Rcndcring-
1 ndn: is :~ l\,·o-part concC'pt. Thc fi:-~t part e::-t:lh· 
bl:L-::- thc rc:d or J.¡lp:1rcnt color tcmpn:tturc of .:1 

Cl\TI1 lisht sourcc on thr C:l [ chrom:1ticity di.:-t~ 

sram 1f thc color tcmpcraturc of thc gi\-cn sourcc 
i~ j(kiUK or k-ss. i.h('n thc rckn:nce or comp.1rison 
~ou:-cr is th::t Pl:!:Kki:-:n radi:nor of the ncare>t 
color tcn~pcr::l:urc - o:-. if thc colo:- tcrnpcr.:-tturc of 
thc ~:\'l'n sot~rcc i:. .:-tbu\·c .~l!HI!JK. tl-Kn thc rdcrcncc 
::.ou;-cc· Í5 thc ·nc-.::-t"::-i rccon::.::tu;_cd d.:-tylight sou:-cc. 
, Rt·cc.·mtitutcd d.1yli~ht rcprc-cnts a series of mJthe· 
!:1;::icall~- dcrivcd cur.-cs rcprcscnting thc weishtcd 
.:-:\·e:-:1!=C of dJ.y\ight at a givcn color tcmpe:-aturc 
me:t:<urcd at difícrcnt locations. elc,·atioru. times. 
etc 1 Thc::-c P!J.nckiJ.n rJdi.:nors and rccon.stitutcd 
d::~·iit!1t cur\·c~ thcn becomc thc stand.1rd !ight 
~ourcc-~ a~~:inst \,·hich to compare any g¡q;n lig-ht 

Thc srcond p.:-trt of thc Colc1r Kcndcrlng lndn 
cnnccpt i~ ('!-\;lhli<..hin~ .:1 r .. n,t~r¡ri.ll·'·' hct"ccn a civcn 
li~:~t ~(!urce ¡tnd thc rckrcncc licht .:-ourcc - :1nd 

dc:1otin~ :hi:' com¡.l:~ríson hy :111 R f:lctor. '"hich i~ 
a r:t:io c1r pcrct nt.·t~c oí h(¡\\· clo~ch- a cin·n light 
~ourC(' m.1tci1c.-.. tltc color re:idnin~ ahi"iit>· of 'ihr 
rdcrcncc lisht ~Cl'.l!"\(-:o-. Thc indc:-..: for t_hc- R brtor 
i~ tL:~.~t·d l;¡¡o¡¡ an arhitrary ~Gtlc which p\;¡n·s ~~ 

~pcrific \\ . .::r:n \\'hite f!uorc:--o:nl hmp tll K=:·>ll. 
:tnd tht" rdcrc:1cc mure e Ztl R = lOU. Thc. rdcrcncc 
~c1urcc ;d\,·:¡\·.~ kt· an R=l0(.) _<..inrc it mean~ (tlwo
rctir:dly\ tktt i; t!> thc rcfcrcncc st:tncbrc! for c.1ch 
co!or p(JÍ!It. 

[\:.-\\!Pl.l-:S - Thc indw.tr\· ~t¡tnd.::rd Color 
Rc1cicrins 1 :1clc:-..: dt notation fo; ;¡ spc-cific wJ.rm 
whitc f\wrc::.ccnt l:1mp is R=S1l at :{oOoK. Color 
Rcnclcrins hdcv':' ;1rc list'cd bclow fo:- sc,mc of tltl' 

more popular currcnt General Elcctrir fluc~rDcrm 
b!l1.p:<. 

Apparent Color 
Lamp Color N ame Color Rendering 

Temperature lndex 

Warm Wr-11te 3000K R =52 
Delú .. e Warm Wt",ite 2900K R = 73 
White 3500K R=60 
Cool White 4200K R=66 
Delu11e Cool Wh1te 4200K R=89 
Stgn White 5200K R=86 
Dayltght 7000K R=79 

~tETHOD Dctcrmining thc Color Rt·ndcring 
lndcx. R. for any gi\"Cll li~ht sourcc- rcqúircs prc· 
cisc spectroradiomctric data. Thc ~pcctral distn· 
bution curve must be dctcrmi:1cd for tht· ~i,-cn 

light sourcc and its. Jpparcnt color tunr.>tr.1turc 
calcubtcd. In thc ~pproved mnhod. cis-hl ;~:-bitr:~::
stand.1rd color S.Jmplcs are uscd .Jnd thrir app.:-1rC:lt 
ch.:-om.:ticitic:' ·_ undcr thc ro"rr~~.-.r :-ourcc- are 
ca\cubtcd .. -\ similar sct of calcubtiofl~ undn thc 
gi,-cn light sourcc - \,-jJ\ produce· eisht d,./f'nmi 
apparcnt chromaticitics. Thc diffcrcnn:s bct\HT!l 
the;t· t"'O sct.s of d.Jt.J indicatc thc "color shifl" of 
thc gi,·cn light sourccs in rclation to thc rdtT('!lCl 
sourcc. Thc fin.:-tl c.:-tlcubtion rcsult:- Ztrc thcn a:n

a_r.rd to .Jrrivc .Jt thc Color RcndlTÍn~ 1 ndex. R. 

1'\[JE:-; LJ:-.tiT.\TIO'\~ - Thcrl' are shortcom
in-:.::~ in thc Color 1-.!.cndcrin~ lndc.x Lttin~ "·hich 
mu~t be rccogni:c:ed to prn-cn~ its mi.~u~t·. 1 l ,,.¡¡¡ be 
notcd in thc c.:-tlcubtion of R that c.Jch lit:ht sourc-c 
has a spccific color tcmpcT.Jture refercnCc. Thcrc· 
fore. t\\'O light ~ourcn ram1ot be comp:1rcd unlcss 
thcir rcfcrcncc ¡_.., simi\J.r {within llM.IK to 30I.IK of 
c:.~ch othn - depending on th<:ir loc.J.tión on the 
color tem¡xralUre sea le) . 

. -\lso. it is import.:t.nt to note that two lamps may 
h:\\'C thc san1r rckrcncc source and Color Rcnd(·ring 
Inüc;.; - and still h.Jvc dr.Jstic differcnces in their 
ability to rcndcr onc or all colored matcri:ll~ idcn-



./ !,_ :;--
tic+ll) ],cc;,u:-t t!~t· H. i~ an a:nn~'( of tht' cniPr (lf tint~ or <.lt:trk-. 1"o1 c'\:tn,¡dc. l•:ttchc-. pf \\ ltil(' 
rcnricnr1~ of r:,· 11: or tnorc ~pt'rifiC' f(Jlí•f.• :tnd chin:t\\;IIT in th1 prc,rc<-• r•f lwim: h::k('(l in ;1· \...lin 
lwttcr )ltrf¡¡:·:;:::ncc 11-:: ."Olnc .... :,tT::~-m;t~:....J,c.ronn:;dccl 111:1,--- \";¡n· ,)j!..:h:k ir: \·.),itt'lH'.•• .. \ tr:titwd u•](,¡ 

~~-~~11 n=t-ht·-~;,,·n~t~C-=\\·i\'f¡-¡¡oorn=pcrl<•rtn~: ncr=ill""'fl\ iJCr--;rt:-:7!iT c::.n •t:¡,;-¡ r:,·tc t ¡,,_ ¡,::C,dttt:!, in<l• :-t·v¡T;, i <h•i't-'tl 

;¡;·e::.. c:ifkrt'lll --h:tdc.- d \'. ;;¡¡,- T!:i:- ¡, in:¡,nn:tnt in tltt' 
!:· t),r 1\. :~ k:'i~ th:t:i ~ 1 11. th'::-c Ct1:::¡1 ::·: .. :·:~- C:tn lw n·:·:trntc~ tndu:-:.r., :-;:h-e c,-,!:l¡dctl u!dr _, 1 ·tti 1 :~:- 1 :·1 ~;,,¡ 

(li fJ'.I'·~;itlll:ll,Jc ,-:tluc ~i:Kc tht r:·. ,,-;," ... .- ~.,: ;),(· (l•l•.Jl ln \\el! 1n:1íll;"d 
'-i:1:1 h:~~ hn·n clir::in:\Lcc!. :1:11: t:1c d._ .. r, l,:· _.),¡j¡ lll 

~rnw :1n·:t~ r:::1y be quite difhtni for cii::·c:·crll 
-~' -~;: ({_;. 

Fi:·,.:!~\·. rt n·.~:~; ¡,( :·c:::l::J!Jnccl th:t\ t)w C:cdé•l 
kc::.-ir::,,.._ !:1dc:-.: i~ l1;:~cd u¡J(l\J :1rl.'ltr:1ry rc:crcncc~ 
~:::t· I'i:t:H:ki::n :·::·ii::•or· 01 r<TOtt<llU!t·r! c;¡y;a.::~lli. 
·I hi~ chc-:~-c ~~ 

r:,.: 1in;1\y tL::t 

(t'](>i' rt ::rk:·:::~ 

llh :Ti·; io:- C'flti\TI:Ív:lCC - ;,;¡d dt•(~ 
, . r, . 

t:h l t·fcrC:1Cl' ~(1\ll'CC 15- \11C J'f '_h,{ 

5-(,l: ;·ce 

J_'<llL' .\l'J\-_.\_'<T.\Gl . .:.;,- Thc lnc!c.' \,·jll p:·o· 
\'Jdc :-=.c:·::cit'i!lh Ir.t·:l:lln0ui Í:1f.-,:·:n::t!on on dH· 
\(1\r.•r rcnc:cri:~i c:,¡l::l.:i!t1'es of l:t!::¡)5 w l1c oí ~i¡;
::ific;,:·~: ,.:,lue to thc 1:-tm¡) indu~try .:1nd to u:;.ers -

!':'(1\'J(Lil'l~ t!l:!t ¡-¡]J oi the rc::-tnC:iL•:is. :r,L·:¡;ic..-rwr! 
::~J(o\'l" ;1rc ;tc!hc:-cc! 10. 

c~dc,r n::ltl·::::a: 1~. ::~ tl:t' \('j')Jl i:n¡.lic~. :1 ¡lro~-('~~ 

],, \1·hiri: ::,l•:-ic~ u: othn ro!ot't:d ¡;¡;¡;n::d:-- ;11·t 

.:chvd \1 i;h o~!lt:r L:lH-ic~ or \1 ith cutn¡Jktcly 

~ .. ::c:-t :n r:~::tcri::k 1 t is u~:::llly dc~i:·-~t:)lc te• n~;,tch 
~'.tci1 m:lini:tl~ undcr l:shti:ls_ cundit1u:~~ ickntic:ll 

tu :ho:--c undn \\·hicil thc p:-oduns ¡¡re to be used 
or c!is.¡.~!:tycd. 

Color n::-11chi:1:; 15 clone in \·;¡nous ,,.3\'.'o .. \n 

.:-t:·¡¡~\ \'!'!~:\· bcS"i:1 , .. ith a P'-lre pig:nent co!o:-:1nt. 

-:te.:-:¡:;~: "·hite. bl::ck. or mhcr cc,Jors .\ printn. 
Gt' :l1c othn k::-,d. 1:1:-:,. a:tt-r thc .~izc of.-thc h:dí
t;:•:,c Got~ to ch:::,\.:t' tht 1::k color tonv in hhich 

;r.t ;~:e :-.:a 1:- pr::·,;nL u: ;,cid :tn ::\!l¡;,:u!l::: d<:tl 
~::''':::1 \5Cl'CL!''-; i:-: ;1 dífi-cn·:1! culo: to ch:1nsc thc 

('olor t:.·;tc!in.l.: .:1ncl col~ sh.1clin~ J.rc proccs~c::- by 
,._ :11ch r;¡;:tc:-¡:d::- ~~re di,·ided imo groups of color~ 

'C·: ,-------------, 
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:-.c•llH' ti!J_¡':ct.~ ¡;¡,:;- ::;'¡•t :t: [(l he dH' s:tt:H' CLJlu:·~ 

~1nch r ~~ n·:·;:1::1 li:..:::t •\•'.:!\'(' - :1:1d C'-'l'll h:t\T i-:ic1 1. 

tic:ll e 1 E. chn¡:: .. :\ll :e y ~pvcifir.!~:,lil~ - \l'hdt t)¡¡·y 

:tn· :1ctu:ti:\· dif:t·:-vn: i:: ~¡••Jtr:tl cuni¡P,hÍlÍ(Jll. ·¡ Lt·~c 
color:- .:lrc c:tllt-r! nic:::::-tt ric. lf :he li~ht ~ot:a·t ~~ 

c!~.-t:H.:cd. hO\I't'\'t·:·. dH o!.jt·ct color d\:·:·crc1Ct~ hc

CCJ:nt· rc.1dih- :q,p:trc:~•- ( >:1ly color s::;:i¡Jk.-. ,,Jiir:¡ 
)::1\'l' icJcntir;¡] .<..: J' .. l). CU1'\'l'~ \\'Í)) CU:ltÍ:lUl' lO 1:::\!Ch 

unckr .1!! lidll :--<•u:-ct"' T!]c ch:ut hc!o,1· il:u~;o:l:<c

thc phc!l(lln('il()il oJ liW\:-11\HTÍSI\1.' (:Q\(1!' Jl\:ttC!olil<..: 

of mct.l:nnic 1...'C•k•:·~ ~d~c· Uc¡wnd~ on thr cyc~ of ;he 
,-¡c,,·cr. 5-ince pccJplc cUín con~icicr;:hly in thc \1·;1;: 

tLcy ~ce color~ \\·hich :::·e co:nplic.ltcd in thi~ n::t:l

Ill'!'. Thc cntn¡1:1rt:--r•n ;1:1d intcrprct=~tion uf thc 

cur·,·t~ oí mctJmnic cuirxs comtitutrs J compk:-.: 
ph.:~~c of colo:-i:nctn·. 

In thc p:1-.t thc "ideal' li~ht :-.ClUl'CC:. for color 
m:ttchlnc \\'CIT thou~ht to tx thc sun :md s.ky. 
pZtrticu!:tdy bl'C!USt' 01 thcir prc::;umcd color con

st:Jncy. :\ctu.1lly. sunli;-ht ,-~1rics from about IXOPK 
.:u sunrisc 10 S:{llllK at noon. Sky li_!.:'ht r;-¡nsrcs. from 
7tlOilK (uniform O\'Cret~ll to :!H\lPOK for ;111 c;..

tremely bluc clc:tr no:--ti-1\\T~t sky Bcc.1usc oí t!ws.c 

, . .1ri.1tiom. sky lisht Jnd 51.mli~ht :-1rc no: thc hc: .. t 
of color m.:ttching sourTc:-,. 

\\'hen the exaC! li!:ht u:1dn '' hich m:ttcri::l~ :1;-c 

10 be sccn ~~ 1101 k:10\\ r1. or 'dwn thl' m:ilc:·i:d~ ;¡¡-l' 

su~pcctvc! o:" bcins JilC'i:::-:·:t'I'tC. ··'· lid:t ~ourLc·~ u~ 

;,!d1<; diffcrer~l Sj.H'C:Ltl ci',,::".tCllT :--Ll;•.!l<! he ¡;-.¡_·r!
onc ~~¡ J tir:-.e - te t'x;¡;::::ic thc ~:li::plc-~. 1 )::e o:· 
thc l\\'0 ~ource:- u~cc! s:10u:d be tJrt·rio:n:n::ntly ¡ ·l'Jc 
Íll Íb Spcctrzi\ ch:I:--.JC~C':·istÍ~. ~Ucll J:-. r~;¡y]i~ht nuo

rcsccnt bmp: thc othcr should be prcd\!llÚt::,nily 

red such as a tu:l~tl'n fib:nclll bmp. 

¡ , 
.... t., ,. .. 

... ·· 
·-········ 

;w 600 

WAVELENGTH iNanometerSI 

METAMEAISM - Chart ar left shows absolute spectral reflectance of two metameric wool samples lmeasured by 
Soectroret:ecrometer). The same samcles under t~ngs:en filament lamps (center cnart! appear to be the same color. 
Unaer Oayl1gnt fluorescenr lamps lchan at rigntl, they exhib1t noticeable mts-match of color 

.. 

27 



28 

!~ ·~ t:·,.,. ·~·:: .... •: o· ''~'=' s;·c-(:~al 

,:r.d~ . .,~:-o-·,::-:.r~ e·: ¡;."" :.~:~.; S0+,;:. !

!~t ·='·t·.:.::·'l(E· :~."·c<:t:•:~: • .:.~ C•' ;!·.e 
n·,¿:· ·:;:¡: ,:.,nc :••-: !!;·.el c..' d,·._.:n·,.~·.c; 

;:¡•ü. ·::E-::- r.·,¡,n, e '·e·t-•,: 1·~....,: so:.;·ce 
-:...:· 1 ~··s 2-.,:: ,¿¡·, . .-.~- ¡p-.-:-.•::- 0~ •''~·:·. "" 
;.c.n c. .. r. c: •. ,~•:.:o:-? e or·.:>;._•c·se~ ¡;.n, ... 
!:::•·.~·.en:-::::,:1 p·ov•CE: a ae;::e..,G.:;::.:e 
a•E-3 lo: c=':or sE:i~·::•ún (::.!o: 
scr.,-.-;es s~H.•u•c be se:e:tec: u.,c:e: 
e e··~::·: .:.•"S .-:l....o;.·.··~-~:.:,g \hose L.:;-1·::e: 
\\'·.:,:~ ;n~·. \.,,;, t::e ....:H"("',-:o prt··,,;:-:: 
l;:·.t_::,:_¡o?.:":;'C COiú: s;·,::s, o: nl1S· 

:~·,.:;¡chf:'s ot -:c.:or '" ét.::·...;a! use. 

Tlit"n· :¡n· ;, fe\\ m:tt(":-i.ll.• th:t! flu(!IT-"C<. ur pn1· 
duet· .. -:~ihk !i;h;. ·.dll"n irr:1di:tted hy u!tr:1,·iokt 
cnc:·.~y. Fo:- thi.• rc::~Uil. OIK in:-¡;cction !io;ht :-ource 
th;tl i~ prvd,•:llin::ntly hluc ~hc~uld \)l" us<·cl - C!-

pccl:diy onc th:!l :-d~u COIH:lin.· t·nnu~L u!tr=-t\·iolct 
r:tdi::!Íu;; :-o th:1t t!lt"•t· fiuur~·-·cnn ci:·:ct~ cu; be 
¡1ruc:un·d. Thc :.tTClJH! lislll ~uurcc - pn·d0Inin:1mly 
red - ~hlllli(! IWl c;¡¡j¡ ultr:t,·iolct I..'IKI"~\·. 

lf it 1:- not Íc:::-i!dl" Lo u•v l\\"CJ li~llt ~ot;rrc~ for 

~P:nc p:trl:·:td::!- co!c1:· m:¡:chin~.: _ioi1. dlt· he ... ¡ .•ill
r.::lt '''',ttn· :1-. ·:;:.,:d~ tc•cLi\· i~ ;he 1 lc\u:-.v Cuc~! \\'hi;c 
f:l:~>:T:-l·v:!i l:~:::;J. :!~ ti.i.· \:-:::1;• L::· rci;¡¡i,·d~ h:tl
:.-:JC'.·': :1ill<•U.':: ~·: c:·,c; !..."':." lll :t!! ¡><.1rtio:::- of tilt· 
"}·t"< t:·u:L. Th1· JJ!l ;¡;:_;. th:l! :di color:- rcrc:n· :thuut 
ti:t ..... ::t::c trc::tllKIH. \\ithou\ unciuc cmph.:1 ... i:- on 
:t~l'- o:w pt•nion o:" thc ,-j~ih!r ~p("nrum 

lf ll11 ndu:· lll::Lchin~ i~ confi:lt·c! tcJ :1 p:¡:·¡irub:
("(1!~>:. :1:- tni~h; \,e thc Gl<.t íur ~~ ::.~:ll:u!:.nurtT of 

i•::n· ck:1i::: tc'\tilcs. thc IH.>L ~in~lr -"tAUTC under 
c~;t·:-v c·:·:H!itiun ... is.. onr th:1t i~ c:.~t-IHÍ:dk comp!c· 

•. .._•o!JI . 
:::•. ::t:::·\ i:1 colórZ::to that of !!11..· prot!un. For thc 
!du· dr:1i:n. iríC;:.ñdc.ccnt b:np~ ,,·otdd :d]O\\. thr 

·~w~. .. . 
co!t>r :tt.:!chn to\."S<'l' more :-u\Jtk dtlfr!Tncr~ 111 
r(llt>l ::.:tn \\"Otdd be thc ct~c \,·ith mo::.L üthn typcs 
<1f iliuntÍJI:t!lL-. 

hn ruluJ·di·nÍJHill:llion \,·urk "'·i1nt· thc ~radn 
cuT te~ tlw .~LltHb!·d Íil hi:- ht-:td. so to spc:tk. it ¡.., 
Illu...t illlpon:uH th:lt thc ilhuuin:tnt m:1tch a:. closc\~· 
;1~ po~~il>k tiH" :-otu·cc undn "·hich tht· ~radn wa~ 
\J";Il!lnL ;,ncl tu ,,·hich he i~ ;¡ccu~tomccl. l k ITint'lll· 

_hn·, hi.- ~t:nH!:trd ::..:unpk.' :1:- he :,;¡"· dtcm undn ;¡ 

"='"""" . 

¡x1nicubr illu:nin:tnl. llown·cr. if it i~ not po:-s.iblc 
to tr:1in thc ~·T:tdcr. thcn th<" ht·< .'ourrc 1~ tlu· 
l k luxe C:oul \\.hite fluorc~ccnt !::mp. 

For most t~_-pcs of color m.1tchin~. 200 lO 400 
footc:-mdk~ .1rr prob~bly .:-tdcqu=-ttc. \\'hcn dcaling 
,,·ith \Try dark colo~. morC" th.:J.n lOOtl footc~lndle:. 

:1rc dcsirahk. 

Color m:nching booth~ pro,·ick J contro\lcd en· 
\·imnt:H"nt TH'cn<Jry for critic:-d in~¡wrtion of m:1ny 

oO_jtTI~. Tiw imcrior should he m:JtH· fini~hrcl in 

diifu~~· surf.tcc .... hl:tck fo1 tho:-c ,,·j¡h :,pccubr or 
¡>obhcd ~u:·::tn·~. \l.:ttc bl:tck ciimm::lt~ m::~kin::; 

rdit"Clion~ th=-tt \\"útdd ob~cun· tlw truc color of thc 
undnly1n~ pi~:nciH. In =-tll c~:.'c~. thc ncutr:d tom·::. 
h~\T littk or no influcncc on thc culor of thc ob· 

JlTl. 

In .:-1ddition 10 ~Kins- g-r;¡dcd for color. i~1hric" 

ha,·in_!.:' :-hiny ~ud~1Cc~ .1rt· ins¡.Kct<·d for uniformity 
: ... d ::moun; of _~ht"t"ll. For thi~ purpo~c. tlw li~ht 

süurcc ~huuld be of high lumin:11Kc. and ~hould be 
r~lrdully p()"itioncd so ~~s to IT\"(·;d a1w ,·:tri:ttion in 

thc spccubrity of tht· matcri~d. 

For critica! color c_r:Ldin!.! ancl m:Jtchill~. it l!!o 

dt~ir~tblc to position tilt" li~h( .... ourcc in :,uch ,:1 m:tn
nrr th:Lt rdlcction:- of thr s<lUITc are dirrctcd .J\,·ay 
from.t\11..· in:>pt·ctor. \\"ith thrcc-dimcn~ional oiJjccts. 
hm,TH'J". elimin:•tion of al! n.·nectcd imagD of dw 
sourcc m:ty not h<· pos~iblc. Thcrdorc. a luminalre 
rebtin·ly J;¡rgc in arca and uniform in hrightncss 
j:, thc bt:~t choice for thi~ application. 
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:1 • Luc , •:- ,.._, ¡ ::: 

i :¡" .: : 1. ::..: i ¡]~ 
1' . ¡ ]¡, \ ' : ::: ;¡ 

\lt~'·i l"t.lf·:·vt! _,_ 
,,,;;;;,,:t·(!. ;¡;·e IHti 1:1::\ lltl•it•>t. 1::\•':.:L:t lL:.:' 

! .1!ri•: ,._ ¡,¡\ ! !,::¡e u: :::: i i :1 :: )( '~:;"' 
v: t':it :·:..:~ t::. o;f,l·: l.ttc rc:..::L'::.· T! iv-- -:d;.:;·::;{"(¡ tht- n•l<>:·. 
th,- __ c:~in t!:c n•o:tcli Oi t•i!Jv: lillt'• :.'vt· :tc:j ltt:ll >¡•u·¡r:· 
t :.ere:\ (:i-::·il •i.tittt:I e~·,.::·:-., 

Yl'!;,,,\ li:..:~L! l> li::u-u: lll tk:: ;, -;;-,_t:H.: --cn<ttir_;:1 uf \T)l(l\\ 

1:1::\· !,e f':·l,ChllTd c;;hr l1~ lllC•::(, •. foru:n:;;i( li'..'hi t,f ·;,h~lU\ :~l~(t. 
(¡l)lL;~;::l•-:-';~¡t"",("J \\',1\'t'k:\<..:'Jl. (1! \n· •,;·,;_'\(l!l"l' (l: ~l'C ~t\1( 1, ~Tl"t'!l 

!~!__:))¡ Cll'>t':""' ::!h,\1\ l\'."O·i!li!·d~ r.; :/te ~)"'(l!lli11 (~C'l" ;!di:tCCIH 

~t-Jt·t-\i".tl clt::i'\ c•Í \"ti),,\, l:t:lJ;>~ l1~ ::;rt. it ~~ ihtL,rc¡ic.:-t!)y.po~~i· 
ldl to J::¡\"l· _:1 li;..:lll th:tt :¡¡~¡,e.tr~ yt·ll-.·v·,. \_ll!l co:"Jn;::i:~.- nu cnngy 
:tt tlw \•::t\·~·!ul~th~ :wrm:t]¡,- :,trn ::.' \"t"I]O\\·. í l Jo,, t'\"LT. thcrc :1rc 
tH..J pr:,ctic ,¡ L~):¡; ~ou:-cT~ u( ~J¡¡, t\·;·t.· 

HOW LAMP COLORS ARE CHANGED 

Cultn-ccl k.::h! on he p:·c,ducni ),\. ~\::nin~ \\"iih \\·hite light :¡¡ 1d 
fdtc:·in;.: cn:i o:- ~uEl{r:tCi:l~ thc u::d~·~irn! ¡Y .. H"lÍOil of ¡he spcc;,n.mL 
.\ ru:url·,: o:· filh·:·cd ÍllC:\J;ch-~cclt h;:l':J u~c~ thi~ pri:1cipk. Or 
cu]urt·d lic::¡t C:::: !;e p!'Odun·d \¡;· ;¡ )i:;l;¡ ::,(ll\l'C{' \\ !;ich f-:CilCTJlC$ 

e,:·:!\· tll'. dc~i:·t·cl po:·t¡(¡J; of thl :.pcctru!;1 - ~uch ::~ ::liorc~n.·nt 

l::::·:p~ l" \\ :.irL ,-:¡:-i:-~:ir.,::~ i:~ pho~;.~:Ju:· prc_,durc \';::·;·::1·:.:: e o JrS of 

_-.;,r.~-:::ilcd n;1'.Ur.Jl colorcd inc::Hk,ctnt l~tnqJ~ h:1\"c bclb~ oí 
tr;::-..~¡l::n·:n colon-e! sl:t:--~. But tli(' bulh~ of mo~l rulornl SÍ!-=ll :::ld 
dn r,:·:::iq· b:n¡J~ 1_\(_·~in :t~ clcar ~bs~: i.hcn :::'t' ro;¡¡ccJ \\"lth find;· 
~rm:nci colo:-cd gbs~ (\·itrcuu~ s-I:~~~ cn;tnw! 1: ;¡ncJ fin:tlly. thcy :trc 
fi:·l'(! lO :l>-c thc co:ttin<:..: l:1:o :1 h;trd. crJlon·d cn:lllll'! fini:-L. Thc 
UJ :::::~~ cojH:tin a 'd1i\c pt~!lll'Ill . .J~ \\·c-ii ;¡:;. colo:·cd ohcs. fo:· 
bc,;n d:f:u~ion of light. Thc Iin<rd C:olor:1mic E !J.mps are 
:::.1r!c in :1 ~1mibr 111.1nnn. 

Lc:-...:tn'ii- color sign lamps h.J\'{' a tr.:.tnsp.Jn:nt polyc.Jrb()natc 
re.~::; ¡J!:t:-iÍC co:ning. Thcy ofín Jllut'l' ~p;,:·klt-. :z:·c:ttn hri<:..::htnc:-.~. 
;,¡¡cJ hi~~1c:- s.:tlur:Jtion for :1m· S"Í\'l'll rulor For 1nst:1nn·. thc bluc 
:'Lid <;:·e en l.c\:tn-co:ttcd l:nnp, <tn' frTLT uf red. and h:l\'(' .J mure 
di::-tÍliCI ~c¡l~tr:dion from c:tch othcr. For thi~ rcason. thc contr:t."-b 
lwi\\'t-cn \·:~:r!J-: :1nd roo! color~ are .J!so S'TC:ttlT. such as- bet\\Tl'il 
red :tnc! bluc. 

C:olorccl rc!lcctor i.:Jmps IR---to·s .Jnd R,.Jo·sJ a!so hJ\T fircd 
c'-n~tmd íini:;hes. Uut thcsc colorcd gbs~ co3ting5 cont::J.in no extr<.t 
d~ffu~in);.: m:~tcri:d w pn:scn·e thc tramp.1rency so thc :ight 

G•H., • •o 
"· ... ¡.,, 
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ht :1111 will Jl(J\ hr hro:1drr th:tn ck:-in:d. Thr 
](lo.,\-:!lt 1'.\R .. H.; btnp-. h:1\T J co:ttln~ (lf d\'("
Íllljl:·<·L:n:dcd :-!!idliH' pb-.tic. -~i::tii:tr h• tlw Lc'\:,n
cu;,:,·tl b:11p~ Thnt· :1n l~l~L,,·;¡:t 1'.\R-:\¡.; rcc:. 
,1:;·¡1,·-:·. :1:1d y\ !\1•\\- );¡¡;¡p-. \\·i¡\, -.t::i:lt·d. ~\:::-:- f.:<_n 
l: :!1:- t.:_ ... ,_._ ;¡ ('(1\(o:·in~ 11i.llt':·i;,l ¡ .. ::p¡dit·d 1<• O:lc 
-.:m· 11f tl:c !..::!:::- .... Tht" f.:):;:-' i:- :!w:: h::kcd. c:~:Hn:.: 
;!·,,_ l.,¡,,:· ll' ~:.:.;~ :1 ;::1:·· l::yt·r o: tl:t· CO\Tr p ::tl' 

1 :1:nic:·t Lrt· fil:v:·:- Íii\"\•i•;, u:·;c Cli' ·:1u:·r \'c:·y thin 
\::q·:·:- (l~ <.ckncd l::::·t·:·:.:!.- dq,~, .. :t!"c! ;_in :1 ,-:~cut:orl 

th.,:::!,t: l•y n;ljllli"::t:·,,n tcch;:iqu: ~- :1:-:1 filt:-, 011 ,í 

h:.:-t· ;¡;;1:ni:d ~uch :t.- clc::r te:~:~~'- Tlw thicknv~~ of 
c;,ch Lycr i~ u.~u:~ih· 1<·..,, th;,n PIK ''Zl\"l"ki~~;]¡ üf 
li:.:::li. Thl f:J¡c:· .• n::''r:t· u~c· u!- 1Lr Oí.tictl ¡):·in(i\'k 
uf i::tl":i,_·:Tncc tc1 p:b~ ;1 lirnitcci h:t:ld uf \,.,-,q·. 

lcn~:h~. Tltt" rcn:r:- \\·:t'Tk:·:~th ;,r;c! sprc:td of thv 
_tr.1::>::~ittcd h:::H.l .-tn' dt"ic:·:nincd brt-:ely b, thc 
tlt:(k:H·s~ .:t:1d m1::1l>•:r uf !.1yv:-:- in ti1c film. llo,,·_ 
("\-t"r, ,_¡;¡]Íi-;l' OtlllT ii;Ht~. thc \\;:·.-eJc¡¡r:¡}L-... nut tr:1!1.'•· 

mit!cd ;,rt rdit-ctc<!. ,:,~ fw¡n ;1 n11rror. rathcr tktn, 
<ih:-l¡rhed. Tltcrcforc. thc:-c ii!trrs. ~t.l\" rc!.::ti,·ci;• 
((l(l\. 

COLOREO FILAMENT LAMPS Rep•e
sen::atP.:e sign, floodlignHng. decorative, 
and display lamps. 

Bro.Jd-b:,nd intnfcrencc- filtcrs are often callcd 
die hroic ( t wo·colorcd) beca use thcy tr.JnsmJt onr 
p:-trt of thc spectrum .1nd rcflcct the othcr. Somr 
P.-\R b::·,p~ makc use of thcsr filtrr~ - C:ool-Ik.:lln 
b::1p~ th:d scpar·att much of thr ,-is.iblc from thc 
infr;¡¡Td \,-~,Ticngths: and Dichro-Color l.:Hnps 

. th~lt u~r the inteTfCrcncc principie to produce a iull 
r.1ngt of sa!Urated colors. 

Fluon:sccnt \;:¡mps producr colorcd light by the 
usr of sp.:ci.1\ ph05phors. Thesc interior co~Hings 
con,·nt thc ultr.J.vio\et t:;-¡crgy gé"t1crated \\"ithin thc 
l.1;np to visible light ·of thc dcsired \,·a,·elensths. 1 n 
two colors ( Dccp Bluc. and Red)_ colored fihcring 
materi.J.Is are addcd to the · outsidc bu lb wa\1 to 
prcx:luce more s.Jturated colors than can be pro
duccd by the phosphors. Tht: gold fluorcsccnt \¡-¡mp. 
howc\-er, achic\"CS it!:. color by subtr.J.ction - ~inn· 

no phosphor~ emit prirrorily yello,,· light. :\ yt·!low 

COLOREO FLUORESCENT LAMPS: 
Reading \eft te right- green. deep blue, 
gold, pinlo-., blue, and red. 

filtrr UKttin~ on tht: in.:-.idc of thc tubc ab~orbs tlw 
un,,·;¡nted \\·a,-clcngtffi from a "·~ir:n whitc phm· 
phor. 

m~~cklic:Lt {BL) nuorcsccnt la:np::. utilizc a spcci.:tl 
phosphor- tkn rmits prim.Jri!y nr~tr-ultr:.tviolct ener· 
es ,,·ith a sr.ull amount of \"Ísihlr bluc \ight. But 
f¿r m.:111Y BL effccts. evcn .J. sm:dl an;ount of 
'"isihlr lidn is undcsirablc. For thcsc situation.s. 
BLil bmps - madc of a spccial dark filtcr glass -
trJ.ILSmit thc nrar l'\ · cnerg:--y but absorb vinually 
a\1 of the \"isible enrrgy. 

Luminous efficacy is reduccd whcne\"er subtrJ.ctin." 
(filtrring_l tcchniques .1rr uscd. To obt.1in any srrong 
color wilh filamcnt lamps. it is ncccss.:-~ry to rcmo\"C 
m05t of the light emitted by thr filamcnt. The more 
s.:uur;~ted the color. thc- lo"·cr thc cffic.:tcy of thc 
sourcr-plus-filtcr combin.1cions. Bcc<~usc it is nec: 
es~1n· to rc!l10\T thc grc.lt.cst <~rnount of cnergY 
to obt3in thr corree\ hu~c. cool color 1.-:mps. such ~a·s 
bluc. · h:~,·c thc Jo,·:est cffic.:-1cy of iibrncnt typcs. 
In thc c.:Hr of fluorncL·nt bmp~. the phosphors :~re 
usu.:dh· sclectrd to grm:r:ttr thc dcsircd hue - ;~ 
subst~l-nti~lly more erficicnt proccss. 

Thc foJlo,,·ing table sho"·s a compJ.rison of thc 
cffic<Jc,· of fluorcsccnt <~nd fihercd fil<'lmcnt !.1m~ 

pro0u~ing colorcd light of .:lpproxim<'ltcly thc samc 
s.,:,tur.:ltion. 

Efficacy of Fluorescent and 

Filtered Filament Lamps Producing 

Colo red light of Approximately the Same Saturation 

40-watt F"luorescent Filament• 
Hu e (lumens per watt) (lumens per watt) 

red 5 2-3 
pink 28 6-8 
yellow 55 10-12 
green lOO 1.5-2.5 
deep .blue 11 
blue 28 1-2 
ltght blue 63 {Daylight color) 4-5 

• Uncolorea lamp auumed te be 16 lumens per watt 
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Ponencia 

1: l~TRODUCCIOS. DR. AGI:STI~ SER.'t;so SA.\CHEZ 

Quisiera antes de iniciar €$ta que será r<i prir:era participación cor:o So-
cio activo en la Sociedad nexicana de llu::inación,at:ra.:ecer a la t:esa Directiva 
y a los organizadores de este Curso, el haber~e invitado a colabcrar en la rea 
lización del tis~o, a lo GSe no podría ha2e~e riega:o ni ahora ni en futuras orcr 
tunidades que se we brinCen, ya que estoy ple-:-,arnente id€-ntificado por a?:os en-
la actividad docente y no obstante los esfuerzos que el ense6ar inplica, me re
sulta particulaiT.!e:1te grato el corq)artir tocio conocirr.iento o inquietud cientí
fica ~Me desarrollada en ~i siemyre a?reciada profesión. 

Es mi deseo explícito en esta primera ocasión en GUe tento el honor de pre
sentart:le ant~ t:stedes y dada la oportunicód de su a::-.able atención, intrli:·ducirnos 
en los aspectos Bio~éáicos de la llu~inación,reinstalando al ho~bre,ser biopsico 
social como el verdadero centro de nuestras reflexiones y avances tecnolóbicos
llegando,de ser posible a integrar lo que bien podriamos deno~inar co~o Orto
iluminación, es decir' la Iluruinación correcta para un deseffipeño laboral; escolae 
o recreativo optimo y saludable. 

Espero que al termino del. breve lapso de tiempo de que dispone~os, lograr mo
dificar las caras de natural extrañeza que este selecto grupo de Ingenieros .y - · 
Tecnicos en lluninación, muestran hoy al tener frente de st, no a un conocido
colega que hable su propio lenguaje tecnico sinj a un Médico y por añadidura
Cirujano Oftal~ologo, que conciente de su aparente intromisión en un terreno 
que no le compete, desea efircar todo lo contrario y desea llegar a establecer 
un solido puente de coounicación entre nuestros respectivos ca~pos de trabajo 
del que en forma reciproca obtenganos un enriqueci~iento academice para los 
mismos. 

Es un hecho costatable v lamentable nuestra real desvinculacio:1. Eje::oplos tt.ul 
tiples podrían enu=erase "a ~ste res;.ecto tanto en el Ejercicio ~:f¿ico co~o -
en el del Ingeniero o.Tecnico . 

Nuestros acercanientos profesionales se lim.it¡¡n a ciertas anotaciones rela 
tivamente superficiales tanto en los libros de Ilucinación co~o en les de Me
dicina y en los propios de la especialicad Oftalnológica. Interesante habrá de -
resultar el analisis de las causas de nuestra actual cesvinculación y de sus 
posibles correcciones, asi como ente~¿er la necesidad de una cayor co~unicaci5n 
profesional. Tengo la firme convicción de ~ue la Interdisciplinariedad es y sera 
sienpre una banda fronteriza fertil para el trabajo conjunto. 

Esa extraordinaria y en muchos aspectos extra~a ~anifestación cela energía 
Electrocagnetica que es la Luz, nos vincula de ttanera conatural. El Ingeniero 
en Ilu~nación colocado al otro lado del puente, desa::olla los sofisticados 
sistemas de aplicación de los Emisores luminosos , mientras que de este lado del 
mis¡¡¡o pue.nte' radiante se encuentra el ~!édico Oftal~ólogo cuya función explícita 
es la de preservar y opti~zar con todos sus recursos terapeuticos al Recep
tor de dicha energ[a radiante, que es el complejo se~tido de la Visión. 

Resulta factible que nuestras jovenes ciencias al vincularse interdisciplina
riamente, refuercen mutuamente sus arguttentos para ~otivar- no solo con razonamie~ 
tos técnicos sino tambien con bases Biooedicas, a los industriales,coterciantes 
directivos escolares, administradores públicos y privados así cono público en ge
neral,-acerca de las reales ventajas no solo en el rendimiento laboral sino e~ la 
salud Psico-visual que representa el aceptar e implementar un programa aplicativo 
de Ortoiluminación. 

"' ·. 
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Debo antlClpar una disculpa si es que esta introducción resultase mas exten-
sa de lo habitual,guardo conciencia de ello, pero ten~o al escribir las presen~es 
lineas la sensación de estar escribiendo una de esas cartas especiales que van 
dirigidas al mas apreciado de los awigos, que ha peroanecido por r-ucho tiempo dis
tante Y al que en una sola hoja de papel se deja verter todo un mundo de vivencias 
e inquietudes no co~unicadas. La disculpa resulta pertinente y necesaria ante un 
auditorio acostu~brado a un estilo distinto en el que formulas matematicas y ecua
ciones hacen su aparici5n desde el mis~o prologo. Tal ausencia r.ate~atica sera 
manifiesta en mi escrito y no dudo que ello habrá de frustrar sus naturales incli 
naciones concretas, pero es aquí justamente donde da pricipio el terreno de la ínter 
ciencia . 

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

ll; ~!A'\EJO DE LUZ GALACTICA: PRECURSORES DE LA INGENIERIA DE ILL':-11:\ACION. 

La serie de transparencias como apoyo visual a la presente ponencia, se inicia 
con un símbolo. El Vitral norte de esa extraordinaria muestra de la arquitectu~a g5-
tica francesa que es la catedrai de ~ocre Dame en París. He tratado con ello ee re
presentar una bella muestra del manejo científico-técnico y artístico que de ia Luz 
hacían gala, los que si se me permite calificaría de precursores a partir del siglo 
X de la Ingeniería de llu~inaci5n, los Disefiadores-Constructores de Vitrales. 

Proveniente de lejanas estrellas de nuestra Via Lactea, la Luz debe haber sen
sibilizado a los realizadores _de catedrales Góticas con ideas tan elevadas como 
ellas mismas, ya que "parecen erigirse para honrar a esa energía radiante prove
niente de distancias colosales, como digno recinto,morada 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
flexi5n, Refracci5n,Diiracci5n, asi como de Optica Geometrica y probable::,nete de 
Optica Fisiologica inclusive. El dominio que exhiben de arte crometico asi como de 
la tecnmlogia del vidrio com?lementaban las posibilicades para modificar la longitud 
de onda luminosa segun las exigencias que el disefio impusiera. 

Para desgracia nuestra de ese Arte-Ciencia, no cont~os eco suficientes documen
tos, ya que concientes de su incalculable valor eran celosamente guarcacos y solo 
transmitidos verbalmente a un grupo autoseleccionado de familias, habiencose perdi
do en el tiempo. 

Tratando de imitar a la naturaleza , el Hombre y su Ciencia han logrado desarro
llar fuentes luminosas artificiales suficientemente utiles y en constante evoluci5n, 
de las que se vale el moderno Üumir.ador , que así como sus prececesores habr.á de re
querir un cúmulo de conocimientos acorde a la tecnología vigente. 

-):y.:: 

Ill: 
• 

Primero fue; 
Despues fue; 

HAGASE LA LUZ" 
VEAS E LA LUZ" 

más no resultó suficiente y ••• 
y entonces fue creada una función de tan alta 
estatura como la propia Luz ••• LA VISION. 

En ~uy alta estima dbe tener la Naturaleza la captación de Fotónes provenieter · ·1 
espacio galactico, para haber creado uno de los Sentidos que sin duda es uno de lo 
m~s co~plejos y desarrollados como es el de la Visi5n. Baste para ello detenerse a 
observar el aso:::1broso disefio estatico-dina:nico del globo ocular . ya no- solo d.e. la 
especie humana sino de cualquier otra que se· considere. Mecanism~s-automaticos_de _ 
una increíble eficiencia así como detalles finos aún no comprendidos por la c1enc1a 
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moderna son el sello inconfundible del perfecto diseñador, que ha pensado·en 
todas las posibilidades fisiologicas y ce ellas ha seleccionado la ~ejor como 
analizare~os a continuación de.manera somera dadas las limitaciones de espacio 

~y~tiempo~a~que-es t·amos-suj e tos,-no-sin-an tes~inviTar-a'l~rector atentó a revi.:s.:ac::r~~~-
con detalle la bibliografía recomendad~ en el presente escrito. 

La t:nidad \'isual , co!!:O habrecos de llamar al sistel!la se integra por varios 
elementos organofuncionales. Dos Globos Oculares que son en realidad procidenci
o extensión áel propio cerebro, mis!!:os ~ue son los ele~entos Receptores de los 
quantos de luz y que se co~portan en cierta fo~a cc~o las antenas parabolicas 
de un raciotelescopio astronóffiico que al igual que los ojos han sido diseñados 
para la adecuada captación de ciertas longitudes de onda del amplio espectro 
electromasnetico, ~agnificaci6n y transducci6n. 

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 centuria y en especial las ulti~as de nuestra era han con 
tribuido a integrar un concepto ~as cercano al real. Curiosas r€sultan en verdad 
las antiguas concepciones del fenomeno visual. De ellas algunas resultan in
quietantes aún en nuestros dias, como es el concepto e;ipcio de considerar al ojo 
como Emisor· de una "energiá" con 1a cual se escudriñan los objetos )' der.~ás seres. 
Si bien esta concepción resulta su'mar:~ente interesante como lo atestiguan algunos 
estudios científicos en centros neurofisiologicos de los Estados Cnidos, los que 
al parecer explican ciertos fenomenos en la comunicación interpersonal, solo deben 
considerarse por ahora como preliminares. 

Resulta ya clasico el símil entre el ojo y una cámara fotográfica, lo que nos ca· 
una idea grifica del complejo mecanismo Óptico qie implica el fenomeno de ''ver'',sin 
embargo tal cc:::paración· no es justa si se obsreva la extraordinaria movilided y 
sincronisoo bir_1ocular cUyo gobierno se encuentr~ en un centro ciberneti~o a nivel 
mesencefalico. Tal dinirnica asi como la captacion de imagen en rr.ovimiento mis nos 
permitiria hablar de un símil con el sistema de televisión. 

De continuar la busqueda de una exacta equivalencia de nuestra extraordinaria 
Unidad Visual, con nuestros avances tecnológicos , tendríamos que representarla como 
una inexistente hibridación tecnológica que combinara ciertas características de la 
cámara fotogrifica, de la T.V. con un gobierno Cibernetico así como elementos de la 
antena parabolica de un radiotelescopio y de resultar cierta la concepcion de la 
Unid~d Visual como Enisora se tendrlan que adicionar características del mismo ~adar. 

Como puede facilcente adivinar el lector, nuestro pretendida hibridación tecn~ 
lógica queda muy por debajo de las reales P!encialidades de nuestro Sentido de la 
Visión. 

Ad~is del sistema Optico y del sistema ~eurosensorial y ~euronotor que gobierne 
la motilidad binocular intra y extraocular, existe un sistema hidraulico de alta 
complejidad de cuya efiCiencia dpendera el equilibrio entre la produccion de liqui_ 
dos intraoculares y su correspondiente desalojo. La falla de este sistena conduce 
a la conocida enfe~edad denominada Glaucoea eo donde la Presión Intraocular supera 
las cifras normales de 10-2o-~ de Hg. que de no ser modificada favorablemente habri 
de llevar inexorablernnete al paciente a la ceguera. - . 

Si todos los sistemas se han orquestado adecuadamente, la luz proveniente de 
fuentes naturales o artificiales, habrá de concentrar la energ!a rad~ante en uno 
o varios pulltos de la retina, eo los que los fotones o cuantos de energla la tran!. 
mit1ran a los Fotoreceptores, los qUe a su vez ·y mediante diversos pasos bioquim!_ 
cos de los pigmentos visuales (Rodopsina y pigmentos de los conos, todos relacion~ 
dos con la Vitamina A) transduciendo de esta manera la energ!a lumínica en un de
bil impulso electrice el cual mediante diversos neurotransmisores serin procesados 
y codificados en la computadora retiniana que és el primer nivel de actividad ci
bernética • Dichos ~ensajes electrices seran enviados por la \'ia Visual hasta la 
segunda estación de proces8l!liento precortical que son los cuerpos geniculados. 
La tercera estac1on esta representada por ·la propia corteza visual en el lóbu,lo 
occipital asi coco las areas corticales de asociación. 
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Sorprende en verdad lo intrincado del sistema cibernetico Visual, pero
más complejo aún resulta el fenomeno Psicofisico de la percepción \'isual en 
la que sitr.ples sef.ales electroquímicas llegan a conforoar. ima¡;enes con un si.s. 
nificado concreto tridi~ensional que permite asimismo la integración de For 
mas, del espacio , el movimiento o inclusive de las más atrevidas abstraccio 
ces. En este terreno falta mucho por estudiar ya que el fenoceno PsicOO:c;re 
bral de "ver" esta lejos de un perfecto entendimiento, asi coco sus sus di-
versas interacciones con otros sitemas sensoriales, intelectivos ,afectivos 
y de mecori a. 

Debemos mantenernos bien infonnados y alertas ante el avance de la investi
ción Bioa:édica y Psicofisica en esta área y de ser posible contribuir de .!1 
guna ma~era a su pro?io desarrollo. Esperemos que en el futuro cercano llegu~ 
mos a co~prender con plena exactitud como influye la Luz en el comportamien 
to individual y colectivo y de coco puede la calidad de la Iluminación in-
fluir en la propia calidad de vida asi como del desempeño humano. 

IV: PRIORIDAD Y VUL'\ERABlLIDAD DE U. UNIDAD VISUAL. 

Resulta interesante y· significativo el hecho de que los ojos .y probable
mente el resto de la ünidad \isual muestren una destacdada prioridad en la con
forma'Ción del ea:brión de cualquer especie. Desde los primera set:,!la'> de gestación J 
ya se esbozan los acumules característicos de pigmento visual, que en el humano 
hacia el dia· sesenta ya demuestra un alto grado de diferenciación morfológica. 

El delicado :amino de la morfo¡;enesis ocular puede por desgracia verse desvi.! 
do por un sinnumero de factores agresores que pueden conducir4 la misma ausencia 
del organo • Anoftalcía, una falta de desarrollo; ~ücroftalmfa o bien graves t 

tornos oftalmicos como es la CiclÓpia condición que impide la·sobrevida p~ 
los multiples defectos cerebrales asociados. Ejemplos de tales entidades medicas 
se han mmstrado en la serie de trasparencias de apoyo. 

Amplia es la gama de agentes agresores que en cualquier momento pueden dañar 
gravemente la Unidad Visual , conduciendole a la Amaurosis ó cancelación de la 

función receptora de quantos ·de luz. Ellos pueden ser de naturaleza tra~ática, 
Infecciosa-Parasitaria, Inflarnatoria,Toxica,Degenerativa y neoplasica. Hasta el 
propio espectro electromagnetico provedor de la materia prima .de la visión que es 
la Luz y aún esta misma en ciertas condiciones y en determina¿a longitud de onda 
pueden provocar lesiones irreversibles en la vulnerable Unidad \'isual. 

La prioridad que la natur~leza 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 cada una áe las sociedades humanas aún las más primitivas ofrecen muestras 
de la alta r~~resentatividad que ha tenido sie::1pre la Visión para el hombre. Cer~ 
monias y rituales más o menos elaboradas hablan de una mezcla ce respeto, magia y 

-~·\.!·. 

temor acerca{~e· los ojos como puente entre la Obscuridad y la tu~. 
Si el sufrimiento de un enfermo pudiese cuantificarse y compararse, no dudaría 

en colocar en primer termino el de aquel que se le ha planteado la necesidad im
periosa de • extirparle uno o los dos ojos. El impacto psicologico-filoso!ico es 
de tal magnitud que no sé limita al propio paciente sino a todo el nucleo familiar 
y perifamiliar., habiendose de requerir de cierta labaor de apoyo simultaneo. 

De acuerdo a lo antes dicho bien podríamos concluir que si el ojo es una ex
tension ~ exteriorización preferencial del cerebro y aquel se alimenta de luz 

·' ya se. 'entenderá el por que la Luz tiene una importancia Psicologi ca vi tal. Por ' 
no debemos conformarnos con dar solo "migajas" de luz a las escuelas y centre 
de labor, porque estaremos con ello mal nutriendo o~inclusive aniquilando cere
bros. Por extensión e imitando una frase popular se podría decir inquiriendo ·"Dime 
como es tu Iluminación y te dire quien eres" 
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V: "ORTOILl~:l:iACIO:i " : PUE~TE ':-'1br '• OF1 "OLOC '-·' ,.... ......, Au! lA Y LA LUI'll!'OTEC\IA. 

Ante la ausencia de un· tern:ino que· indicara o significara "Corr_e_cta_Ilutr.ina::-~~~~
~cfórY" · me-lie pen:cHYdci pór esta oca·srón y pa-ra el dÚarrollo de la presente po-

nencia integrar uno, mediante el empleo de un prefijo frecuentemente eopleado en 
Medicina derivado del griefo ORiriOS, que significa recto,derecho,correctc-,norcal. 

Espero en el transcurso de futuras participaciones se me indique si en su, 
ten:UnolofÍa tecnica existe o.tro mejor y a la vez ofrecer los argu::entos en favor 
de esro ter~ino que por principio, habrá de facilitar la integración en un cuerpo 
toda serie de conceptos Bioc,cdicos, ,Psicofisicos y tecnicos en favor de una 
Il~inación Sar.a, para el adecuado desempeño humano. · 

Uno de los curiosos irr.?erativos de nuestra "civilización" y que en cierta forma 
ha dado pie para la aparición y desarrollo de la Luminotecnia~ el de tratar de 
romper el perfecto ciclo de Iluminación natural·Dia-:ioche que se corresponde de 
manera estrecha con los ciclos circadianos que a su vez gobiernan el bino~io Acti-
vidad-Reposo. El ho~bre, valiendose de los inumerables recursos de la Ilumina-
ción artificial le ha robado a la noche la mavor cantidad de horas que ha sido po-
sible, fara fines laborales, escolares y rec~eativos. Como esta tendencia del 
humano parece continuar, el horizonte aplicativo de la Luminotecnia se magnifica 
con el tierr;po. ~ 

Si el ro::per el ciclo natural es por sí mismo una grave infraccion a nuestra pro 
pia naturaleza, resulta un deber ineludible el impedir por todos los medios apro- -
piados a! .,.,.~ un mayor deterioro err;pleando fuentes de iluminación mal estudia-
das o peligrosas, que léjos de crear un ambiente propicio se conviertan en un con
taminante más de los muchos que por desgracia el hombre no conciente ha arro-
jado a su paso. Debemos exigir y autoexigirnos el debido cumplimiento no solo 
a normas y reglamentos de ingeniería de construccion y sanitaria, por desgracia 
siempre anticuados y obsoletos, sino mediante estudios cada vez más profundos tan- •· ' 
to en la Psicofisiologia Sensorial aunados a los avances de la Tecnología llegar 
a-establecer las especificaciones a que debe someterse todo recinto ~ue haya de 
requerir de Ilu~inacion artificial y en donde el hoo~re centro de nuestras reflexio-
nes deba' ejecutar algun trabajo. 

Existen evidencias de que el empleo de ciertas laoparas implica un riesgo potencial 
sobre todo en a~uellas en ~ue la banda espectral opera en una longitud de onCa entre 
280-320n= correspon¿iente al rango del V.\. E~ el a~o de 1974 en el ces de ~ovie=bre 
una escuela pública cie ~laryland reportó lesio:'les der=icas y oculares en algunos cie 
sus aluu.nos. La investigación reportó que la cubierta interior éel cristal de cuarzo 
de las Jaroparas all{ er::p leadas y que habi t ualr:.en te 1 imita e 1 paso de 1 1:. V. es taba por 
alguna razón roto. En otro reporte de '60 personas lesionadas se en~ontr6 que una 
sola l=para defectuosa de Vapor de Meorcurio afecto a 69 perso11as. 

Si bien los anteriores son los prirr;eros reportes publicados, deben existir un 
núcero r.ayor de observaciones que de ser conocidas ayudarían de t..anera importante 
a a comprender la posible fisiopatclogía que implica· una mala iluminación no solo 
en el daño directo de la Unidad Visual sino en algo mas sutil y ¿ificil de evaluar 
y cuantificar de como una ilu!tinacion deficiente , de baja calidad o mal estudiada 
puede modif¡car el propio cocport~iento del sujeto expuesto. 

El campo ,los alcances y prospectiva de la Ortoiluminación son enormes y muy 
estimulantes. De su avance sostenido 

1 
a pesar de las inherentes adversidades en el 

nuestro y en otros medios, seremos nosotros los responsables, los que desde el punto 
de vista Médico o tecnico nos apasiona el estudio de esa intrigante y no pocas veces 
voluble energ{a radiante que es la Luz. 
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. 1 

El espacio y el tiempo que nos rigen ha cerrado por ahora su ciclo y toca el 
punto de cerrar esta presentaci6n cuyas aspiraci6nes mis filosoficas que tecnica 
espero hayan despertado su interés y que nos permitan tender lazos firmes que 
vinculen nuestras respectivas profesiones, que si bien las actividades de rutina 
habrán de ocupar el mayor tie~po, cuando contemos con ese tiempo preciado de que 
a veces disponemos, demos rienda suelta a nuestra creatividad y nos permit~os com
partirla en esta de~usada hibridacion de Médicos e Ingenieros, en favor de una 
máxima salud visual y de un desempeño humano más pleno. 

Así como dimos entrada a nuestra presentaci6n exhibiendo esa real maravilla del 
arte g6tico que es el Vitral Norte de Notre Dame en París, nos despedimos mostrando 
a ustedes el Vitral opuesto, igualmente rico en la capacidad de atrapar y acariciar 
la Luz • • • 

DR. AGUSTIN SE~~O S~~CHEZ 
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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 complicaciones al realizar tanto las evaluaciones prelimi 

nares como la determinación exacta de parámetros para el desarr2 

llo de los diversos métodos de solución de los sistemas de ilumi 

nación. 

Una de las principales causas de estas complicaciones es la 

carencia de fundamentos sólidos sobre Ingeniería Eléctrica en 

general y sobre Ingeniería de Iluminación en particular. 

La adquisición de estos antecedentes se hace generalmente_ 

tediosa debido a la propia naturaleza árida y no pocas veces abs

tracta de las definiciones y conceptos fundamentales. El trata-

miento para este estudio y en general para cualquier otro rela-

cionado con alguna especialidad técnica o científica puede hace[ 

se de tres diferentes maneras: 

a) Como Fenómeno Físico 

b) Como Modelo Matemático 

e) Como Problema Ingenieril 

A g~andes rasgos, estos tratamientos consisten en: 

a) Como Fenómeno Físico.- Se explican, mediante palabras y fi

guras, las relaciones entre los difeLentes parámetros así como 

los fenómenos en que éstos intervienen. SE utilizan enunciados, 

definiciones y conceptos utilizando co~o apoyo analogías con o

tros fenómenos físicos más comunes y por tanto más fáciles de 

comprender. Como es ob.vio, se 'gana e·n tiempo, visión y facilidal 

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

des de modificación y control del ~istema. 

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

.. 



- 2 -

parámetros básicos se establecen las ecuaciones llamadas e 

cuaciones de estado del sistema - que predicen y/o explican 

el comportamiento exacto del sistema bajo diferentes condiciQ 

nes. Sin embargo en este método es común sumergirse en un mar 

de complejas ecuaciones donde en ocasiones se corre el riesgo 

de perder parte de la aportación subjetiva del diseñador. Evi 

dentemente, para us~r este método se requiere de dos condiciQ 

nes indispensdables:. tiempo considerable y sólida formación ma 

temática. 

e) Como Problema Ingenieril.- Mediante la combinar.ión de la 

clara comprensión del fenómeno físico 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 apoyadas por ei. crite

rio y visión ganados al analizar físicamente los fenómenos. 

ts evidente que cada método tiene ventajas y desv~ntajas. 

Por la naturaleza de este curso se tienen dos limitantes impoi 

ta~tes: tiempo reducido y grupo heterogéneo. Por estas razones 

utilizaremos el tercer tratamiento ya que en él se combinffi 

las ventajas de los dos anteriores sin desventajas apreciables. 

TER~UNOLOGIA Y UNIDADES DE ILUNINACION 

En Luminotecnia interviene~ dos elementos básicos a 

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

nar. Las unidades y magnitudes fuñdam'entales empleadas para 

valorar y comparar las cualidades 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 continuación describiremos brevemente cada uno de los au 

teriores conceptos: 

FLUJO LUMINOSO 

La energía transformada por los manantiales luminosos no 

se ·puede aprovechar totalmente para la producción de luz. Por e 

jemplo, una lámpara incandescente consume una determinada ener

gía elictrica .. que se transforma en energía radiante, de la cu~l 

sólo una pequeña parte es percibida por el ojo en forma de luz, 

mientras que el resto se pierde en calor (Fig 1). 

6 %·calor conducción 
casquillo y ampolla 

------- 12% calor convección 
gas 

72'% calor radiante 

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

A la energía radiante de una fuente de luz que produce u

na sensación luminosa se le llama Flujo Luminoso o Potencia Lu

minosa. El flujo luminoso se representa por la letra griega 6 y 

su unidad es el LUMEN (lm). Un lumen-es el flujo luminoso de la 

radiación monocromática que se caracteriza por una frecuencia f 
12 de valor 540 x 10 Hertz y por un flujo de energía radiante equi 

valente a 1/683 watts. Un watt de energía radi~nte de longitud de 

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

La medida del flujo luminos¿ se realiza en ~aboratorio por 

medio de un fotoelemento ajustado según la c~rva de sensibilidad 

f otóp ica del ojo a las radiaciones monocromáticas, incorporado a 

.. 
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una esfera hueca a la cual se le da el nombre de esfera integr! 

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

En la tabla siguiente se muestran algunas de las lámparas 

más usadas y su flujo luminoso característico. 
Flujo luminoso 

Tipo de 18mpara lm 

Efluvios , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0,6 
Vela de cera...... . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Bicicleta. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 
Incandescente Standard de 100 W............ 1.380 
Fluorescente L 40 W/20 (Blanco trio). . . . . . . . . . 3.200 
Mercurio a alta presión HQL 400 W. . . . . . . . . . . 23.000 

· Halogenuros metálicos HQI 400 W. . . . . . . . . . . 28.000 
Sodio a alta presión NAV·T 400 W............ 48.000 
Sodio a baja presión NA 180 W . . . . . . . . . . . . . . 33.000 
Magnesio AG 38." .... :. . . . . . . . . . . . . . . . . . . . . 450.000 

TABLA I.- FLUJO LUMINOSO DE LAHPARAS COMUNES 

EFICACIA O RENDIMIENTO LUMINOSO . 

El rendimiento luminoso o eficacia luminosa de una fuente 

de luz, indica el flujo que emite }a misma por cada unidad de 

potencia eléctrica consumida para su obtención. 

El rendimiento o eficacia se representa por la letra gri~ 

ga ETA ( \) y sus unidades son lúmenes por watt ( lm/w): 

(, [lm] 

W[watt] 

Si se lograse fabricar una lámpara que transformara sin 

pérdidas toda la potencia eléctric~.consumida en luz de una lon 

gitud de onda de 555 nm, esta lámpara tendría el mayor rendimie~ 

to posible, cuyo valor sería de 68r·lm/w, pero como sólo una pe 

quefia parte es transformada en luz, los rendimientos luminosos 

obtenidos hasta ahora para las distintas lámparas quedan muy a

bajo de este valor, presentando diferencias notables entre las 

mismas, como puede apreciarse en la·TAbla II. 

Por ejemplo,.una lámpara in~andescente estándar de 4o watts 

p ro d u e e !, 4 O 1 ú m en es , p o r 1 o q u e t i e n e un a e.f i·c a e i a d e 11 1m 1 w • U 

.. 



~a limpara de sodio baja presión de 180 watts produce en 

3294 lúmenes por lo que tiene una eficacia de 183 lm/w. 

cambio 

Tipo do lámparo 
Potencia nominal 

w 
Rendimiento luminoso 

lm/W 

Efluvios .................. : . .... . 
Incandescente Standard 40 W/27.0 V . 
Fluorescente L 40 W/20 (Blanco fria). 
Mercurio a alta presibn HOL 400 W . 
Halogenuros metálicos HQI 400 W . 
Sodio a alta presibn NAV·T 400 W .. . 
Sodio a baja presibn NA 180 W .... . 

0,3 
40 
40 

400 
360 
400 
180 

2 
11 
80 
58 
78 

120 
183 

TABLA II.- EFICACIAS PROMEDIO DE DISTINTAS LAMPARAS 

·Cabe aclarar que las eficacias de la Tabla II se refieren 

exclusivamente a las limparas; para las limparas de descarga CQ 

mo sistema completo incluyendo instalación y accesorios de co

nexión dichas eficacias pueden variar sustancialmente. 

ENERGIA LUMINOSA O CANTIDAD DE LUZ. 

De forma aniloga a la energía eléctrica que se determina por 

la potencia eléctrica por unidad de tiempo, la cantidad de luz 

o ePergía luminosa se determin~ 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 = 6 t 

Esta magnitud es importante en l~s limparas de relimpago e~ 

pleadas en fotografía, pues su valor es decisivo para la ilumi~ 

nación de la película. Debido al·corto tiempo de la descarga, la 

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

limpara que emite una cantidad de luz de 2.1 lmh, esta magnitud 

por segundo seri 2.1 lmh x 360Q segó 7560 lms. 

También tiene interés cono~er a efectos de cilculos econó 

micos la cantidad de luz que emite una limpara durante su vida. 

Una limpara incandescente de 40 watts que emite un flujo luminoso 

.. 
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de 440 lúmenes, durante su vida promedio de 1000 horas emitirá y 

na cantidad de luz de 440,000 lmh. De este vale~ habrá quedescon

tar la pérdida de flujo que se produce en el transcurso de su vi 

da, ya que este valor no es constante. 

INTENSIDAD LUHINOSA 

Este parámetro se entiende únicamente referido a una deter

minada dirección y contenido en un ángulo sólido w (Omega Minús

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

ángulo plano que se mide en radianes, a una magnitud de volumen 

le corresponde un ángulo sólido o estéreo que se mide en estéreo 

rradianes. 

El radián se define como el ángulo plano que corresponde_ 

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

reorradián se define entonces como el ángulo sólido que correspon

de a un casquete esférico cuya superficie es igual al cuadrado 

del radio de la esfera (Figuras 2 y 3). 

Cl IOtlll :a: 2 n radienes 

FIG 2.- ANGULO PLANO 

. · 

w 11otall = 4n estereorradlanes 

•· 1 Lm 
E "" 1 L~o~x 

S= 1 m' 

FIG 3.- ANGULO S0LIDO Y RELACION 
ENTRE FLUJO LUMINOSO,IN
TENSIDAD LUMINOSA E ILU

MINANCIA . 

La intensidad luminosa de una fuente de luz en una determi-

.. 
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nada dirección es igual a la relación entre el flujo luminoso 

contenido en un ángulo sólido cualquiera cuyo eje coincida con 

la dirección considerada y el valor de dicho ingÚlo sólido ex

presado en estereorradianes. 

La Intensidad Luminosa se representa por la letra I y su 

unidad es la CANDELA (cd). Su fórmula es: 

I = 
w 

La candela se define como la intensidad luminosa de una 

fuente puntual que emite un flujo luminoso de 1 lumen en un in 

gula sólido de un estereorradiin: 

lm 
cd = 

sr 

DISTRIBUCION LUMINOSA. CURVA FOTOMETRICA. 

El conjunto de la intensidad luminosa de un manantial en 

todas direcciones constituye lo que se llama distribución lumi 

nasa. Las fuentes de luz utilizadas en la práctica tienen una 

superficie luminosa mis o menos grande, cuya intensidad de ra

diación se ve afectada por la propia construcción de la fuente 

presentando valores diferentes en las distintas direcciones. 

Con aparatos especiale~ se puede determinar la intensidad 

luminosa de un manantial· en todas direcciones del espacio con _ 

relación a un eje vertical. Si rep~sentisemos por medio de ves 

tares la intensidad luminosa de un mananatial en infintas direc 

ciones del espacio, obtendríamos un cuerpo llamado Sólido foto

métrico ( fig 4). 

Haciendo pasar un plano por el eje de simetría del cuerpo 

luminoso se obtendría una sección limitada por una curva que se 

denomina Curva de Distribución Luminosa o Curva Fotométrica. Me 

d iante la curva fotométrica de u.n manantial se puede de terminar 

con exactitud la intensidad luminosa en cualquier dirección, da 

tcJ neccs:1rio ¡Jtlra l<lH cfilculns •lo llumlnnci~n . 

. . 
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FI~ 4.- SOLIDO FOTOMETRICO DE UNA LAMPARA INCANDESCENTE 

Las curvas fotométricas se dan referidas a un flujo lumi

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

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 de 23000 lúmenes, los valores de la inten 

sidad luminosa deducidos de su curva fotométrica dada para 1000 

lúmenes, habrá que multiplicarlos por el factor 23 hallado de 

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

HEDIDA DE LA INTENSIDAD LUMINOSA. 

La medida de la intensidad luminosa se realiza en el laborª 

torio por medio de aparatos especialefl, de los cuales existen 

diversos modelos fundados en la Ley Inversa del Cuadrado de la 

Distancia -la' cual se discutirá post~iormente- usando una luz 

patrón y otra desconocida, situadas una frente a otra en ~n mis 

mo eje e interceptadas en una pantalla en la que se igualan las 

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 . 

.. 
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1 

l 

\60" ,-40° ltlO" ~ so• 140° 

cd 

120 

40 

80 

]•o 
40 

l"" 

80 

120 

80 60' 

(S) (6) (7) 

FIGS S,6,7.- CURVAS EOTOMETRICAS TIPICAS DE LAMPARAS COMUNES 

S) LAMPARA INCANDESCENTE ESTANDAR 
6) LAMPARA FLUORESCENTE 
7) LAMPARA DE MERCURIO ALTA PRESION CON LUNINARIO 

ILUMINANCIA. 
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La iluminancia o iluminación de una superficie es la rela

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

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

Sistema Internacional de Unidades. Su ecuación es: 

E = ~ 
A 

De esta ecuación se deduce que cuanto mayor sea el flujo_ 

luminoso incidente sobre una superficie, mayor será la ilumina~ 

cia, y que, para un mismo flujo luminoso incidente, la ilu~ina~ 

cia será tanto mayor en la medida en que disminuya la superficie. 

El lux, unidad de luminanci? se define como la iluminación 

.. 
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de una superficie de un metro cuadrado que recibe uniformemente 

repartido un flujo luminoso de un lumen (Fig 8). 

FIG 8.- UNIDAD DE LUMINANCIA. LUX. 

1 lm · 
LUX = --

1 m' 

La iluminancia constituye un dato importante para valorar 

el nivel de iluminación que existe 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 luxómetro, que-consiste en una celda fotoeléctri-

·ca que, al incidir la luz sobre una superficie, genera una débil 

corriente eléctrica que varia en fu~ción de la luz incidente. 

Dicha corriente se mide con un mili~~pérmetro cuya escala está 

calibrada directamente en lux. La Tibla III muestra distintos 

.valores aproximados de iluminancias. 

T A B L A III 

Mediodia de verano al aire libre, con cielo despejado ..••.•••. 
Mediodia de verano al aire libre, con iielo cubierto ...••..••. 
Lugar de trabajo bien iluminado en un recinto interior .•.•..•. 
Buen Alumbrado Público .•..•.•..........•.•..• . · ..•. : •••••••.•.. 
Noche de Luna LLena ••...•.•...•.....•...•.•..••...•.•••.•...•. 
Noche de LUna nueva (Luz de estrellas) .•.••••••.•.••.•••••••••• 

100,000 lux 
20,000 lux 

1,000 lux 
20- 40 lux 

0.25 lux 
0.01 lux 
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LUMINANCIA. 

La luminancia de una superficie en una dirección determi

nada es la relación entre la intensidad luminosa en dicha dire~ 

ción y la superficie aparente (superficie vista por el observa

dor situado en la misma dirección). 

La luminancia se representa por la letra L y su unidad es 

el NIT (nt) o candela por metro cuadrado (cd/m'); tiene un sub

múltiplo que es el STILB (sb) que es candela por centrímetrocu~ 

drado (cd/cm'), empleado para fuentes con elevadas luminancias. 

La ecuación que expresa la LUm·inancia es: 

I 
L = 

S cos t><. 

donde: S cos 0< 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 deO< igual a uno, correspo!! 

diendo la superficie aparente a la real. 

La luminancia puede ser directa o indirecta, correspon--' 

diendo la primera a los manantiales luminosos y la s~~unda a 

los objetos iluminados (Figuras ~y 10). 

\ 

Cl 

Superficie aparente 

Superficie luminosa 

FIG 9.- LUNINANCIA DIRECTA DE UNA 
SIJPERFICIE I~MINOSA. 

.. 

.· 

~perlicie aparente 

Superficie Iluminada 

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

' 
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La luminancia es lo ~ue produce en el órgano visual la seu 

sa~ión de claridad, pues la luz no se hace visible hasta que es 

reflejada por los cuerpos. La mayor o menor claridad con que ve 

mas los objetos iluminados, depende de su luminancia. El libro y 

la mesa de la figura 11 tienen la misma iluminancia, pero se ve 

con más claridad el libro porque su luminancia es mayor que la _ 

de la mesa. 

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

Ls percepción de la luz es realmente la percepción de di

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

el ojo ve diferencias de luminancias y no de iluminación. 

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 11 

Cielo Cubiero· ......................... · .. -:· ............... 0.03- 0.1 " 
Luna ..•••••.•••.•••.•.••.••••••.•...•••....•••••...•••..••••.• 0.25" 
LLama de una vela de cera •..•...••.....••••...•.•.•.•••••••••• O. 70 " 
Lámpara Incandescente Clara ...••••••.....•.......••.•.••.• 100 - 200 ' 
Lámpara Incanrlescen te mate . . • • • . . . . . . . . . . • . • . . . • • • . . • • • • . • . . . 5 - 50 
Lámpara Incandescente Opal .••...•..........•........•••••••.•. 1- 5 
Lámpara Fluorescente L40W/20 . . . . . . • . . . . . . . . . . . . • . • . . . . . . • • • . . . O. 75 
Lámpara de mercurio a alta presión 400 W ...••......•••..•.•••. 11 
Lámpara de Aditivos Metálicos 400 W .• , .••..•.....•.••••.•....• 700 
Lámpara de sodio a alta presión MlO W... .. .. . . . . . . .• • • . • . . .• . . 500 
Lámpara ele sodio a baja presión 180 W •.......•... :. . . . . • • . . . . . 10 " 
P••pel !\lonco con Iluminación ele lOOO·lux .........• ·..••••.• •• . . 250 cd/m' 
Cal~ada de una calle bien iluminada ••..•.....••..••••••.•.•... 2 '' .. 
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La medida de la luminancia se realiza por medio de un ap~ 

~~~~roa-t-o~e s pe c+a-1 l~la m a d o~h u m i-n a ncim e tT o~o-N i't r ó meTro-;-- d-e e o n s t'"r,-u=c"-~~~~~~~ 

ción similar al luxómetro, del que igualmente existen diversos 

modelos._ 

¡-

SISTEMAS DE UNIDADES. 

El sistema inglés de unidades tiende a desaparecer, por lo 

que en un futuro próximo todos los países utilizarán el Sistema 

Métrico, más propiamente llamado el Sistema Internacional de U 

ni dad es, 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!)_, 

tífico, y 3) La necesidad de uniformizar los campos de ciencia 

e Ingeniería. 

En la Ingeniería de Iluminación sólo aquellos términos 

que involucran unidades de longitud o área se ven afectados 

por la conversión. Las unidades de lúmenes, candelas, estereo

rradianes y eficacia permanecen igual. Por lo tanto sólo las u 

nidades de Luminancia e Iluminancia se ven afectados por esta 

conversión: 

En el sistema Inglés la unidad de Iluminancia es el foot 

ca~dle (fe) y equivale a un lumen por pie cuadrado, o sea: 

lm 
fe = 

pie 

La conversión entre Footcandles y Lux se reduce a una sim 

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 = 

0.0929 m' 

= 1 

10.7639 Lux 
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En el Sistema Inglés la unidad de Luminancia es el foot-

candle (fl) y equivale a una candela por pie cuadrado, o sea: 

cd 
fl = 

pie 

La conversión entre footlamberts y Nits se reduce·también 

a una simple conversión de metros cuadrados a pies cuadrados p~ 

ro se debe incluir el valor 

fl = cd 1 
"TI" pie 

o también 

0.0929 m' = 3.4262 
pie 

-, 
m 

cd 
= 3.4262 Nits 

3.426 cd 
= 1 

La relación entre candelas, lGmenes, es~ereorradianes 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): 

11) ESFERA UNITARIA 

AJ • 1 Pie2 

&o)•lp 

•· 11m 

2 

( b) SEGMENTO DE UNA ESFERA UNITARIA 

FIG 12;- ESFERA UNITARIA 

.· 

.. 
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Para un área de un· pie cuadrado en la sul'erCi_c~te_,_el~án,;;_-~_ -~~~~~ 

gulo sólido obtenido será un estereorradiañ (sr): 

A 1 pie 
w = 1 sr 

R ' 1 pie 

La fuente puntual de una candela producirá un lumen an la 

unidad de ángulo sólido: 

1> = I w = cd sr = lm 

La iluminación producida en la superficie interior de la 

esfera será de 1 lm en un pie' o un footcandle: 

E = {> = 1 lm = 1 fe 
A 1 ft' 

El área total de la superficie de una esfera es 4 R' .Por: 

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

es 4~ 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 

TT lm 

cd 

1 
TT 

~=--
f t' 144 

El número de footlamberts es i%ual a 1/144 

ro de candelas por pulgada cuadrada, es decir: 

1 fl 144TI. pul' fl 
= r = 

(l/144~)(cd-pul') 1 cd 

cd 

pul' 

veces el núm~ 

Haciendo un análisis comparativo entre dos esferas unita-

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

1 pie y otra con radio de 1 metro se pueden comprobar varias 

de las relaciones encontradas (Figl3). 

Radio de ¡ 
1----1 Metro...,i---'h,._ __ -j 

SUPERFICIE DE UNA ESFERA 
/; J Metro cuadrado de Oreo 

Radiad~ ' 
1 Pie -----. 

SUPERFICIE DE UNA 1 / 
ESFERA (1 Pie •• / / 

-~'T&~ / 
'''"''·~.J..-- -....... ,_-_~~ 

. ·-

---------
{~-~))=----:..__:_... ·--

.... '":"-' --- . -FUENTE DE LUZ ~ILUMINACION, ·-;·-___, 
. 1 footcondle o · ~ 

de 1 cande lo o 12 57 ilumen /pie ILUMINACION 
LUMENES cuodrodo ó 10761uK 1 lu• ó 

1 l~r.~men 1 metro cuadrado 
ó. 0.0926 footcondle 

FIG 13.- UNIDADES DE ILUMINANCIA. 

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

des luminosas fundamentale~ para los sistemas Inglis 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 ............ m 
lux ' lm X m • o •••••••••• 

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

cd/pul' 1".55 Kcd/m ' ~ ............ 

.. • 
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MAGNITUD 

FLUJO LUMINOSO 

RENDIMIENTO 
LUMINOSO 

CANTIDAD .DE 
LUZ 

INTENSIDAD 
LUMINOSA 

ILUMINANCIA 

LUMINANCIA 

T A B L A V I 

RESUMEN DE LAS MAGNITUDES Y UNIDADES LUMINOSAS FUNDAMENTALES 

SIMBOLO 

Q 

I 

E 

L 

UNIDAD 

Lumen (lm) 

Lumen/watt 
(lm/w) 

Lumen por segundo 
(lms) 

Lumen por hora 
(lmh) 

Candela(cd) 

Lux (lx) 
footcandle (fe) 

Nit'!i(Cd/m') 
, Stilb(cd/c:m') 

DEFINICION DE LA UNIDAD 

Flujo luminoso rle la radiación· 
monocromática de frecuencia 540 
x 10E12 HZ y un flujo de ener
gía radiante de 1/683 watts. 

Flujo 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 lumi 
noso de un lumen en un ángulo -
sólido de un estereorradián. 

Flujo luminoso de 1 lumen ~ue r~ 
cibe_ul)a '>Uperficie. de 1 m 

Intensidad luminosa de una ca~ 
dela .poL unidad de supeificie. 

- 1 7: -

RELACIONES 
'1 

91 = i i 

I =91/w 

E 91/A 

L = I/A 



LEYES FUNDAMENTALES DE LA ILUMINACION 

• LEY DEL. CUADRADO INVERSO DE LA DISTANCIA 

Para una fuente luminosa, las i luminancios en dife

rentes superficies situadas perpendicularmente a 

la dirección de la radiación son directamente pr~ 

porcionales a la intensidad luminosa_ del foco, 

e inversamente proporcionales al cuadrado de 

la distancia que las separa del mismo. 

1 
E= z d . 

La ley de~ inverso del cuadrado de la distancio 

se cumple cuando se trata de una fuente pun

. tual, de superficies f)e..rpendiculares- a la direc-
• 

cion del flujo luminoso y cuando la distancia es 

orande en relacio·n al tamaño del foco, se conside-

ra suficientemente aplrcable, si. la distancia es por 

lo menos cinco veces la máxima dimensio'n de la . .. 

luminaria. 



;;!;. 

. , ' 

Segun e~!~~Jex_una fuente cuya intensidad 

luminosa es de 36 candelas, producirá sobre 

una superficie situc;Jda perpendicularmente a 

la direccio'n de radiación, a las distancias de 1, 2 

y 3m, las siguientes iluminancias: 

En la sur>erficie a lm 1 36 
•36 1 Ul E1• 2 • ,z . -- ·-·------..... ---- ···---- --·-···-------------

d, -- -----

En la superficie 2m '1 36 
9 lux a E2~t 2 •• 22 • . --- -···-------· - -. ------

d2 

1 !6 . 
En la superficie a 3m E3• d2 = • 4 lux 

32 
3 

,' 

.. 

/'! 

:: -· 



LEY DEL COSENO 

• 

En el caso anterior la superficie estaba situada· perpen

dicularmente a lo dirección de los rayos luminosos ,pero 

cuando forma con esta. un determinado ónoulo e<, l. 
·fórmula de la ley del cuadrado inverso de lo distonc:éa 

, 
hoy que multiplicarla por el coseno del ongulo corres-

. pondiente cuya expresión constituye lo lla modo • Ley 
del coseno" 

cos ex -- . 
.¡--------- ·--- ·---

Lo iluminancia en un punto cualquiera de una su~ 

perficie es proporcional al coseno· del ángulo de

Incidencia de los royos lu-minosos ·en el punto · i 1 u
minado. 

.. 
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En lo figura se representan. dos fuentes F y F' 
con igual intensidad k.Jminoso y a kl misma di$tan -
cio ~1 punto P. A la fuente F coo un órquk> de 
incidencia o< igual a cero. corresponde un cose
no 0° = 1 y produce una iluminactón en e~l 
punto P de valor. Ep z _Lx 1 · di 
De lo misma formo el F' con un ángulo o<.zSO: . 
corresponde el cos 60° = 0.5, ,roducird en el mis
mo punt9 · una iluminación de valor. E' = 1 0 5 . p di X . 

Es decir que 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 ser doble de 
la F. 
En la práctica, generalmente no se conoce la 
distancia ·~~~del foco al punto considerado, sino 
su altura "h" a la horizontal del punto y al ser 

coso<=* . · d = ~ ~ , substHuyendo este 
valor en la fórmula anterior, se obtiene la 

siguiente. Ep ~· \ coss o<. 
h 
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FUENTES LUMINOSAS. 

Las fuentes de luz (l!rnparas) que se utilizan actualmente -

para la iluminaci6n artificial, pueden ser divididas en dos

categorias principales: Incandescences y de. descarga. Las -

l!rnparas del tipo de desdarga pueden ser de alta 6 baja pre

si6n. Las fuentes de descarga en baja presi6n son las fluore~ 

centes y las de sodio en baja presión. Las lámparas de vapor 

de mercurio, aditivos met!licos y sodio alta presi6n son con 

sideradas lámparas de descarga en alta presi6n. 

Estas son las fuentes de luz más comunrnente usadas en el cam 

po de la Ingeniería de Iluminaci6n. Cada fuente de luz será

descrita en t~rminos de sus tres componentes primarios: (1)

Elemento productor de luz, (2) Bulbo y (3) Conexión eléctrica 

El cap!tulo esta.di vidido en <le" secciones: ( 1) fuentes in

candescentes, (2) fuentes de descarga 
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Base 

Figura 3-22 Lámpara Incandescente 

3.3.1 FUENTES INCANDESCENTES. 

3. 3 .l. l. LAMPARAS INCANDESCENTES ESTANDAR 



... ,. '-

Elemento productor de. ·luz .. 

La luz es producida en la l!mpara incandescente (figura -

3-22) calentando un hilo o filamento a altas temperaturas, 

lo cual causa que el conductor se haga incandescente. Lo

incandescente del hilo es ~esultado de la resistencia al

flujo de corriente eléctrica a través del conductor. El -

tungsteno es usado corno material para el filamento. Ning~ 

na otra substancia es tan eficiente en convertir energía

eléctrica en luz e~ la base de vida y costo. El tungsteno 

tiene cuatro características importantes: 

1.- Alto punto en fusi6n 

2.- Baja evaporaci6n 

3.- Alta resistencia y ductilidad 

4.- Características favorables de radiaci6n 

Las designaciones más comunes de letras para filamentos -

son "S", "C" ,: y "R". Los fiJ.amentos bobinados son los más

eficientes y ampliamente. utilizados en las lámparas encon

tradas en Ingeniería de 'Illlll\inaci6n. 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. 

'l-



Bulbo. 

El bulbo o cubierta de vidrio es usado para evitar que el 

air& toque el filamento. Cuando el filamento se expone al 

aire la evaporación ocurre más rápido. El bulbo se llena-
' 

con gas inerte de argón y ~-trógeno para retardar la eva-
' 

poración del filamento. Las lámparas con gas designadas -

tipo C son de 40 watts y mayores. Las lámparas de 25 watts 

y menos son lámparas en vacío, las cuales son designadas-

tipo B. Los bulbos también son designados de acuerdo a su 

forma (ver figura 3-23). 

oQ 
-s·· 

Cono 

Chimenea 

-,.. 
Pera Flama 

Reflector 
parabolico 

Reflector 

' 

"'CA'' "A" 

Decorativo Estondor Tubular 

Pera 
cuello loroo 

5-

Figura 3-23 Formas de Bulbos de lámpara Incandes- .... 
centes y de Tungsteno Halógeno. .., 



!>,parte de la· designaci6n con letras, los bulbos también 

tienen una designaci6n 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. 

Los acabados de las superficies del bulbo pueden ser claro, 

esmerilado u opalino, de color o superficies 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 eléctrica, montaje y posi-

cionamiento de la lámpara. Hay ocho tipos diferentes de ba 

ses. Las lámparas para servicio general de menos de 300 

watts normalmente usan la base roscada mediana; de 300 a -

500 watts las lámparas usan la base roscada mogul. 

Características de Operaci6n. 

Varütci6n de vol taje.- La variaci6n :lel vol taje 'en una lá~ 

para incandescente, arriba o abajo del voltaje nominal, --

( . 

6-



afectará las caracterfsticas de la lámpara. Por ejemplo, -

si una lámpara para 120 volts nominales es operada a 125 -

volts (4% de incremento), la lámpara producirá 16% más lú-

menes, 7% más watts, y 38% menos de vida. Una lámpara de -

120 volts nominales operada a 115 volts (4% menos), propoE 

·cionará 13% menos ldmenes, 6% menos watts y 62% más vida -

(ver figura 3-24). 

o :lOO .., 
• 
-
" = o 
• 
" .. 
e .. 
E 100 
.= .. .., 

Lumenes ,,' 
--;:--

,.,., .-· , . ..-.·-
'Watrs 

Vida 

0
112=-. -:IM':-::116:---:98':-~1 oo~-=-102=--=-1704~1~06-:-1-:'os-::-1-'1 o 

0/o de voltOJI nominal 

~igura J-24 Efecto del Voltaje en la 

Emisi6n Lumfnica y Vida de la Lámpara. 

1 
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~~~~~~~Depreciación~de~LOmenes ~~-~La-resistencia-del-f-i-iamento~--. ~~~~ 

aumenta con el tiempo debido a la evaporación, dando como 

resultado una disminución del diámetro del filamento. Es-

te incremento en la resistencia del filamento, causa una-

disminución en los lOmenes, amperes y watts. Una reducción 

adicional en la salida de lOmenes es debida a la absorción 

de luz por el tungsteno depositado en la superficie inte-

rior de la lámpara (ver figura 3-25) • 

.. .. 
:g IDO 

LÓmparo de tunQsteno- haiÓ9eno 

u ·e ----------.. 110 .. 
e .. 
e 10 •• -
;,!! o 10 

o 20 40 60 80 IDO 120 
0/o v 1 da nominal 

Figura 3-25 DepreciaciOn ae LQmenes en las L~pa-

ras Convencionales y de Tungsteno Halógeno. 



3.3.1.2. LAMPARAS DE TUNGSTENO - HALOGENO. 

Una deficiencia de las lámparas incandescentes normales 

ha sido su mantenimiento de ldmenes a lo largo de su vida. 

Cuando el filamento se calienta, este se evapora lentamen

te y se deposita en la pared interjnr del bulbo. Esta capa 

de tungsteno entonces act(ia como un filtro, absorviendo -

algo de luz y disminuyendo la salida de luz. Esto fué supe 

rado con el desarrollo de la lámpara de ciclo tungsteno 

hal6geno, la cual también es llamada lámpara de cuarzo. La 

lámpara de tungsteno - hal6geno contiene un hal6geno como

el iodo de bromo y un gas de relleno. El búlbo_está hecho

de cuarzo para soportar las altas temperaturas requeridas

por .:1 ciclo para trabajar. A altas temperaturas, el tung~ 

teno evaporado se asocia con una molécula de hal6geno. En

vez de depositarse en las paredes del b~lbo, la molécula -

combinada de tungsteno hal6geno retorna al filamento ca--

lieitte, Liberando al hal6geno para permitirle combinarse -

con otra molécula de tungsteno evaporado. 

e¡-

Esta acci6n de limpieza minimiza el deposito de tungsteno-

en la pared del b~lbo, y da como resultado un incremento -

en la salida de lúmenes a través de la vida de la lámpara. 

En la figura 3-25 se muestra la salida de l(imenes de una -

lámpara incandescente normal y la de una lámpara de tungs

teno - hal6geno durante la vida de cada una de ellas. 
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1 {)-
El. principal objeto al desarrollar la lámpara de tungsteno 

- hal6geno fu~ el mantener la salida de lúmenes, pero se -

hicieron otras mejoras. La vida de la lámpara aument6 un -

poco, as! como su eficacia. Para operar apropiadamente las 

lámparas de tungsteno - hal6geno requieren de relativamen-

' te altas temperaturas, el filamento tuvo que ser compacta-

do y el bGlbo se hizo más pequeño. La fuente como es más -

pequeña se acerca más a la fuente puntual ideal, necesaria 

para un buen control 6ptico. · 

La lámpara de tungsteno - hal6geno es un tipo de lámpara -

incandescente y por lo tanto es fácil de atenuar. Sin - --

embargo el at~nuarla provoca una reducci6n en la temperat~ 

ra de las paredes del bOlbo, lo cual retarda la uni6n de -' 

las mol~culas de tungsteno - hal6geno, .dando como resulta-

do un enegrecimiento de las paredes del bülbo y reducci6n-

en la salida de los lOmenes de la lámpara. Cuando la lámp~~ ·• 

ra es regresada a un nivel de temperatura suficiente, algo 

del tungsteno depositado en el bOlbo es removido. 

3. 3 .l. 3. CARAC'I'ERISTICAS GENERALES DE OPERACION. 

Eficacia y vióa. 

Una de las características m~as importantes de cualquier --
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fuente de luz, es su habilidad para convertir la energ!a -

eléctrica en energ!a luminosa. A esto se le conoce cc:no -

eficacia de la lámpara. Las lámparas incandescentes tienen 

eficacias que andan en el orden de los 4 a los 24 lumenes/ 

Watt. Para propositos de comparaci6n, a la lámpara incan-

descente se le asigna ·~na eficacia de 20 lumEmesjWatt. 

El costo de la luz depende no solo de la eficacia, tam~Lén 

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 per!odo t!pico de encendido de 8 hrs. ~

diarias (52 semanas/año x 6 diasjsemana x 8 horas/día'= -

2496 horas/año). La vida de la lámpara es funci6n de va--

r~os factores, incluyendo la forma del filamento y su so-

porte, el gas de relleno, los ciclos de encendido-apagado

y la potencia. 

Características de color. 

El sistema visual humano responde en forma diferente a las 

diferentes longitudes de onda de la radiaci6n. Nuestra men 

te interpreta estas diferentes longitudes de onda como co

lor. Las fuentes de luz son importantes en la visi6n del -

color ya que proporcionan la energ!a radiante y por lo ta!:! 

to la respuesta al color. La distribuci6n de las longitudes 



de onda emitidas por una fuente, es conocida como 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

onda presentes; Esto es normal para una fuente que produce 

energía luminosa por calor. La DPE de la lámpara de iodo-

cuarzo es similar a la de la lámpara incandescente pero --

contiene ligeramente m!s longitudes de onda corta (azul). ·~ 

Esto es resultado de las altas temperaturas de operaci6n. 

Las lámparas incandescentes tienen un redimiento de color-

aceptable.· 
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o 

"' o -
o ·-u 
e .. 
o ... 

o 
'i o o o 
o - .. e .. ~ "' ·; 

" N - - o 
o c; .. -E o o 
!: .. > > e z 
5 .. 

o 
'O' 
a: 

DI 350 400 450 !'>00 550 600 650 700 750 

LonQitud de onda { n m } 

Figura 3-26 Distribuci6n de Potencia Espectral 
·ae una Lámpara Incandescente, 



3.3.1.4 

Distribuci6n. de energ!a 

La distribuci6n de energ!a de una l!mpara incandescente -

se muestra en la figura 3-27 

Potel'le\o de entrado 
10X 

Radlacio'n 
PÍrdida5 no rtJ· 

diac:tiVas 
~ 18% 

Radiccian Pérdida de 
Radiacio'n infraroja potencia 

visible 18% . 
10% m 

Figura 3-. · Distribuci6n de Energ!a Q.e una L.1Inp:1.ra 
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 l~mpara y su -

relativamente pequeño tamaño, lo que facilita dirigir la-

salida de luz ya que se aproxima al modelo ideal de una -

1 ' 

/3 



3.3.2 
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nas veces se selecciona un sistema incandescente debido a-

su faci~idad y bajo costo para atenuarlo, lo cual es una -

consideración importante en muchos diseños. 

La> \.ámparas ahorradoras de energ.ía en el mercado, hacen -

uso de diferentes gases de relleno. Estas lámparas utili--

zan más el Kryptón que el Argón utilizado en las lámparas-

normales. El resultado es una disminución en la potencia -

consumida sin disminución 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 lO veces .más -

lo que cuesta una lámpara incandescente convencional. 

FUENTES DE DESCARGA GASEOSA. 

Las :Lámparas de descarga gaseosa son comparadas con un elo::. 

mento de resistencia cero o de resistencia negativa. Cuan

do los aditivos dentro del tubo de arco se ionizan, la re-

sisten~ia dentro del tubo de arco disminuye. Esto provoca-

que la resistencia ·se aproxime a cero, mientras que la co-

rriente se aproxima a infinito. 

I = 
E 
R 

R-0, I- oo 



Sin un dispositivo que limite la corriente, los electrodos 

se destruir!an en cuesti6n de segundos. Debido a lo ante-

rior, todas las fuentes de descarga gaseosa requieren de -

un balastro. 

Un balastro es un dispositivo el~ctrico que ~irve para --

tres funciones primarias: 

1.- Limita la corriente (caracter!stica de elemento de re

sistencia cero). 

2.- Proporciona el voltaje de encendido. 

3.- Proporciona correcci6n del factor de·potencia. 

El balastro actda como un autotransformador para proporci~ 

nar el voltaje de encendido. Por lo tanto, contiene devana 

dos ~ue 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 cápacitor en el balastro. El balastro se describirá 

con más detalle al final de este cap!tulo. 

Posici6n de operaci6n.- Las lámparas de descarga gaseosa ~ 

son usualmente sensibles a la posici6n de opéraci6n. El -

Ingeniero debe tener precauci6n al seleccionar las l&mpa--

1 ~ 
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ras, ya que si se operan en una posici6n diferente de la 

especificada, estas pueden cambiar su salida de l~menes, 

su vida y sus caracter!sticas de color. Algunas l~paras 

pueden explotar o implotar si no se instalan correc

tamente. ·Se deben consultar las especificaciones del fa

bricante para obtener informaci6n de la posici6n de 

operaci6n. Las letras t!picas para designar la posici6n

de operaci6n son: 

BU: base arriba BD-HOR: Base abajo a horizontal 

BD: base abajo VER-BU: Vertical a base arriba 

BU-HOR: base arriba a VER-BO: Vertical a base abajo 

horizontal HOR: Horizontal solamente 

FUENTES DE DESCARGA GASEOSA DE BAJA PRESION. 

L~paras fluorescentes. 

' 

La primera instalaci6n importante de lámparas fluorescentes 

fué 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 lar~~ de la avenida de las 

banderas. En la figura 3-28 se muestra un esquemático de la 

lámpara fluorescente. 

•• ~ f.:,. 
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Elementos productores de luz.- La lámpara fluorescente 

requiere de tres elementos o componentes para producir luz 

visible: (1) electrodos, (2) gas y (3) f6sforo. 

Electrodos (cátodos).- Los electroé 3 son los dispositi-

vos emisores. Actualmente se utilizan 2 tipos de cátodos. 

El cátodo caliente es un filamento de tungsteno con doble 

o triple arrollamiento, cubierto con un oxido de cierra -

alcalina que emite electr6nes cuando se calienta. Los - -

electr6nes son emitidos a una temperatura aproximada de -

900°C. Los electr6nes están sujetos a un voltaje mayor, -

emitiendo electr6nes a 150°C aproximadamente. El cátodo -

caliente es el tipo de electrodo más comunmente usado en

lamparas fluorescentes, para la mayoría de las aplicacio

nes. Por lo tanto, no se describirán las lamparas de cáto 

do fr!o. 

Gases.- Una pequeña cantidad de gotas de mercurio se colo 

ca en el interior del tubo fluorescente •. Durante la oper~ 

ci6n de la lAmpara, el mercurio se vaporiza a una presi6n 

muy baja. A esta baja presi6n, la corriente fluyendo a -

·través del vapor provoca que el vapor radíe energ!a,prin

cipalmente a una sola longitud de onda en la regi6n ultr~ 

violeta (253.7 nrn) del espectro. La presi6n del mercurio

es regulada durante la operaci6n, por la temperatura de -

la pared del bulbo. 



La U.mpara también contiene una pequeña cantidad de un gas 1 tJ-
raro altamente purificado. Los más comunes son el Argón y-

el Arg6n-Ne6n, pero algunas veces también se utiliza el 

Kryptón. Bl gas de ioniza rápidamente cuando se aplica un-

voltaje suficiente a la lámpaca. El gas ionizado decrese -

rápidamente su resistencia, permitiendo que la corriente -

fluya y el mercurio se vaporize. 

Fósforo.- Este es el recubrimiento químico en la pared in

terior del bu"lbo. Cuando el fósforo es excitado por radia-

ción ultravioleta a 253.7 Nan6met;os, este produce luz vi

siole por fosforecencia. (ver figura 3-28). Es decir, la -

luz visible de una lampara 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--

tiene los gases y proporciona una superficie a la cual pu~ 

de aplicarse el f6sforo Los bulbos se designan de acuer-

do a su forma, diámetro y color (ver figura 3-29). Por eje~ 

plo, T-12 indica una forma·tubular (TI y un diámetro de --

1 1/2 pulg. ( 12 representa el diámetro en octavos de una -

pulgada: 12/~ =. 1 1/2 pulg). 

~~-~IF 

o ~ e Tubular dentado / 

~· 1~ Circular 
.. u u 

Tubular 

Figura 3-29 Formas de Tubos Fluorescentes. 



Conexión eléctrica.- La base proporciona la conexión eléc

trica entre la l~mpara y el soquet y sirve como soporte -

y alineamiento de la l~para. Hay tres tipos de bases aso

ciadas con las l~paras fluorescentes: 

1.- Doble alfiler (miniatura, media, mogul): Se usa -

en todas las de precalentamiento y la mayor!a de

l~paras de arranque rápido. 

2.- Doble contacto embutido: se· utiliza en las lámpa-

ras de alta emisión y Power Groove. Su propósito

.es proteger a los usuarios del alto voltaje en 

los contactos. 

3.- Contacto sencillo: Usado en lámparas de arranque -

instantáneo. 

Caracter!sticas de color.- El color de una l~para fluore~ 

cene•: depende del recubrimiento de fósforo en la pared in

terna del bulbo. La curva de Distribución de potencia Es-

pectral consiste en dos componentes: 

(1) una porción cont~nua, y (2) una l!nea de espectro. Las 

líneas o barras en la curva DPE representa la. luz visible

que es generada directamente por el arco de mercurio; la -

porción cont!nua es debida a la acción de la energ!a ultra 

7 D 
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violeta en el fósforo. La DPE de una lámpara fluorescente,-

puede ser cambiada modificando el tipo de' mezcla de fósforo 

usados en el recubrimiento de las l~mparas. Hay seis l~mpa-

ras fluorescentes blancas en el mercado (ver figura 3-30) . 

CW: 

WW: 

W: 

Blanco 

Blanco 

Slanco 

.. 
e 
o ., 
o 
" 

" .. 
o 
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·~ o .. 
"-= .2 ::> » 

= 350 
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fr.ío 

c~lido 

o o .. ~ ~ .~-; '!! !:! o ·o-o-c N .. o >.E cf > z 0:: 
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D: Luz de 

o '-o .. 
"o 5 .• 

750 250 350 

fr.ío de lujo 
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Luz de 
día 

650 7~-
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J-30,Distribuci6n de o t de .o encia Espectral las 

L~mparas Fluorescentes ~standar. 
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Esta variedad de lámparas fluorescentes blancas ha sido 

desarrollada para satisfacer casi todas las necesidades 

de luz blanca. 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 lámp-aras 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 -

cw, WW, w y D tienen eficacias altas, pero son pobres -

en rojos, dando como resultado una característica de p~ 

bre rendimiento de color. Las lámparas CWX y WWX son 

las que proporcionan el mejor rendimiento de color a 

los objetos y personas, con una razonable eficacia. Es

to se obtiene con la adici6n de f6sforos rojos en la -

mezcla, Sin embargo, ya que el ojo tiene menor respues

ta a la energ!a 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 tipos de lámparas 

fluorescentes de cátodo caliente y se definen por los cir 

cuitos para los cuales han sido diseñadas: 

1.- Precalentarniento 

2.- Encendido Instantáneo 

3.- Encendido rápido 

Circuitos de precalentarniento.- 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 intern~ disminuya, lo cual permite establecer 

el arco. El proceso de precalentamiento requiere de algu-

nos segundos, de aqu! lo lento del encendido que es carac 

ter!stica del circuito de precalentarniento. El precalent~ 

miento puede ser efectuado por medio de un bot6n manual -

de arranque o por un arrancador automático. El arrancador 

hace circular corriente por los electrodos de la lámpara-

por un tiempo suficiente para calentarlos y entonces auto 

máticarnente (6 manualmente) interrumpe la corriente en 

los electrodos, causando que el voltaje aplicado entre 

los electrodos establezca el arco. 

Circuitos de encendido instantaneo.- En 1944, el circuito 

de encendido instantáneo fué introducido para mejorar el- ~ 
' 

lento encendido del circuito de precalentarniento. El cir-
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cuito de encendido instant~neo elimina la necesidad de un 

arrancador y por lo tanto simplifica el sistema y su man-

tenimiento. Se aplica un alto voltaje entre los electro-7 

dos suficiente para vencer la resistencia de la l~mpara -

' y establecer el arco. El arco calienta r~pidamente el fi-

lamento de los electrodos, lo cual hace que se emitan 

electr6nes para sostener el arco. Ya que no se requiere -

de precalentamiento en las l~mparas de encendido instant~ 

neo, con un solo ·alfiler de contacto .es suficiente. A es-

te tipo de l~para se le llama tambi~n l~mpara Slimline. 

Circuito de encendido r~pido.- En 1952, se desarrollaron

el circuito y la l~mpara de encendido r~pido. Esta encie~, 

de rápidamente sin la necesidad de un arrancador separa-

do. Un balastro para encendido r~pido es de menor· tamaño-

y m~s eficiente que un balastro de encendido instant~neo-

para la misma potencia. El circuito de encendido rápido -

utiliza electrodos de baja resistencia los cuales son ca-

lentados continuamente con muy bajas p~rdidas. 

La l~mpara de encendido r~pido es la l~para m~s com6n -

i es adecuada para la mayoría de aplicaciones. Los circu~ 

tos de arran4ue rápido pueden ser intermitentes o atenuar 

se eficientemente. 
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Las l!mparas circulares están disponibles para operaci6n 

en circu!tos de encendido rápido. También estan diseña-

das por usarse en circuitos de encendido r!pido las lam

paras en forma de "U". Las l!mparas de encendido r!pido

pueden usars~ tanto en circu!tos de precalentamiento co

mo en circu!tos de encendido rápido. Sin embargo, una -

lampara con designaci6n ·de "precalentamiento" no puede -

usarse en u~ circu!to de encendido r!pido. Los circu!tos 

de encendido r!pido son clasificados de acuerdo a la co

rriente de la 16mpara: 

. RS --- -

Circular 

HO 

XHO, PG, VHO, SHO, TlO - - - - - - -

430 MA 

390, 420 430 MA 

800 MA 

1500 MA 

Nomenclatura de l!mparas.- La nomenclatura de una lámpara 

es de acuerdo a su Potencia o Longitud, Forma, Diametro -

en octavos de pulgada, y color. Las 16mparas de precalen

tamiento. y encendido r!pido utilizan la potencia nominal

de la l!mpara en su nomenclatura, mientras que las l!mpa

ras HO, VHO, encendido instantáneo y PG utilizan la longi 

tud nominal en su nomenclatura. Algunos ejemplos se mues

tran a continuaci6n: 



Precalentamiento 

F20Tl2/CW, fluorescente/Watts/Tubular/Oi!metro/Color 

Encendido rApido, 30 y 40 Watts 

F30CW y F40CW, Fluorescente/Watts/Color 

Encendido r!pido (HO) 

F96T12/CW/HO, Fluorescente/Longitud/Tubular/DiAmetro/ 

Color/Encendido rap!do 

Características de funcionamiento.-

Vida.- La vida de la lAmpara depende del tiempo de opera

ci6n/encendido. Los valores de las lAmparas estan dados -

en la base de un ciclo de 3 horas por encendido. En 1973-

se introdujo en las lAmparas un nuevo gas colectQr. Este

gas previene la cornbusti6n del material emisor de los 

electrodos, cada vez que la lAmpara es encendida; por lo

que, la vida de la lAmpara no es grandemente afectada por 

los ciclos m!s frecuentes de apagado-encendido de la 14m

para. Sin embargo, la importancia del tiempo de encendido 

puede verse en la operaci6n por m!s tiempo de las l!mpa-

ras en términos de los factores de vida: 

6-h Operaci6n/Encendido: 

12-h Operaci6n/Encendido: 

Operaci6n Continua 

1.25 X Vida 

l. 60 X Vida 

2.5 6 más x Vida 
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Efecto estrobosc6pico . Estrobosc6pico es una palabra gri~ 

ga que significa "ver movimiento". El arco se extingue du-

rante cada paso por cero (120 veces/segundo) de la onda --

senoidal de Corriente Alterna; sin embargo, el recubrirnieri 

to de fósforo continúa radiando luz durante este pequeño -

periodo. Generalmente, esto no es notorio, pero puede en -

algunos casos hacer parecer a la maquinaria de alta velocf_ 

dad estar est!tica. El uso de ba'~stros de secuencia serie 

en circu!tos de encendido rapido elimina este problema. 

Otra soluci6n es el usar balastros adelantado-atrazado, el 

cual pone una l!rnpara fuera de fase con respecto a la otra 

en una unidad de dos lámparas. Esto da corno resultado que-

una lámpara esta al rn&xirno de salida de luz mientras la --

otra esta en cero. El efecto resultante es la eliminación-

del parpadeo. 

Efecto de la temperatura.- La operación más eficiente ie -

la lámpara se obtiene cuando la temperatura ambiente esta-

entre 70 a ~0°F. (21 a 32°C). Temperaturas menores causan

una reducción en la presión del mercurio. lo cual signifi-

ca que se produce menor energ!a.ultravioleta; por lo que -

' al haber menos energ!a ultravioleta que acttle en el f6sfo-

ro se produce menos luz. Altas temperaturas causan un cam-

bio en la longitud de onda producida, haciendola más cerca 

na al espectro visible. Las longitudes de onda mas largas-



tienen menos efecto en el f6sforo, y por lo tanto hay 

menor salida de luz (ver figura 3-31) 

Grados celcius 

80 

20 

~40~-.~20~-.~~~~.,---.,L--40~~20~~0--~-20 
(Grado a lohronhtil) 

Temperatura dt la par'td del . 
. bulbo 

Fiyura 3-31 Efecto de la Temperatura en 

las L~mparas Fluorescentes. 

Las l~mparas fluorescentes estandar pueden operarse a una 

temperatura menor de hasta so•F (10°C) sin un balastro -

especial. Sin embargo, como indica la figura 3-31, la sa

lida de luz (lúmenes) ser~ menor si la temperatura ambien 

te esta fuera de los 70 a 90°F (21 a 32°C). Existen balas 

tros especiales de baja temperatura para encender y ope--

rar l~paras 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 por la carga electrost~tica en la 

superficie exterior de una l~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--

c~~rimiento de silic6n en la superficie exterior de la --

l~para y la adecuada distancia entre la lámpara y el lu-

minario, normalmente resuelven los problemas de encendido 

bajo ~ualquier condici6n de humedad. Sin embargo, la acu-

mulación de polv9 en la lámpara nulifica los efectos del-

recubrimiento de silic6n y provoca dificultades de encen-

dido. No se debe limpiar la lámpara con un abrasivo, ya -

que este tambi~n eliminará el recubrimiento de silic6n. 

Distribuci6n de energ!a.- Del total de energ!a de entrada 

a ~~~ l~mpara fluorescentes solo el 22% se convierte en -

luz visible (ver figura 3-32) 
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Potencio de entrado 
100!10 

RadiaciÓn de la PeÍ'dido! no rodioc~ 
110% ti WOI 

dos e oro o 38% 

2"' 20110 36% 4% 38% 

Rodiació". vi si~ Radiación lnfrorro- Pe'rdidas de potenc1a 
blo jo 42"' 

22% 36% 

Fis-ra 3-32 Distribuci6n de Energ!a en una L!mpara 

Fluorescente con 78.Birn/watt (40 watts) y con 

22% de Radiaci6n Visible. 
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Eficacia.- La eficacia de las lámparas fluorescentes pa=a -

la mayor!a de los tamaños comunes de lámparas es de 75 a --

80 lamenes/Watt sin incluir las pérdidas en el balastro.-

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 -

potencia = 92 W. 

) -



Eficacia 6300 = 92 68.5 lm/w 3/-

La U.mpara F40 CW sola, tiene una eficacia de 78.8 lm/w •. 

Dispositivos ahorradores de energ!a.- Las lámparas ahorra 

doras de energía estan .diseñadas para operar a u,na menor

potencia con el mismo balastro para lámparas convenciona-

les. La eficacia de algunas es menor, otras tienen una -

eficacia mayor. Recientemente se ha descubierto que las -

lámparas ahorradoras de energía, pueden ser la causa de -

la falla prematura del balastro debido a sobrecarga del -

capacitor. Un balastro de alto factor de potencia para --

dos lámparas contiene un capacitar de encendido y un ca--

pacitor para corregir el factor de potencia. Un incremen-

to de 6 porciento en la corriente del capacitor de encen-

dido es la causa de falla del balastro. Nuevos diseños --

de balastros han eliminado el problema; sin embargo los -

balastros antiguos o balastros defectuosos pueden aún ---

mostrar un alto indice de falla. Las lámparas ahorradoras 

de energía deben solo ser consideradas para remodelar una 

instalación existente, la cual fué mal diseñada y esta --

proporcionando luz en exceso; no se deben utilizar para -

instalaciones nuevas. 

Por razones económicas, el luminario con dos lámparas - -

fluorescentes se prefiri6 al luminarió con una lámpara --
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antes de la crisis energ~tica.-El-luminario-de-dos-lámparas-- -

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 ~.a energ!a, era más econ6mico comprar un lumi 
' 

nario que operara dos lámparas con un solo balastro, que --

compr'ar un ÍÚ~inario con '\m balastro para una lámpara. El -

balastro para uria sola lámpara cuesta casi lo mismo que uno 

para dos !~paras, pérr- se pod!a producir ml!s luz con menos 

energ!a con el luminario de dos lámparas. 

F 40 CW: 3130 1m/lámpara 
' 

•, ' 1 • -· . 
baiastro alto factor de potenc.ia para .una lámpara = 52 W 

3150 · Efj,capia del sistema ~- -:-s¿- = 60.6 lm/w 

Ba'?.stro alto factor 

Eficacia del sistema 

de potencia para 2 

6300 = ~ = 68.4 lm/w 

. ¡ 

lámparas = 92 w 

Con el desarrollo de nuevos circuitos de balastros y el ca

len~amiento cont!nuo de los cátodos, el efecto estrobosc6p~ 

co asociado con las unidades de una sola lámpara debe ser-

minimizado. Con el aumento a las tarifas de energ!a el~ctr~ 

ca (costo de operaci6n) y el ~n'fasis en la reducci6n del --

consumo de energ!a, el uso de luminarias con una sola lámp~ 

ra se hace más importante • El eliminar una lámpara de un -

luminario de dos lámparas, puede parecer una soluci6n sim--... 
ple para reducir 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 - - - - - -
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Características de funcionamiento.- Depreciación del flujt 

luminoso. El flujo luminoso aumenta ligeramente durante la 

vida de la lAmpara. Se dice que el flujo luminoso es cons

tante con un rango de ~emperatura de operación de - lO"C a 

+ 40"C. El efecto en el flujo luminoso cuando la lámpara -

Ee opera fuera de este rango de temperatura no ha sido pu-

blicado. 

Vida.- El tiempo de vida para todas las potencias es de --

lB,OOO horas, basadas en un ciclo de encendido de 5 horas. 

La posición de encendido de la lámpara es cr!tica para la

vida de esta, ya que ésta falla debido a la migraci6n de -

sodio hacia los electrodos. Esta migración causa un aumen-

to en los watts consumidos por la lámpara durante su vida, 

lo cual da como resultado que falle el electrodo. 

POTENCIA OE ENTRADA 
10011\ 

Pérdida Palencia en 11 orco r.f¡.t "·'"' 

PÍrdid-os no rodiot1ivo s Ro diocio'n di lo descar;o 

11.7'!1o .a. O% 
l. 

-
Perdidos de potencio Rodiocion visi~ 

80.0% 35.5'!1. 

Figura 3-34 Distribución de Energía de 
Sodio BaJa Presión con 180 lm/watt 
diación Visib:).e. 

Rf!.d•a.-e n 1n· 
''i~eia 

una Lfunpara d" 
y 35.5% de ra-



r 0 
) 

~~--------- 3-f---

wATTS 
1~0i<iiNALES LUMEN.t>S 

WATTS DE 
LAMPARA 
(100 h) 

EFICACIA 
LAMPARA 
(100 h) 

WATTS DE 
LAMPARA 
(18000 h) 

EFICACIA 
LAMPARA 
(18000 h) 

35 

55 

~o 

135 

18() 

4,640 

7,700 

12,500 

ll,:iOO 

33,000 

36 

5J 

90 

130 

176 

129.2 

145.3 

U8.9 

165.4 

187.5 

44 

62 

122 

178 

241 

105.7 

124.2 

102.5 

120.8 

136.9 

7.Z.íl 
J.3.2.2. FUENTES DE DESCARGA GASEOSA DE ALTA PRESION (FUENTES DE DES-

CARGA DE ALTA INTENSIDAD) • 

L!mpara de Vapor de Mercurio. 
......, . . ~. , . ... 

Elemento productor de luz.- El elemento productor de,luz --

es un tubo de arco. El tubo de arco es construido de cuarzo, 

el cual permite transmitir la radiación ultravioleta ver-

fi~·•ra 3-35 ) • El tubo de arco contiene mer~urio y una 

pequeña cantidad de argón, neón y kryptón. cuando la l~mpa-

ra es energizada, se genera un arco entre el electrodo pri~ 

cipal y el de.encendido, en cuanto se ioniza el mercurio,--

la resistencia dentro del tubo de arco disminuye. Cuando la 

resistencia interna del tubo de arco es menor que la resis-

tencia externa, el arco se establece entre los electrodos -

principales. El mercurio continua ionizandose, incrementan-

dose la emisión luminosa, la luz producida es t!pica de 
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J-35 Lámpara de Vapor de Mercurio y Tubo de Arco. 
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adem~s genera energ!a ultra violeta. 

El tubo de arco es operado desde 1 a 10 atmósferas de --

presión. 

TIEMPO DE ARRANQUE = 5 min. (80%) 7-10 min. (100%) 

TIEMPO-DE REENCENDIDO = 7 min. (80%) 

Bulbo exterior.- Las funciones-principafes del bulbo ex-

terior son tres:··. · 

1.~ El vidrio primario actua como un filtro- de rayos ul-

travioleta, el cual previene contra quemaduras en la 

piel y ojos; 

' 
2.- Proporciona también un ambiente constante para el --

tubo de arco. La presión del tubo de arco es afecta-,, 
da por el r~pido cambio de temperatura y el movimien 

to del aire. 

3.- Bste proporciona una superficie para el recubrimien

to de fósforo, ·el cual es~ colo'cado en el interior --

ael bulbo exterior para corregir el rendimiento de -

color de la l~para de vapor de mercurio: Una l~pa-

ra con recubrimiento de fósforo requerir~ de un lumi 

.- ,' 

) 
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La posic16n de ence11dido es funci6n de la posici6n del 

electrodo de arranque. El elect~odo de arranque debe es--

tar siempre colocado en la parte superio,r de la !~para -

para evitar que el mercurio se de~site en el electrodo -

de arranque. 

caracter1sticas de Funcionamiento,,- . 

Depreciación lumínica. La gr!fica de depreciación lum!ni-

ca para una lámpara de vapor de mercurio es algo drastica 

y es función del balastro y de la potencia. (ver figura --

3-38) • La 14mpara de vapor de mercurio es la Gnica lámpara 

que se publica iU vida nominal y su vida átil. 

La emisi6n lumínica tambi~n es funci6n del sumüüstro y re 

gulación del voltaje a la l!mpara· (ver fig. 3-39). 

Vida.- La vida de J.a lampara de vapor de mercurio puede ~ 

ser descrita en t~rminos de su vida Qtil o de su Vida no-

minal,t!picamente, la vida nominal de las lAmparas se es

tablece en base aJ. 50% de la curva, de mortandad. Debido-

a su r!pida depreciaci6r de lumenes, la vida de la l!mpa-

ra de vapor de mercurio se establece cuando aQn hay más -

del 50% de lamparas encendidas, para mantener una salida-

de lumenes ~ás razonable (ver fig. 3-40) • 
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Distr1buci6n de energía.- La distribuci6n de energía para 

las l4mparas de vapor mercurio se muestra en la fig. 3-41 

Eficacia de las 16mparas.- La eficacia:de ~a lAmpara--

var!a con la potencia de esta. A mayor potenci'a de 14mpa-
. ' ra, mayor eficacia. 

40/50 w : 25 a 30 Lm 1 w 

75,100,175,250 w :' 34 A 48.4 Lm 1 w 

400 w 55 A 60 Lm 1 w 

1000 w 57 A 63 Lm 1 w 

H 33 GL - 400 1 DX CON 22,500 Lm 

EFICACIA = 22,500 
"' 56.3 Lm 1 w 400 

Lámparas de·vapor de mercurio autobalastradas.- Las 14mpa-

ra~ 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 l4mpara con -

componente de estado s6lido no debe utilizarse en un lUmi-

nario totalmente cerrado, debido al calor generado por este 

tipo de 14mpara. En general, la 14mpara de vapor de mercu-

rio autobalastradas, son 50% menos eficaces en comparaci6n 

con las 14mparas normales de mercurio, pero 50% m4s efica

ces que las 14mparas incandescentes. 
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Figura 3-41 Dietribuc16n de Energ1a para L!mpara de 

Vapor de Mercurio con 56.3 lm/watt (400 w). 
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descentes, d6nde el cambio de lámparas es difícil y el 

adicionar un oalastro es impráctico. 

Dispositivos ·ahorradores de energía.- Recientes desarro--· 

llos en
1
los balastros electr6nicospara l!mparas de vapor 

de mercurio permiten atenuarlas actualmente. Los balas--

tros electr6nicos han sido estudiados desde que apareci6-

la lámpara de vapor de mercurio. Existen todavía varios -

problemas, entre ellos el alto costo; pero se sabe que --

con un balastro electr6nico la eficacia de la lámpara y - .. 

la eficacia total del sistema aumentan considerablemente. 

Otras ventljjas que se esperan del balastro electr6nico --

son: el menor tamaño y peso, menor ruido, aumento de la -

vida de la lámpara y mayor facilidad para atenuar. 

Lámparas de Aditivos Metálicos.~ 

ElemFo;to productor de luz.- El elemento ,productor de luz-

es un tubo de arco. El tubo de arco tiene los mismos pri~ 

cipios de operaci6n y tipo de construcciOn del de la lám-

para de vapor de mercurio (ver fig. 3-42). El tubo de ar-

co contiene además del mercurio, arg6n, neOn y krypt6n; -

yoduros de metales. (Los aditivos primarios son el mercu-

rio, sodio y escandio; otros son el talio, indio y cesio). 

Estos aditivos proporcionan colores adicionales a las 

líneas típicas del mercurio, esto es, rojo, naranja y ama 

rillo. El color de la lámpara de aditivos metálicos esta-



balanceado a trav's clel espectro. Debiclo a que la J.&mpa

ra de aditivos met&licos mejora el color sin necesidad -

ele un recubrimiento de fOsforo, la lAmpara se aproxima -

a una fuente puntual, lo cual da como resultaclo que se -

facilite au control Optico. Para la posiciOn horizontal

ele encendielo, aJ. tUbo de arco es curveado ligeramente, -

para tener una temperatura mas uniforme dentro del tubo-

ele arco (ver fig. 3-42). 

Tiempo de encendido • 9 minutos -(SO%) 

Tiempo de reencendido •lO a 15 minutos (80%) 

Cubierta.- La.cUbierta exterior (bulbo) sirve solo para dos 

funciones. 

l.- Filtro de luz ultravioleta 

2.~ Ambienta constante para el tubo de arco (mantiene 

la temperatura constante y evita J.as corrientes -

de aire). 

~o ae neces1ta un recubrimiento· de fOsforo para eJ. buen -

rendimiento de color y ademls debe evitarse ya que afecta

en forma negativa el control Optico1 esto ea la l&mpara ya 

no ae aproxima a una fuente puntual. 

,- " 
1 



Conexi6n el~ctrica.- La lámpara de aditivos metalices usa 

una base mogul para todas las potencias. Las lamparas pa

ra posici6n de operaci6n horizontal que contienen el tubo 

de arco curvo (ver fig. J-4¿), tienen·un pasador en la-

base para posicionarlas. Existe un portal!mpara especial

que asegura el posicionamiento adecuado del tubo de arco

cuando la lámpara es asegurada en el portaiampara adecua

damente •. El tubo de arco curvo siempre de.oe ser colocado

con la curva hacia arriba en un plano vertical. 
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Electrodos do 
tungsteno to•olda!I....J-..J---r 

Electrodo de 
arranque 

Retlstor de lor.oa 

Reflector térmico 

Soporto do montaje 
cuello 

Soporto de montaje 

Montaje del tubo de 
arco poro llniclo rudo 
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bronce con espacio 
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C~t ConetrucciÓn de lámpara de 
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8011 moout de 
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Attner !imitador do 
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Figura 3-42 Variaci6n de Temperatura Interna y Temperatura de la Pared, de 

una Lámparade Aditivos Met~licos. 
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caracter!sticas del color.- La lámpara de ~tales aditivos 

produce energ!a en todas las longitudes de onda a trav~s -

del espectro visible. Esto es, su distribuci6n de energ!a-

espectral esta bien balanceada, lo que significa que la -

lámpara produce un buen rendimiento del color sin.la nece

sidad de una pantalla de f6sforo (ver fig. 3-43). La apa-

riencia del color es una funci6n del control de calidad ~-

de los aditivos dentro del tubo de arco. La consistencia -

del color de una lámpara a ·otra es funci6n del' balastro, 

del voltaje aplicado y edad de la l~mpara. 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 tiempo. 

o .., -E 
• 
o -"' ~ • e 
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' o o • g o - -e o 
o • .. .., ·;: 
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300 350 •oo •so 1100 ~ 1100 &so 100 750 
Lonvitud dt onda en nanómetros 

Figura 3-43 Distribuci6n de Potencia Espectral de 

una Lámpara de Aditivos Metálicos. 



Designaci6n de la lámpara.- Las designaciones para lámpa

ras de m~tales aditivos no han sido normalizadas. El ing~ 

niero debe tener cuidado al especificar las lámparas con-

designaciones no standar para evitar que algdn fabricante 

sea descartado. 

La designaci6n de la letra M 6 MH debe ser usada para - -

identificar una lámpara de m~tales aditivos. 

~tal 

loU! 
/' 

aditivo 

400 1 
t 

Watts 

BU 
.......... 

Posici6n de operaci6n -
de la lámpara 

Las lámparas de m~tales aditivos son especialmente sensi

bles a la·posici6n de encendido. Los datos de los fabri--

cantes deb~n ser conspltados para conocer los . . . requen.mJ.e!:!_ 
í 
' tos de la posici6n de encendido. 

-\ 
El bulbo es designado por una letra y una combinaci6n de-

ndmeros. Las lámparas de m~tales aditivos se fabrican con 

buLoos BT y E ·(ver fig. 3-37). El nümero representa-el-

diámetro exterior máximo del tubo, en octavos de pulgada.~¡ 

BT - 37 Diámetro 37" =e:-= 4 5/8" 
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Características de operaci6n.-

Depreciaci6n de lCimenes. La curva de depreciaci6n de lG.me 

nes para una llmpara de métales aditivos es sustancialme~ 

· te mejor que la curva para una llmpara de vapor de mercu

rio. La .salida de lG.menes al final de la vida de una lám-

para de alta potencia es 75% (ver figura 3-44) • 

• .! 
o 
'ü 
:~ 

• eo 
~ eo • 
~ .a 
..J 30 

-¡?. 20 

nt rnuo 
horas /arranqu 

~ horas/arranque 

10 
0~0-+1~2~3~.~~5~.~7~.~~.~10~1~1~1~2~1~3~1.~15' 

Figura 

de 

Horos do encendido (milos) 

3-44 Depreciaci6n de 

Aditivos Metálicos. 

LG.menes en la Lámpara 

Vida.- La vida var!a como una funci6n de los watts de la 
1 

lámpara y el lapso del tiempo que la llmpara ha estado -

en el mercado, Por ejemplo, la llmpara MH 175/Hor estaba 

comercialmente disponible en 1972. 

/ 1 

' ' 
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La práctica normal en la industria de las lámparas es intro 

ducir todas las lámparas nuevas al mercado con un promedio-

ae 7, 500 hrs. Cuando los informes so·bre mortandad y vida --

sean desarrollados, lo cual requiere pruebas a largo plazo, 

la viaa de la lámpara se espera se incremente a un m!nimo -

de 15,000 hrs. Los catálogos de lámparas usuales de todos -

los fabricantes, deben ser consultados para obtener el pro-

medio de vida de las lámparas. 

Distribuci6n de energ!a.- La distribuci6r. de energía para -

una lámpara de aditivos metálicos se muestra en la figura -
( 

3-45. 

Potencia de entra da 
111011 . 

l'oordidaa 
E nervio para 11 arco del etoctrodc 

"' 
~~~ 

Po'rdldas O • a carta de radla~Ón noradlactivaa 
311.1, 12.6~ 

' Radiacioil 
uttravlottto 

3.~ 

Pérdidas de energlo Radiación RadiaciÓn 

61.~ visible infrarroJo 
24.3"4 24.5' 

Figura 3-45 Distribuci6n de Energía en una Lámpara de Adit 

Metálicos con lOO lm/watt y 24.3% de Radiaci6n Visib.le 
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Eficacia de las lámparas.- Las eficacias de las lámparas 

varian con· la posici6n de operaci6n y los Watts de la --

lampara. Mientras mayor es la potencia, mayor es la efi

cacia. 

t 

175 w 
250 w 

400 w 
1000 w 
1500 w 

80 a 85.7 Lm/W 

82 Lm/W 

85 a 100 Lm/W 

100 a 115 Lm/W 

96.7 a 10.33 Lm/W 

NOTA: Los rangos de valores son debido a variaciones entre 

fabricantes. 

Dispositivos de ahorro de energía.- El atenuado de lampa-

ras de métales aditivos es un desarrollo reciente. La lá.m 

para de 400 W puede ser atenuada (5 min.) en un 47% del-

total de energía consumida, lo cual resulta en un 22% de

reáucci6n en ldmenes. La lá.mpara de métales aditivos de -

1000 W puede ser atenuada (15 min.) en un 35% de su ener-

gía total consumida, o 14.6 de su rendimiento de ldmenes. 

Cuando ocurra un desarrollo tecnol6gico adicional, el --

costo de atenuaci6n deberá. disminuir y el rango incremen-

tarse. 

'í / 
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Lámparas de Sodio Alta Presión. 

Elemento productor de luz.- El elemento productor de luz 

es un tubo de arco. El tubo de arco es pequeño en di!me-

tro para mantener un~ temperatura de operación alta. De-

bido a que el di4metro ea pequeno, no hay electrodo de -

arranque dentro del tubo de arco. El sodio operando a 

una pre~ '.ón alta y a alta temperatur~ tiene un efecto 

corrosivo sobre el vidrio ordinario o cuarzo. Por eso, -

el tubo de arco est4 hecho de cer4mica 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%) 

reencendido = 1 min. (80%) 

Envolvente (bulbo).- La envolvente ayuda a mantener el --

tubo de arco dentro de una temperatura ambiente constante 

y protege al tubo de arco de corrientes de aire. 

Conexión el~ctrica.- La conexión el~ctrica es una base mo 

gul. La 14mpara requiere un pulso de energ!a de 2500 a 

5000 V para el encendido de la 14mpara. Esto se realiza -

por medio de un pequeño dispositivo de arranque electróni 

co, que suministra el pulso de alto voltaje para abatir -

la resistencia y encender la 14mpara. 
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Características de color.- La lámpara de sodio de alta --

presi6n produce energía en todas las longitudes de onda -

(fig. 3-46). Sin embargo la mayor porci6n de energía est~ 

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 una -

lámpara a otra es mejor que con las lámparas de métales -

aditivos. Sin embargo, los cainbios de color pueden ocu'---

rrir debido a las variaciones de voltaje y diferencias -

en balastros. 
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Figura 3-46 Distribuci6n de Potencia Espectral 
para una Lámpara de Vapor de Sodío alta 
Presi6n, 
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Designación de las lámparas.- Las designaciones de las --

lámparas de sodio de al t.a. presión no han sido normaliza--

das por la Industria de lámparas. El ingeniero debe tener 

precaución en no especificar o usar nombres comerciales -

que provoquen que lámparas aceptables queden descartadas. 

Las lámparas de sodio de alta pres.i6n estan disponibles -

en bulbos, E, BT, y T (ver fig. 3-37) •. Se utiliza una-

combinación de letras y n1lmeros para designar la configu-

ración del bulbo. 

Características de operación.-

Depreciación de lumenes.- La curva de depreciación de 

l1lmenes de la lámpara de sodio alta presión es una de las 

mejores de las lámparas del tipo de descarga de alta inten 

sidad. El ·rendimiento lum!nico al final de la vida de la-

mis~a, para altas potericias es 80% (ver fig. 3-47). 

tao 1 ' ' • .. • oiOOW o 10 - ~ 
-¡; 

:s 250 -.. 10 - -• e: r .., •:t .... -
..l 

'i-20 . -
o 1 1 1 1 1 1 1 1 

o 2 4 1 8 10 t:J 14 11 11 20 

Horas de operación¡., mtlu) 

Figura 3-47 Depreciación ae Ldrnenes en una Lámpara 
ae Sodio alta Presión. 
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Vida.- La vida_ var!a en función de la potencia, el circui 

to del balastro y del fabricante. El rango es desde - ---

15, 000 a 24000 hrs. para ·las l!mparas de alta potencia --

más comunes. 

Distribución de energ!a.- La distribución de energ!a para 

las lámparas de sodio alta presión-es mostra'da en la fig. 

3-48 

Eficacia de las lámparas.- La eficacia de las lámparas 

de sodio alta presión var!a como función de la posición -

de operación y de la potencia de la misma. 

70 w 77 a 82.9 Lm¡w 

lOO w 88 a 95 Lm/W 

150 w lOO a 106.7 Lm/W 

250 w . 102 a 120 Lm/I'J . 
400 w . 118.8 a 125 Lm/W . 

1000 w . 140 Iln/W . 

Las lámparas de sodio alta presión también estan dispon!_ 

bles en potencias que pueden ser operadas con balastros-

de mercurio. Las potencias disponibles son 150, 215, 310 

y 360 w. Los informes de los fabricantes debén ser con--

sultados para una adecuada selección del balastro para -

la lámpara. 

. ·-
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Dispositivos de ahorro de energía.- Es posible atenuar -

algunas-potencias de l&mparas de sodio alta presi6n. La -

lámpara de 1000 W puede ser reducida en un 38% de su po--

tencia total en aproximadamente 15 min., con una reducci6n 

en la salida de luz en un 20% de los ldmenes nominales. 

Eftlrtfa a b 1 orbid ;~o te ncl o U entrado 

.. 

' PtÍrdidat en Potencio en ti arco 
loe tillc:troclo .. ... 

' Pirdldoe RodlaciÓtl da la datcareo 
rod;&ivat .,.. 

·- . 

Rodlocton 
ullrovlole· 

o.a ta 

l 
Pérdtdoe dt .... ,ro Rodlociórl Rodloción ... villblt Infrarrojo 

:II.R 21* 

Figura 3-4d Distribuci6n de Energía para la L~para de 
Sod.io Alta Pres:i,6n con 125 lm/watt y 29. S% de ra-
diación Visible. 
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Technology 
Description 
Fluorescent lamp technology has 
made signilicant advances over 

the past few years. The trend has 
be en from lamps with high energy 
use and/or peor color rendering 

ability to energy saving products 

with excellent color rendition. New 
lamp phosphors have creJted the 

Fuii-Size 
Fluorescent 

Lamps 

electrodes, at each end of the 
tube, the gas ionizes resulting in 

an electric current flowing through 

the tu be. The curren! excites the 
vaporized mercury which returns to 

its initial state by the emission of 
ultra-v,olet (UV) radiation. When 

lnstant start lamp ballasts do 
not energize the lamp's 

cathodes prior to starting or 
during normal operation. 

Fluorescent lamps require a bailas! 
lo apply a high starting voltage and 
then to limit the curren! through the 

lamp. For optimum operation each 

lamp type is matched with a 
particular ballast. 

,: color qualities and smaller 
diameter lamps have created new 

• the UV radiation reaches the tube 

walls it is absorbed by the 

phosphor coating and re-emitted 
as visible light. 

There are three basic types of 
fluoniscent lamps: 

Manufacturers can vary the 

lamp curren!, voltage, phosphor 
content and tube length to achieve 
different lamp characteristics. This 

has resulted in a wide range of 
lamps being designed and sold. 

/ 

opportunities for efficient tu mi naire 

designs that focus the light where 
it is needed. 

The fluorescent lamp is a glass 

tu be with a fluorescing phosphor 
material coating the inside walls. 

The tu be is filled with a gas and a 
small amount of mercury and is 

sealed. When a suitably high 
voltage is applied between the 

Contents 

Preheat lamps employ an 

externa! starter to energize the 

cathodes (electrodes) prior lo 
exciting th e lamp. 

Rapid start lamp ballasts 

energize the cathodes prior lo 
exciting !he lamps and during 
normal operation. 

Techno/ogy Oescription . ....... , , ...... , . · ..... 1 

Current Products . . . . . . . . . . . . . . . . . . .3 

Application Guidelines ....................... . 8 
Examples . ............................. . 9 
Guideline Specifications . ...... . 

Manutacturer/Product Reterences . . 

. .. 10 

. . . 11 

· The smallest standard lamp is the 

six-inch, four-watt preheat lamp: 

the largest and most powerful 
lamps are the eight-foot, 1500 ma 
very high output rapid start lamps. 

The standard four-foot rapid 
start fluorescent lamp is the most 
comrnon light source in 

commercial facilities. lt employs a 
T-12 glass tube (T for tube, 12 for 

1218's of an inch diameter). There 
are abcut ten times as many 
F40T12·type lamps in use than all 

other types combined. Therefore, 
any improvement in energy 
efficiency in this lamp type will 

have profound implications. 

.. 

... 



ADVANCED UGHTiNG TECHNOLOGIES APPLICATION 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 rate•c 

at 3050 lumens when operated on 

a laboratory reterence ballast in 

free air at 77'Fahrenheit. (These 

ratings have recently be en 
reduced by about 3% due to 
removal of sorne minar 

constituents that have been 

' declared toxic.) 
The large demand for the 40 

watt F40 lamp resulted in mass· 

production and low cost. The most 
popular configuration in the 1970's 

was two F40T12 lamps on a 

ballast that draws approximately 

96 watts, including ballast losses, 

and generales at least J2.5% of 
the rated light in open air ata 

temperature of 7T Fahrenheit. 

The bailas! manufacturers' 
design parameters establish a 

minimum percenta\:; ; the 

reference light output that is called 
the "ballast factor". The ballast 

factor is defined as the ratio of the 

actual light produced by the lamp
ballast system to the reference 
light output of the same lampen 

an ANSI reference bailas!. 

Common Fluorescenr Lamps 

2 

In 1982 California required that 

more ··energy-efficient" (EE) 

. ballasts be u sed reducing the 

power of the 2 lamp 40 watt F40 

lamp-ballast system would draw to 

about 86 watts with the same light 
output. Federallaw will require 

these baiiJsts to be used 

throughout the U.S. in April 1991. 

"Energy Saving" Lamps 

- response to the energy crises of 
·· ~ 1970's, lamp companies 

introduced halophosphor F40T12 

lamps filled with an argon-krypton 
gas mixture. rather than only 

argon. These lamps may be 
operated suitably with a 40 wan 

F40 T12 ballast. but because of. 

the different gas mixture, draw 
about 34 watts per lamp. These 

lamps are coated with a 

transparent conductive coating te 
lower the high starting voltage and 

have a lower light output rating. 

With the 40 watt F40 ballast, light 
output is further reduced since this 
system has a lower ballast factor 

(about 87%) compared te the 

standard lamp-ballast system 
(92.5%). By using this lampas a 
retrofit in over illuminated spaces 
the savings of 5 or 6 wans per 

lamp reduces energy use by 7%. 

The "energy saving" 

halophosphor lamp (34 watt 
F40T12/ES) is intended as a 

retrofit solution to the energy 
problem. Although its unit wattage 

is reduced, it also has a lower light 

output. When operated en a 

Fluorescent Lamp Designations 

F(B)n(Td)(;)co/or(lmod) 

where 

F means fluorescent 

(8) means ~bent~ or U-
shaped ~ 

. 
n wattage family or /ength; 

by convention 

(Td) means Wbular. d!S's of 
an inch diarñerer 

color color temperatura in Kelvins 

mod is some variation like 
·energy saving· or 
·extended ourpur· 

() means optional (doesn't 
always appear) 

Alf manufacturers use variarions of this 
nomenclature, mostly for advertising or 
·rrade name· identification 

standard or energy efficient 

magnetic bailas! it only generales 
about 87% of its reference light at 
77' Fahrenheit. This lamp-ballast 

system is less energy efficient than 

the standard argon-gas lamp
ballast system, since it generales 
tewer lumens per wan. 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 sensitive te temperature. 



'Efficient-T""12 
Tri-Phosphor Lamps 

More efficient versions ot the 

standard size F40T12 lamps are 
available that use "rare earth" tri
phosphors to achieve higher lumen 

output. Two types are ottered: 

thin coat that raises output 

about 3'% 

thick coat that results in a 5% 

líght output gain. 

See the table "Lamp/Baltast 

System Comparison - Two Lamp" 
tor pertormance benefits ot the tri

phosphor lamp types campa red to 

the halophosphor "cool white". In 
addition to the increase in 

efficiency, these lamps ofter 

superior color rendering 
capabilíties; above 70 CRI for thin 

coat and above 80 CRI tor thick 

' } coat. The standard cool white 
lamp has a CRI of 56. 

"Energy Saving Plus" 
Lamps 

In a rapid start lamp, it is possible 

to disconnect the lamp heater 
. filament alter the lamp is 

operating. This saves the cathode 

heater wattage, about 2.5 watts 
per lamp, with only a slight toss in 

light output. 
lf the disconnection ot the 

. heater occurs in the balfast, any 
lamp can operate this way. (See 

Heater Cutout Ballast in the 
Energy Efficient and Electronic 
Ballast Guideline) For retrofit 

applications a speciallamp with a 
cut-out device in the lamp is used. 

6'/ 
FULL-SIZE FLUORESCENT LAMPS 

-~- --~---~-

These·lamps are-commonly-known-eurrent-Products----___,____ 
as "energy-saving plus"(32 watt 
F40T12/ES/plus) lamps. There are two new types ot lamps 

All energy saving plus lamps are 

argon-krypton gas-filled (34 watt 
F40T12!ES) lamps with the added 
cutout device. The lamp cost 

increase is amortized quickly. 
Reduced wattage may result i~ a 

slightly improved fixture etticiency 

due to improved thermal 

pertormance. 
An operational drawback of this 

product is that a restrike time ot 
about 1-2 minutes exists if the 

lamp is extinguished and then 

immediately restarted. Some 

manutacturers, but not a11: have 
derated the lamp lite by 25% when 

operated without energized 
· catho_des. In general, the energy 

savings make this a cost-effective 

trade off even with the reduced lite. 

"Extended Output" 
Lamps 

Another product worth considering 

is the "extended output" version ot 
the standard F40T12 lamp, 
designated he re as an 
F40T12/EO. (The "EO" 

nomenclature is not u sed by any 
manutacturer; current products use 

some sort ot manutacturer's trade 
name or designation.) These are 
premium versions ot the standard 
lamp which, dueto gas fill and 

more efficient phosphors, generate 
more light with a slight increase in 
lamp wátts. These lamps typically 

deliver about 7% to 9% more light. 

that have improved efticacy 
(lumens per watt) compared to the 
standard fluorescent lamp/ballast 

system. These are the T8 and T1 O 

lamp familíes. 
By using a smaller diameter 

lamp and a ballast specifically 

designe'd for it, the potential for 
greater energy efficiency exists. 

1" m T-8 

11/4" rn T-10 

, ,,. rn ., 
Medium Bipin Based Lamps 

T-8 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 manutacturers, and 
have the medium Bipin bases of 
the T-12 lamp allowing them to lit 

the same sockets. 
The T-8 lamp operates at 265 

milliamperes current, so it will not 
be properly matched if operated on 

a standard F40 T-12 type lamp 
ballast designed tor 430 

milliampere operation. However, 

there is only a minar cost 

3 



ADVANCE11 LIGHTING TECHNOLOGIES APPLICATION GUIDELINES .-

difference !1e~Neen a T-8 

lamp-balla:;l system and a 40W 

F40 T-12 l.unp-ballast system. 

A manui.K!urer of an electronic 

ballast for r 3 lamps makes a 
version wiilt 2 leve! (Off-50%-

1 00~~) lighl"'~ control of alllamps 
This altern:t::·;e to alternare ballast 
switching will aiso meet Title 24's 

mandaloc¡ r:·c;ltiple lighting leve! 

control reqt11r2ment. 
T-8 lamp:; ~an also be dimmed. 

These requ~r2 specialized dimmers 

ar.d ballasls o arder to work 

properly. D"~ming range is 

typically do" .e :o 5% of lamp 

output. 
The adv:1r:ages of a T-8 lamp 

over T-12 are' 

4 

The two l,tC"P F32 T-8 system 

with an E~ :allast has an 
efficacy cr -, lumens per watt. 

The two 1.;-o F40T12 lamp 

system e1: :acy is 69 lumens 
per watt ,;e~ the F40T121ES 

lamp sys:, .. ., efficacy is 68 

lumens V' ·.vatt. 

The two 1.;.-o F32 T-8 system 

with an ei<'::ronic ballast has an 
efficacy c1 ,, J lumens per watt 

Given oplr.-um electronic 

ballast des ;ns. the maximum 
efficacy fe: a two lamp F40T12 

syslem is o'~ !umens per watt 
and for a: .. ,-:: lamp F40T121ES 

lamp systc>-: is also 841umens 

per watt. 

The T-8 1.,--o may even 

increase IL -·in aire efficiency. 

For exam>· 2. the use of T-8 
lamps incr,· .1ses the efficiency 

of a comm:" 3-lamp, high 
efficiency ;·.: ·abolic troHer trom 
about 75' .- ·; 78%. 

Advanced Fluorescent Lamp Technologies. Data 

Lamp Sryle Watts Lumens 
Nominal 
Length 

Straight T-8 Bipin Lamps 
Requir~s specitic T-8 265 mA ballast 
F 1 TT81cofor 17 1350 

2150 
2900 
3650 

2' 
3' 
4' 
s· 

F25T3icolor 25 
F32T81co!C'r 32 
F40T8!color 40 

U.Shaped T-8 Bípin La1nps 
Requires specitic T-8 255 mA ba/last 
FB16í81cclor 16 1250 

2050 
2800 

1' 
1.5' 
2' 

FB24 TS!color 24 
F831TS!cc/or 31 

Straight T-10 Bipin Lamps 
Opera te on Standard F40Tt2 baila si 
F40T101cofor 42 3600 4' 

The heavier pcwer loading ot 
the s_mall diameter lamps (more 

light per lamp surlace area) 
requires that T-8 lamps use the 

rare earth (tri-stimulus) 

phosphors to maintain lamp 
lumen depreciation within 

accepted limits .. 

Recent quotations involving 
orders ot T -8 lamps show no 
cost premium being paid ter T-8 

in large quantities. as compared 
toa high color rendering T-12. 

T-8 lamps can actually cost fess 
than 34 watt 4 foot F40T12/ES 

high color rendering lamps. On 

a lite-cycle cost basis, a T-8 

system is usually a t:ener 
investment than any T-12 

system. 

T-8 lamps are currently offered in 

standard 2, 3, 4 and 5-foot-straight 

lamps, as well as 1, 1-112 and 2-

toot-long U-shaped lamps. 

2', 1.5' and 1' U-Shaped Lamps 

T-10 Lamps 

These lamps are primarily 
designed as a retrotit tor the 40 
watt F40T12 in the s'ituation where · 

a retrotit or delamping reduced 
light levels too much, but they 

should also be considered ter new 
construction. They operate directly 

en a 40 watt F40 T-12 ballast, 

making them interchangeable with 
any 40 watt T -12 lamps. 

T-10 lamps offer higher 

etticacies. increased light output 
and longer lite, compared te 

standard lamps. 

_/ 



' Four·Foor Fluorescent Lsmp·Ba/lsst System Efficacies• 
/ 

) 

{Based on two lamp ballast sysrems. for !amps coated wirh the 4100 Kelvin (70-75 CRI) 
trí-srimulus phosphor]-

Sysrem E: .:Jcy 
(/umens/watt) Efectronic 

Lamp Type Magneric EE Ballasr Balfasr 

40WF40 T-12 69 83 
34W F40 T-12 iES) 69 83 
34W F40 T-12 (ES/plus) 79 
40W F40 T-12/EO 73 85 

Advanced T~hnologies 
32W F32 T-8 76 91 
40W F40 T-10 76 83 

• Measured. under standard ANSI conditions. open air at 77"F ambient temperature. 
•• Cathode voftage removed dun'ng operarion. not recommended for high trequency 
operation. 

The only T-10 lamp size being T-12 ballast over the entire voltage 
oHered is the four-foot-long lamp input range_ One manufacturer 

replacement for the F40T12. 1t makes a ballast to match the T-1 O 
actually consumes about 43 waris, lamp_ At present, T -1 O lamps are 
but due to its higher voltage it premium priced products. 
actually draws slightly less current Most manufacturers now make 

(about 400 milliamps), and the T-8 lamps, but only a few make 
ballast losses are lower. An T-10 lamps_ The U-shaped T-8 
energy-efficient magnetic ballast lam~s are considered competitors 
for (2) F40T1 O lamps will draw to higher-wattage compact 
about 88-92 watts. while each fluorescent lamps, so U-shaped 
lamp provides 3420 lumens for a T-8 lamps are not presently 
ballast factor of at least 92.5%_ manufactured by companies 

T-1 O lamps' greatest advantage making the 18-40 watt rapid start 
is as a retrofit for T -12 lamps when compact twin tube lamps. 
no ballast change is needed and 
where increased light output is 
required_ Sorne T-10 lamps may T -8 Medium 8ipt1 
not start properly with the 40 watt 

T -1 O Medium Bipin 

T -12 Medium Bipin 

T-8 LJ-Bent 

FULL-SIZE FLUORESCENT LAMPS 

" 

:: 

) Straight and Bent Lamps 

5 
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ADVANCED LIGHTING TECHNOLOGIES APPL.4qTION GUIDELINES 

Lamp-Ba/last System Comparison Two Lamp 

1 Lamps Ballasts 

FJOT-12 Magnetic EE 
4tOOK 40W 
Halophosphor 
Cool White 
3050 Lumens 

F40 T-12 Magnetic EE 
4100K 40W Heater Cutout 
Thin Coat Electronic 
Tri-Phosbhor 
3250 Lumens 

F40T-12 Magnf!ric EE 
4100K 40W Hea:ef Cutout 
Thick Coat Eiectronic 
.Tn'-Phosphor 
3300 Lumens 

F40 T-12ES Magne:icEE 
4100K 34W Hearer Cutout 
Thin Coat Electronic 
Tn'-Phosohor 
2850 Lumens 

F40 T-12ES Magr:etic EE 
Plus 

4tOOK 32W 
Thin Coat 
Tri-Phosphor 
2800 Lumens 

F40 T-10 Magnetic EE 
4100K 42W Heater Cutout 
Thick Coat Elecrronic 
Tri-Phosphor 
3600 Lumens 

F32 T-8 Magnetic EE 
4t00K 32W Electronic 
Thin Coat 
Tri-Phosphor 
2900 Lumens 

Test 
Ballast 
Factor 

.94 

.94 

.83 
.851.88 

.94 

.83 
.851.88 

.87 

.80 
.821.87 

.88 

.95 

.84 
.841.88 

.94 
.86/.97 

Rated 
Lumens 

5734 

6110 
5395 

552515720 

6204 
5478 

56101.5808 

4959 
4560 

467414959 

4928 

6840 
6048 

604916336 

5452 
488815626 

Note: Open air bare famp tssts as per ANSI CB2.2 

6 

System 
Watts 
Input 

88 

88 
72 

69174 

88 
72 

69174 

72 
58 

57163 

67 

90 
76 

72176 

72 
62/66 

' 

Elficacy 
LPW 

65 

69 
75 

77183 

7r 
76 

78184 

69 
79 

74183 

74 

76 
80 

84/83 

76 
77191 

Watts 
Input 

Base 100% 

100% 
82% 

78'%184% 

100% 
82% 

78%184% 

8?'1o 
66% 

65o/ol72% 

75% 

102% 
86% 

82%/86% 

82% 
70%175% 

Comparative 
Lumen 
Output 

Base 100% 

107% 
94% 

96%1100% 

108% 
96% 

98%/101% 

86% 
80% 

82%,86% 

86% 

119% 
TOS% 

105%1110% 

95% 
87%.198% 

System 
Efficacy 

Base 100% 

.. 

107% 
115% 

118%/128% 

109% 
117% 

120%1129% 

106% 
i21% 

114'%/128% 

114% 

117% 
123% 

128%/129% 

116% 
118%/140% 

1 

) 
/ 

) 



) 
Color Rendering 

8oth T-8 and T-10 technologies 
use the rare earth tri-stimulus 
phosphors which give better color 
rendenng qualities than the 
standard T-12 lamp. The standard 

T-12 cool white lamp uses 
halophosphate phosphors with a 

CRI of 50+ and color temperature 

of 41 OOK. The variety of color 

temperatures now available with 

rare earth phosphors requires the 

designer to specify a lamp color 

temperature as part of the lamp 

nomenclature. 

Manufacturers presently oHer 
either high color rendering (CRI 
above 80) or moderatel1 high color 

rendering (CRI between 70 and 

75). In general, the higher color 
rendering lamps cost more than 

the moderately high color 
rendering lamps. 

~ Not all manufacturers offer all 

lamp colors, nor do qll 

manufacturers offer both high color 
rendering (CRI 80+) and moderate 

color rendering (CRI 70+) in a 

similar product. In fact, at present 
a/1 T-10 lamps are high color 

rendering (CRI 80+) and each 
manufacturer of T-8 lamps oHer3 
either moderate color rendering or 

high color rendering, but not both. 

Specifying Lamp Colors 

Color 
Temp. 
Kelvins 

3000 

3500 

4100 

5000 

CR/ 

80+ 

80+ 

80+ 

80+ 

(' 
) '} 

FULL-SIZE FLUORESCENT LAMPS 

Various . 
Tradename 
Designations• 

SP30 
030 
Spec30 

SPX30 
0830 
30U 
AX30 
30K 

31K 

SP35 
035 
Spec35 
35K 

SPX35 
0835 
35U 
AX35 
35K 

SP41. 
041 
Spec41 
41K 

SPX41 
0841 
41i) 
AX41 
41K 

50 U 
AX50 

Marches 

fncandescenr 
Halogen 

lncandescent 
Halogen 

Halogen 

Metal 
Ha/id e 

Oaylighr 

• These are some designations of selected majar manufacturers. To be assur.z-t. -Jf the 
_ proper color temperatura and CRI, check each manufacrurer's data to determine tne exact 
color designation. 
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ADVANCED LIGHTING TECHNOLOGIES APPLICATION GUIDELINES 

Application 
Guidelines 
Advanced technologies in full~size 

fluorescent lamps a'e used in 
:naking rapid-start straight and 
U-shaped lamps with unit turnen 

output comparable to the standard 

40 watt F40T1 2 lamp. Apptications 

gene rally include all situations 

where an F40T1 2 lamp would 

have been suitable. 

T-12 Lamps 

Retrotits Consider use of "Energy 
Saving Plus" lamps in applications 

where a 1 to 2 minute restrike time 

can be accepted. 

New Construction Consider use 

of eH;•:'~nt tri-phosphors and 

"extended output" lamps when 
their extra output allows design 

with fewer tu mi naires or fewer 
lamps per tu mi naire_ 

8 

T-10 Lamps 

Retrofits Good apptications for 
T-1 O lamps are existing situations 

where delamping (alone. or 
combined with other retrofits like 

imaging reflectors) may produce 

unacceptably low lighting levels. 
T-10 tamps are designed 

specifically for these situations. 

New Construction Although T-1 O 
lamps were initially introduced as a 

retrofit they can be considered for 

new construction applicat'~~s 

where a higher lighting le s 

required. For example, ocr.'inon 

lighting design problems can be 
solved using standard tu mi naires 

and T-12 EO lamps. Without 

changing the tighting design, a 
13% increase in lighting level, with 

only a 5% increase in power, can 

be obtained by using T- 1 O lamps 

and appropriate luminaires. 

T-8 Lamps 

/7 
:: i 

Retrofits In retrofit situations 

involving F40T12 lamps, where the 

existing ballast must be changed 

the T-8 lampiballast retrofits are 

often very cost effective. However, 

if the existing ballast is an F40T1 2 
energy efficient, in good conditio"n. 

then a T1 2 system retrofit is cost 

beneficia!. 

New Construction T -8 lamps are 

excellent for all new installations 
including: 

alfices 

retail Stores 

commerciat and Industrial. 
Lighting 

special applications like task 

lights, undercabinet lights, cave 

lights, and surtace and 
decorative lights 

T-8 lamps are generally superior to 
any T-1 2 technology based u pon 

efficacy and color rendering. 

Considering that T -8 lamps could 
make many popular tu mi naires 
more eHicient, a T-8 system with 

magnetic ballasts will typically 

provide 8% to 9% more light at 4% 
to 9% fewer watts than a system 
using F40T1 2/ES lamps with equal 
color rendering_ The lamp cost lar 
larger commercial projects in majar 

metropolitan areas is about the 

same. 

\ 
1 
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New General Lighting 
Systems 

A typical generallighting system 

using standard 3" deep cell, sémi

specular, competitive parabolics . 

utilizes three-lamp troffers on 8' by 

10' centers. The following results 
can be obtained using non-air 

handling, high-efficiency parabolic 

troffers in a room with white tile 

ceiling, light-colored walls and 
normal carpet color. 

A Retrofit Situation 

A traditional lens troffer design 

from the earl~ 1970's utilizes 4-

lamp troffers on 8' by 8' centers. 
The resulting system generales 

about 88 footcandles maintained. 
(RCR=1) at 2.7 w/sf using F40T12 

lamps, and about 84 footcandles at 

2.4 wisf using F40T12!ES lamps. 

A survey of office spaces would 
reveal that the lighting levels are 

excessive for some office lighting 
situations. Average illuminance 

levels between SO and 70 
footcandles are presently 
considered appropriate for most 
office tasks. Therefore. an 

excellent energy-saving 

opportunity exists. The designer 
examines severa! options: 

Small 
Room 

Lamp Ballast (RCR:S) 

·_) 

FULL-SIZE FLUORESCENT LAMPS 

Large 
Room 

(RCR:1) Relatlve 
Type Type Footcandles• Footcandles • W!sf Efficlency 

F40T12 Magnetic 41 59 1.65 1.00 
F40íl2 Electronic 40 58 1.22 1.32 
F40TI2!ES Magnetic 36 52 1.35 1.08 
F40TI2iES Efectromc 35 51 1.13 1.25 
F40TI2!ES• Magneric 33 49· 1.25 1.06 
F40TI2iEO Magneric 46 66 1.68 1.10 
F40T10 Magnetic 48 69, 1.68 1.15 
F32T8 Magnetic 39 59 1.31 1.20 
F32T8 Ctectronic 44 67 1.12 1.58 

Consult /ES recommended !ighting /evels. 
•• This rabie wilf be updated as the blatik rabies in the Luminaires and Lighting Sysrems 
Guid':Jfine are compfered. 
Cafculared using Lumen Method. See Computer Aided Ughting Design guideline tor 
discussion of benefirs of Point-by-Point Calculations. 

Lamp!Ballast 
Action (Al/ mag.:ES type) 

Defamo F40T121Magnetic 
Oelamp F40T121Electronic 
Oefamp!Reffecr. F40T121ES · Mag. 
Delamo;Reflecr. F40T121ES - Elec. 
Delamp F40T10!Magneric 
Oelamp!Reffect. F40T10!Magnetic 
Delamp,Ref!ect. F40T12!EO- Mag. 
Oelamp F32T81Magnetic 
Delamp F32TBIE!ectronic 
Delamp!Reflect. F32T81Magnetic 

Consult lES recommended lighting levels. 

Check the ballast. lf it is not an 

"energy-efficient" type, it' almost 
always pays te replace with a 
new ballast. Options include 

T12 energy efficient, T12 
electronic, 'T-8 energy efficient. 
or T-8 electronic. 

SmalfRoom Large Room 
(RCR:5) (RCR:1) · 

Footcandles* Footcandles• 

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 10% to 15% 
through the use of a specular 
imaging reflector retrofit. 

Delamp, leaving 2 lamps in 
each luminaire. (Caution: 
disconnect unused ballast from 

line.) 

9 

' .'• 

.. _ 



ADVANCED LIGHTING TECHNOLOGIES APPLICATION GUIDELINES - 1 

Guideline except by the ccntractor's office d. 5' lamps shall be '\ 
Specifications personnel. 40 watt F40T8 . i 

e. 1' MOL U-lamps 
Specifying any of the more 

Standard Specifications shall be 16 watt 
energy-saving fluorescent lamps 

FB16T8 
is not difficult. Most of the Most commercial projects use 
products are now generally otfered variations of standardized 

f. 1.5' MOL U-lamps 

through majar electrical distnbutors specifications lrom the 
shall be 24 watt 

across the U.S. In the case of T-8 Construction Specifications 
FB24T8 

lamps, many manufacturers of lnstitute (CSI) recommended g. 2' MOL U-lamps 
commerciallighting equipment formal. This shorter specification shall be 31 watt 
consider T-8 to be a standard formal is better for smaller, le · s FB31T8 

' 
option. complex projects. 1t contains all 

3. Color: lamps shall be 
the basic information to assure 

(3000)(3500)(41 00) Kelvin 

Lighting Fixture 
proper provision of the required 

correlated color temperature. 
lamps. 

Schedules Specifiers should be diligent as 4. Color rendering i~dex: lamps 

Most !ighting designs :ist fixtures minar cost advantages and "value shall have a minimum CRI of 

by type or "tag" in a schedule. engineering" may be used to (70)(80) through the use of 

This schedule often contains all substitute the less efficient T-12. rare earth tri-stimulus 

information needed for lamps and phosphors or in combination 

ballasts. To properly specify with halophosphate 

fluorescent lamps, however, it is A Recommended Basic phosphors. 1 
recommended that a few special Specification 

5. Lumen output, lamp lile, and / 

notes be included to clarify the The following specification may be turnen depreciation, as a 
designer's intent. Please refer to u sed íor T-8 lamps with a magnetic function of mean lumens, shall 
the suggested "lighting Fixture baltas!. See the application be determined in accordance 
Schedule". guideline "Energy Efficient and with lESNA testing procedures 

Using lighting fixture schedules Electronic Ballasts" contained in and according to the ratings 
is an excellent method to properly this handbook for a specification published in XYZ Manufacturer 
specify lamps. There are severa! guideline for electronic ballasts. Catalog dated 1990. 
reasons: 

2.n FLUORESCENT LAMPS 6. Replace detective lamps , 
Lighting fixture schedules are 

1 . Meet applicable sections of 
occurring within 90 days of 

used to quickly identify 
ANSI C82 and C78. 

beneficia! occupancy. 
luminaires. 

7. Approved manufacturers (list). 
Ughting fixture schedules 

2. In general, lamps shall be 265 

mA "T-8" rapid start type as 9. Any other project-specific data. 
contain most of the necessary 

information for complete 
follows: 

specification of lighting on most a .. 2' lamps shall be Extensive Specifications 
projects. 17watt F17T8 

CSI recommends that more 
• . Most contractors and b. 3' lamps shall be extensive technical specifications 

distributors actually read the 25 watt F25T8 be written for complex projects or 
fixture schedule, whereas 

c. 4' lamps shall be projects being built overseas. 
written specifications are 

32 watt F32T8 i 

seldom read or referred to, / 

10 
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FULL-SIZE FLUORESCENT LAMPS 

Lighting Fixture Schedule for Project XYZ 

Tag Description 

F1 2X 4' Parabolic 
Troffer. 18 ce/1 

FIA 

F2 

ffoating docr semi
specular 3w deep 
louver hear extraer 
air handfing NEMA G 
tandem bailas red pairs 
per Tirfe 24 

Same as F1 

2'X 2' Parabolic 
troffer 16 cell 
floating door 
specufar4~deep 

/ouver static NEMA F 

General Requíremenrs 

Lamp 

(3)F32T8 
J3500K 

Sameas F1 

(2)F831T8 
13Soor: 

Ba/last 

Magnetic 
Energy Etficient 
(1) 2-lamp 
in"sfave· and 
(2) 2-lamp in 
"master· 

Magnetic 
energy saving 
(1) 2-lamp and 
(1) 1-lamp 

Electronic 
instant start 
fype ABC 123 
(2) lamp bailas/ 

Volt Power(S) 

277 100 

277 103 

277 90 

1. Lamps and ballasts sha/1 meet applicable standards of the American National Standards lnstitute 
(ANSf). Narional Eiectrical Manufacrurers AssOciation (NEMA), and Underwriters Laboratories (UL). 
Luminaires shall'be UL listed. or fisted by other.recognized testing agency. Ballasts and other marerials 
sha/1 be UL listed or recognized. as appropriare, balfasts sha/1 meet California Energy Standards. 

2. Electronic balfasts sha/1 be made by XXX manufacturar and shall be waffanted for 3 years incfuding 
material cosr anda labor al/owance. 

3. Lamps shafl be made by EEE. FFF. or GGG. Do not mix manufacturers of same type lamp. 

4. (lnsen any special project requirements here.) 

5. Power (watts) includes balfast losses. 

Product 

LLL 123/ES PAIR 

LLL 123 

LLL 234 

Although significantly longer and 

more work for the specification 
writer, these specifications protect 
against substitution with inferior 

copy-cat products made by 
manufaclurers over whom the 
designer has no influence. At 

present, world-wide specifications 

are reasonably standard. 
However, the cost or unusual 

nature ol an advanced technology 

lamp may be a cause for 
substilution with the less efficient. 

T-12 lamps 

Manufacturer/Product References 

Manufacturer 

General Electric 
Mitsubishi 
Osram 
Panasonic (Matsushita) 
Philfps 
Syfvania 

Product(s) 

Lamps, most types 
Lamps, sorne types 
Lamps, most types 
Lamps, soma types 
Lamps, most types 
Lamps, most types 

(lnclusion in this fist does not infer applicabJ7ity or andorsemenr. 
Additional ccmpanies may also manufacturer these products.) 

11 
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Compact Metal 
Halide and- White 

HPS Lamp~ 

Technology 
Description 
Metal halide and high pressure 
sodium are types ol High lntensity 
Discharge (HID) lamps. Until 

recently, metal halide lamps ;Nere 

generally only manulactured in 

high wattages ( 175-1500) and 
large envelopes with mogul bases. 

Most high pressure sodium lamps 

suffer lrom poor color rendition.' 
Ccmoact versions ol both types ol 
lamps ofler the possibility ol high 

efficacy (from 50 to 60 lumens per 

watt) in lower wattage packages. 

Compact metal hallde lamps are 

the result of new developments in 
manulacturing methods allowing 
smaller wattage lamps to be made 
with smaller envelopes and bases. 

Contents 

Technology DescriptJon , 

They produce brilliant white light in 

a comparatively small are tube. 
Current products include: 

Single-ended lamps with 

medium bases (32- 175 watts) 

Single ended bi-pin bases (35-

150 watts) 

Double-ended recessed single 
contact (RSC and Fc2) lamps 
(70-250 watts) 

Each ol these lamps uses orie ol 
severa! possible chemistries. The 

rare earth chemistries typically 

lound in most double-ended lamps 
gene rally provide excellent color 

rendition, but at the expense ol 
elficacy, The sodium scandium 

chemistries ol medium based 
lamps provide good color rendition 

and lower cost. All metal halide 

.......... ,1 

Current Products . , , . , . , _ , . , , , , . , . . , , , , , . , , .3 

Application Guidelines .. , , , . , .. , , , , , , , ... , ... . 3 

Guideline Specifications ....................... 6 
Example ............. _ .. _ .... , .... , .... 6 
Manufacturer!Product References .. _ , , _ . , , . , , , .. 6 

lamps are susceptible to lamp-to
lamp color dillerences, color shift 

over lile, and moderate rated lives 
ol 5000-10,000 hours lor most 

compact lamps. 

Whlte hlgh pressure sodlum 

(HPS) lamps are moderately long

lile lamps. (1 0,000 hours). While a 
major drawback ol conventional 

HPS lamps is poor color rendition, 

white HPS lamps have very good 
incandescent like color rendition, 
(2600-2800K, 70-80 CRI) 

G-12 

ED-17(~ 

R-38 

' 1 
Common High lntensiry Oischarge Lamps ·~----------------------~----------~ 



AC'/ANCED LIGHTING TECHNOLOGIES APPLICATION GUIDEUNES 

Curren! products are all 

compact lamps. The compact 
lamp waHages of significan! 
interest are 35, 50, 95, and 100 

wat1s, using medium based 
envelopes. These products 
generally have a color rendering 

index (CRI) of 80 or more anda 

correlated color temperature of 

2600-2800 K, making them appear 

ver¡ similar to incandescent light. 

Efficacy and Efficiency 

Both metal halide and white high 

pressure sodium lamps have 

reasonably high efficacy, 
generating .SO to 90 lumens/watt. 

In addition, the compactare tu bes 
allow optically elficient reflector 

design in luminaires of acceptable 

small size. 

Color 

Metal halide lamps generate a 

white light. Most compact lamps 
have clear envelopes, although 

so me lamps are available with 
phosphor coatings. Metal halide 

lamps tend to be either warm tone 

(about 3000 K) or cool tone (about 
4100 K). Color rendering indices 
(CRI's) vary from 65 to 93. 

Compared to incandescent or 
halogen lamps, low color 

temperature metal halides will 
often appear slightly pinkish, and 

high temperature metal halides will 

appear slightly greenish. 

2 

White high pressure sodium 

lamps generate a warmish white 

light. Color temperatures of 2600-

2800 K appear similar to slightly 

dimmed incandescent lamps. 
Note: White HPS lamps can have 

color-lile, alter which the color 

quality and the color decay are 

similar to standard color HPS 

lamps. 

Ballasts 

All HID lamps require ballasts to 

operate .. ln addition, some lamps 
require an externa! starting igniter 
to genera te high-voltage pulses 

needed to begin the lamp are. The 

distance between lamp and bailas! 
~ depends on the starting method. 

Sorne manufacturers of smaller 
lamps, ballasts and igniters do not 

recommend remate bailas! 

locations. 
The American National 

Standards lnstitute (ANSI) 

publishes standards for metal 
halide and high pressure sodium 

ballasts. 

ED-17Bulb 

Electronic Ballasts There are 

three electronic ballasts types 
available: 

OC electronic bailas! designed 

to drive a specific, proprietary 

compact metal halide lamp (no! 
ANSI standard) 

hlgh-frequency electronic 

ballast to drive a specific 
compact metal halide lamp 

(ANSI standard lamp) 

electronic regulating bailas! 

for white high pressure sodium 

lamps 

Electronic ballasts, which are 
expected to evolve slowly into the 

HID mar1<etplace, provide superior 
color consistency over the lamps 

lile by maintaining constan! are 

power. 

E/ectromagnetlc Baflasts Most 
ballasts are electromagnetic types' · 

such as reactor, autotransformer, 
regulator or constan! wattage 
autotransformer. 

Burning Position 

Most metal halide lamps have a 

limited 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 tunction of the lamp 
chemistry and how metal vapors 
enter and stay in the are stream. 

Disregard for operating position 
ratings will resu~ in short lamp lile 

and poor color rendering. 

)"' 

\ 
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' Fixtures 

All metal halide lamps require an 
enclosed lixture or other protective 

measures. This will protect 
against possible end-ol-lile lamp 

rupture and can also provide UV 

liltering when required. 

Other Applicable 
Technologies 

Compact white HPS and metal 
halide lamps are the highest 

elficacy point-sources in moderate 

fumen packages. However, in 
certain situations, other sources 

might be more applicable, such as: 

halogen capsule and infrared-

reflecting halogen lamps, 

especially in wallwashing, and 
display lighting situations 

' ,/ compact and full size 

fluorescent lamps, especially in 
area lighting and wall-washing 

situations 

high-wattage metal halide, 
standard HPS and white HPS 
gene rally otfer much higher 

efficacies .than compact HID 
lamps and would be used tor 
large area lighting 

Current Products 
Current products are limited but 

growing in number and 

manufacturers. Each 
manufacturer has determined the 

best products tor its mar1<et. 
Ultimately whole series of 

universal replacements in all 
wattages are expected to be 

\ available. 
,_J 
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COMPACT METAL HALlO E ANO WHITE HIGH PRESSURE SODIUM LAMPS 

Application 
Guidelines 

Typical Applications 

Compact Hl D lamps are point 

sources which lend themselves to 

projection and floodlighting 

situations as well as general 
illumination. The best interior 

applications 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 f:11D lamps require warm-up 

and restrike periods, so frequent 

switching installations should not 
utilize 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 

ot these types can only be dimmed 
with highly-specialized dimmers 

and ballasts. The effect ot 
dimming is not nearly as appealing 
oras extensive as incandescent or 
fluorescent. Lamp etficacy and 

color stability sutfer when HID's 
aren'! operated at full light. 

In general, compact HID lamps are 

best applied in one of the tollowing 

ways: 

• Enerj:¡y-efficient F/ood and 
Display Lightlng In suitable 

modern luminaires, HID lamps 

can be used for a wide variety" of 

retail display and floodlighting 

situations, including track, 
recessed, and surface 

installations. 

Energy-Effictent Lamps in 
Conventlonal General 
Llghtlng Lumlnalres As long 

as switching is not a concern, a 
wide variety of opportunities 

exist to use compact HID lamps 

for area lighting in both interior 
and exterior situations. 

il~ 

·ttYm. 

Double Ended Lamps 
w1th Fc2 and RSC ends 

3 
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~~-- ~=-·--=~-~--=~~~=:::~-:==:::~~-==:-~-=---~=--=--=---=--=-~=--====--=---=· :::=~ ==--~--~----~-
Residential Applications 

Because frequent switching is 
common to residential operation, 
HID's aren't often used in homes. 
But the low wattage HID lamps are 
useful in outdoor security lighting 

situations. 

Commercial 
Applications 

The compact HID lamp finally 
offers the designer an alternative 

to incandescent downlights, 
uplights, and accent lights~ Unlike 

fluorescent altematives, HID lamps 

are point sources. giving sparl<le to 

polished surtaces and dramatic • 
shadowing when used to accent a · 

display. The compact lamp size 

allows for the use of many 
traditionalluminaire types and 

shapeswhile employing a 
reasonable lumen package. 

4 

Interior Applications 

The best applications are corridor 
and lobby downlighting, 

commercial wallwashing, lobby 

and office uplighting. Also, a 
number of commercial and 

industrialluminaires can be 

equipped with these lower wattage 

lamps, making them more suitable 

ter smaller spaces than the larger 

lamps previously used. Even 
sorne types of highly decorative 

fixtures, like wall sconces or 
pendant chandeliers. can be 

designed for compact HID lamps. 

Exterior Applications 

There is a wide range of exterior 

applications su eh as bcllards, tree 

uplights, walllights, step lights, 

and architectural floodlights. New 
luminaire innovations based on 

these lamps include exterior 
asymmetric wallwashers and 
precision outdoor spot lights. 

Fc2 

RSC 

MEO 

ED-17 

R-38 

• 
G-12 ~ 1 ) 

T-10 

T-7 

Lamp Shapes and Bases 

j 
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COMPACT METAL HALIDE ANO WHITE HIGH PRESSURE SODIUM LAMPS 

"'\ 
Lamp + í 

Lumens Lumens Lite ANSI Ballast 
Lamp Style Wans (C/ear) (Coated) (Hrs) Dt~signatlon Watts 

Compact Metal Ha/Id e L11mps 

Medium Based Universal 35 2300 2300 5000 Pending 45 
Buming Posirion 50 3400 3400 5000 Pending 62 
Lamas in E0-17 70 5000 5000 5000 M98 88 
(Compact) EnvelopP.S 100 7800 7800 10,000 M90 115 
A/1/amps 60-65 CRI 100 1 8500 8000 10,000 M90 115 
and 41 00-4300K 150 11,500 11.500 5000 M57, 175 
except as no red 175 14,000 14,000 7500 M57 195 

Medium Based Ba.se-Up 32 n.a. 2500 10,000 M100 38 
Warm-roned tamos 35 n.a. 2300 5000 Pending 45 
in ED7 17 or similar 50 n.a. 3400 5000 Pending 62 
(Compact) Envelopes 75 SéCO 5200 5000 M101 88 
Aff !amos 3200K and 100 8500 8000 10,000 M90 115 
65-70 CRI 150 13,500 12.700 10,000 M102 175 

175 n.a. 14,000 7500 M57 195 

iJouble ended clear famps: · 7c2 5000 n.a. 10,000 M85 94 
require glass IJV fHrer 7o4 5000 n.a. 10,000 M85 94 
Lamps 4300K 80-90 CRI 1oo4 6800 n.a. 10,000 M90 121 
except as no red 1oo3 8500 n.a. 10,000 M91 121 

1so2 11.000 n.a. 10,000 M81 175 
1so4 12,000 n.a. 10,000 M81 175 
1754 14,000 n.a. 10.000 M96 195 
250 20.000 n.a. 10,000 M80 295 

) 2so4 20,000 n.a. 10,000 M97 290 

Medium Based Universal 70 n.a. 3000 5000 M98 88 
Burning Posirion 100 n.a. 5000 7500 .M90 115 
Lamps in R-38 175 n.a. 9000 10,000 M57 195 
Envefopes 
Al/ Lamps 4300K 

Single Ended. G12. Bi-Pin 70 5200 n.a. 6u00 M85 94 
TB Lamps: require gfass UV 150 12,000 n.a. 6000 M81 175 
fllter; 3200K 80-90 CRI 

Whits Hlgh Pressure Sodlum Lamp5 

Medium Based Universal 50 2500 n.a. 12,000 568 62 
Burning Posirion Lamp 
50 watt in T-9.5 shape 

Medium Based Universal 95 5200 n.a. 10,000 Special n.a.s 
Burning Posirion La.mp 
90warrin T-10 

Bi-pin PG-12 Based 35 1250 n.a. 10,000 599 n.a.s 

T-10Lamps 50 2300 2190 10,000 Special n.a.s 
100 4700 4470 10,000 Special n.a.s 

1 3200K 
2 3200K or 4300K 
3 3200K 50-10 CRI 
4 4300K 60-70 CRI 
S Lamps requiring a proprietary electronic ballast 

,) n.a. Not avadable 

5 
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==-- -=Guiceline~--------~xampl~e======================:;\= 
Specifications 
In order to specify compact metal 

halide and high pressure sodium 

lamps, it is important to determine 
whether a proprietary specification 

designating the acceptable 

vendors of lamp and ballast is 

required. Although ANSI 

designations apply to most 

produds in this category, there are 

important exceptions. 

The lamp designation can be 

specified as follows: 

Metal Hallde or Sodlum/Wattage 

Group/Lamp Shape·Size/MED or 

RSC base/(phasphor or dlffuse 

Coated)/(Warm or 

Neutral)/(standard or DX color) 

Example: A 70 watt double 

ended metal hálide (3000K) in 

deluxe 81 CRI color would be 

M85/T-7/RSC/WDX 

A common designation is not 

possible for white HPS lamps 

because most produds in this 

category are proprietary. , 

6 

Lobby Downlighting 

An office,building lobby and 

corridors typically use downlights 

on about 6' centers using about 

75-watt incandescent lamps. 

Using metal halide lamps, the 

design could be spaced further 

(about 8' centers) while using 50-

watt HID lamps. lncluding ballast 

losses, the HID design uses less 

than hall of the wattage of the 

incandescent design while 

providing an essentially similar 

aesthetic. The increased luminaire 

cost is mostly offset by the 

reduced quantity of luminaires. 

Savings potential: The per unit 

reductions are about 25 watts per 

socket, or 30% plus 20% ter the 

increased spacing. 

Manufacturer/Product References 

Msnufscturer 
General Electric 

lwasaki 
Osram 
Philips 

Sylvania 
Venture Lighting lnternational 

Product 
Compact metal halidelamps 
White HPS lamps 
White HPS lamps 
Compact metal halide famps 
Compact metal halide lamps 
White HPS lamps 
Compact mera/ halide famps 
Compact metal halide lamps 

(lncfusion in this list does not infer applicabilir¡ or endorsement. 
Additionaf companies may afso manufacturer these products.) 

\ 
) 



Technology 
Description 
Compact fluorescent lamps are an 
energy-efficient, long-lasting 

substitute for the incandescent 
lamp. For example a 13-watt 

compact fluorescent lamp (about 

17 watts with the ballast) provides 

about the 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 available in a variety of sizes, 

shapes and wattages to meet most 
any design application. 

The new compact lamps are 
e as y to install and use. Many 
have a starter in the plug base so 

that maintenance is generally 
limited to periodicallamp 

Contents 

Compact 
Fluorescent 

Lamps 

Shapes of Common Compact Fluorescents 

· replacement. Previous small 

fluorescent lamps were like smaller 

standard fluorescent tu bes with 
double-ended bipin bases which 
made them hard to install. 

Furthermore, they required 

externa! starters, as well as a 
ballast, to opera te them. 

Compact fluorescent lamps 
were developed in the late 1970's 

and introduced to the U.S. market 

in the earty 1980's. 
Compact fluorescent lamps 

have sig'nificantly higher lumen 

Technology Description ....................... 1 

· output per unit length than 

conventional small fluorescent 
lamps. This is due to the high 

phosphor loading whic; ; 

necessary because of their small 
diameter and sharp cerner, twin

tube bulb shape. 

Current Products ... . 

Application Guidelines .... . 

Examples . .......... . 

.4 
. .5 
. .9 

Guideline Specitications ...................... 1 O 

Manutacturer!Product Reterences ................ . 11 



ADVANCED LIGHTING TECHNOLOGIES APPLICATION GUIDELINES 

==---__ ----:=:rnese:Compáct lamps produce 

high lumen output because they 

utilize high etficacy, high color 

rendering rare earth phosphors. 

Color temperatura is varied 

according to the relative balance 

among the phosphors. 

All compact fluorescent lamps 

have good color rendering, with 

many choices of color temperature 

(warmth or coolness) available to 

the designer. The 2,700 Kelvin (K) 

color temperature is generaily 

employed since it simula tes !he 

color of the standard incandescent 

lamp. 

They all have a single ended 

base rather than the more 

awkward, double ended bi-pin 

bases oi the conventional small 

fluorescent lamps. 

There are tour major families of 

compact fluorescent lamps: 

2 

T-4 diameter twin-tube prehear 

lamps with starter devices in !he 

base of the la m p. These tamps 

can use inexpensive reactor 

ballasts resulting in an 

economical altemative to 

incandescent lighting. 

T-4 or T-5 diameter quad-tube 

preheat lamps ( double twin-tube 

and four-finger), also having 

plug bases and integral starters. 

Sorne of these lamps use 

reactor ballasts; others require 

autotransformer/reactor types. 

These are designed to be a 

more compact, higher turnen 

output variation of the twin-tube. 

T-5 diameter twin-tube-rapid 

start/preheatlamps d~signed for 

use with externa! rapid start and 

electronic ballasts. These 

lamps are generally higher

output lamps, designed to 

provide !he lumen output of 

conventional fluorescent lamps 

in smailer packages. These 

lamps can be dimmed with the 

appropriate electronic bailas! .. 

Special T-4 diamer;' rapid start 
lamps without an integral starter 

in the base of the lamp. These 

can be used with special 

dimming or low temperature 

ballasts. 

Other Applicable 
Technologies 

The rapid start compact 

fluorescent lamps are capable of 

generating about 50-70 lumens per 

watt, not including bailas! losses, 

when operated with a magnetic, 

electronic or dimming bailas!. Their 

advantages notwithstanding, 

compact fluorescent lamps have 

similar overall energy etficiency as 

severa! other technologies of equal 

lumen output including: 

compact low wattage metal 

halide and white high pressure 

sodium lamps 

conventional, straight or bent, T-

5, T-8, and T-12 tluorescent 

lamps 

Typical Applications 

The low-wattage compact 

fluorescent lamps are designed to 

be used in place ot incandescent 

lamps in a wide variety of luminaire 

shapes and types. The twin-tube 

style is especially good for task 

lights and so me wail sconces. "The 

quad tube is generaily better in 

downlights and wailwashers, as its 

shape better approximates the 

envelope of an incandescent lamp. 

The larger, T-5 twin tube lamps 

are weil suited for most fluorescent 
_ applications, ranging from 

recessed troffers and indirect 

lighting to exterior garden and sign 

lights. The lamps are designed for 

fixtures having a 12" to 24" 

maximum illuminated lengths. 

Retrofitting 

The compact fluorescents with a 

medium edison screwbase socket 

are gene rally not as etficient, but 

do offer a means to upgrade 

existing incandescent lighting. 

This lamp type is available with 

either an electronic bailas! or a 
magnetic bailas!. The electronic 

bailas! operates ata higher 

efficiency and without noise or 

flicker. 

Integral Ba/last Screw-Based Compact 
Fluorescenr ../ 

~. i 
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They are available either as a 

single unit consisting of the starter, 

the ballast and the lamp oras an 

edison screwbase socket adapter 

that includes the ballast and a 
separate lamp. The adapter unit 
permits replacing the lamp when it 

burc9 out whereas the single unit 
must be replaced entirely. 

e . 
' 

. 

' 

Screw-Based Compacr F/uorescent 

Fixture Design 

The exciting energy saving 

l possibilities of compact lamp 
/ fixtures have caused many 

manufacturers to rush products to 
market that are incandescent 
fixtures with fluorescent sockets. 

Specifiers should be cautious of 

the following potential problems: 

overheating which causes short 
lamp and ballast lite and low 

output (fixture design problem) 

ballasts and lamps making 

acoustic noise (fixture and 

application problem) 

unusually low or high bu lb wail 

temperature causing significan! 
departure from rated lamp 
lumens (fixture design and 

application proble m) 

ballast factor and power factor 
of particular lamplballast 

comoinations 

./ 

COMPACT FLUORESCENT LAMPS 

Ballast Oprions 

Normal Power Factor (NPF) Reactor Balfasts: Availab/e for the smafler interna/ starter 
/amos sizes_ The 120 volt version is general/y the /east expensive and smal/est bal/ast 
option. They exhibir vety fow power fac:ors (.45 for 120 volt, .25 for 277 volt) so extra 
caurion musr be raken ro correcrly calculare circuir loading when designing the efecrrical 
circuits. 

High Power Factor (HPF) Reactor Ba/lasts: Al so for·rhe smaller imerna/ starter lamps. 
_these ballasts conrain capacitance ro ra1se the power factor ro .90. More expensive anq 
larger rhan the NPF ¡ype. bur rhey allow for conventional branch circuir design and fower 
instaf/arion cosrs. 

Conventional Magnetic Energy Saving Balfasts: The higher wattage lamps designed 
for rapid start operarion general/y operare on single or m u/tiple lamp ballasrs similar/y ro 
standard fluorescent lamps ¡ypes. Mosr ballasrs are ·energy efficienr· ¡y pe consisrent 
with California and narional ballast standards. 

Electronic Ballssts: Some of rhe higher warrage T-5 rwin tube lamps can be operated 
by elecrronic ba/lasrs designed specifically for these lamps or that are rated for rhese 
lamps and 265 mA T-8/amps. 

Dimming Ballasts: The srarterless quad-tube lamp can be used with either a magnetic 
dimming ballast with appropriate wallbox dimmer. ora special efectronic dimmer and 
elecrronfc dimming bailas t. Some larger lamps wi/1 al so operare well on electromc 
dimming and adjustabfe ourput bailases. Check with the manufacturer. 

Ballasting 

All fluorescent lamps require a 

bailast in order to start and operate 
properly. Medium-based screw-in 
compact fluorescent lamps and 

compact fluorescent lamp adapters 
have a ballast in the base. Ail 
other compact fluorescent lamps 

are designed to have an externa! 
bailas! which needs to be specified 

for each individuallamp type and 

wanage. 

Special attention is cailed to the 
power factor of the bailas!. Normal 
Power Factor (NPF) bailasts have 

a low power factor. Power factor is 
the ratio of ihe actual power of the 
lamp and ballast to the total 

volt-amperes (VA) of the lamp and 

bailas!. So a 13-watt lamp having 
a totallamp plus bailas! load of 17 

watts at a power factor of .45 
actuaily draws.38 VA. Branch 

circuit curren! and overcurrent 

protection are based on V A. 
Whether using high power factor or 
low power factor bailasts, the input 

current instructions of each ballast 

should be foilowed, and added, to 
design the circuit loading. 

3 
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---~~ ~---- ---

--current-Products-~--someot·the~largenapid-start 

L,mp products are classified by 

tr-" American National Standards 
lpiltute (ANSI). Fluorescent 

I<"'PS fall into two classifications 
w"'ch establish dimensional and 
e-c-:trical characteristics: 

'tandard C78. 1 for rapid start 

:amps 

'tandard C78.2 for preheat 
·amps 

Ec~h manufacturer tends to create 

"n,.;rketable" product names and 

iccntifications. These names -

n--•'e for better marketing but are 
m·re difficult to specify. Ongoing 

AI'SI committee worik has 
de• ¿loped the proposed standard-

nc•nenclature used here. In most 
c;;<¿s the specifier will easily relate 

thl' popular product to the ANSI 
CIY¿· For greater ease in making 
th:cccorrelation, remember a lamp 

t~:"' diameter of 1 O mm is about a 
T-•- anda lamp tu be diameter of 

15 nm is about a T-5. 

Switching 

Al! :ompact fluorescent lamps, like 

ar• Jther fluorescent lamp, are 
tvc·"ally controlled by switching the 
b~ ;_¡st and lamp circuit on and off. 
n.: rated lite given in the tables is 

a~- nction of the average time per 

sté. •. In frequently switched 
sit . ..;tions, lamps willlast fewer 

or:: Jting hours. 

4 

lamps operate on 265 mA ballasts 

originally designed to operate 4' 
F32 T~8 lamps. A manufacturer of 

an electronic ballast for T~8 lamps 
makes a version with 2 level (Off~ 

50%-1 00%) lighting control of all 

lamps. This alternative to alternate 

ballast switching will also meet the 
California Code of Regulations' 

litle 24 mandatory multiple lighting 

level control requirer:nent. 

Dimming 

Certain versions of the smaller 

quad-tube lamps can be dimmed. 

These require specialized dimmers 

and ballasts in arder to worik 

propeny. At least two majar 

dimmer manufacturers have 
offered products to di m these 
lamps. 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 
mariket. 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 life. 

Residen tia/ Appllcations for Compact 

Fluorescent Lamps 

Living Rooms 

Tasi< lights 

Swing·arm fights 

Undercabinet lights 

General downlighring 

Bedrooms 
Task fights 

Closet lights 

Bathrooms 

Ut/1/ty 

Mirror (makeup) lighrs 

General downlighting 
Showerltub lighr 

Stairs 
Laundry areas 
Articslcrawf spaces 

Exterior 
Lanrerns 

Garage Jights 

Landscape lights 

Securiry lights 

' 
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""' Application greater amounts al light in a 
,1 smaller area. and to gain optical Guidelines 

elliciency. These higher wattage 
In general. compact lluorescent compact fluorescent lamps are 

lames are best applied in ene ol designed to operate better in 

these ways: normallighting lixture interior 

ambient temperatures. Also, the ·Asan energy-saving a/ternative 
high color rendering quality ol the ta incandescent lighting The 

smaller lamps are generally 
compact lamp is maintained with 

applied where incandescent lamps 
every lamp replacement. 

would typically have been used In new cancepts and 
befare, such as in desk lights. wall- applicatians The long lile and 

mounted area illumination fixtures, high quality light of the compact 

undershelf lixtures, landscape lamps allows lighting effects which 

lloodlights, anda variety ol other were lormerly diflicult to achieve 

applications. In most instances, due to heat problems. 

approximately 1 e-- ·:act 

lluorescent lamp v.c:; :eplaces 3 to 
4 incandescent lamp watts. Residential Applications 
Therelore, a 13 watt compact Compact fluorescent lamps should 
fluorescent provides approximately be used carelully in residential 
the light al a 40-60 watt lighting design. The benelits ol 

\ incandescent lamp. energy elficiency and long lile are ) 
•As an alternative ta ather sometimes outweighed by 

f/uarescent lamps In the lower concerns for the acoustic noise of 

wattages, other types al sorne ballasts, or by a negative 

fluorescent lamps lack the reaction to the starting flicker al the 

convenient single-ended plug base preheat lamps. 

and the consisten! good color In general, use compact 

rendering al compact lluorescent fluorescent lamps lar all utility 

lamps. Many typical fluorescent lighting applications, andas 

applications for smaller lamps, like extensively as possible in the 

task lights and corridor lights, will kitchen and bathrooms. Use them 

be better served using compact in enclosed lixtures outside 

lamps. (except in cold climates) in 

In the higher wattages, T-5 twin lanterns and security lighting. Use 

tu be compact lamps can be used them in hard-to-reach places. And 

instead ol conventional straight use them in task lights, especially 

and U-shaped tu bes to pro vide those types designed for the shape 
and light al the compact 
lluorescent lamps. 

/ 
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COMPACT FLUORESCENT LAMPS 

Color Optlons of Standard.Compact 

Fluorescent Lamps 

Color Typ. Marches 

Temp., CRI 

2700K 80-83 Warm White 

lncandescent 

3000K 80-83 Warm White 

lncandescent 

Halogen Other 

3000 Kelvin 

fluorescent and 

HID!amps 

3500K 80-83 Halogen Drher 

3500 Kelvin 

fluorescent 

lamps 

4100K 80-83 Coolwhite 

Metal halide 

Other4100 

Kelvin 

fluorescent and 

HIOiamps 

5000K" 85 GlOSO and al/ 

other high color 

temperature 

fluorescem and 

H/0/amp 

• notas many products availab/e as · 

other colors. 

The net resu~ of a commitment 

to using cbmpact fluorescent 
lamps could be importan!: 5-1 O% 
al the lighting electrical energy 

used by every heme could be 
saved if advantage was taken al all 

acceptable fluorescent 

applications. 

5 



ADVA'-ED LIGHTING TECHNOLOGIES APPLICATION GUIDELINES 

-------·-

Com¡:..;l Ffuorescent Lsmps with Integra/Base Starters 
Rated 

ANSI' :np Code Rsted System 
(wstt1•·íJlh •nd Typical Typical Lamp Efflcacy 
tubin·_-:.ZatTwin Lamp+ Ba/last Ufo Lumensl 
or Ot:•" base1Pre-- Ballast Rated Factor Hours@ wstt, 
Heat •. • 1spid Start) Watts Lumen 120 V. 3 hrSistart Ballast @25'C 

SW/4,.· .-,G23lPH 9 250 .95-1.0 10000 SW Reacro,S 26·28 

7W15,.· .-,G23;PH1 11 400 .89-.90 10000 7W Reacto,S 32-33 

9W!6'· ··GZ!fPH1 13 600 .79-.83 10000 9W Reacto,S 36-38 

13WF• í·GX23!PH1 17 900 .95-1.0 10000 13W Reactor 50-53 

9W/4,. •.iiG23-2JPH 13 600 .79-.83 10000 9W Reactor5 36-38 

13W;:• 0/GXZ!-2/P~ 17 860 .95-1.0 10000 13W Reactor 50-53 

fOWI~.,·CJG24d-11PH .. 16 600 .90-1.0 10000 10113WAutotrans.3 34-38 

13 1 0113W Reactor' 42-46 

13WJ€"'· O/G24d-11PH ' 18 900 .90-1.0 10000 10!13W Autotrans.3 45-50 
16 10113W Reactor4 51-56 

18WI7' OiG24d-2/P~ 25 1250 .90-1.0 10000 1BW Autotrans.3 45-50 

22 18W Reactor' 51-57 
l, 

26W!t" OJG24d-31P~ 37 1800 .90-1.0 10000 26WAutotrans.3 44-49 

31 26W Reactor' 52-58 

15W!~' OGX32d-11PH 20 900 .90-1.0 10000 16W Reactor 41-45 
). -': 

20W!'-' O GX32d-21PH 27 1200 .90-1.0 10000 22W Reactor 40-44 

27'N!T CGX32d-3!PH 34 1800 .90-1.0 10000 2BW Reactor 48-53 

Notes 
1 Me· • :rr.mon lamps when standard rwin-tube lamps are specified 

2 Me· • ;mmon lamps when standard quad tube lamps aJe specified 

3 12r:-,peration 
J 277 .;eraricn 
5 Mur-t.,;mage baJiasts are available but maY_result in low fumen output and shortlamp life. 

G23 w G24d-1 (@] w GX32d-1 @ w 
G23-: i 

G24d-2 

~ w GX32d-2 (@ w 
w '=' G24d-3 ~ 

lQJi w GX32d-3@ w 
GX2:J i 

Compact Fluorescent Lamp Bases 
) 
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COMPACT FLUORESCENT LAMPS 

Compact Fluorescent Rapld·Start!Preheat Lamps 

Average 
Typical Lamp 
Lamp+ Ballast Lite 
Ballast Rated Factor Hours@ 

ANSI Lamp Code Wans Lumens 120 V. 3 hrs!start Ballast 

18-20W,9TStT!2G 11/PH-R$ 22 1250 .90·1.0 10000 18W 370mA Preheat 

18W!10TSITI2G1 1/RS 23 1250 .90·1.0 20000 18W 270mA Rapid S1arr 
17 1250 .95-1.0 15000 265mA 2/amp elect. 1 

24-27W3112T51T!2G111PH-Rs3 32 1800 .925 10000 27'N 34DmA Rap1d Srarr 
21 1800 .810 15000 265mA 2/amp elect. 1 ' 

36-39W4116.5T5!T!2G111PH-Rs4 51 2900 .925 10000 39W 430mA Rapid Stat1 
26 2900 .690 15000 265mA 2/amp e leer. 1 

40W!22.5T51T!2G 1 r 50 3150. .925 20000 40 W 265mA Rapid Srarr 
36 3150 .960 15000 265mA 2 lamp elect. 1 

Notes: 
1 Specific data from one manufacrurer using an instant-start ballast. Ratings per lamp. 
2 Rated lamp lumens times balfast factor giveS actuallamp lumens at 25 degrees Centigrade (77" F). This 

va/ue is actuallamp fumens divided by (lamp+ballasr) warrs. 
3 24 warts with preheat ballast 
4 36 watts with preheat ballast 

TWIN TUBE 

OUAD TUBE 

LONG TWIN TUBE 

/ 

Rated 
System2 
Eff/cscy, 
lumens/ 

watt 
@25"C 

51-57 

49-54 
70-74 

52 
69 

53 
71 

58 
84 

7 



ADVANCED LIGH;ING TECHNOLOGIES APPLICATION GUIDELINES 

F~u; Pin Base Compact Fluorescent Lamps for Electronic Ballast and, Dimming 
Applications 

ANSI Lamp Code Lamp Rsted 
Watts Lumens 

1 OW;ST 4i0/G24q-1 10 600 

13W:6T 4Q/G24q-1 13 900 

18W!TT 401G2Jq-2 18 1250 

26W!8T 4Q/G24q-3 26 1800 

1 n,, be dimmed with soecially designed ballasrs and specialfy designed These amos can o '" rh r ay 
contra( or dimmer de•¡ices Do not dim compact fluorescent famps any o e w . 

Commercial 
Applications 

Commercial lighting represents the 

best application for compact 

fluorescent technology. With the 

advent of the dimmable compact 
lamp, most incandescent 

applications can be replaced with a 
fluorescent equivalent. lt is now 

possible to design a first-class 

project using compact fluorescent 
in place of most incandescent 

lamps. 
lt is difficult to tell that compact 

fluorescent downlights and wall 
washers have been u sed in a 

building lobby unless ene looks up 
inside the fixture from directly 

below. 
Compact fluorescent lamps can 

be u sed in most design situations. 
For example, when a more 

concentrated light source is 
de si red, the 3-lamp 2'x 2' troffer 

provides almost the same amount 
of light as the ·3-lamp 2'x 4' troffer, 

but with a smaller ceiling opening. 

In office lighting design, not 

every incandescent luminaire has 

a fluorescent counterpart. but 
m·any do. By using fluorescent 

troffers, downlights and 

8 

wallwashers, offices and other 

types of commercial and 

institutional spaces can be 
designed to look good and operate 

efficiently. In doing so, most 

designs will more easily comply 
with the applicable Title 24 

stanaard contained in the 

California Code of Regulations. 
lncandescent lighting is saved for 

the few key situations, such as the 

board room, where the wider 

dimming range of incandescent 
lamps is really needed. 

In retaillighting design, 

fluorescent is appropriate for 
general illumination, wall washing, 

and sorne types of case lighting. 
The prudent designer only uses 
incandescent or halogen sources 

where point-source sparkle or 
candlepower are really needed, 
such as display lighting, jewelry 

case lighting, etc. 
In restaurants and hotels, most of 
the circulation are a lighting and 

other public spaces can be 
illuminated with compact 
fluoresceni (or HID in certain 

instances), and so me chandeliers 
can be equipped with fluorescent 
tubes. lncandescent lighting can 

then be used where it's really 

...-. e 

i 1 ;----; 1 ~ 
G24Q-1 ~q p n 

' •• 1 

G24q-3 

Four Pin Lamp Bases 

needed, where dimming and 

special effects are importan!. 
Many fast foodlfast action spaces 
can take advantage of the smaller 

general illumination fixtures made 

po~sible by compact fluorescent. 
In hospitals, laboratories, 

schools, and other institutions, 

compact fluorescent lamps can 
generally replace most 

incandescent applications. One 

advantage of compact fluorescents 
is size; a standard 40Wcompact 
lamp is 22.5" long, and' occupies 

less than 112 the volume of a 
normal F40T12 4-foot lamp. The 

result is significantly smaller lamp 
stock storage rooms, and much 
greater ease of maneuvering 

lamps around facilities for spot 
relamping maintenance. 

In industriallighting, compact 

fluor~scent lamps have limited 
applications. But the low heat of 

compact fluorescent lamps make it 

worth using in hazardous 
environment luminaire.s, task 
lights, and a host of other 

applications where a relatively 
small amount of light is needed for 

a localized lighting problem. 

). 

...,_ 

' 
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\ Examples 

General Downlighting 

Many corridors and lobbies are 
downlighted with round. recessed 

lixtures. Typical designs cal! lor 

incandescent "cans" or "tophat" 
luminaires. The more energy

ellicient solution uses downlights 

designed specilically lor compact 

lluorescent twin-tube or quad-tube 

lamps. By carelul selection, the 
specilier can choose a lluorescent 
luminaire which appears similar"to 

standard incandescent downlights. 
A general rule-ol-thumb is to use 
about 25% ol the required 

incandescent lamp wattage. In 

ether werds, use a downlight with 
two 13-watt lamps to replace a· 

1 00-watt incandescent lamp; two 

18-watt lamps to replace a 150-
/ watt incandescent lamp; and two 

26-watt lamps to re place a 200-
watt incandescent lamp. Avoid 
using compact lluorescent edison 

socket screw-in adaptors in new 

censtruction, as they are ríot as 
elficient and can be easily 

cempremised by having 

incandescent lamps screwed in 
later. · 

Whereas small differen¿es in 

illumination may occur, savings 
petential with the lluorescent 

system is significan!. For example •. 

te provide 15-20 leetcandles in a 
cerridor, lixtures are provided 

about every 30 square leet. The 
lluorescent scheme operates at 

about 1.0 w/sl, whereas the 

incandescent scheme operates at 
ever 3 w/sl. The savings ol over 6 
kWhr/sliyr saves $0.60/sl/yr, or 

/ about $18'yr/lixture (1990 costs). 

?. 

COMPACTFLUORESCENTLAMPS 

Added benelits result lrom a much 

longer lamp lile. The incandescent 

burns out approximately 1 O times 

during the lile el ene compact 

lluerescent thus reducing 
maintenance cests. 

apprepriate. In this case, the 39-

watt twin-tube fluorescent, which is 

· 5-1/2" long, is possibly a good 

choice. The specilier also gains 

the advantage ol color options to 
match the lloodlight with other 

sources in the are a. 

Outdoor Floodlights 
Savings potential is significant. 

Many lloodlighting schemes ter 

shorter walls, signs, etc. use a 
PAR-38 llood ramp. In many 

situatiens, a short lluorescent flood 
lamp luminaire would be better 

when ambient temperatures are 
high enough lor proper operation. 
Four-loot lix1ures would be too 

long; a short, powerful fluerescent 

providing about 25% ol the 
incandescent wattage would be 

The lluorescent provides a better 
light lor floodlighting and uses 45 

watts less than a halogen PAR and 
105 watts less than a standard 
PAR at every lixtúre. 

Commercial Applicatíons for Compact Fluorescent La.mps 

General Lighting 
Recessed 2'x 2' trotfers 
Recessed 1'x 1' troffers 
Recessed 6~ ro g~ dia. downlights 
Suspended designer luminaires 
lndirect lighting 

Accent and Spec/alty 1/ghÜng 
Recessed and track wallwashers 
Undercabinet-'under-shelf lights 
Co'.13' Jights 
Modular strip outlining 
Sign and display intemal!backlighting 
Case display fighring 

Decorat/ve and Portable lighting 
Wa/1 sconces 
Chandeliers 

Utillty L/ghtlng 

Table and floor famps 
Makeup and dressing lights 

Security lighting 
Step hghts 
Exit sign·s 
Task lights 

Exterior 11/uminat/on 
Landscape floodlighrs 
Pedestrian post-rop and bollard lights 
Step and under·raillights 
V anda/ resistant secunry lighrs 

9 



ADVANCED LIGHTING TECHNOLOGIES APPLICATION GUIDELINES 

-- --==--General::fllumillation --·--(fu idelin-e-=-----------Standard-Specifications----o)c---

oesigners should consider Specifications 
compact fluorescent lamps in 
traditionai luminaire 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 luminaire). 

Similarly, 2'x 2' and other types of 

generallighting luminaires may be 

able to 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 ot decorative lamps 
can be fitted with fluorescent 
sources. For example, replacing 4 

_ watts of incandescent or 3 watts of 
halogen with 1 watt of fluorescent 

in appropriate fixtures works out 

fairly weiL Dimming is probably 
the only situation where this type 

ot replacement isn't recommended 

with 1990 technology (expected to 
be worthwhile by late-1990's). 

10 

Specifying compact fluorescent 

lamps 1s not diHicult. 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. infor~ation be 

contained in the schedule than 

often encountered. 
lt is recommended that the 

specifier identify ene 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 specitier. For example, only 
one manufacturar makes a 
"dimmable" quad lamp in 1990. lt 

may help to separately identify and 
list this lamp by naming the 

manufacturer in the lamp 

specification column. 

Most commercial projects use 
variations of standardized 

specifications based on the 
Consuuction Specifications 

lnstitute (CSI) recommended 

format This shorter specification 

format is better for smaller or le3S 
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 so with a 

correlated color temperature ot 
(2700) (3000) (3500) (4100) 

(5000) K unless scheduled or 
noted otherwise. 

d. Lumen output, rated lamp lite, 
and lumen depreciation 
determined in accordance with 

lES testing procedures and 

equal to published values in 
(XYZ Manufacturer) 
(year/edition) catalog. 

e. Replace detective lamps 

occurring within 90 days of 
beneficia! occupancy. 

t.. Approved Manutacturers: (Ust) 

.• ¡• 
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COMPACT FLUORESCENT LAMPS 

Lighring Fixture Schedule for Project XYZ 

Tag Description Lancp Bal/ast Voft Wstt 

F1 Oownlighr 7" dia. (2) 3000K HPF 277 35 
clear alzak 13W!7T4/TIGX23/PH 

F2 Oownlighr 1 ·x 1' (3)3000K Electronic 277 51 
parabofic clear 18WI10T5tT/2G 11 
alzak semi-
specular louver 

F3 Downf~h12'X 2' (2) 3500K Standard 277 87 
slorted- T /ay-in 40Wi22.5TSIT12G 11 Energy 
parabolic cfear Etficienr 
alzak semi-
specular louver 

General Requirements 

1. Lamps and ballasrs sha/1 meer appficabfe standards of the California Energy Commission (CEC}, 
American National Standards lnsrirure (ANSI), Naticnal Elecrrical Manufacturers Association (NEMA), 
and Underwriter's Laboratories (UL). Luminaires shall be UL list(?d. Ballasts and other marena1J. .>hall 
be UL recognized or listed as appropriate. 

2. Efecrronic ba/fasts shall be Brand X. modela. 
3. Lamps sha/1 be made by EEE. FFF, or GGG. Do not mix manufacturers of the same type famp. 
4. {lnsert any other project requirements here.) 

Extensive Specifications 

Construction Specifications 
lnstitute (CSI) recommends that 

more extensive technical 
specifications be written for 

· complex projects or projects which 

are being built overseas. Although 
significantfy longer and more worl< 
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 Elecrric 
Mitsubishi 
Osram 
Panasonic (Matsushita) 
Philips 
Sylvania 

Advance 
Electronic Ballast Techno/ogy 
Magnetek 
Oualiry Service Electronics 
Radionic 
Rcbenson 
Schumacher 
Valmonr Electric 

Product(s) 

Lamps, mosr types 
Lamps. some rypes 
Lamps. most types 
Lamps, some types 
Lamps, most types 
Lamps, most rypes 

Ballasts, magnetic and electronic 
Ballasrs. electronic 
Bal/asts. magnetic and electronic 
Bal/asts. magnetic 
Ballasts. magnelic 
Ballasts, magnetic 
Bal/asts, magnetic 
Ballasts, magnetic and electronic 

{lnclusion in this list does not infer applicabiliry or endorsement. 
Additional companies maya/so manufacturar these products.) 

Product 

LLL #333 

AAA #222 

QQQI222 
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Lighting System Design 
Considerations 

SECTION 
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Emergency Lighting/2-45 
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Safety /2-44 

2-3 
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38 
llluminance Table/2-5 
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Physical Consideratior.s/2-

32 

\'/iring/2-36 

As an introduction to the subject of lighting 
design. Section 1 discusses lighting de.sign and 
lighting systems in general tem13~ On the other 
hand, Section.s 5 through 18 provide specific de
sign and e\·aluation information for the most 
.common 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 the 
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 !9S! Reference Volume 
provides the basic data and procedures as refer
ence for design purpo:3es. 

PSYCHOLOGICAL CONSIDERATIONS 

In the planning of lighting systems, lighting 
designers should be sen5itive to more than simple 
task requirements for reading, typing, sewing, 
shaving, cooking, etc. They should, of course, be 
sensitive to the adverse effects of glare. They 
should also become sen.<:itive to the uses of sil
houette, sparkle, focal emphasis, color, and other 
patterns of spatiallight, and beco me 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 irnpressions of 
spaciousn._es:.". stimulate senEations of spatial in
timacy or warmth, and reirúorce impres.'3ion.;; of 
cheerfulness or playfulness. 

Categoric'>i of Emironmental Lighting. In 
con:-iidenr-:;; tht: space-acti\·ity requuement~ 

2< 

mentioned above, there are basicallv two kinds 
of environmental lighting systems ~s discussed 
below: 
l. Lighting systems that flood a space sorne~ 
u·hat indiscriminately with permissiL'e illumi
nation from general ocerhead 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 beha\·ior. Instead, these svstem:; are 
usually intended to permit: · 
a. Easy perception of reading or manual tasks. 
b. Randorn 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 m2.ltY 
advantages in regard to utility, flexibility and 
general clarity. But for some t:ypes of activities, 
the resulting diffusion ami uniformity are rather 
significant shortcomings due to the often bland 
psychological effect ofthe room when it is lighted 
in this manner. (lt should be recognized that this 
hlandness can often be relieved by a sensitive 
use of surface color.) 
2~ Systems that decelop .<pecific patterns of light 
and shade lo reinforce selected informa/ion or 
room cue:.;. This kind of lighting is much more 
active behaviorally, in the sense that such .sys
tems are generally intended to reinforce a ~pecific 
pattern of user impres~ion or behavior. A.~ such, 
this approach requires more specific design in
tentions. 

These designs are often based ori the idea that 
light can be a ve hiele that influences user3' :::e:~c
tivE> attention or alters the information cor,c-::-::: 
in rhe visual field. As su eh, these lighting de5Í¿:n:-; 
shntlld he carefully evaluated for their rolE- in 

lhlishing cues thar_ reinf1•rre user.:;' unrk:·· 
;,din~ of their en\·ir;,,,;·,··· · ,,; ~he acti··:it;¡;_.:; 

. --1: [1( !' ! ~-- •. ! :·:. 
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In this regard considtration shuuld be given to 
the following categories of \'isual experience: 
a. The effect of light on user orientation and 
room comprehension. Sorne lighiing patterns 
seem to affect personal orientation and user un
derstanding of t.he room and its artifacts. For 
example, spotlighting or shelf-lighting affects 
user attention and consciousness: wall-lighting or 
corner-lighting affects user unrkrstanding of 
room size and ~hape. TogE-ther, these lighting 
elements can establish or modify the users' sense. 
of visuallimits or enclosure. 
b. The effect of light on irnpressions of activity 
:;;etting or mood. Other lighting patterns seem to 
in\·oh·e the communication of ideas or impres
sioÍ1~-with the suggestion that light is, in part, 
a medium that assists communication of spatial 
ideas and moorls. 

Tn this sense, spatial lighting patterns are be
coming recognized as part of a visual language 
that can assist the designer in implementing 
impressions su eh as "sombE-rness, ., "pla_;,fulness," 
"pleasantness," "tension," etc. Similarly, the de
signer can use light patterns to affect psychoso
cial impressions ·such as ''intirnacy," "privacy" 
and "warmth." In other words, lighting can be 
used in one way tÜ produce a carnival-like at
mosphere and in another way to produce a som
ber place for quiet meditation. Lighting can be 
used to produce a cold, impersonal public place 

Fig. 2-1. Light structure model indicating 
lighting design decision for affecting 
impressions of relaxation {and tension). 
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or conver::.t\:;. n warm, intima te place where one 
feels a gn·;,¡ .. -r ..:tn.s~ of privacy. !\.fore than es
thetic an1er-.!~:~ .:.. ;:re to be considered he re, be
cause thesc· irn¡:-:·l·ssions or moods are often fun
damental in ~:lti·.:f:-ing sorne experience and ac
tivity require:nt-JJLS in a designed space. 

uLight Structüre" 7\fode1s. There is consid
erable evidence that light can (and does) make 
an identitíable U':nribution to the quality of a 
room-and this cc.n::ribution clearly goes beyond 
simplistic conn-p:~ •Jf task visibility. 

Qualitati\·e in1~:1ences can be identitíed 
through the use of "light stn1cture" models that 
are developed \dth ciJntemporary research meth· 
ods in the hE-ha\·ic·ral sciences. 1

--1 This concept is 
based on the theory that the experience of room 
lighting is, in part, an experience of recognizing 
and assimilating communicative patterns. There 
i.S the suggestiím rhat patterns oflight can convey 
information: and that the brain constnJCts an 
impression of ~he phenomenal world from this 
information. This concept of information content 
and "meaning" further suggests that lighting 
should be con.:=-idered not merely as a stimulus 
but also as a "structure." 

An example of a "light stn1cture" model is 
shown in Fig. 2-I. :-.lodels have been developed 
to serve as a panial guide for the use of lighting 
effects appropriate for various task and non-task 
applicatio~s. 

.~-·---
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lmprcssions of Relaxation. lmpres.sio.n of 
relaxation.is an important subjec~h·e factor to be 
considered in tht· design of more casual areas, 
such a:-; waiting roorns. lounges, sorne re,:;tau
rant.s, etc. It is a subjectiH· \i3ual impres..-:ion 
tha.t appears to be reinforced by the following 
lighring intluences (see Fig. 2-l): 
l. Cniformity (i.e., reinforced by nonuniform 
lighting). 
2. Distribution (i.e., reinforced more specifically 
by nonuniforrn walllighting). 
3. Color (i.e., sume studie:::. indicate reinforce
ment by warm color.:; of v;hite ligh(). 

Ongoing research in the beha\iorial sciences 
will provide valuable knowledge about the influ
ences of lighting quality and quantity on the 
human organis:n. Lighting designers should seek 
the results of the;';e studies for guidance in their 
design. 

lmprcssions of Perceptual Clarity. lmpres· 
sions of perceptual clarity are an important sub
jective factor to be considered in the design of 
work spaces. It is a subjective \isual impression 
that appears to be reinforced by four lighting 
influences: 
l. Luminance (i.e., reinforced by higher lumi
nance on the horizontal plane). 
2. Locational (i.e., reinforced by luminance in 
the central part of the room). 
3. Color (i.e., reinforced by cool tone, continuous 
spectrum light sources). 
4~ Distrihution (i.e., reinforced by peripheral 
wall brightnes.:;). 

lmprcssions ofSpaciousnes~. lmpre.ssion of 
spaciousnes." is an irnportant subjective factor to 
be considered in the design of circulation and 
assembly spaces, such as corridors, lobbies, as
sembly halls, etc. Iris a subjective visual impres
sion that appears to be reinforced by uniform, 
peripherallighting~ Color of white light (warrn or 
cool) appears to be a negligible subjective factor. 

lLLUMINATION CONSIDERATIONS 

In this section, illumination c~:msiderations in
elude: illuminance, luminance ratios, visual com· 
fort, reflected glare, disability glarc, veiling rt-
tlec:tions, color and shado\ .. ·.s. Each i.s an impor
tant consideration and no emphasis is intemied 
b:-· ordt:r of pre:::entation or length of the discus
::;i,.m." th<l.t fo\low (sorne ha\·é additional co\·erage 
· .. , other 5e\_'ti•l:·:..: uf th!.- ·:·~·iume and in thc 1981 

:ft:rt.·nce \"u!:·· 

ILLUM/NANCE SELECTION 2-3 

llluminance Selection and Application 

A Ne\v 111uminancc Selection Procedurc. 
Since 1958 the Society has been puhlishing sin
gle-value illuminance recommenclations based on 
a method established at that time." In 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 guirlance sys
tem reflecting lighting-performance trends found 
in research. In 1979 th~ Socierv establishl~d such 
a new procedure.6 

V 

Since early 1979 the Society's comrnittees ha ve 
applied the new procedure in preparing new in
terior illuminance recommendations• for this 
Handbook and for the Society's recommended 
practices and cornmittee reports. 

lt is intended that this new procedure Yoill 
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 inforrnation be 
available to effectively use the new range ap
proach-a lighting tasil must be consiclered to 
be composed of the following: . 
l. The visual display (details to be seen). 
2. The age of the obscr>ers. 
3. The importance of speed and/or accuracy for 
visual performance. 
4. The reflectance of the task (background on 
which the details are seen).' 

The visual display is the object being viewed
it will present sorne inherent visual difficulty. 
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 adaptation luminance produced by the 
illuminance. These characteristics, considered in 
concert, determine tht: appropriate amount of 
light for the ilghting task. All four must be 
considered as comprising the lighting task. 

In applying the new procedure the fi.rst step is 
to determine a range of illuminances appropriate 
for the visual difficulty presented by the visual· 
display, the first of the abo\· e characteristics; and 
then to determine a target 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~ ti m" i\!t¡minanct'S for t'Hc~:,,,-, '111•! ~ ,. ,,;" . .!in ;pplication" 
c<:r~tin ··· "~ :•r, ·:·!ed .1.~ ..:¡n..:!t'·Val:..:~ ~' '..1:1•'"·' ,., .. ,h!i<1~d 
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ranges of illuminancts for \·ariotJS types of \isual 
displays. ExpE-rience and juc_!g-ment played an 
obvious, import.ant role in ; !~f- !'airing of \isual 
displa)'S and these ranges. l'i:1e ranges, called 
Jlluminance Calegories, han= b.:::tn established, 
patterned after those in the C!E Repon l'o. 29.' 
These are designated "A" through '·I," covtring 
illuminance leYels from 20 to ~0.000 lux [2 to 
2000 footcandles]. See Part 1 of Fig. 2-2. Funher 
work of the applieation commiti•.·ts resulted in 
recommended ·ranges of illumin~~nce for specific 
visual displays (tasks) and arca;:; (see Fig. 2-2, 
Paru 11 and 111). 

Alternatively, if the inherent \·isual difficulty 
of a visual display has be en measured in terms of 
'its equivalent contrast, C, the Illuminance Cate
gory can be determined from Fig. 2-36 This table 
of equivalent contrasts and Illumlnance Cate
gories was established on a consensus basis by 
the Society's Committee on Reconunendations 
for Quality and Quantity of Illumination. 

For a given visual display, a specific \·alue of 
illuminance can be chost!n 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 founh 
characteristics of the llghting 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 bclow). 

lt can· be seen that over-all design of this 
procedure makes it an illuminance selection pro
cedure, where consensus-determined recom
mended ranges combine with user supplied in
fonnation and judgment. The result is the·deter
mination of a specific target value of ilhiminance 
appropriate for the lighting task under consid
eration. 

Limitations of the New'Sclcction Proce
dure. This illuminance selection procedure is 
intehded for·use in interior environments where 
visual performance is an important considera
tion. lt has be.en de\·eloped from a consideration 
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of experience and rv.:-:t·:irch re;:;;ults from visual 
performance experinu·nu;. Its u~e is then limited 
to applications whtre this information can be 
applit:d clirectly. Thus, the illuminance selection 
procédure6 is not u.sed to dett:rmine the appro

"priate illuminancfs when: 
l. ~1t-rchandi!'ing is the principal acti\·ity in the 
space and the advantageous display of goods is 
the purpose of lighting. 
2. AdH·rtising, ~a.les prcrnotion or attraction is 
the purpo.se of lighting. 
3. Lighting is for sensors otht::r than the eye, as 
in film and tele\·ision applications. 
4. The principie purpose of lighting is to achieve 
art istic effects. 
5. Luminance ratios have a greater irnportance 
than adaptation luminance, as when it is desired 
to achieve a particular psychological or emo
tional setting rather than pro\·ide for \"isual per
formance. 
6. i\1inimum illuminances are required for safety. 
7. !\1aximum illuminances are e.st.ablished to pre
vent nonvisual efftct.s, such as bleaching or de
terioration due to uhraviolet and infrared radia
tion in a museum. 
8. Illuminances are part of a test pro~tdure for 
e\'aluating equipment, su eh as for surgical light
ing systems. 

Procedure for Sclecting llluminances. The 
procedure pro\ides a method for dett-rmining a 
target maintained il!uminance value for a single 
\;sual task, and as such \\;u not a....<;Sure an ade
quate illuminance level for a given space. This is 
especially true for those spaces in which a variety 
of\~sual tasks occurs. To help assure appropriate · 
task illuminance as well as pro\·ide potential for 
increased energ,y .sa\·ings, the designer should 
consideran illuminance targE:'t as the quantity of 
light required on the plane of the ta>k. 

The designer should be aware of, or assume, 
the potential \isual tasks to be performed within 
the space. The illuminance level detennine-d us
ing this procedure is a function of the \;sual 
characteri.stic.s of that task. Therefore, the im
portance, durarion and difficulty of t!ach task in 
the space mu.st be consic!ered as each may dicta te 
a different illuminance !eYeL The imponance of 
pro\·iding \·arious illuminance levels can then be 
rated accordingly. !\!ultiple lewl lighting sys
tems, segregation of certain \-isuai ta.Eks, nonun
iform lighting .sy.stems, or single le\·el systems to 
meet the commonly occurring most critica! visual 
task requirement.s, are options the designer must 
co~sider for system optimiz.ation. , 

The four step procedure described below re
quires the designer to select an Illumimmce Cat-

¡ 
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Fig. 2-2. Curren~ly Recom:-:-:e:-.,:ed !lluminance Categories and llluminance Values tor Lighting Design
Target Maintained Levels 

The tabulation that foPOws is a c--:-rs.::i.dated listing of the 
Societ·(s curren! illuminance reccr. . .-:O-:-. .:aticns_ This listing 
is inter:CeC to guiCe the lighting C~;,:;.;er in s<:lecting an 
apprcpriate illuminance for Cesic;n a:-.~ e·.-a!uation of lighting 
systerr.s. 

Guidance is proviC~-j in ¡.,...o forr.,s: (1 ). in Parts 1, 11 and 111 
as an lfluminance Cat::gory, represenLr.g a range al illumi
nances (see page 2-4 lar a met~-od el selecting a value 
within each illuminance range): and (2). in parts IV, V and VI 
as an 11/uminance Value. ll!uminanc~ Cc:egories are repre
sented by letter design2tions A lhrouc;h l. llluminance Values 
are given in lux with an aoproximate e-:::;!.:ivalence in footcan
dles andas su eh are in tended as tar;-2! (nominal) values "':ith 
deviations expected. Tr.ese tare;-::; va!ues also represen! 
maintained values (see page 2-24). 

This lable has been divided into the six parts !orease of 
use. Par! 1 provides a listing of bolh llluminance Calegaries 
and ll!uminance Values for generic types al interior activities 
and normally is lo be used when llluminance Categories lar 
a specific Area/ Activity can·nat be lound in parts 11 and 111. 
Parts IV, V and VI, provide target mainlained llluminance 
Values for outdoor facilities, sports and recreational areas, 
and transportalion 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 the lighting will be properly designed 
lo take into account !he visual characteristics al !he task 
See the design inlormation in !he particular applicatian sec
tians in this Applicatlon Handbook lar turther recommenda
tions. 

l. lllurr.inanCe Cato:-;-:.ries and l!luminance Va!ues lar Generic Types al Activities in lnteriors 

Type of Ac:i~·ity 

Pub!ic spaces with dark surraundinc;s. 

Simple orientation for short tempvra.rt 
visits 

Working spaces where ·úsual tasks are 
only occasionally performed 

Performance o! visual tasks al high con
tras! or large size 

Performance of visual tasks ol meCium 
contras! or small size 

Performance of visual tasks al lo·..., cen
tras! or very smal! size 

Per~·;,r:7".ance al visual tasks of low cen
tras! and very sma.ll size over a pro-

llk:minance 
C.ategory 

A 

B 

e 

D 

E 

F 

G 

Ranges of llluminances 

Footcandles 

20-30-50 2-3-5 

50-75-100 5-7.5-1 o 

100-150-200 10-15-20. 

200-300-500 20-30-50 

500-750-1000 50-75-100 

1000-1500-2000 100-150-200 

2000-3000-5000 200-300-500 

Reference Work-Piane 

General lighting 
throughout spaces 

llluminance on task 

lcnged period Hluminance on task. 
---=----------------------------------------- obtained by a com-
Performance of very prolonged and ex-

acting visual tasks , 

Performance of very special visual tasks 
of extremely low contras! and small 
size 

H 5000-7500-10000 

10000-15000-20000 

500-750-1 000 bihation of general 
and local (supple

1000-1500-2000 mentary lighting) 

11. Commercial, lnstitutional. Residential and Public Assembty lnteriors 

Arefl/ Activity · 

Air terminals (see Transportatian terminals) 

. Armories 

Art galleries (see Museums) 

Auditoriums 
;.ssembly 
.3-:-·:ial activity 

' Banks (also see Reading) 
Lctby 

G":r.eral 
··::r:;io . .;; J.r·~:.\ 

T.;:!L=;r~ ~r;;ti.:r.s 

-¡:.,-;r~·-=.,r .. -:_.,.-:;;~~·-:~:,-,·:-. .:~ _. · 

llluminance 
Category 

e• 

C' 
B 

e 
o 
E' 

Area/ Acti~·ity 

Barber shops and beauty parlors 

llluminance 
Category 

E 

Churches and synagogues 

C1ub and 1odge rooms 

(see page 7 -2)"' 

Lounge and reading 

Conference rooms 
Conferring 
Critica! seeing (refer to individual ta.sk) 

C~urt rooms 
Seating area 
Court activ1ty -1rea 

0-l~'~e r,: .~. ~nd discotheques 
. --·---·--------·~--

D 

o 

·e 
E' 
B 
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Fig. 2-2. Continued 

11. Contrn:.;:;:d --------------------------- -------·----
!IIL.m1nance 

Cóitt-gOrJ 

Oepots, terminals and stations 
(see Transportation terminals) 

D~afting 
Mylar 

High contras! media; India ink, plastic leads. 
sol! graphite leads E3 

Low contras! media; hard graphite leads F3 

Vellum 
High centras! E3 

Low contrast F3 

Tracing paper 
High contras! E3 

Low contras! F3 

Overlays5 

Light table C 
Prints 

Blue line E 
Bluepr'1nts E 
Sepia prints F 

Educational facilities 
Classrooms 

Genera[ (see Reading) 
Orafting (see Drafting) 
Ho~e economics (see Residen~es) 
Science laboralories E 
Lecture rooms 

Audience'<see Reading) 
Demonstration F 

Music rooms (see Reading) 
Shops (see Par! 111, Industrial Group) 
Sight saving rooms F 
Study halls (see Reading} 
Typing (see Reading} 

Sports facilities (see Part V, Sports and Recrea
tional Areas) 

Cafeterias (see Food service facilities) 
Oormitories (see Residences) 

Elevators. freight and passenger C 

Exhibition halls C' 

Fire halls (see Municipal buildings) 

Food service facilities 
Dining areas 

Cashier O 
Cleaning C 
Oining 8 6 

Food displays (see Merchandising spaces) 
Kitchen E 

Garages-parking (see page 14-24) 

Gasoline stations (see Service stations) 

Graphic design and material 
Color seJect'lon 
Charting and mapping 
Graphs 
Keylining 
Layout and artwork 
Photographs, moderate detail 

F" 
F 
E 
F 
F 
E" 

Health care facilities 

lllurnir.ance 
Category 

Ambulance (local) E 
Anesthetizing E 
Autopsy and morgue':.•a 

Autopsy. general E 
Autopsy table G 
Margue. general O 
f.~useum E 

Cardiac function lab E 
Central stE:-rile supply 

tnspection. general E 
lns~ecliún F 
At sinks E 
\'.'ork oreas. general O 
Processed storage O 

Corridors' 1 

rJursing areas-day e 
r,;ursing areas-night B 
O;::.erc.ting areas. delivery, recovery, and labo-

ratory sui!es and service E 
Critica! care areas' 7 

General C 
E:ramir.c.tion E 
Sl!rgicat task lighting H 
Hanc· ... ashing F 

Cystoscopy room' 7
· '

6 E 
0-s-r.tal suite' 7 

General O 
lr.strur.;ent tray E 
Oral ca·lity H 
Prosthetic laboratory, general D 
Prosthetic laboratory, work bench E 
Prosthetic laboratory, local F 
Recc.,.ery room. general e 
RKovery room. emergency examinatton E 

Di::;lysis unit, medica1' 1 F 
Et;;·¡;::ors C 
EKG anj s~ecimen room' 7 

Ger.eral B 
On e:;t.:i;;ment C 

Er-s-fger.cy Ct.:lpatient' 7 

GeneraJ E 
Local F 

Er.:~sc:.;;y rooms' 7
· '

6 

G;.r:eral 
Perit:..-.-=-:Js·:~;Jy 

C~l-::-:::s-:o:·;:y 

E,-.::r.--in:::i-:n and treatment rooms 17 

Ger:eral 
Local 

EJe &.~rg,::.ry' 7 ·.e 
Frc:t!..:re r.:>Om' 7 

G;;.-.eraJ 
Le---al 

lr:-=.·~:::;on tr.erapy 
Lc:·:~ct::-;es· ~ 

S:e:i:-.~n cc:Jecting 
Tis.st.:e (¿tx:;rc:ories 
'·';:rcs.:.c;::.ic reading room 
G~-:·ss s;>8::j:-;-,en review 

E 
D 
D 

D 
E 
F 

E 
F 
D 

E 
F 
D 
F 
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c-:---.~~ry roe-m-:> 
E.:~::-:;.-::lo~-¡ rocms 

G~~~ra.l 

F:~:=jir,g culture ~la:,:s 
~~- .;~clicg·¡ 

Lir ¿-S 

S-:·: rg sciled line.n 
c-::-::.;1 (clean) \inen rc:r.. 
5,;-.·.·~-~ room. g.::r:-:ral 
S-=,., .-.;; r-:.om. work ar-=2. 
Li.-,;-n clcset 

Le::, 
Lo;:;;..,;-r rooms 
M-:-: . .:2.1 illustration stuCio ·: ·" 
~.~e: :ai recorcs 
Nvs-:-~:-:s · 

G-:-:--:ra!·~ 

0::: ser-oation and trea:..-.er.: 
Nu:-s.-:-;o stations'' 

G-:~eral 
Des :O: 

Ccni,jors, da y 
Ccrrídors, night 
~1 e·.::ication station 

Ot-s:-=tr;.: deli·.·ery suite'' 
La:-~r rocms 

Ger.eral 
Local 

Birtt-.ir.g room 
Deii·oery area 

Scrub, general 
General 
Deii•,ery table 
Resuscitation 

P;:;st,jeliver¡ recovery area 
Sut::·sterilizing room 

Occupational therapy' 1 

Wcrk areo, general 
Work tables or benches 

Patients' rooms' 7 

Ger-:ra\' 9 

Ot-s-::r·,ation 
Critica\ examination 
Aea::!ing 
Toilets 

PharfT,acy'' 
General 
Alcohol vault 
Laminar flow bench 
Nio;;ht light 
Parentera.l solution room 

Phys:cal therapy departments 
Gymnasiums 
Tank rooms 
Tre.:~tment cubicles 

Postanesthetic recovery room'' 
Ger-.eral'~ 

Lcc.-;1 
Putmcnary lunct!on laboratories · ~ 

(s,:;e ~a-;e 
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Fig. 2-2. Continued 

11. Continued 

lll>.a-r.inance 
Ca:e-c;Gry 

E 

E 
F 
E 

D 
D 
D 
E 
B 
e 
e 
F 
E 

e 
E 

D 
E 
e 
A 
E 

e 
E 
F' 

G 
G 

7-15) 
G 
E 
B 

D 
E 

B 
A 
E 
D 
D 

E 
D 
F 
A 
D 

D 
D 
D 

E 
H 
E 

Area/ Ac:ivity 
llluminance 
Category 

Aadiologicat suite' ~ 
Diagn·~stic section 

General'~ 

Wat!ing are3 
Radiographic/fluoroscopic room 
Film sorting 
Barium kitchen 

Radiation theraoy section 
General' 8 

Waiting area 
lsoto~e kitchen, general 
lsotope kitchen. benches 

Computerized radiotomography section 
Scanning room 
Equipment maintenance room 

Solarium 
General 
Local for reading 

Stairways 
Surgical suite 1

' 

A 
A 
A 
F 
E 

B 
B 
E 
E 

B 
E 

e 
D 
e 

F Operating room. general' 8 

Operating table 
Scrub room"1 

(see page 7-12) 
E 

lnstruments and sterile supply room 
Clean up room, instruments 
Anesthesia storage 
Substerilizing room 

Surgical induction room 17
• 

18 

Surgical holding area' '· ' 8 

Toilets 
Utility room 
Waiting areas' 7 

General 
Local for reading 

Homes {see Residences) 

Hospitals (see Health ca re facilities) 

Hotels 
Bathrooms, for grooming 
Bedrooms, for reading 
Corridors. elevators and stairs 
Front desk 
Linen room 

D 
E 
e 
e 
E 
E 
e 
D 

e 
D 

D 
D 
e 

Sewing F 
General C 

Lobby 
General tignttng C 
Aeading and working areas D 

Canopy (se e Part _IV, Outdoor F~cilities) 

Kitchens (see Food service facilities or Resi-
dences) 

Libraries 
Readtng areas (see Reading) 
Book stacks (vertical 760 millimeters (30 inches) 

above floor) 
Acti·•e stacks D 
lnacti·•e stacks 8 

Book repair ana bincing D 
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. Fig. 2-2. Continuf:'a· 

11. Cont1nued 

;..rea/Acti111ty 
1\lur:-.;r.an-:e 

Ca:~gary 

Cataloging o~ 
Card files E 
Carrels, individual study areas (see Reading) 
Circulation desi<.s O 
~l.ap, picture and print rooms (see Graphic design 

and mat¿rial) 
Audiovisual areas D 
Audio listening areas O 
Microform areas (see Reading) 

locker rooms 

Merchandising spaces 
Alteration room 
Fitting room 

Dressing areas 
Fitting areas 

Locker rooms 
Stock rooms 
\'/rapping and packaging 
Sales transaction area 
Circulation 
Me:r:handise 
Fe<lture display 
Show windows 

Motels (see Hotels) 

Municipal buildings-fire and police 
Police 

e 

F 

o 
F 
e 
o 
o 
E 

(see page 8-6)8 

(see page 8-6)8 

(se e page e -6)8 

(see page 8-6)8 

ldentification records F 
Jail cells and interrogation rooms D 

Fire hall D 

Museums 
Displays of non-sensitive materials D 
Displays of sensitive materials (see page 7 -29)2 

Lobbies, general gallery areas, corridors C 
Restoration or conservation shops and labora-

tories E 

Nursing homes (see Health care facilities) 

Offices 
Accounting (see Reading) 
Conference areas (see Conference rooms) 
Drafting (see Dratting) 
General and prívate offices (see Reading) 
Libra ríes (see Ubraries) 
Lobbies. lounges and reception areas 
Mail sorting 
Off-set printing and duplicating area 

Post otfices (see Offices) 

Reading 
Copied tasks 

Ditto Copy 
Micro-fiche reader 
Mimeograph 
Photographs, moderate detail 
Thermal copy, poor copy 
Xerograph 
Xerography, 3rd generation and greater 

e 
E 
o 

E' 
812,13 

o 
E" 
F' 
o 
E 

Electronic data processing tasks 
CRT s.creens 
lmpact printer 

good ribbon 
poor ribOon 
2nd carbon and greater 

lnJt. jet printer 
Keyboard reading 
M achine rooms 

Acti,,e opera!ions 
Tape slorage 
t.'.achine area 
Equipr;'lent st:rvice 

Therrna1 print 
Hand .... -ritten tasks 

P:3 penci! and softer leads 
#~ pencil ar1d harder leads 
Bal!-point pen 
Felt-tip pen 
Hc;.n:!,.,·r¡::en carbon copies 
N0n Photographically reproducible coiClrS 
cr . .:.:~.bcards 

Prinled task.s ' 
6 point type 
8 and 1 O poi ni type 
Glcssy magazines 
tJ2pS 
!'-te,o,·s.;Jrint 
Ty~ originals 
Ty~ 2nd car~n and later 
Teie;>hone books 

Residence-s 
Generallighting 

Corwersation. relaxation and entertainment 
Pas.s.::;:e areas 

Specific ·.-isual :aosks?O 
Oir,ing 
Groor..ing 

Mú.eup and shaving 
FL:II-l~ngth mirror 

Ha;.:::'::ratts and hobbies 
W-:rf<..bench hobbies 

Ordinary tasks 
Difficult tasks 
Critica! tasks 

Easel ho':lbies 
lroning 
Kit:.hen du!ies 

Ki~cr.en counter 
Critica! seeing 
N:>ncritical 

Kit.:t-.en range 
Di:-fi::ult seeing 
t.:::n::ritical 

Ki~::hen s.ink 
DitficL:lt seeing 
~;:;.ncritical 

La!..~:::'ry 

P:e;aration and tubs .. 
W=.s..'"ler E:nd dryer · 

For footnotes, ~N~ page 2-19. For illuminam:e range~ for each Illuminance C..t.:~j:::;·. ~ r·~-:::e :>5. 

llluminance 
Ca:e-gory 

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 

Ar~.: !..::i-.::-¡ 
llluminance llluminance 
Ca:eGory Are a/ Ac:i·Jity Categcr·¡ 

-~-----~-------'----'---+-----_______ :_:_:___:_ 
~~u sic s:uCy (¡:-iano ore:;.:.-) 

Simple scores o 
E 
F 

AC·;ar:ced scores 
Substand size s;:cres 

ReaO::ing 
In a chair 

Books, magazir.es c;;-j r:ns;::¿;:.-;:-s D 
Hand· • ..-ritira;;, re;::r::.Cé;': :c-:r;s a:::: ¡::oor 

copies E 
In ted 

Normal O 
Prolonged serious cr cric:cal E 

Des k 
Primary task plane. C23L2.1 O 
Primary task plane. s'•.;-:y E 

Sewing 
Hand sewing 

Dark facrics. lo·.-. ccr.trcst 
Lighl to medium fa::rics 
Occasional, high cor.trast 

Machine sewing 
Oark fabrics, low cor.t:-ast 
Ught lo medium fabrics 
Occasional, high contras! 

Table games 

F 
E 
o 

F 
E 
o 
o 

Restaurants (see Food service fi3ci!ities) 

Safety (s€e ¡::3.-;¡e 2-45) 

Schools (see Educational facilities) 

Serví ce spaces (see also Storage rooms) 
Stairways, corridors 
Elevators, freight and passenger 
Toilets and wash rooms 

Service stations 
Ser ... ice bays (see Part 111, Industrial Group) 
Sales room (see Merchandising spaces) 

e 
e 
e 

Show windows (see page 8-6) 

Stairways (see Service spaces) 

Storage rooms (see Par! 111, Industrial Group) 

Stores (see Merchandising spaces and Show win
dows) 

Television (see Section 1 1) 

Theatre and motion picture houses (see Section 11) 

Toilets and washrooms 

Transportation terminals 
Wailing room and lounge 
Ticket counters 
Baggage checking 
Aest rooms 
Concourse 
Boarding area 

e 

e 
E 
o 
e 
8 
e 

111. Industrial Group 

Area/f.ctkity 

Aircraft maintenance 

Aircratt manufacturing 

Assoambly 
Simple 
MoCeralely difficult 
DiHicu!t 
Very difficult 
Exacting 

Automobile manufacturing 

B.:keries 
Mixing room 

Face of shelves 
lnsiCe of mixing 

Fermentation room 
Mai-.e-up room 

Bread 

bowl 

Sweet yeast-raised products 
Proofing room 
Oven room 
Flilings and other ingredients 
D.::c~rating and icing 

~.lechanical 

llluminance 
Caleg<Jry 

(see ¡::e.;e 9-12¡2 1 

(see ¡:¿.;¡e 9-12)2
' 

o 
E 
F 
G 
H 

(see page 9-17)21 

o 
o 
o 
o 

o 
o 
o 
o 
o 

o 

Area/ Activity 
llluminance 
Category 

Book binding 
Folding, assembling, pasting D 
Cutting, 'punching, stitching E 
Embossing and inspection F 

Breweries 
Brew house D 
Boiling and keg washing O 
Filling (boltles. cans, kegs) D 

Building construction (see Pa.rt IV, OUtdoor Facili~ 
ties) 

Building exteriors (see Part IV, Outdoor Facilities) 

Candy making 
Box department 
Chocolate department 

Husking, winnowing, fat extraction, 
and refining, feeding 

Bean cleaning, sorting, dipping, 
wrapping 

Milling 
Cream making 

Mixing, cooking, molding 
Gum drops and jel1ied forms 

crushing 

packing, 

o 

o 

o 
E 

o 
o 

i-'.21"1d E Hand decorating o 
.S<:;ji,;:s and thermometers D Hard candy 

o '<i·c:cing O M_ixing, cooking, molding 

-F-:.~~,~~.~-.,.~~ ¡ .. ,~.~:;~~-;¡·· For t.!.!umindr.~e rd~:.:oo~ :·,,r eJ.<.:;-Ú~->e-.1:-c.~,-,-"-:;C~.-,-,~o-,)-.. -.~e ¡.Hl.'• -~2~-S~.--------------
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111. Contínue:::f 

lllur.ur.af"'ce 
Ca:egory 

illur71on;;n:-•: 

Die cutting a~G sorting 
Kiss rr.aking e.n<::i wrnpping 

Canning and preserving 
lnitial graCing raw ma~erial samples 

Torr.atoes 
Color grading and culting rooms 

Preparation 
Preliminary sorting 

Apricots and peaches 
Tomatoes 
Otives 

Culling and pitting 
Final sorting 

Canning 
Continuous-belt canning 
Sink canning 
Hand packing 

Olives 
Examination al canned samples 
Container handling 

lnspection 
Can unscramblers 
Labeling and cartoning 

Casting (see Foundries) 

Central stations (see Electric generating stations) 

Chemical plants (see Petroleum and chemical 
plants) 

C\ay and concrete products 
Grinding, filler presses. kiln rooms 
Molding, pressing, cleaning, trimming 
Enameling 
Color and glazing-rough work 
Color and glazing-fine work 

Cleaning and pressing industry 
Checking and sorting 
Dry and wet cteaning and steaming 
lnspection and spotting 
Pressing 
Repair and alteration 

Cloth products 
Cloth inspection 
Cutting 
Sewing 
Pressing 

Clothing manufacture (men's) 
Receiving, opening, storing, shipping 
Examining (perching) 
Sponging, decating, winding, measuring 
Piling up and marking 
Cutting 
Pattern making, preparation of trimming, piping, 

cam·as and shoulder pads 
Fitting, bundling, shading, stitching 
Shops 
lnspection 
Pressing 
Sewing 

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 

D 
1 
D 
E 
G 

E 
D 
F 
G 
F 
G 

Ca:egory 

Control rooms (s~:e EIE:-c!ric generating stations-
i;,terior) 

Corridors (see Service spaces) 

Cotton gin industry 
O-oerhead .::--::;~i;.r..ent-se;:;arators, driers, grid 

clean~rs, sti.:::k machines. com·eyers. lt:ed
ers and catwalks 

Gin stand 
Central ccnso!e 
Lint cleaner 
Baie press 

Dairy farms (see Farms) 

Dairy products 
Fluid milk industry 

Boiler room 
Sot11e storage 
Bottle sorting 
Bot1!e washers 
Can v.-as~-ers 
Cooting e:::¡~..:i;:rnent 

Fi!ling: ir:s¡::¡ec~ion 

Gau:;es {on face) 
Lat.sratvries 
~.•eter panels (on lace) 
Pas:eurizers 
Se;:;~rators 

s::.ra";e relri:;;e;ator 
Tao.:. s, -.·ats 

L!;nt ir.\eriors 
D:::.rk interiors 

T!--,~rmometer {en lace) 
Wei;r.ing room 

Sea les 

Ois;:;atch boc.rds (see E\ectric generating 
stations-interior) 

Dre-dging (se-e Part IV. Ü!Jtdoor Facil;;ies) 

Ele-ctrical equipmenl manufacturing 
J.-.;~::-;:--ct:ng 

i:-s:.:la.:io.]:: cci! v.inding 

Eledric generating stations-interior (se e also Nu
clear po·ner p\ants) 

;.ir-con::;~i:;:;n1n;; ~:;ui¡:rr.ent. air pr.:-~.ea:er and fan 
f\:-or. as.h slt..:icing 

.~uxi.1 ic.ri-ó's. Pt..:F.l,=-5. ta.nks. com.:;o.:-ss:~s. gauge 
crea 

:::::--:e.-)· rc-c-ms 
5-:.::er ~.la.rf.:.rms 

O!... ro-er ;!.:;.ibrms 
Cc.:ie ro-:>m 
Cc.;:l !"'.e,;.:l:n:;; sys:ems 
C:.a.l ~·!..· 1 ·.-erl;:er 

C::..-.:e~se-rs. Ce.:;.e~ator f\oor. e•a.:·::.:;.tor floor, 
r--:-;::er ft:·:rs 

:::::-::-::.•:·1 rcv:-;-:s 
~.'&.i;'l cc-r.trcl :--:a~ds 
A:..:x_::.::.r¡ c.:-r.:rc:l panels 
C:·-:-;cic-r's si.:di:.n 

D 
D 
D 
D 
D 

D 
D 
E 

D 
D 
E 
E 
E 
E 
D 
D 
D 

e 
E 
E 
D 
E 

" 

D 
E 

B 

e 
D 
B 
e 
B 
B 
e 

B 

For fuotnOit'~. ~et' page :!-19. For i!luminnnCt' ran¡;e>' for earh [l]umin.;.;-¡:-t e~:.,.-;:.:::·-.'""'""" t--"';:'" ~-~. 



Fig. 2-2. Continued 

111. Continued 

Ar¿;¿: Actívity 
\lluminance 

ca:e;;.::r, 

--------------------------
MaintenJnce ao.c ·,, ~~•-·; ,;:,·:,;:.; O 
Ernergency q:·~r.::;.:;,;; 1'.;.'":::-; C 
Gauge reaCing O 

Hydrogen and car::-cr. ;:i\:;t::: r:-c:-i':·:: area e 
Laboratory E 
Precipitators 8 
Screen house C 
Soot or slag blow~r ¡::atf;:rr.. e 
Stearn headers and tt·.rc:-;:==s 8 
Switchgear and ~olor ccr:rcl C€:r.'.€:rS O 
Telephone and ccr..r.Lricc::-:n e-::;uipment 

rooms O 
Tunnels or gatleri:s. ¡:i;:irg .::;....-.; e:::-:t.-:~1 8 
Turbine building 

Operating flv.:.r O 
8elow operaliGg flc-cr e 

Visitor's gallery e 
Water treating area O 

Electric generating stations-exterior (~ Part IV, 
Outdoor Facilities) 

Elevators (see Service spaces) 

Explosives manufacturing 
Hand furnaces. boiling tar.ks. sta~:cr.ary driers. 

stationary and gra·1it"'¡ crys:alliz;:.rs O 
Mechanical furnace. geGera:crs ar,d stills, rne· 

chanical driers, e·•a;:cr&.tcrs. fiitration. me· 
chanical crystaliizers O 

Tanks lar cooking. e:ttractors, percolators, 
nitrators O 

Farms-dairy 
Milking operation area (r.;ilking par!::r and stall 

barn) 
General e 
eaw·s udder O 

Milk handling equipmer.t and storage area {milk 
house or milk room) 

General e 
Washing area E 

Area/A-:ti,ity llluminance 
Cate:gory 

General shop area (rnachinery 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· 
wprking, dri\1 press. metnf lathe, grinder) E 

Miscelianeous areas 
Farm oflice (see Reading) 

·Restrooms (see Ser."ice spaces) 
Pumphouse e 

Farms-poultry (see Poultry industry) 

Flour mills 
Aolling, sifting, purifying E 
Packing O 
Product control F 
eleaning, screens. man lifts. aisleways and walk· 

ways. bin checking O 

Forge shops 

Foundrtes 

E 

Annealing (furnaces) O 
Cleaning O 
eore making 
~e F 
Medium E 

Grinding and chipping F 
lnspection 

Fine G 
Medium F 

Molding 
Medium F 
Large E 

Pouring E 
Sortlng E 
Cupo!a e 
Shakeout O 

8ulk tank intericr E Garages-service 
loaCi•.g p!at:orm e Repairs E 

Feeding area (sial\ barn leed a!!ey, pens, loase Active traffic areas e 
housing feed area) e Write·up 0 

Feed storage area-lorage 
Haymow A Glass works 
Hay inspection area C Mix and furnace roorns, pressing and lehr, glass-
Ladders and stairs e blowing machines e 
Silo A Grinding, cutting, silvering D 
Silo room e Fine grinding. beveling. polishing E 

Feed storage a;ea-g.rain and conc 2 ntrate · lnspection, etching 2nd decorating F 

Grain bin A Glove manufacturing 
Concentrate storage area 8 Pressing G 

Feed processing area . . . . 8 Knittíng F 
Livestock housing area (community, maternity, in· Sorting F 

dividua! calf pens. and loase hcusing hold- eutting G 
ing and restlng areas) 8 Sewing and inspection G 

Machine storage area (garage a,-,.-; ;"0.:<-:l'":ine 
shed) 

8 
Hangars (see Aircraft manufacturing) 

Farm shop area Hat manufacturing 
Acti·¡e storag<:! area 8 Oy"eing, stiffening. tr~i-:iing. cleaning. refining E 

----~~-L-~~--~--~~--~------
F"or fo.,muu:". -""'" jJ,.; .. .>\~~ F·H il!w:1m.t~:, .- r .. :- .. ; .; ~ ,, .1 i !'! !••n,Jil•_., Clle!'!•Jry. ~o>e pH¡!': :!--:• 
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Fig. 2-2. Ccr.tinued 

11\. C::;.'":::. ·:.·.:::d 
----------------------~· 

lllurn1:-.an.:e 
Area;Ac:i~ity 

Cate-:;:of) 

Forming, sizing, pouncing. tlanging, finishing, 
ironing 

Sewing 

!nspection 
Simple 
Moderately difftcull 
Difficult 
Very dilficult 
E"acting 

F 
G 

D 
E 
F 
G 
H 

!ron and steel manufacturing {see page 9-63) 2
' 

Jewelry and watch manufacturing 

Laundries 

G 

Washing O 
Flat work ironing, weighing, listing, marking O 
Machine and press finishing, sorting E 
Fine hand ironing E 

Leather manufacturing 
Clcaning, tanning and stretching, vals . ·O 
Cutting, fleshing and stutfing D 
Finishing and scarfing E 

Leather working 
Pressing, winding, glazing F 
Grading, matching, cutting, scarfing, sewing G 

Loading and unloading platforms (see Part IV, Out
door Facilities) 

Locker rooms 

Logging (see Part IV. Outdoor Facilities) 

Lumber yards (see Part IV, Outdoor Fa:.:;lities) 

M~chine shops 

e 

Rough bench or machine work O 
Medium bench or machine work, ordinary autcr 

matic machines, rough grinding, medium 
bulfing and polishing E 

Fine bench or machine work. fine automatic ma
chines. medium grinding, fine buffing and 
polishing G 

Extra-fine bench or machine work, grinding, fine 
~~ H 

Materials handling 
Wrapping, packing, labeling D 
Picking stock, c\assifying O 
Loading, inside truck bodies and freight cars e 

Meat packing 
Slaughtering O 
Cleaning, cutting, cooking, grinding, canning, 

packing •. O 

Nuclear power plants (see ·also Eleclric generating 
stations) 

Auxiliary building, uncontrolled access areas e 
Controlled access are as 

Count room E23 

Labor a tory E 
Heal\h physics office F 
Medica! aid room F 
Hot laundry D 

t::..:rn1r.ance 
Category 

Storage room 
Engineere(l safety teatures equipment 

Di~sel generator building 
Fuel ~a.n.;!in·J building 

Opeatin;¡ fbor 
Bel::,..· o>:·erating floor 

Otl gas buiiding 
Radwaste buitCing 
F.eac\or buildir:g 

Ops-rating fioor 
Belo.•• operating fi·JVr 

Packing and bo:ling (see Materials handling) 

Paint manufacturing 

e 
D 
D 

D 
e 
e 
D 

D 
e 

Processing O 
Mix comparis.on F 

Paint shops 
Oippir.g, simple spraying. firing O 
Rubbi~g. orCinary hand painting and finishing art. 

slencil and special spraying O 
Fine r.and painting and finishing E 
E~tra.fine h;;nd painting and finishing G 

Paper-box manufacturing E 

Paper manufacturing 
Beaters. grinCing, calendering D 
Fir:i5hing, cutting, trimming, papermak.ing ma-

chines E 
Hand cour.ting, wet end of paper machine. E 
Pc.::er r..a::.hine reel, paper inspecti~n. and 

lat:>oratories F 
AewínCer F 

Parking areas 

Petrole'Jm artd chemical plants 

Plating 

{see page 14-24) 

{see page 9-51)21 

D 

Polishing and burnishing (see Machine shops) 

Power plants {see Eledric generating stations) 

Poultry industry (see also Farm-dairy) 
Brc-:-::i.-:;. proCuction. and laying houses 

F;:.e.::iro;¡, ins;:¡ection, cleaning 
o-.c...~s a:-.d records 

e 
D 

Tr.err.>-:>'7"cters, tnermcstats. time clocks O. 
H.::.::.~:;-r-ie-s 

Ge:-eral are a¿.:-,:; icadint;; p\atform e 
l:s::e ir-cu::.a~ors O 
0,;:-.:-¡¡;;g station F 
S€Jif';o H 

Eg; r.a:"""o:iir'J. pa-:'O(.ing. and shipping 
Ge-:-.~1 clean\:r.ess E 
E;-; c:..;c..:i:-y ins;ection E 
Le-:::::;;-.; ;!a~=-rm. e·'J9 slorage area. etc. e 

E;; ¡:-.r:.=:essing 
G~:-.t:--~é.l i';~.ti:"""og E 

Fe,.,·\ ;::--·c:>::essi."lg ¡;!,;.ni 
G~:-.t:--:-al {e.r.ci'..:::;ng ki\\ing and uf11oading 

a·e~ E 
G:-,·err-.:->e-r:t ir.s;:..?dion station ar:d grading 

s.:E.:-·:.r.s E 
c.-;:.;;::-.; ¿;,;-.,: ~o.¡;;¡~g area e 

'.=:::--::~~~·~~>-·- .. _;a":;;:.:·~!~---:-:_--::;:--·=·:--·:::~;-: 
· .. 
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1 

1. 

1 
1 
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Fig. 2-2. Continued 

111. Continued 
------~------------~~---~------------------~~--

llluminance Area/Activity lllum;nance 
Ca:eo;ory Cater;ory 

-------------------------+-----------------------~ 
Feed s:orag-: Punches E 

Grain. feed ra:icr.s e Tin plate inspection. galvanized F 
Pro·:essing e Scriting F 
eharts and recorCs O 

Shoe manufacturing-leather Machine storage area (gara;e ar-el machine 
shed) 

8 
Cutting and stitching 

Printing industries 
Type foundries 

Matri.-: making. dressir.g IY"'"" 
Font assembly-sorting 
easting 

Printing plants 
Color inspection and appraisal 
Machine composition 
eomposing room 
Presses 
lmposinQ stones 
Proofreading 

Electrotyping 
Molding, routing, finishing', le~·e-!ing motds. 

trimming 
Blocking, tinning 
Electroplating. washing. backing 

Photoengraving 
Etching, staging, blocking .

1 
Routing, finishing, proofing 
Tint !aying, masl<.ing 

Aeceiving and shipping (see Materials handling) 

Aailroad yards (see Part IY. Outdoor Facilities) 

E 
o 
E 

F 
E 
E 
E 
F 
F 

E 
o 
o 

o 
E 
E 

Aubber goods-mechanical (see page 9-56)~ 1 

Aubber tire manufacturing 

Sarety 

Sawmills 

(see page 9-56)21 

(see page 2-45) 

Secondary lag deck B 

eutting tables 
Marking, buttonholing, skiving, sorting, vamp-

ing, counling ........ . 
Slilching, dark materiats 

Making and finishing, nailers. sale layers. welt 
beaters and scarfers. trimmers, welters. 
lasters, edge setters. sluggers. randers. 
whee!ers. treers, cleaning, spraying, butf
ing. polishing, embossing 

Shoe manuracturing-rubber 
Washing, coating, mili run compounding 
Varnishing, vulcanizing, calendering. upper and 

sale cutting ., .. 
Sale rolling, !ining; making and finishing 

processes 

Soap manufacturing 
Kettle houses, cutting, soap chip and powder 
Stamping, wrapping and packing, fi!ling and pack-

ing soap powder 

Stairways {see Service spaces) 

Steel {see lron and steel) 

Storage battery manufacturing 

Storage rooms or warehouses 
lnactive 
Active 

Rough, bulky items 
Small items 

Storage yards {see Part IV, Outdoor Facilities) 

G 

G 
G 

F 

o 

o 

E 

o 

o 

o 

8 

e 
o 

Head saw (cutting area viewed by sa'H)'er) E Structural steel fabrication E 

Head saw outfeed B Sugar refining 
Machine in-feeds (bull edger, resaws, edgers, Grading E 

trim, hula sa·,.,s. planers) B Color inspection F 
Main mili floor {base lighting) A 
Sorting tables o Testing 
Rough lumber grading o General O 
Finished lumber grading F Exacting tests, extra-fine instruments, scales, 
Ory lumber warehouse (planer) e etc. F 
Ory kiln colling shed B Textile milis 
Chipper infeed B Stap!e fiber preparation 
Basement areas Stock dyeing, tinting O 

Active A Sorting and grading (wool and cotton). E'" 
lnactive . . . . . . A Yarn manufacturing 

Filing room. (work areas) E Opening and picking (chute leed) O 

Service spaces (see a!so Storage rooms) Carding (nonwoven web formation) 02~ 
Stairways, corridors B Orawing (gilling, pin drafting) . O 
Elevators, freight and passenger 9 Combing 0

2
• 

Toilets and wash rooms e Roving (slubbing, fly trame) E 
Spinning (cap spinning, twisling, texturíng) E 

Sheet metal works Yarn preparation 
Miscellaneous machines, ordinary bench work E Winding, quilling. twisting E 
Presses, shears, stamps, spinning. medium bench. Warping (beaming, sizing) F'" 

wor~<, E Warp tie-in or Cr.:-:·ning-in (automatic) E 
~0~----~~~--~~~L_~~ 

"' ...... ,_""e pal/:~ ~-19. F<Jr 1.!:...;::-::n.tn•:~ rar>>~:"-~ f•>r .. ,,,·h l!loJmi:-.ano;P (;H>'I/:Ory. ,.....,. : 
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Fig. ·2-2. Contmued 

Area: Ac:tvily 

Fabric production 
\'/t.:aving, knitting, tutting 

lllumtr.;;nce 
Cattgory 

F 
lns;::.e-ction G 16 

Finishing 
F<Jbric preparation (desizing. scouring, bleach-

ing, singeing. and merce::ization) O 
Fabric dyeing {printing) D 
Fabric finishing (calendaring, sanforizing, sued-

ing, chemical treatment) E' 6 

lnspection G'Eus 

T obacco products 
· Orying, stripping O 
Grading and sorting F 

Toilets and wash rooms (see Service spaces) 

----------------~----

i!li.:r..tr,.;nce 
Ca:egary 

Upholstering F 

Warehouse (see Storage rooms) 

Welding 
Orie-ntation O 
Precision manual arc-welding H 

Woodworking 
Rough sawing and bench work O 
Sizing. planing, rough sanding, mf:'dium quality 

macJ-,ine and bench w-:>rk. gluing, veneering, 
cooperage O 

Fine bench and ~achine work, fine sanding and 
finishing E 

IV. Outdoor Facilities 

Area/ Activity Lux 

Building (construction) 
General construction 100 
Excavation work 20 

Building exteriors 
Entrances 

Active (pedestrian an~/or 
conveyance) 50 

lnactive (normally locked, 
infrequent!y u sed) 1 O 

Vital locations or structures 50 
Building surrounds 1 O 

Buildings and monuments, 
floodlighted 

Bright surroundings 
Light surtaces 
Medium light surfaces 
Medium dark suriaces 
Dark suriaces 

Oark surroundings 
Light surfaces 
Medium light suriaces 
Medium dark. surtaces 
Oark suriaces 

Bulletin and poster boards 
Brigtll surroundings 

Light suriaces 
Oark surlaces 

Dark surroundings 
Ught surlaces 
Dark surtaces 

Central station (see Electric 
generating stations
exterior) 

Coal yards (protective) 

Dredging 

Electric generating stations
exterior 

Boiler areas 
Cat·.valks. general areas 

150 
200 
300 
500 

so 
100 
150 
200 

500 
1000 

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; Acti·•ity 

Stairs and platforms 
Groun::l le·.·el areas includ

ing precipitators. FD 
and ID fans. botlom 
ash ho;:.;::ers 

Cooling te ... ·ers 
Fan deck, ptatforms, 

slairs, v¿!-.·e areas 
Pump c..reas 

Fuel han:::ling 
Súge ~r.loadir.g, car 

dur.:;:;er. ur,loading 
hc-,:;,o.rs, tru::::k unload
ing. pumps, gas 
r:-.etering 

Con-.·eyc-rs 
Stora;-: tar.lr;s 
Coal s:::ra;e ¡:;i!es. ash 

é t.;:7'. ;J-5 

Hydroei:-ctric 
Pco\e:t-:-•..:s.e r':Xll. sta1rs. 

¡:;::o.:::.rm éf"'d ir;tc.ke 
c.;-:.l<..s 

lnlet a;.j c;s.:_r.arge ••.-ater 
é.rea 

lntake S!n.::tures 
De:~ a;-.. :;! Lc 1 :::-:: ... n area 
Vat·_e ~;ts 

lnl~~ -... a:,;:.r a~ea 
Parkir.; ae:o.s 

Ma.i.": ;:ta.r.t ~.!."'-.ing 
S¿--:c.,..-.::.::;,r¡ p_,-lo;ir.g 

Suts:.::~:on 
Hcriz::~~::J .:;:-r.:-ral area 
Verf·:.::;.! :::5!<.s 

Trans::o.-.::r :-::;,·=s 
Ho::i.:.::.-:=.1 ;.::·-e•al a~ea 
v~:-:·:-a1 :as~_s 

Tur:::--: .;,~eas 
Sl!i::·:-·;: &..r~:o(.;r:::!s 
TL·~.:.-e a~-::: r eE:!er C-2-:.ks. 

~....-·-:...:::-.:--; =:::.-,-s 

Lu• Footcandles 

50 5 

50 5 

50 5 
20 2 

50 5 
20 2 
10 

2 0.2 

50 5 

2 o 2 

50 5 
20 2 

2 0.2 

20 2 
10 

20 2 
50 5 

20 2 
50 5 

20 2 

50 5 

,; 

-;i 
;" ,, 



I[S l.IGHTING HAI<D50C" 
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Area '.l.c:i\i:f' lLIX 
-----~------~ 

Entrances. 
platforrns 

ste:irs a~a 

Flags, floodiighted (see Bulle
tin and pos ter boards) 

Gardens ' 9 

General lighting 
Path, steps, a·,.,.·ay fro~:1 

house 
Bac k g r0u nds- fe r.c es. 

walls. trees. shrub
becy 

Flower beds, rack gardens 
Trees. shrubbery. when 

emphasized 
Focal points. large 
Focal points. smcll 

Gasoline station (see Ser\'ice 
stations in Part 11) 

Highways (see page 14-8) 

loading and unloading 
platforms 

Freight car interiars 

Losging (see alsa Sawmills) 
Yarding 
Lag loading and ur.loading 
Log stowing (water) 
Ac!ive tog starage area 

(land) 
Log booming area (>.,.ater)

foot traffic 
Acti·Je log handling area 

(water) 
Log grading-water or land 
Lag bins {land) 

Lumber yards 

Parking areas {see page 14-
24) 

Piers 
Freight 
Passenger 
Active ' shipping area 

surrounds 
Prison, yards 

Ouarries 

Railroad yards 

Retarder classification yards 
Receiving yard 

Switch points 
Body of yard 

Hump area (vertical) 
Control tower and re:arder 

area (vertical) 
Head end 
Body 
Pull-out end 
Oispatch or fof1NarGi:-.g 

yard 

S'J 

5 

10 

20 
50 

50 
100 
200 

200 
100 

30 
50 

5 

5 

10 

20 
50 
20 

10 

200 
200 

50 
50 

50 

20 
10 

200 

100 
50 
10 
20 

10 

ILLUMINANCE VALUES (OUTDOOR) 2-15 

Fig. 2-2. Continued 

S' 

0.5 

2 
5 

5 
10 
20 

20 
10 

3 
5 
05 

0.5 

2 
5 
2 

20 
20 

5 
5 

5 

2 
1 

20 

10 
5 
1 

2 

1 

IV. Con:inu~d 

Are3/Activity Footcandle;s 
·------------------------·----

Hump and car rider classifi
cation yard 

Receiving yard 
Switch points 
Body of yard 

Hump area 
Flat switching yards 

Side of cars (vertical) 
Switch points 

T railer-on-flatcars 
Horizontal surlace al 

flatcar 
Hold-down points 

(vertical) 
Container -on-fla tcars 

Roadways (see page 14-8) 

Sawmills (see also Logging) 
Cut-off saw 
Log hauJ 
Log ho1st (side lift) 
Primary log deck 
Barker in-leed 
Green chain 
Lumber strapping 
Lurr.ber handling areas 
Lumber Jaading areas 
Wood chip storage piles 

Service station (al grade) 
Oark surrounding 

Appraach 
Driveway 
Pump island area 
Building faces (e:>.:clusive 

of glass) 
Service are:::s 
Landscape high!ights 

Lighl surrounding 
Approach 
Oriveway 
Pump island area 
Building faces· (e:>.:clusive 

of glass) 
Service areas 
La0dscape highlights 

Ship yards 
Gene-r ~'! 
Ways 
Fabricati•Jn areas 

Smokestacks with advertising 
messages (see Bulle
tir. and poster boards) 

Storage yards 
Active 
lnactive 

Streets (see :.:·-::-= 1 d-8) 

Water tank~ ·,·;i:h advertising 
mess<lges (see Bulle
tin and P·.Jster boards) 

20 
10 
50 

50 
20 

50 

50 
30 

100 
20 
20 

100 
300 

200 to 3002
" 

150 to 200}'; 
20 
50 

5 

15 
15 

200 

100 14 

30 
20 

30 
50 

300 

300' 4 

70 
50 

50 
100 
300 

200 
10 

2 
1 

5 

5 
2 

5 

5 
3 

10 
2 
2 

10 
30 

20 to 3026 

15 to 2026 

2 
5 
o 5 

1.5 
1.5 

20 

3 
5 

30 

5 
10 
30 

20 

------------~------
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Fig. 2-2. Continued 

V. Sports and Recreational Areas 
----·---------·--'-----~-----=-= 

Archer¡ (ir.door) 
Targ€:1. tc...:rr.er..::::ll 
Targel, recreatior:al 
Sl".octing line. toumarr.cnt 
S~octir:g iir:e. recreatior'lal 

Archery {ou!Coor) 
Tar;et, tournarr~ent 
Target. recreatlonal 
St-.c-:tir.g lir.e, tourr.ar.-~ent 
Sr.octir.g line. recreaw;r.;:l 

Badmir.ton 
Tournament 
Club 
Reereaticr:c.l 

Baseball 
~djcr !ea;;t.:e 

lnfield 
Outfield 

AA and A.A.A reague 
lnfie!d 
Outfield 

A and B league 
lnfield 
Outiield 

e and o league 
lnfield 
Outfieid 

Semi-pro and municipal league 
lnfield 
Outfie!d 

Recreational 
lnfield 
Outiield 

Junior league (Ciass 1 and Class 
11) 

lnfield 
Outfie!d 

On seats during game 
On seats befare and after game 

Basketball 

sc.o·· 
3001

' 

200 
100 

1 00'-
501' 

100 
51) 

300 
200 
100 

1500 
1000 

700 
SOQ 

500 
300 

300 
200 

200 
150 

150 
100 

300 
200 

20 
50 

College and professional 500 
College intramural and high 

school 300 
Recreational (outdoor) 100 

Bathing beaches 
On land 10 
150 feet from shore 30"" 

Billiards {on table) 
Tournament 500 
Recreational 300 

Bowling 
Tournament 

Approaches 100 
Lanes 200 
Pins 500,. 

Recreaticr.al 
·Apprc~cr.es 100 
U. res 100 
P:r:s 300'~ 

Foo:c<>.r.Cies 

50'" 
30'. 
20 
10 

1 o•• 
S" 

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/Ac:ivity Lo. ___ ___e: Footci'!n· i.;,s 

Bowling on the green 
·rournament 
Aecreational 

Boxing or wrestling (ring) 
Championship 
Professional 
Amateur 
Seats during bout 
Seats befare and after boUt 

Casting-bait, dry-fly, wet-tly 
Pier or dock 
Target (al 24 meters [80 feet] lar 

bait casting and 15 meters 
[50 feet] lar wet or dry·fly 
casting} 

Combination (outc!oor) 
Baseball/football 

lnlield 
Oullield and footba!l 

Industrial softball/football 
lnfie!d 
Outfield and football 

Industrial softbal!/6·man fool· 
bal! 

lnfield 
Outtield and lootball 

Croquet or Roque 
Tournament 
Recreational 

Curling 
Tournament 

Te es 
Rink 

Recreational 
Tees 
Rink 

Fencing 
Exhibitions 
Recreational 

Football 
Oistance from nearest sideline to 

the farthest row of specta· 
tors 

Class 1 Over 30 meters [ 1 00 

100 
' 50 

5000 
2000 
1000 

20 
50 

too 

so=• 

200 
150 

200 
150 

200 
150 

100 
50 

500 
300 

200 
100 

500 
300 

10 
5 

500 
200 
100 

2 
5 

10 

5" 

20 
15 

20 
15 

20 
15 

10 
5 

50 
30 

20 
10 

50 
30 

feet] 1000 100 
Class 11 15 to 30 meters [SO te 

1 00 feet] 500 50 
Class 1119 to 15 meters {30 to 50 

fee1j 300 30 
Class IV Under 9 me!ers [30 

feet] 200 20 
Class V, No fixed seating 

facilities 1 00 1 O 
11 is ·'Jenerally conceded thal the distance be· 

¡·,··"':~"· the spectarors and the play is the first 
cc:~:,H>:ration in determining the class and !ight· 
ing ro;c:uirements. However, the potential seating 
caC;!:::r·¡ at the s:c~as should also be considere::: 
anc: ~:le i::ilowir;g rar1c is suggested: Class 1 for 

;· 
1 

i 
¡ 
L 
¡ 
1 

! 
1 
1 



----~~---------------------~~ 

.. ' 
over 30.000 specL?.t:.rs: Cl~s.s 11 ter 
30.000: Class !11 lor 50(~') !o 1 o.c-:.'J: ~--- ---

:: - '- : """" 
IV for unCer 5000 sp,;-·:::tc.::::rs. 

Football, Canadia~-rugby (Se>;;! 
Football) 

Football, six·man 
High school or col!e-Ge 
Jr. high and recreational 

Golf 
Tee 
Fair ... ·ay 
Green 
Orivir.g range 

Al 1 SO rr.eters [200 yar-::sj 
Over lee area 

Miniature 
Practice putting green 

Gymnasiums (refer to individual 
sports !isted) 

General exercising and 
recreation 

Handball 
Tournament 
Club 

lndoor-four-wa!l or squash 
O u tdoor- two-<:ou rt 

Recreational 
lndoor-four-Wall or squash 
Outdoor-two-court 

Hockey, field 

Hockey, ice (indoor) 
Col!ege or professional 
Amateur 
Recreational 

Hockey, ice (outdoor) 
Co!lege or professional 
Amateur 
Recreationat 

Horse shoes 
Tournament 
Ri;crcaticnal 

Horse shows 

Jai-alai 
Prolessional 
Amateur 

Lacrosse 

Ptaygrounds 

Ouoits 

Racing (outdoor) 
Auto 
Bicyc!e 

Tournarr.ent 
Competitive 
Recreationat 

Dog 
------··-

¡:,,:. 

50 
tU} 

1(-'J 

1 C>J 

3C>J -

500 

300 
200 

200 
100 

200 

1C00 
500 
200 

500 
200 
100 

100 
50 

200 

1000 
700 

200 

so 
50 

200 

3C{) 
.?SO 
1 ·:·J 
.::·. 

ILLUMINANCE VALUES (SPORTS) 2-17 

Fig. 2-2. Continued 

V. Continued 

20 
10 

S'~ 

10 
10 
10 

30 

so 

30 
20 

20 
10 

20 

100 
50 
20 

50 
20 
10 

10 
S 

20 

100 
70 

20 

S 

S 

20 

30 
20 
10 
~-·) 

Oragstrip 
Staging area 
Acceteration, 400 meters 

[1320 leet] 
Oeceleration, lirst 200 meters 
[660 feet] 

Deceleration, second 200 
meters [660 feet] 

Shutdown, 250 meters [820 
lee!] 

Horse 
Motor (midget ol 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) 

Shutfleboard {indoor) 
Tournament 
Recreational 

Shuffleboard {outdoor) 
Tournament 
Recreational 

Skating 
Roller rink 
Ice rink, indoor 
Ice rink, outdoor 
Lagoon. pond, or llooded area 

Skeet 
Targets at 18 meters [60 feet] 
Firing points 

Skeet and trap (combination) 
Targets al 30 meters [1 00 feet] 

lar trap, 18 meters (60 feet] 
lar skeet 

Firing points 

Ski slope 

Soccer (see Football) 

Sottball 
Professional and chamoionship 

lnfield 
Outtield 

Semi-professional 
lnfield 
Outfiet.::: 

Footcandles 
----

100 

200 

150 

100 

so 
200 
200 

sao•• 
100 
so 

1 ooo'• 
200 
100 

500 
300 
100 
50 

300 
200 

100 
50 

100 
100 

50 
10 

300 14 

50 

300' 4 

50 

10 

500 
300 

300 
200 

10 

20 

15 

10 

S 
20 
20 

sol• 
10 

S 

too•• 
20 
10 

50 
30 
10 

S 

30 
20 

10 
S 

10 
10 

S 
'1 

3o'• 
S 

50 
30 

30 
20 
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Fig. 2-2. Continued 

V. Continued 

Ar.:,1 :~.:;•·.i:l L~x Footcar.dles Area/ Acti•:ity Lu~ Footcanúles 

lnC:L;stria! leagu~ 
--------~-------r------------------------~ 

!nfield 
Outfield 

Aecreational (6-pol-:) 
lnfield 
Outfiek:: 

Slow pite h. tournament-~¿~ ir.
dustrial league 

Slo'.v pitch, recre.:::;-: .... ¿: (6-

pole)-see recrea:.:r2l c.::
pole) 

Squash {see Handba!!) 

Swimming {indoor) 
E:xhibitions 
Recreational 
Underwater-1 000 [ 1 C.Jj lcr..;J 

lumens per square r..e::r 
[foot] of surtace are a 

Swimming (outdoor) 
Exhibitions 
Recreational 
Underwater-600 [60] tar..p lu

mens per square n-.t:ter 
[foot] of surface are a 

Area/Activity 

Aircraft 
Passenger compartment 

General 
Reading (at seat) 

Airports 
Hangar apron 
Terminal building apron 

Parking area 
Loading area 

Rail conveyances 
Boarding or e .. iting 
Fare box (rapid trai>sit !rain) 
Vestibule (commuter and inter-

city trains) 
Aisles 
Advertising cards (ra¡:·id transi! 

and commuter trains) 
Back-lighted advertising cards 

(rapid transit and com
muter trains}-860 
cd/m 2 (250 fl) aver
age maximum. 

Reading 
Res! room {inter-city !rain) 
Oining area (inter-city tr:Jin) 
Food preoaration (inter-<:ity 

train) 
Lounge (inter-city trair:) 

General lighting 
Table games 

Slee;:;ing car 
G-:neral lighting 
~~.~.::-- -.: r-::.iC:r~: 

¡:,.r : ... 

2({) 
150 

1 C() 

70 

5CD 
300 

200 
100 

'"' 

50 
200 

10 

5 
20u 

100 
150 

100 
100 

300 

3003 

200 
500 

700 

200 
300 

100 
300' 
7GO' 

20 
15 

10 
7 

50 
30 

20 
10 

Tennis (indoor) 
Tournament 
Club 
Recreational 

Tennis (outdoor) 
Tournament 
CIL•b 
Recreational 

Tennis, ptatform 

Tennis, tab!e 
Tournament 
Club 
Recreational 

Trap 
Targets at 30 meters [100 feet] 
Firing pomts 

Vol1ey balt 
Tournament 
Recreational 

VI. Transportation Vehicles 

Footcand\es 

5 
20 

0.5 
2" 

10 
15 

10 
10 

30 

30' 
20 
50 

70 

20 
30 

10 
30' 
70' 

~----·----

Area/ Activity 

Road Conveyances 
Steo well and adjacent ground 

are a 
Fare box 
General lighting (for sea! selec

tion and movement) 
City and inter-city buses at 

city stop 
lnter-city bus al country 

stop 
School bus while moving 
School bus al stops 

Advertising cards 
Back-lighted advertising cards 

(see Rail conveyances) 
Reading 
Emergency exit (school bus) 

Ships 
Living Areas 

Staterooms and Cabíns 
General lighting 
Reading and writíng 
Pro!onged seeing 
Baths (general !íghting) 
Mirrors (personal 

grooming) 
Barber shop and beauty 

parlar 

On subject 
Oay rooms 

General !ighting 
Desks 

Oinir.g rooms 

1000 
750 
500 

300 
200 
100 

500 

500 
300 
200 

Joo:• 
50 

200 
100 

100 
150 

100 

20 
150 
300 
300 

100 
300 1 5.3 

70016.3 

100 

500 

500 
1000 

2GO 

100 
75 
50 

30 
20 
10 

50 

50 
30 
20 

30 14 

5 

20 
10 

FootcanC\es 

10 
15 

10 

2 
15 
30 
30 

30' 
5 

10 
30'5.3 
70HI.3 

10 

50 

50 
100 

20' 5 

50"1.3 

20 
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2--19 

VI. Conrinued _ __::__: 

A_,_._"_· ~~~-·_;~, ______________ ,_'_' ___ F~c::_:_ccr.c::c:.'i r-A;ea!~-~-ii·¡·- ~~-------=------'~"-' ___ ,_o_o_"_'_'_"_l~_' 
Er.clos-2.::: ::-:r..-=r . .;.:::.:. Ser·1ice Areas 

Ger.e::::.l li;h:ir.-; te<::- 10 Food preparation 

Er.:rcnces anc: pass.-::;,;.·.~·:s General 
General 1 CO 1 o Butcher shop 
Oaytime embar~.a:::n 300 30 Galley 

G·¡:-:-.r:esiur.- 5 Pantry 
General li;hting 3C·J 30 Thaw room 

Scullerics 
Hos;:·ital Food storage {non-

Dispensar{ (g,;r:,;ral "C-"·~ 
30

,, refrigeraled) 
lightir:g) ...... _, 

O¡::erciir:g roor.~ Refrigerated spaces (ship·s 

G 1 l. h. 5C.r--~~ 5 16 stores) 
enera ¡g w:g '-' O Laundries 

Doctor"s oHice 300·~ 30'
6 

General 

Oceratir,g ta:re 20CC·J 2000 Machine and press finish-
Wards ing, sorting 

Ger:erclli;htir.;¡ 1C•J 10 Lockers 
ReaC::ir.g 300 30 Offices 
Toilets 200 20 General 

libraries and lounges Reading 
General lí;;:hting 200 20 Passenger counter 
Reading 300·~ J 30: 6

_
3 Storerooms 

Pro!onged seeiñg 700~-s.J 70'"· 3 Telephone exchange 
Purser's otfice 200·~ 20'

6 
Qperaling Area·s 

Shopping areas 200 20 Access and casing 
Smo1<.ing rooms 150 15 Batlery room 
Stairs and foyers 200 20 Boiler rooms 

Recrear ion areas Cargo handling (weather 
Sal! rooms 150' 5 15' 5 deck) 
Cocktail lounges 150'~ 15 1 ~ Control stations (excepl nav-
Swimmi_ng poots igating areas) 

General 150~ 5 1515 General 

Under·.·.-att:r 
Outdorxs~600 [60] lar..p lumens/square meter 

[foot} of surlace ar.:a 
lndoors-1 000 [ 1 00] lamp rumer.s/square meter 

[too!] of surface area 

Theatre 
Auditorium 

General 
During picture 

Navigeting Areas 
Chart room 

General 
On chart table 

Gyro room 
Radar room 
Radio room 

Radio room, passenger 
foyer 

Ship·s alfices 
General 
On desks and work 

tables 
Wheelhouse 

100 
500''u 
200 
200 
lOO's 

100 

200'-5 

500' 6 3 

100 

ID 
50'6.3 

20 
20 
1016 

ID 

In;: lude provi~ions for higher levels for e:o:r.ibiticns. 
1 Sp~cilic limits are provided lo minimize deteriora lían effects. 

Control censales 
Gauge and control 

boards 
Switchboards 

Engine rooms 
Generator and switchboard 

rooms 
Fan rooms (ventilation & air 

conditioning) 
Motor rooms 
Motor generator rooms 

(cargo handling) 
Pump room 
Shatt a!!ey 
Shart alley escape 
Steering gear room 
Windlass rooms 
Workshops 

General 
On top ot work bench 
Tailor shop 

Cargo holds 
Permanenl luminaires 
Passageways and trunks 

200 16 

200'~ 

300' 6 

200 16 

200"' 
200' 6 

IDO 

50 

500 
50 

200 
500' 6 '3 

500' 6 "
3 

50 
200 

IDO 
IDO 
200 16 

200 
300 
300 
300 
200 16 

200' 6 

100 
200 

100 
100 
100 

30 
200 
100 

30016 
500,6 
500' 6 

20' 6 

20: 6 

30's 
20' 6 

20' 6 

20 16 

10 

5 

50 
5 

20 
5016.3 
5016.J 

5 
20 

10 
10 
20~ 5 

5" 

20 
30 
30 
30 
20' 6 

10 
20 

10 
10 
10 

1 
20 
10 

30'~ 

50'~ 

50"; 

3"1 

10 

l Task sub¡~cr to veiling reflections. llluminance listed is notan ESI ·:.Jiue. Currently, insutficient experience in the us-= -:; 
ESI target values precludes the direct use ot Equivalen! Sphere llluminatic:n in the present consensus approach lo recommer-.rj 
il!uminance va( u~ S Equivaler:! Sphere lllumination may be used as·a :-::1 in determining the elfectiveness of con!rolling veilif"'J 
ro::tlections ar.c as,~! ;:2.r1 ot the evafuation of lightir:g systems 

• llluiTun¿-,rK-c: ;,,:L:t:S ar~ list·::C t;1.s~j on e•;:erience an.:.: _:..:s Vnlu~s relate to ne~r_::, 

cerer.i.::;n,es 
~ 0-::r;r:-,c<::tlc;n r.Jctcrs ·.: 
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Fig. 2-2. Continued 
------------~---~-------------

6 Prc·.-1-::e r.i.;t-. .:r le;:=l c·.;;.r te.::: s,;;:-.i:-= :r :.c::ection areas 
7 St.:::::: 1 i;,;: i11ur.:ir.:<:i-:.-. .::sin e:;•;-.~~-, r:·:-. res! b·~ a·¡ailat.::~. 
"'W•.;r..ir-:.r:ce -.·::oi'.!es C-:'.::'::::! :-:r ·.::.;·:·-~ =~-;o.,;;;s of store arca activit'i 
9 Or nct le.o.s ::-.an 'o; t:---:: :-:·.~1 in tre c:_::.:,;;~t areas. 
'

0 Only v.h-=n a-::tce.l e-:·-~::r;.¿;--,t S--~<.::-: is ir. pro•:ess. M ay be achi~ved by a general lighting system or by localized or 
portc=le e-:;~..;icr..ent. 

"For col::.r r.:atcr.in-;¡. t.~c s;::ec:r2l .:;c2:::--,- el /he color of the light source is importan t. 
12 Veilir.g re~lections r.:.ay be ~rcóJce-:: -:n -;!c.s.s surtaces. Jt may be necessary to treal plus weighling faclors as minus in 

arder lo ct!o<in ~ro~er il!i..ir-::r,¿nce. 
13 Espe.:iclly subjectlo ·.ei~inQ re!:est!cr.s. lt may be necessary to shield the task orto recrien! it 
1

• Ver.i.:al 
' 5 lllur.;ir.c:nce vah.:es r..C"f'.'Cr¡ ·.~:.:e!J'. C~:-=r.Cing upon the effect desired, the decoralive scheme. and the use made al the 

room. 
16 Su~¡::ler:·.er.tar¡ li~~-t:r;;¡ st;.:L.:i-:! t,:. ;:r-:. ·:ej in this space to produce the higher levels required for specific seeing tasks 

involved. 
11 Good to r.igh color r-::r . ..:ering cccc:::::ty should be considered in these areas. As lamps of higher luminous efficacy and 

higher cc::.r re.<Cerir.g c.a::2::ority t.;:-:-:r.-:- a·.·a:i<:ble and economically feasible, they should be applied in all areas of health 
care faciii:ies. 1 

18 Variat:e (Cir..mir.·Q cr s ... :tc)-.ing) 
19 Values based on a 25 ¡::er cer.t ref!e·:t.:r.ce. which is average for vegetation and typical outdoor surfaces These figures 

must be adjusted to s;:e-:ifi.;:: rellec:ar.ces ci r.:a:erials lighted lar equivalen! brightnesses. Levels give satisfaclory brightness 
patterns · ... hen vie·,..ed frc-m Cimly li<;h:e.: te-rr<=..:es or inleriors. When viewed from dark areas they may be reduced by al leas! 
'h; or they may 'be CoGt:~ ·,o,hen a r.i~h l<.e.,. is Cesired. 

zo General lighting sr.o~,.:ld no! be les..s tran ':'J of visual task illuminance nor less than 200 lux [20 footcandles]. 
Zl lndustry represenlati·.-es have estatnshed a lable of single illuminance values which, in lheiropinion. can be used in 

preference to employir.·;¡ refer.;-r.ce 6. lllt..:r:-.ir.ance values lar specific operations can a!so be determined using il1uminance 
categories al sirr.ilar tas;.-.s ar:d acti·.>:s tc~..rv:~ in this table and the application of the appropriate weighling factors in Fig. 2-
4. 

22 Speciallighting sL:ch !ha! (1) tr.e 1ur71incL:s area is large enough to cover !he surtace which is being inspected and (2) the 
luminance is within the !ir..its necessar¡ lo cblain comtortable contras! conditions: This involves the use al sources ot large 
area and relative!y low lum;..,ance in ·,o,hich tt·.e source luminance is the principal factor rather !han the illuminance produced 
al a given pcint. 

23 Maximum levels-ccntrolled system. 
z• ACdíticnallighting r:eeds lo te pro~·ided for maintenance only. 
~ 5 Color tereperature of the ligt'.t source is importan! lar color matching. 
ze Select upper le·•el for high s;:esd cor.veyor systems. For grading redwood tumber 3000 lux {300 footcandles] is required. 

egory based on types of visual ta.;k.s to be per
formed in the design space. Each category pre
scribes a range of illuminances permitting the 
designer to establish a target illuminance respon
sive to se\'eral ta.sk and obsE-n·er characteristics, 
including the importance of speed and/or accu. 
racy in performing the ta.:;k, and the age of the 
observer. 

Step l. Define Visual Task. Determine the 
type of acti;ity for which the le;·el of lighting is 
to be selected (e.g., reading t:>ped original::.). Also 
estoblish the plane of the •;isual task to which 
the illuminance len:! is to ht: applied. 

Step 2. Select 1//uminance Category. Select 
the appropriate Illuminan~é Caregory from one 
of the foUowing: 
a. Fig. 2~2, Parts !1 and lll-wh~n a review of 
t)1)ical ta:;ks reveals specific L<·: types. 
b. Fig. 2-2, Part 1-if specific t<i.::k.s cannot be 
established, generic task desc!"'iV,!rms mu."'t be 
userl. 
c. Fig. ~-:1-if .• :- c-qui\·alent cor~~LL~~ tCl lu.~ 
bet:n d':'<-:':- .. 

Step 3. Determine 1//uminance Range. Re
ferring to Fig. 2-2, Part I, and using the Illumi
nance Category selected in Step 2, determine the 
recommended range of illuminances. 

Beca use of the characteristics of the functions 
in Categories A through C, illuminances a're re
quired over the en tire area of the interior space 
considered. For instance, in a lobby ~rea, 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 pro;ided throughout the lobby. 

Categories O through F, however, are for tasks 
which remain relativelv fixed at one location for 
meaningful visual performance, although tasks 
may change considerably from one location to 
another y.;thin a given space. For example, an 
accounting office may have a secretaria! pool 
where reading felt-tip·pen hand-written notes 

· and proofreading typed originals are prominent 
tasks, while at the same time accountant3 may 
b-== readi::!; ''· :·::uter print:.·u~.s. Each t:::..: call.s 

e:: r· -:1:..:mir.a:1cC \· ··-! :· .... ~- :·:..:.·.:tory 
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visual performance, and so e2.ch ra.:;k should be. 
lighted accordingly. Therefore. Categories D 
through F should be applied to the appropriate 
task are:1s only. 

Categories G thft)Ugh 1 ar::.- for fxtremely dif· 
ficult \"i:3ual ta..;;ks, and may b-e difticult to illu
minate .. For practica! and economical reason.5, 
·lighting systerns for these t.2....;;ks may require a 
combination of general O\·er-ill illumination and 
ta5k area illuminarion. Becau~e of the unusual 
conditions as...sociared v.ith ta~ks in Categories G 
through 1, very care·ful a!-1aly~i..3 is recornrnended. 

Step 4. Establish Illuminance Target 
Value. From the range of illum.inances deter
mined in Step 3, a design ilh1minance is to be 
established based upon seve.:-aJ factors. Thc·se 
factor.s vary depencling u pon the \·isual ta::.k. For 
Illuminance Categories A thrc.ugh 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 intE.-nded occupc.nt.s, to the extent 
that the foUO\\ing informat:ion can be deter-
mined: . 
(1) Occupants ages (e.g., if the design space is 
an elevator lobby in a senior citizen.s' housing 
complex, then establish agE.-s of the housing 
occupants). 
(2) Surface reflectances (e.g., if the design 
space_is a building lobby, and the tloor is to be 
slale. with walls of teak, their retlectances 
mu" be established). 

After the above information has been estab
lished, the designer may determine an appro-

Fig. 2-3. llluminance Categor\es of Fig. 2-2. Part 1, 
for Mea su red Equivalen! Contrcst Vafues of Task Vis

ual Oisplays. 

Equi•1alent ContraS! tt 

over 1 .O 
. 75-1.0 
.62- . 75 
.50- .62 
.40- .50 
.30- .40 
under .30 

tu~.:minance Category • • 

D 
E 
F 
G 
H 

' Use 200 lux [20 tootcandtesj and omit use ol Fig. 2-4 and 
!ce;;-: ~e ( • ·) below. 

· . • · ;¡ :Jsi<. rellectance is Cet ... een 5 and 20 per cent use next 
li•gr,· ··'·~·"""1ir:ance category: i.e .. Oto E. E to F, etc.llles.s than 5 per 
cen¡ ~~.:., . ..,o categories htgher 

:- :.. ~ -:.::::er,";;ined ~.:sir. y a ·••s•titity meter and the ¡::roce<::•,r·~ cutlined 
1n R.:,:-c~.:;-.:¿. .3 . 

~l~;.:; .:.:::-:•:~.o;;!". -;¡::<oc,••;: .:t..r.aler.t con:ras:s are es:a.::is~~·j sci
'=''"::~:c ":,. a ·:on;,.:::r~''" ;:• .:·· ;._ .. : 
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Fig. 2-4. Weighting Factors to be Considered in Se
lecting Specific lftuminance Within Aanges of Vafues 

for Each Category. 

a. For lltuminú•ce C<!t~gories A. through C 
-----~ 

Roorn ar,d Occu
par.: Cllaracteris

tics 

Occupan:s ages 

Room surlace 
reflectances • 

Task and Worker 
Charac:eristics 

Workers ages 

Speed and/or 
accuracJ'' • 

Ret!ectanée of task 
back;rcund • • • 

-1 

1 

1 
-1 

1 Under 40 

1 Not 
importan! 

1 Greater than 
70 per cent 

We1ghting Factor 

Weighting Factor 

1 o 
1 40-55 

lmportant 

30 lO 70 

+ 1 

LesS !han 
30 per cent 

+ 1 

Over 55 

Critica! 

Less than 
30 per cent 

• Average we1ghted suriace rellectances. 1nctudmg wall. !loor and 
ceiling reflectances, if they encompass a large port1on of the task 
area or v1sual surround. For instance. 111 an elevator lobby, where !he 
ceiling height is 7.6 meters (25 leet). neither the task nor !he visual 
surround encompass the ceiling. so only the lloor and wall renec
tances woutd be considered. 

o • In determining whether speBd and/or accuracy is not impor
tan!, importan! or critica!, !he fotlowing questions need to be an
swered: What are the time limitations? How importan! is it to perlorm 
the task rapidly? Will errors produce an un sale condition or product? 
Witt errors reduce productivity and be"coStly? For example. in reading 
for teisure there are no lime limita:ions and it is not importan! toread 
rapidly. Errors witl not be costly and wlt1 not be retated to safety. 
Thus. speed and/or accuracy is no! importan!. lf hov.ever, prescrip
lion notes are lo be read by a pharmacis:, accuracy is critica! because 
errors could produce an unsale condition and time is importan! for 
customer relations 

o • • The task background is that portian ol the task upon which 
the meanir.gful visual display is exhibited. For example. on this page 
the meaningtul visual display includes each letter which combines 
with other letters to lorm words and phrases. Ttle display medium, or 
task background, is the paper. which nas a reflectance of approxi
mately 85 per cent. 

priate target value from the Illuminance Cat
egory by using Fig. 2-4a as follows: 
(a) Review each of the two characteristics and 
determine the appropriate weighting factors 
(~!,O, +1). 
(b) Add the two factors algebraically taking 
into account the signs . 
(e) If the total factor is ~2, use the lowest of 
the three illuminances in the established range; 
if the total factor is +2, use the highest of the 
three i!luminances; otherwise use the middle 
illuminance. 
b. For Categories D Through l. At this point 
the designer should beco me thoroughly famil
iar with the anticipated task and anticipated 

. space occupantS to the extent that the follow
ing information can be established: 
'1) The rr~_-,:i..:é task con3idt-réd (e.g., ü the 

~ -:::::; cu¡;;puter printout.s, ob;:~;n :1. 

,,¡,. 
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s.·1mple to dett-r::::irce the rtrlt-ccance of the 
computer p:.:pt·r ~:.lr:::::-th:.;; :s the ta~k back
ground r<:tlrctanct-l. 
(2) OccupanL a,:;,:._:: 12.g .. if ~he wsk is writing 
payroll chec~~~- c..r:l: o::.!:.- ri-.e se:-tior accour1t
ar1ts perf0rm thi_, tJ.~:". th~<1 e . .::;:abli:;h the ap
proximate age~ of th::- scni0r accountants). 
(3) ImportaJk'E' of s;;t:t-d 1 e.g .. if the occupants 
are under ahnorr::~':.l ti:T,e crJn.~traint.s, as in a 
newscopy pro•)fr::::Ci:-,s r>:..om. thcn speed 
might be con::ider¿-t~ criLic¿-,¡l_ 
(4) Importance of 2.CL'Ur<:.cy (e.g., if accuracy 
could be a life-de::th mau:er a-3 in pre.scription 
reading/filling. thtn accuracy is con.sidered 
critica!). 

-After the abo\·t.- ir,:"1Jrma:ion ha;;; been e.stab· 
lished, the de::ign~r :r.?.:: determine an appro· 
priate tn.rget \·alue from the Illuminance Cat· 
egory by using Fig. ~-4b a; follows: 
(a) Re"·iew each of the thn:e characteri.stics 
and determine the appropriare weighting fac· 
tors (-1, O, +1). 
(b) Add the three factors algebraically, taking 
into account the signs. 
(e) If the total wE-ighting factor is -2 or -3, 
use the lowe.st of the three illuminances in the 
establi~hecl range: if the total factor is +2 or 
+3, use the highe.st of the three illuminances; 
otherwise use tht> middle illuminance .. 
(d) \\"ht-n de:~igning .spaces with tasks in Cat· 
egories D through 1, it is recommended that 
200 lux [20 footcandles]·be regarded as the 
minimum accept2hle horizontal illuminance 
for the general, non·task area. 
Proper determination of the weighting factors 

requires information and judgment on the part 
of the user. Gues.sed val u es are poor substitutes 
for infonnation and can result in over or under 
de~ign. \\.henever pos.sible, design informaticln 
should be used in determining values of the 
weighting factors for each characteristic of the 
lighting task. 

Simpli[ication o{ Steps 3 and 4. Fig. 2-5 is 
provided as a mea::s of combining the tables 
referred to in Step . ..:; .1.:1nd -t a., a short cut method 
once Steps 3 and 4 are understood. In Fig. 2-5, 
the Illuminance Category from Step 2 and 
\Veighting Factor information (age, speed and 
accuracy, and retlectance) are· used to directly 
select the illuminances in lux (if footcandles are 
desired, divide hy 101. For a rough estimate of 
reflectances· a gray :=:cale marked with per cent 
reflectances may pr(;ve helpfuL \Vhere suriaces 
ar~ in color, the }.fltl~.=-:11 val~:<:: ::=cales for judging 
:·, ·:~!~H.": ... ,, '.:mi to he !-::.:!pful. Sn· :.:.:. .. , ... 

Example ofllluntinance Sclcction. A clas..-s
roorn in a high school is to be relighted. The 
designer in con:->ultation with the teachcr and 
school adrninistrnrors has dcterminc;cl the folluw· 
mg: 
l. The task is reading mimeograph material with 
a retlectance of about 80 per cent. 
2. The srudent.;;; are teenagers. 
3. The srudcnts practice typing to irnprove speed 
and accuracy, thus specd anrl accuracy are con· 
sidered to be imponant, but not criticaL 

Using the above step·by-st~p proct'du 1·t.:: 

Step l. The visual task is defined above. 

Step 2. Referring to Fig. 2-2 an Illuminance 
Category of O is found under Reading, ;yfimeo
graph, on page 2-8. 

Step .3. Referring to Part 1 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 and 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 
algehraic sum is -1 +0 -1 = -2. Therefore, th•· 
illuminance to be selected is the lowest valu 
i.e., 200 lux [20 footcanclles]. 

If the task were reading #3 pencil handwriting 
on 80 per cent reflectan ce paper and the studcnts 
were older (an adult education course), the Illu
minance Category \vould change to E, the illu· 
minance range would become 500-750-1000 lux 
[50-i5-100 footcandles], and the weighting factor 
for age would be O. The new algebraic su m of the 
weighting factors is O + O -1 ~ -l. Therefore, 
the illuminance to be selected is the m id val u e in 
the new range, i.e., i50 lux [i5 footcandles]. 

By referring to Fig. 2-5 after step 2, the illu
minance can be sdected \\oithout referring to Part 
1 of Fig. 2-2 orto Fig. 2-4. 

Application of nluminance Values Se
lected. The use of selected illuminance values 
mav be influenced by work areas involving many 
vis~al tasks. The designer, usually through 
client/occupant/designer interaction, must es· l. 
tablish the task of prime importance, with the 
subsequent heirarchy of remaining tasks. Simi· 
larlv, the time duration of each task, worker ages, 
exp~cted task performance, and task character· i 
istics must be determined. If all Or many of the t 

task.:; req_uire similar lighting qualities, then the i 
designer might design the lighting system to 
meet one task. and will therefore meet the mA 
jority of the other tasks' requirements. If ho.,. 
ever, the ta~ks \·ary consirlcrc:hly in lighting rt.-· 
quin:ment:-;, then r:· .. _ ·_:¡;•;:· :~;·-;:_dd con~id,:: 
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Fig. 2-5. lllumínance Values. ~.·::·..-::~•ned. in Lux. for a Combination of llluminance Categories and User. Room 
and Tas'.-<. C:--~·::::~;is:ics (For llluminance in Footcandles, Divide by 10). _:__ __ _ 

a. G-3ner<"l Lighting Throughout Roorn 

Over 55 O·•er 70 1 30 [ 75 · 150 

E Uc~~~:~ 1 :~ 1 ~~~ :~~ 

Aoer:o-;e 01 Work
ers A·;;es 

u~cer 40 

b. ll!uminance on Task 

Weight1ng Fac:crs llluminance Categories 

Oemand !or ~- T a~:.. ?.ac;..,o;ro~..:r.ll 
Spe~d and/or - f'.;;~~::3.nce (per 

Accuracy • 1 cent) 
1 O E F 1 G" 1 H" 1 ¡·· 

NI 1 Ove e 70 1 200 500 1 000 1 2::.:0:.::0:.::0_1,__:5:.::00::.:0:___~1 _:_:1 0:.::0.:.00.:__ 

1'-_ _::3.:.0-_7c=o __ +l_::.2o:_:o=--+--=-5o::.:o=--f--'-'1 o:.::o:.::o--+_:2c:O::.oo=--ji_::.:50:o:c:o_l 1 oooo 

-! _u::.:".:.:·":.::e_c ::.30:_ __ +1 300 750 1 500 ,l _::30::.:0::.:0:___¡1_.:.75::.:0:.:0:__~1 _:_15::.:0:.::0:.::0_ r---,--- 1__::.::.::_-1-_::.:.-1-_::.:.:_ ~1 1 1 
1 ~1 ___ Ov::.:.:.e~c~7-=o---~· _::.2o:.:o:___r_.:.5o:.:o:___r-.:.:1c:o_:o_:o~,-.:.2o::.:o::.::.:o_L_.:.:5:.:o:.::o:.::o_~.:.1o::.:o:.:o:.:o:__ 

',,_ _ _:3:.::0_-7:.::0:__ __ 1,_:.::3:.:0:.::0_:_+_:_7:.::50:_+1 _:1:.::5::.00:_+1 _::3_:0::_00:_+1 _.:.:_7:.::5::.00:_-+1_.:.:1::_50::.:0:.:0:__ 

------c---;i __ u_nc __ e_, __ 3o ____ l

1

c-_3_o_o_+l_7_5_o-+_1_5 __ oo ___ 

1
1 _.::3:.::00::.:0:__+1- 7500 1 15000 

C j Ovec 70 300 750 1500 3000 1 7500 1 15000 

30-70 1 300 750 1500 1 3000 1 7500 1 15000 

1 Uncec 30 1 300 1 750 1500 3000 1 7500 1 15000 
-·-------+------~-=::.:.:.:-==---4--=c::_~~~_:_::.:=-~~~_:_::.:=-+-'-':.::.::C:-I NI Ovec 70 1 200 500 1 000 2000 1 5000 1 1 0000 40-55 

30-70 1 300 750 1500 3000 1 7500 1' 15000 

Undec 30 1 300 750 1500 3000 1 7500 1 1S000 
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mul::iple leyel systenL.;;, \·ariable control system;;; 
or ~:. comhination of systems in order to accom
n~C·(::-..re a number of tr:::·ks of \"3.ry1ng \·isual re
qu::-t::l:-:-m~ in P.n ent:·rgy-::co:~o::tic manner. 

The targét valu(·S obi..:l::v:d from this proce
dure are con\·emional illumi:1c!nce va!ues in lux 
or footcandles and are \·alues to be maintained 
in st•r.ice. For many \i.:3u.::!.l di..5plays this is a 
rt-J.sonable inc!icator of display \·i.sibility. Some 
di.:::plays, howe\·t-r, can exhibir \·eiling rt:-f1ections 
and seriow; contra.st los..~ as indicated by a super
script :3 in Fig. :2-:.?. In these caEes. the illuminance 
alone L5 not a reliab\e indicator of visibility; the 
comra:3t of the display mu5t aL~ be taken into 
account. Equivalem sphere illumination (ESI) is 
a measure of \isibility that t.akes bot h illumi
n~'!.th'e and contrast into accounr. 

Currently, in:;;:ufficient experience with the use 
of E.Sl target values precludfs the direct use of 
ESI values as pan of the coll.Sensus approach 
recommendation process. Thus, the reconlmen
dations are in conventional unit.s of illuminance. 
Howe\·er, ESI may be used a_::; a tool in detemlin
ing the effectivenes.s of controlling veiling reflec
tion and as part of the evaluation of lighting 
systems. 

The target values of illuminance for Illumi
nance Catt:gories Ato C are acerage maintained 
illuminances, and the lumen method, using 
zonal-cJsity calculated coefficients of utilization 
for luminaires, or for daylighting, predicts such 
aH>rage itluminance values. The target values of 
illuminance obtained for visual displays in the 
la.;;;: six caregories (0 through 1)· are localized 
values, that is, maintained illuminance on the 
ta:::.k and point calculation methods are appro
priate. In either case the procedure for determin· 
ing light loss factors should be used in calculating 
rnaintained average or. point' illuminances. See 

·page 9-1 of the 1981 Reference Volume. 

Luminance Ratios 

Luminances in the visual field which surrounds 
an object or a task can ha ve different effects on 
visual ability depending u pon the areas in volved, 
their location v.ith respect to the line of sight, 
and thelr actual luminances as compared v.ith 
that of the task. These luminances may produce 
a decrement in visual abilitv, visual comfort, or 
both. For this reason, the. lumin.Jnces of the 
various surfaces in the visual field should be 
comrulled and limited. 

\\·~~t'n t~H:re is a large difftr(.;:r:e in luminance., 
·.,_·-:::n art-:-:;-; i,: ;,:_.¡~ :t:"_ ... :n1:e ratio), for ex-

ample a large difference between the luminance 
of a task and that of a bright \\'inclow during the 
day or a dark window a1 night, there may be 
losses in the abilüy to sce the task display if onc 
looks 3\\·ay from the task to the window ancl then 
back at the task. This is due to transil•nt adap
tation and the changr:s in sen.sitivity of the eye'. 
(see Section 3 of the 1981 Reference Volume). If 
the ratio is high, there also may be a reaction of 
di.scfJmfort. 

As a guide for design purposes,luminance ratio· 
limic.s ha\·e been recomrnended for various appli
cations, such as offices, educational facilities, in
stitutions, industrial areas and residences (see 
Sections 5 through 10). For additional guidance, 
recommended lirnits of reflectances (both upp(·r 
and lowerl, of large area surfnces, are gi1.·en for 
the samc applications. The use of these reflec
tance limits. along with a selection of appropriate 
colors, should help to control luminances and 
keep within the ratio limits without creating a 
bland and uninteresting environment. 

Visual Comfort 

Visual discomfort may occur \',·hen excessively 
high luminances are within the visual field. High, 
luminances also 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 interfere \\ith 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 \~v·ith veiJing reflections 
which impair visual performance rather than 
cause discomfort. 

Both maximum and average luminances of a 
potential glare source are significant factors in 
evoking a glare sensation, but average lumi
nances are recognized as being the more perti
nent. A rating system based on the degree of 
freedom from discomfort glare in a lighting in· 
stallation called Visual Comfort Probability 
(VCP), uses average luminances. This system 
evaluares lighting sysu:~·ms in terms of direct 
glare. It .is an estimator of the fr::tction of the 
observer population which will acce¡H the light
ing system and. its environm..:nt a~ b:;ing com· 
fortab!-:-. usin:! the perceptior~ , ,;-;re due to 
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direct light frorn luminaire.s to the ob::er\·er as a 
criterion. 

Thi~ e,·aJuation of comfor. i3 based on· the 
folk•\\i;t~ f0ctors which inf:•.:::-:-.1.'f su!':ljecti\·e judg
ment~ o-f visual comfon: roo:n size and shapc·; 
roo:n surface reflcctance.'':: ilh1:::inance levels; lu
ntinaire t)lJe, sizt:, lumin2.nce. maximum lumi
nance and light di_c::tribution: number and loca
tion of luminaires; lumin.?Jtce of the entire field 
of ,-iew; obserYer location ar.ct line of sight; and 
difft:rences in individual glP.:-€:- .sensiti,·ity. 

Extensive inve..;tigations and analyses (See 
page 3-12 in the 19Sl ReferE:nce Yolume) ha,·e 
resulted in a comprehensi\·e s:.andard discomfort 
glare evaluation procedure which takes these 
factors inw account. The final product of the 
e\·aluation proceclure i::; a \"~u?-1 Comfort Prob
ability (VCP) rating of the lighting system ex
pre~ed as a per cent of people vie\\ing 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-il in the 1981 Reference Volume). How
ever, in arder to systematize the calculations, to 
aid in the de,·elopment of \"CP tables, and to 
permit comparison of luminaires, standard con
ditions ha ve been adopted:9 

l. An initiallevel of 1000 lux [100 footcandles]. 
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 effecti..,:e floor 
ca\·ity 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 dimeÍlsions to include square, 
long-narrow, and short-wicle rooms. 
5. A standard layout invohing luminaires uni
formly distributed throughout the space. 
6. An observation point 1.2 meters (four feet) in 
front of the center of the rear walJ and 1.2 meters 
(four feet) above the t1oor. 
7. A horizontalline of sight directly forward. 
8. A limit to the field of view corresponding to an 
angle of 53 degrees above and directly for.i.:ard 
fr01n the observer. 

By consensus, direct glare will not be a prob
lem in lighting installations if all three of the 
following conditions 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, 5.5, 
6.5, 75 and 8.5 d.:grt:es from nadir cro~swise and 
lengthwise; and 
.'J. :\faximum luminaire luminances crosswise and 
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lengthwise do not exceed the following values: 

A:-,;\•! AboJve 
:'\ndir 

(d.q;'rt'L'.-.) 

45 
5:) 
65 
75 
85 

:'tlaxin:um Lumin11.ncc 
(canth•la.; per 
squnn· md<."r) 

7711) 
5F)(II) 

:,).'3¡)() 

2:)71) 
169.') 

(fuqt\Hmlwrt,;) 

nsil 
\60.') 
11:2.') 
750 
495 

The principal research used to est~hlish the 
VCP system involved luminances of a m'-1gnitude 
compatible with t1uorescent lamps. Further, 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 visual fields has not been 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 provides no basis for judg· 
ing a difference in visual comfort. Here, it is 
assumed that this entire difference is due to the 
lighting systems. Artifacts introduced by using 
different computational procedure5 for two light
ing systems can further spread the VCP values 
for two svstems that are not demonstrably dif
ferent.10 ~ 

An alternate simplified method of providing 
an acceptable degree of comfort has been derived 
frorn the formulas for discomfort glare. This sirn
plified method is based on the premise that lu
minaire designers do not design different units 
for roÜrns of different sizes, but consider 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 luminaircs are largely 
out of the field of view.) This simplified method 
is only applicable to flnt bottom luminaires. S.:--: 
page 9-73 in the 1981 Reference Volume. 11 

Reducing Discomfort Glarc. Discomfor:: 
glare can be reduced by: 
1. Decreasing the luminance of lighting equip· 
ment or other sources of objectionable gla.re, 
such as windo\'-.:s and overhead skylights, relative 
to the over-allluminance. 
2. Dimini:-;hing the area of uncomfortable lumi
nances (\~,:ith level of constant luminance}. 
3. [ncrea::;ing the angle between the source and 
line of ~ight. 
4. IrKrt:-~t.~ing the general lu.minance i~ the room 
~:.::.. · rec:ommenrled lunllna:>:e :·~l~:(';;'-
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Reflected Glare 

Glare resulting from specular reflections of 
high luminance in polished or glossy surfaces is 
kno'-"11 as reflected glare and, as mentioned 
above. it may cause discomfort. If the reflections 
are of high luminance and of significant area, 
they also may produce disability glare if near the 
line of sight and may prove distracting to work
ers." Bright reflections of small size often do not 
cause retlected glare but provide enhancing re· 
¡1ections, desired spark.le, such as in jewelry, 
glassware or tableware on display. When specu
lar retlecrions of high or low luminance veil rhe 
visual rask. rhis effecr is known as veiling reflec
tions. (See below.) 

There is lirtle in rhe way of research to quan
tify rhe visual impacr of reflections in specular 
surfaces. Generally, the conditions which cause 
ret1ected glare are sufficiently obvious as to in
dicare the lighting solution. In general, large area 
low luminance sources are preferred where the 
task has even a small degree of specu!IJ.rity. Ad
ditional considerations in this regard are dis
cussed in the various application- sections. For 
example. finishes on office furnirure and equip
ment should be mane. 

Disability Glare 

Disabiliry glare is caused by srray lighr within 
the eyes, producing a veiling luminance u pon the 
retinal image of an objecf to be seen, resulting in 
reduced objecr visibiliry (see page 3-12 in the 
1981 Reference Volumel. In most interior lighr
ing siruations. disability glare does not present a 
severe problem if discomfort glare and reflected 
glare are minimized and luminance ratios are 
controUed as discussed above. However. in the 
case of roadway lighting. ve hiele headlights. and 
certain types of industrial lighting, rhe effects of 
srray lighr may have ro be taken into considera
rían. 

Yeiling Reflections 

For years lighting designers and those engaged 
in vision research ha ve recognized that subsran· 
tia! losses in contrast, hence, in visibilitv and 
visual performance. can result when light s¿urces 
are reflected in specular or semi·specular visual 
tasks.''- 1

' This has been known as the general 
subject of reflecred glare. The effecrs vary from 
the reflection of an incandescent filament in a 

polished metal surface ar one extreme, in which 
case rhe result is annoying, distracting and disa
bling, from rhe 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 matre paper. With the larter, 
the effect may be undetectable by the naked eye 
and may be almost unmeasurable by instru
ments. The term ··reflecred glare" is reserved 
toda y for effects toward the firsr extreme and the 
term "veiling reflection" for effects near the seC
ond. Perhaps the grearest and certainly the most 
insidious problem is the retlection of luminaires 
or skylights in seini-specular and semi-matte sur
faces such as a printed page and pencil writing 
on paper. 

There are a great many factors that con tribute 
to veiling reflecrions and each of them individ
ually has long been known. The problem is to 
integrare rhe effects of these interrelated factors. 
Much has been learned. particularly rhe contri
burions made by llluminaring Engineering Re
search lnstitute iiERl) research. 

Factors Causing Contrast Loss. In the 
srudy of contrast losses due ro veiling reflections, 
the visual task (printing or handwriting on pape;· 
are usually considered as the visual task in the 
following discussions), the workers' orientation 
and 'iewing angle, and rhe lighting system al! 
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 togerher. Generally the 
fibers are somewhat shiny in themselves, but 
because of their random orientation they reflect 
light more or less equally in al! direcrions. The 
harder the paper is pressed the more specular it 
becomes. Sorne papers are filled with clay or 
other coating so that the surface is very smooth. 
Sorne papers are actually glazed. The luminance 
of the paper depends both on rhe arnount of light 
being diffusely retlected from it and wharever 
bright surface may be retlecred in it. This retlec
tion m8y be discernible as in the case of coated 
papers or glossy photographs, but frequently it is 
so indistinct as to go undetected even though 
serious losses in visibility occur. 

The specularity of the graphic medium-pen
cil, pen. ink. carbon, etc.-again covers a very 
wide range. The degree of specularity depends 
on how rhe medium is deposited. For example, a 
very soft pencil brushed lighrly across rough 
paper would leave a very diffuse mark. On rhe 
orher hand, a hard pencil applied with pressure 
on a smoorh surface can be very shiny. The 
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Fig. 2-6. An example of black printing on glossy paper. In 
the photograoh above. a spot!ight is located behind the 
camera in a position to cause mínimum veiling reflections. 
The upper right photograph shoWs the same task lighted by 
a troHer that is positioned above and in frpnt of !he task in 
!he offending zone. Note the subtle character of the specular 
reflections so that the loss of contras! is not immediately 
obvious. Note also that !he soecular reflections occur in 
ditferent positions on diHerent letters. The photograph at the 
right shows the same paper with a spot1ight in the oHending 
zone which creates the maximum veiling reftection etfect. 
This condition might be called reflected glare. The image on 
the oage is apparent as are the highlights in the letter stroke. 
Note how highlights tend lo occur along the edges of the 
letter indicating that the type has embossed the paper. 

luminance of the mark again depends on the 
amount of light being diffusely reflected from it 
and the retlection in it of luminous are as. There
fore. when considering task contrast, both diffuse 
and specular reflectance of both paper and 
graphic medium should be considered as well as 
the reflection of light sources in relation to the 
illuminance leve!. Figs. 2-6 and 2-7 illustrate a 
range of conditions of veiling reflections. 

lf 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 slanted school desk top, or a pencil drawing on 
a vertiCal drafting board. Chalkboards in class
rooms, merchandise in stores, and signs are task.s 
of prime importance that li~ in a vertical plane. 

The relative importance of various tasks and the 
planes in which they occur also,should be consid
ered. For example, office lighting should really 
be designed not just in tenns of a task lying flat 
on a desk but also for one hand-held at about 45 
degrees. 

The Worker. The orientation of the worker 
with respect to the task greatly influences the 
magnitude of the effect of veiling reflections. 
First, for one eye position and one point of re
gard, a simplified relationsh.ip between the eye, 
the task. the perpendicular to the task, and an 
"offending zone'' can be established. See Fig. 2-
8. lf the task were perfectly specular and flat. the 
offending zone would merely be a point. How
ever, since the tJ-peS of t:asks in volved here are 
more or less diffusing. the theoretical offending 
point becomes enlarged w an offending zone. 
N ow if the eye is in such a position that the rays 
of light from the offending zone are reflected 
toward it. veiling reflections will occur. The angle 
of reflection is considere<! as the viewing angle. 
As the ,;ewing angle increases. effects of the 
specular e haracteristics 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 angles1
'· 

16 with a peak at 
about 25 degrees as indicated by the approximate 
frequency distribution curves for office workers 
and for school 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 
angles 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. 2-9d. On this basis it seems reasonable to 
use O to 40 degrees as the practica! range of 
viewing angles for design purposes. 

Next the location and orientation of the worker 
and the task in the room must be evaluated. A 
worker · with bis back to a wall and facing out 
toward the center of the room has the maximum 
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 ha ve minimum veiling reflections (not an 
appealing position psychologically). A person in 
the center of the room has light falling on the 
task from al! directions. The ceiling may or may 
not constitute the offending zone, depending on 
the viewing angle. 

Fig. 2-7. The upper left photograph shows pencil steno
graphic notes lighted by a spotlight located behind !he cam
era. lt can be seen that in lhis case lhe pencil stroke is 
retatively light beca use even in the darker parts ot lh~ stroke. 
areas of white paper show through. The photograph directly 
above shows the same task with the spot1ight in the oHending 
zone (above and in front of the task). As is frequently the 
case with this type of task, negative contrast or contrast 
reversa! occurs where the pencil stroke can actualty become 
brighter than the paper. In the photograph at the lett the 
same task is lighted with an indirect lighting system. 

A person sitting beside a window would have 
greatly reduced veiling reflections because the 
major source of illumination is outside the of· 
fending zone. lt is also true that if a person were 
seated facing a window he would ha ve potentially 
serious veiling reflection conditions. 

OmNiONG ZONE 
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Fig. 2-8. Generalizad description of angular relationships 
in analyzing veiHng reflections. 
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Pentil handwriting as viewed al 25 degrees from !he verlitcl

typical viewing angle for most people. 

Some tcuk al obove viewed al 40 degrees. Tosk diRiculty ;1 
about 8 times l'hot al 25 degre1n. 

Same talle as obove viewed al 60 degrees. Task diffku!ty ;, 

more than 100 times ltlot al 25 degrees. 

Fig. 2-9. Task viewing angles. a. People use a range of viewing angles in their work but !he peak is about 25 degrees. b. 
Eighty-five per cent of seeing occurs within a range ot O to 40 degrees, with seeing al large angles limited to occasional 
glances dueto foreshortening and increased viewing distance. c. Photographs of an actual pencil handwriting sample as seen 
al viewing angles of 25, 40, and 60 degrees. d. Curve showing the relative difficulty of the pencil handwriting shown in e as 
measured with the Visual Task Evaluator. 

The Lighting System. The worst condition is 
represented by a h.ighly 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 room, and it may 
create shadows that interfere. with writing, etc. 
Paradoxicallv, it is aJso the condition under 
wh.ich the w~rker can most easily escape veiling 
reflections by tilting the task so that the reflected 
rays do not reach his eye. When the task is truly 
a flat surface this is an effective solution. Because 
of embossing and curvature of many t;,sks such 

as books and magazines, reflections are not so 
easilv eÍiminated. 

A,;other condition would be a luminous dome 
placed over the worker and the task. Here the 
effect of veiling reflections would be reduced. but 
could not be escaped since there would always 
be a luminous area in the offending zone. Fur
thermore. through a rather wide range of illu
mihances the lighting system would generally be 
considered i:onúortable. 

Between these two conditions lies the full 
range of luminaires of various sizes spaced so as 
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to occupy various proportions of the ceiling and 
employing materials that produce varying can
dlepower distribution. 

Lighting materials ... ;th reference to horizontal 
tasks may be compared as follows: 

Diffusing . . \t small viewing angles Oooking 
nearly straight clown at the taskl this material 
has the minimum luminance exposed to be re
flected in the task. At large viewing angles it 
tends to have the highest luminance. This helps 
reduce veiling reflections but tends to reduce 
visual comfon per unit area. 

Prismatic. A Y.'ide range of materials comes 
under this cat~gory, but generally they tend to 
expose greater flux toward the work for small 
,;ewing 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. 

Loiwers. These materials expose the maxi
mum luminance ro the work at small viev.dng 
angles. They generally have lower luminance at 
large viewing angles. Translucent louvers have 
the least control: opaque louvers next; and spec
ular parabolic wedge louvers tia ve the maximum. 

Polarizing. Available materials of the t1ake or 
-!ayer type ha ve a degree of diffusion that exposes 

less luminance to the work than prismatic or 
lÜuver materials. They have less luminance at 
large angles than diffusing, about the same as 
prismatic, and more than opaque louvers. 

Polarization can reduce veiling ret1ections. The 
effect is greatest at large ,;ewing angles and least 
at small vie'A-ring angles. For any single ray of 
light, polarization in a plane perpendicular to the 
task always tends to reduce veiling reflections. 

These have been terrned '"radial" polarizers 
because in azimuth they produce the same degree 
of polarization in all directions. "Linear" and 
""dichroic" polarizers can also be useful-partic
ularly for specialized application. 

Special. New optical designs ofluminaires and 
materia!s ha ve been produced with candlepower 
distribu tions that reduce the flux coming from 
the offending zone and 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 Worker. The orientation and the position 
of the worker is very important. The desirable 
position only can be deterrnined by actually de
terrnining CRF values (see page 9-63 in the 1981 
Reference Volume). lt is also true that various 
orientations ";]] produce varying degrees of vis
ual comfort. 

The Lighting System. In smaller spaces such 
as offices where .desk positions can be deter
mined, substantial gains can be made by not 
positioning lighting equipment in the general 
area above and forward of the desk. Positions on 
either side and behind the worker are preferred. 
Where desk positions are random, as in large 
general offices. ir 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 6ver-all basis rather than on any 
one factor. Thus in addition to considering the 
illuminance and the effect of veiling ret1ecrions 
produced by a lighting system and the material, 
the efficiencv of the svstem and the visual com
fort in the space sho~ld be considered as prime 
factors. 

Methods of Evaluation. Those tasks which 
are subject to veiling retlections are subject to 
the visibility criteria kno'A-:n as equivalent sphere 
illumination iESll. ES! is best used as a too! in 
determining the effectiveness of controiling veil
ing ret1ections and as part of the evaluation of 
lighting systems. The concept of ES! can best be 
understood by reviewing sorne basic principies 
behind ES!. 

The concept begins by the establishment of a 
reference lighting condition. Sphere lighting 
(perfectly diffuse lighting) is used as the refer
ence, since spheres are relatively easy to con
struct and have repeatable illumination charac
teristics. Sphere illUmination is not said to be the 
best lighting condition and does not necessarily 
dicta te the use of diffuse light in the real envi
ronment. lt is an arbitrary benchmark type of 
lighting used to measure relative visibility poten
tia!. 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 further-to the 
r•'al lighting environment. The ES! of a ,;sual 
task in a real environment is the equivalent 
i'.luminance produced by a sphere which makes 
1.he task as visible in the sphere as it is in the 
real environment. That is, the visibility of the 
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task in the real environment is equivalen! to that 
produced by a certain amount of sphere illumi
nation. Thus. the term Equivalent Sphere lllu
mination. ESI is analogous to a measure of visi
bility in rhe real en\ironment and as such can be 
used as a tool in evaluating lighting equipment 
or alternate lighting schemes. 

Erroneous evaluations can result if ESI is not 
completely understood. The visual task, the ob
servers orientarían in the space. the lighting sys
tem, and the detrimenral effects of veiling reflec
tions al! play a pan in the determination of ES! 
values. :;3ee Sections :3 and 9 of the 1981 Refer
ence Volume for discussions of visibility, veiling 
reflections and ES!. 

Color 

The importance ·or color in \]luminating engi
neering and particularly lighting design should 
not be underestimated. An entire section (Sec
tion 5) in the 1981 Reference Volume is devoted 
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Fig. 2-11. Experiments 18 have shown the preferred color 
temperature ot lighl sources at various illuminance levels (the 
unshaded area). Color temperatures-illuminance combi
nations in the lower shaded area produce cold, drab environ
ments, while 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 that material. especially the 
portian 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 tertns, 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· 
eral electric light sources and daylight.i Color 
rendering refers to the ability of a light source, 
with its particular chromaticity, to render colors 
of objects as one would expect them to appear at 
the same color temperature. A useful tool in 
selecting an appropriate color temperature is 
shown in Fig. 2-11, which has been developed 
from experiments by Kruithof." If in the design 
process the designer has selected an illuminance 
leve], Fig. 2-11 can be referred to in selecting a 
light source color temperature that should be 
acceptable, in that it produces neither a cold, 
drab nor too warm, overly colorful environrnent. 

Shadows 

The direction of illumination is especially im· 
portant when viewing three dimensional objects. 
As is illustrat"d 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 important in controlling highlights. 
Sorne shadow con tributes to the identification of 
form. 

PHYSICAL CONSIDERATIONS 

Luminaire Spacing 

At one time 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 maximum calculated spacings, the illumi
nance at many points can be unidirectional with 
the consequential strong shadows, dark areas 
with single lamplailures, etc. 

Toda y, with our broader understanding of the 
requirements for good lighting, it is quite possible 
that the old coricept of an average horizontal 
illuminance leve! plus or minus one-sixth will be · 
_:iolated in the process of designing good lighting. 
However, usually there still will be a requirement 
that the illuminance meet sorne degree of uni
formity. 

Many factors contribute to the total quality of 

Fig. 2-12. Harsh shadows produced 
by unidirectional illumination (left) and 
sott shadows produced by diHuse illu
mination (right). 

Fig. 2-13. Multiple shadows (upper left) are confusing; sin
gle shadows (center) may cantuse but can help: diffused 
light (lower right) erases the shadows. 

a lighting system. Horizontal work-plane illumi
nance represents only one aspect. Horizontal il
luminance at other levels throughout the space 
cannot be ignored. The directional qualities of 
the illuminance at specific points within the room 
can be considered in terms of cast shadows, 19 

vector and se alar illuminance, :!0 vertical compo
nents of illuminance,'1 and the like. Often, vary
ing visual tasks occur at different locations within 
the space. These and similar factors must be 
considered for lighting system evaluation. In spe
cific cases, sorne factors me.y be extremely irn
portant while others can be safely omitted from 
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consideration. N evertheless, the lighting de
signer must deliberately make the choice. 

[n those situations for which a relatively uni
forrn illuminance is an accepted performaz:¡ce 
criterion. certain guidelines can be an important 
aid to the lighting designer in detennining the 
luminaire layout. To achieve acceptable uniform
ity, luminaires should not be spaced too far apart 
or too far from the walls. Spacing lirnitations 
between luminaires are related to the intensity 
distribution of the luminaires, placement of the 
luminaires \\'Ühin the· room, and the reflectances 
of the room surfaces. 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 the work-plane. 

The lighting designer often is faced with the 
problem of selecting luminaires that are potential 
candidates 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.) lt is a spacing of luminaires expressed as 
a fraction or multiple of the luminaire mounting 
height above the work-plane. 

The Se is a measure of the beam spread or 
coverage of the direct component of illuminance 
from direct and semi-direct illuminaires. lt is a 
guide to pennit the deslgner to evaluate the 
potential suitability of a luminaire befare execut
ing a complete design- analysis. The Se pennits 
a designer to separare luminaires into two cate
gories for a particular lighting layout: those 
which are likely to produce reasonably uniform 
horizontal illuminance and those which will not 
produce uniform horizontal illuminance in a spe
cific layout pattem. lt does this by evaluating 
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Fig. 2-14. Spacing dimensions (in feet) to be used in rela
tion to Spacing Criterion (SC). Meunting height is frem lumj... 
naire te werk-plane fer direct. semi-direct and general-diffuse 
luminaires and frem ceiling te work-plane for semi-indirect 
and indirect luminaires. 

one aspect of unifonnity at a few select points. 
This limited evaluation can be based ·m a lumi
naire characteristic alone (luminaire 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 of horizontal illuminance decreases as 
the spacing between luminaires is increased. Fig. 
2-14 illustrates the spacing between luminaires. 
The product of se times the mounting height 
(MH) gives a spacing which generally is in the 
vicinity of the dividing point between a reason
ably acceptable unifonnity of horizontal illumi
nance and a noticeably poorer uniformity of hor
izontal illuminance. 

As a general trend, horizontal illuminance will 
tend to be relatively uniform for luminaire spac
ing less than that given by the se. and unifonnity 
will tend to decrease as the spacing exceeds that 
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Flg. 2-15. (a) Ughting layout using equal spacing between centinuous rews of luminaires. (b} Layout is changed to ~~ro\lide 
higher illuminance near side walls. (e) By adding lour more units on each end, layout (b} can be modified lo pro\lide 80 per 
cent more light near the end walls and pre\lent possible scallop effects. Dimensiens are in feet. 
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given by the se. eertain 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
facttirer states specific spacing instructions 
rather than gi\;ng an se value. 

The commonly used practice of letting the 
distance from the luminaires to the wall equal 
one-half the distance between rows (see Fig. 2-
15a) results in inadequate illuminance near the 
walls. Since desks and benches are frequently 
located along the walls, a distance of 760 milli
meters (2 11.! feet) from the wall to the center of 
the luminaire should be employed to avoid ex
cessive drop-off in illuminance. This will locate 
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 desirable to use somewhat closer spac
ings between outer rows of luminaires than be
tween central rows, taking care to be sure that 
no spacing exceeds the maximum permissible 
spacing. 

To prevent excessive reduction in illuminance 
at the ends of the room. the ends of tluorescent 
luminaire rows should preferably be 150 to 300 
millimeters (6 to 12 inchesl from the walls, or in 
no case more \,han 610 millimeters (2 feetl from 
the walls. Even the 150- to 300-millimeter (6- to 
12-inchl spacing leaves 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 í60 millimeters 
(2 1:o feet) from, the end wall. In the example 
sho1A-t1, 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. 2-15b. This tech
nique not only irnproves uniformity but also 
eliminares scallops of light on the end walls and 
provides a uniform wash of light on all four walls. 

Another excellent method of compensating for 
the normal reduction in illuminance that may be 
expected at the ends of rows is to use a greater 
number of lamps in the end units. Still another 
technique is to provide 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 retlections in the task as 

• ~or example, ~me !!harp cut·off batwing dilltríbulion lummaU"e!l. 

well as further improve uniformity. This is par
ticularly true for direct and semi-direct equip
ment, and spacings that are substantially less 
than the maximum permissible spacing should 
be seriously considered. 

The following formulas can be used to calcu
lare the values: 
l. For indi,;dually mounted luminaires, the 
wall-to-luminaire spacing should be: 

Wall-to-Luminaire Spacing = 

Luminaire-to-Luminaire Spacing 

.3 

2. For individual units or cross"NNSe spac1ng of 
continuous rows: 

Minimum Number of Rows = 
Room Width 

Maximum Spacing 
Allowed 

3. For lengthwise spacing in continuous rows: 

Maximum N umber of ü nits Per Row =. 
Room Length - 0.3 
Luminaire Length 

(allows 0.15 meters end spacing when lengths are 
in meters) 

or 
Room Length - 1 
Luminaire Length 

(allows one-half-foot end spacing when lengths 
are in feet) 

Minimum Number of ünits Per Row = 

Room Length - 1.22 

Luminaire Length 

(allows 0.61-meter end spacing when lengths are 
in meters) 

or 
Room Length - 4 

Luminaire Length 

(allows two-foot end spacing when lengths are in 
feet) 

Dimming Oevices 

The most practica! method of controlling light 
output for nearly every purpose is to control the 
electrical input to the light source. There are 
several methods by which this may be accom
plished, based on one of two 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 arnount of time during a cycle that it is 
perrnitted to flow. 

Change in amplitude can be accomplished by 
resistance dimmers. The metallic rheostatic dim· 
mer, one of the earliest controls developed, is still 
made and offers fearures which prescribe its use 
under certain circumstances. A resistance dim
mer is cÜnnected in series in the circuir and the 
voltage which appears across the lamp is equal 
to the line voltage less the voltage drop (!Rl 
across the resistance dimmer. To vary the 
amount of light, adjustment to the rheostat is 
made by moving a contact which adds or sub
tracts resistance to the circuit. The dimmer ca
pacity must be selected to match the lamp load 
fairly closely if dimming control to blackout is to 
be achieved. The resistance loss in the dimmer 
is an appreciable percentage of the lamp load at 
low luminance levels, liberating large amounts of 
heat which must be disposed of and consuming 
considerable power. · 

Change in amplitude can also be accomplished 
by continuouslv adjustable autotransformers. A 
si~gie layer of ~opper magnet wire is wound over 
an iron core to fonn a toroid. Each wire turn is 
"bared" to form a commutator for the carbon 
brush. When a 120-volt ac line is applied to this 
winding, sliding the brush from turn to tum 
allows tapping off the desired ac output voltage. 
\Vire size, number of turns. and brush dimensions · 
ha ve been carefully designed so brush contact is 
made with the next turn before leaving the pre
vious conductor. assuring perfectly smooth, flick
erless type of light control of almost infinite 
fineness from zero to full luminanee. 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 dim equally well all sizes of lamps at the 
same time. Autotransformer dimmers provide 
fairly good efficiency up to a maxirnum of 95 per 
cent. Although solid-state dimmers have tended 
to replace autotransformer dimmers. 1000- to 
2000-watt units are still available. Larger capac
ity autotransfonners (above 2000 watts) are 
available with motor drives. 

The saturable reactor was the fust of the elec
tronic type or phase angle control dimmers. lt 
consists of a magnetic core assoeiated with de 
and ac windings. By adjusting the current of the 
de "'inding, the inductive reactanee of the ae 
winding may be varied smoothly from approxi
mately zero to its maximum value. Saturable 
reactors are not in much use today in lighting 
applications because of their weight, size and 
slowness of response: however, beca use they are 
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good in the control of very heavy loads, they do 
fill sorne requirements. 

Thyratron tu be control is another of the earlier 
eleetronie methods. A gating rype of control is 
obtained from a rh_yTatron tu be when ae voltage 
is applied to its plate and an ac voltage of ad
justable phase is applied to its grid. As the phase 
angle between the voltage on the plates and grids 
is adjusted, the tube can be made to conduct 
various lengrh, po.rtions of the cycle. Two thyra
trons are connected baek to baek so that eaeh 
one may conduct during each half cycle. While 
response is very rapid, all fllaments in this tube 
system must be preheated approximately ~~ min
ute or more. Should a power failure occur during 
use, the need to preheat becomes a great incon
vemenee. 

Magnetic amplifiers or self saturating reactors 
became popular as high power dimmers for a 
short period. Although the performance of this 
ty'Pe of system was generally good. it was re
placed by thyristor controlled dimmers because 
of their size ahd weight advantages. 

Solid-state electronics has virtually taken over 
the field of present day dimming equipment, 
from the 600-watt wallbox dimmer to the 100-
kilowatt or higher theatrical or architectural sys
tem. The thyTistor has beeome the main com
ponent in most ineandescent and fluoreseent 
dimmer manufacturing. The original solid-state 
equipment designs utilized dual back-to-back sil
icon controlled rectifiers iSCRl. This arrange
ment has given way to the equally reliable but 
more cost-effieient triae de"iees in most dimmers 
rated at less rhan 6 kilowatts. However, many of 
the larger theatrical units rated at 6 and 12 
kilowatts still employ dual SCRs because of the 
lack of high current triacs. 

Beeause thyristors are fast switehing de"iees, 
sorne radio frequency interferenee will be gener
ated unless suitable filtering is designed into the 
dimmer. Extensive flltering is generally provided 
in larger architectural or theatrical systems to 
eompletely eliminare any possible interaction 
with sensitive equipment. \\!'hile solid-state dim
mers are typically 98 to 99 per cent efficient, they 
still have to dissipate heat. and cool operation is 
the key to long dimmer lifetime. 

Th"Tistor controlled fluoreseent dimmers are 
being. applied in many commercial applications, 
sueh as conference rooms. offices. restaurants, 
schools and churches. 

Reeent advances in de\ ice teehnology and cir
cuit design have made it possible to dim high 
intensity discharge lamps (see Section 8 of the 
1981 Reference Volume). lt has also become 
practical to convert low frequency ac to' high 
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frequency ac in arder to improve the efficacy of 
standard tluorescent lamps. Further advances 
ha ve been made in energy management of light
ing through integrated circuit technology. Auto
matic dimming sysrem control by means of pho
toelectric feedback. time programming, and 
other computer controUed demand limiting are 
al! available. Photoelectric devices can adjust the 
lighring to allow for minimuiñ power consump
tion when daylight is available. Time program
ming can automaticaliy adjust light levels to suit 
task changes, such as from work to leisure to 
cleaning or security modes. Computer operated 
controls can be used to reduce light levels to 
reduce the load in peak demand periods. 

Solid-state dimming offers the foUowing: 
For incandescent sources 
l. FuU range adjustability of light for various 
tasks or moods, do\\-Tl to zero light output. 
2. Energy ~avings-only 1 to 2 per cent of the 
connected load is dissipated in the dimmer. 
3. Increase in lamp life-lamps "'illlast up to 20 
times the rated life at 50 per cent light output 
(70 per cent power). 
F or ¡?uorescent sourc,es 
l. Continuously variable light output down to a 
fraction of a per cent of fui! output, with no 
discernible color shift. 
~- Power control-per cent energy sa\;ngs equal 
to the per cent light reduction down to about 50 
per cent light output (see Fig. 8-46 in the 1981 
Reference Volume). 
For hígh ínten.<Íty díscharge sources 
l. Range of light output control from 2 per cent 
minimum for mercury to 40 per cent minimum 
for metal halide and high pressure sodium lamps. 
2. Power control-energy savings nearly the 
same as shown in the fluorescent power curve, 
down to 50 to 60 per cent light output. 
Energy management devices as previously men
tioned can be effectively applied to aU sources 
listed above. 

Wiring for Lighting 

Every electric lighting system, regardless of its 
size, .scope. simplicity or complexity should have 
a weU designed. trouble free electrical "'iring 
system. lts size and capacity, its electrica1 char
acteristics (voltages, frequencies, phases, etc.), 
feeders, branch circuit layouts, and switch and 
dimmer controls, must aU be specificaliy selected 
and designed to conform to the layout and design 
of the lighting systems 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 obtain the maximum flexi
bility and efficiency from the lighting system. 
Quite often lighting designers are the consulting 
electrical engineers on the project. In this case, 
they usualiy are qualified to · design and specify 
the electrical wiring system for the lighting. How- · 
ever, if the lightíng designers are not qualified to 
design the electrical wiring system, they should 
seek the ser.·ices of a qualified electrical con
sultant or electrical contractor when designing 
the lighting system, to insure that the wiring 
system and controls ...il! provide aU the lighting 
variations and flexibility that is desired and in
tended. All e lectrical systerns must be designed 
and instalied in accordance with the provisions 
and requirements of the Natíonal Electrícal 
Code and other local or state code requirements, 
and the electrical consultant is qualified to in
elude these provisions and requirements in the 
design and specifications. 

The first step 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 individualiy 
from separate load centers. These sub-loads can 
then be further broken down for indi,idual 
panelboard control. On smalier projects, this usu
ally resol ves itsel.f into selection and location of 
one or more lighting panels, CfY:h conveniently 
located near the center of the !!ghting load it 
serves, compatible with the character, use, and 
structural configuration of the building. 

When lighting loads have been determined, 
the characteristics of the electric power supply, 
such as voltage, phase and frequency, must be 
considered and evaluated in arder to select op
timum locations for load centers and panel
boards. 

For relatively smaU projects .of 100 kilovolt
amperes or less, most utilities supply 120/208-
volt three-phase four-wire, 120/240-volt three
phase four-wire,. or 120/240-volt single-phase 
three-wire ser.ice. For larger projects, 277/480-
volt three-phase four-wire service is usualiy 
available. Lighting loads are usualiy served with 
120 volts or 277 volts from these systerns. Low
voltage light sources which may be incorporated 
in the lighting system may be operated at their 
rated voltages by using smaU dry-type step-down 
transformers operating from any of the higher 
standard voltages. 

Care should be exercised in the selection of 
voltage due to certain provisions of various codea 
which prohibit the use or restrict the use of 

1 
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higher voltage lighting devices in various occu
pancies. 

V arious techniques for switching, su eh as half 
S\\;tching four-lamp fluorescent luminaires, or 
row switching ro provide various lighting levels 
should be employed for energy conservation. 

The requirements of energy conservation sug
gest the use of short three-phase home run cir
cuits in arder 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 systerns generally employ the 
sarne techniques for wiring system design. 
Longer distances involved require voltage drop 
calculations to be performed to assure adequate 
voltage at the luminaire. Systerns will usually 
perform adequately when the voltage drop does 
not exceed 5 per cent at the farthest outlet. 
Higher voltage luminaires, ~uch as those oper
ated on 480 volts may generally be used outdoors 
when permitted by codes to reduce the size and 
quantities of circuir conductors. 

In the Cnited States 60-hertz power is almost 
universal for lighting systerns. However, lighting 
designers and electrical consultants sometimes 
consider the use ofhigh-frequency electric power 
for the operation of fluorescent lighting systerns, 
especially when the advantages of high-fre
quency operation are important (see Section 8 of 
the 1981 Reference Volumel. One such advan
tage might be the reduction of the excessive 
weight of normal ballasts used for 60-hertz 
power. Another might be to obtain the maximum 
light output of the fluorescent lamps being con
sidered for the project. In earlier installations, 
frequencies of 360, 420, and 840 hertz were used. 
·More recentlv, a 3000-hertz system has been 
used, which ;eportedly con~erts 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 
watts input to system usefullumen output, must 
be considered to properly evaluare a lighting 
system's efficiency. The evaluation ofpanial sys
tems often leads ro erroneous conclusions. Low
est watts per luminaire does not guarantee lowest 
lighting energy use for the system. 

The total electricalload required for the light
ing system is fust calculated in total watts or 
kilowatts. For purposes of selection of trans
formers, main switchboards, circuit breakers, and 
other similar elecrrical distribution considera
tions, kilowatts (kw) or kilovolt arnperes (kva) 
are used. However, when converted to "watts per 
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square meter (foot)," the term becomes more 
meaningful and useful not only to the lighting 
designer, from rhe standpoint of an ·economica1 
lighting system. but also to the air-conditioning' 
and heating engineers. The chart shown in Fig. 
2-16 shows maintained average illuminance for 
each of a variety of luminaires based on their 
wiring capacity expressed in watts per square 
meter (foot). The data in this chart are onlv 
approximate, and are based on a room of averag~ 
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 ca\ity. For more accurate results, 
data for specific luminaires, and for specific sized 
roorns and reflectances should be used. However. 
the chart is useful for quick appraisals when one 
type ofluminaire is being considered versus other 
types, especially in early stages of the lighting 
design procedure. 

Rooms v.ith numerically higher Room Ca,ity 
Ratios will require higher loadings (watts per 
square meter (foot)); with lower Room Ca,ity 
Ratios, the loadings .,.;¡¡ 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 propor· 
tional to the Coefficients of Utilization associated 
with the Room Cavity Ratios of the two areas. 
Similar! y, changes in reflectances will also affect 
the required loading in inverse proportion to the 
Coefficients of L:tilization associated "ith the 
ret1ectance conditions. 

The wiring system should be designed to pro
vide maximum flexibility with adequate capacity 
for present and anticipated future needs. Over
loading or excessive extensions of circuits, in 
addition to the hazards involved, results in a 
lowering of the 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 
difficulties and reduced lamp life may also result. 
For further information, see Section 8 of the 1981 
Reference Volume. 
· With gaseous discharge sources, the wattage 
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 factors lower 
than unity must be made in the wiring system. 
Mercury, metal halide, and high pressure 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 ma1ntained 
illuminance level in a room of 2.5 Room 
Cavity Ratio by mear.s of the following: 

A- lndirect. incandescent filament (sil
vered bowl) 

B- Oirect, incandescent filament (with 
diftuser) 

C- Oirect. incandescent titament 
(downlighl) 

O- General diffuse. incandescent fila
ment 

E- Oirect. incandescent filament (lens) 

F- Oirect. incandescent titament (in
dustrial) 
lndirect, fluorescent (cave) 

G- lndirect. fluorescent (extra high 
outout) 

H- 01rect. fluorescent (extra high out-
pul) (louvered) 

1 - Oirect. tluorescent (!ouvered) 

J- Luminous ceiling. fluorescent 

K- Direct, ftuorescent (lens) 
Direct. HIO (mercury) 

L- Oirect/Semi-direct. fluorescent (in
dustrial) 

M - Oirect. metal halide 

N - Oirect. high pressure sodium 

auxiliaries, the current may be as much as t\\'ice 
the operating current. \\'iring capacity must be 
provided for the starting current where it exceeds 
the operating curren t. 

Mínimum wiring capacity requirements are 
given in the Nationa/ Electrica/ Code. The pur
pose of the Code is the 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. 

.-\lthough the Síational Electrical Code does 
not purport to be a design manual, the lighting 
designer and engineer should be familiar with 
minimum lighting circuir capacities; i.e., Section 
220-2 of the 19i8 National Electrical Code. The 
circuir capacities required are frequently far in 
excess of that required by'modern efficient light
ing systems. 

\Viring design information based on current 
good practice for specitic applications may be 
found in the foUowing publications: 

IEEE Recommended Practice for Electric 
Pou·er Systems in Commercial Buildings-19i-t, 
IEEE No. 241. Institute of Electrical and Elec
tronic Engineers, N ew York. 

~AINTAINf0 ~QQT(AN0Lé:5 

A.gricultural Wiring Handbook-19i1, Edison 
Electric Institute. Washington. OC. 
IEEE Recommended Practice for Electric 
Pouw Distribution for Industrial Plants-1976, 
IEEE No. 141. New York. 
Electrical S_vstems for Pou·er and Light-1964, 
McGraw-HiU Book Company, New York. 

Standard Handbook for Electrical Engineers
McGraw-Hill Bóok Company, New York. 

Electrical Engineers' Handbook-John Wiley 
& Sons, Inc., New York. 

American Electricians' Handbook-McGraw
Hill Book Company, New York. 

THERMAL CONSIDERA TIONS 

The Tótal Environment 

Today, more than ever, architectural and en
gineering· design philosophy reflects conscien· . 
tious etforts ro provide man with a "total physical 
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environment". To accomplish this objectiye all 
facets of the building's interior systems must be 
successfullv coordinated since thev all are de-
pendent uPon one another. -

The physical and psychological elements 
which influence this design flow include such 
di verse factors as sight. sound, thennal comfort, 
spatial organization and esthetics. The integra
tion of these factors cannot be realized without 
the combined efforts of all those who deal with 
them in rheir design process. 

As recently as the late 1960's lighting engineers 
and designers utilized quantity of illurnination as 
the primary factor in their designs while paying 
little or no attenrion to energy control and con
sumption. However. as modern technology in the 
fields of light and vision advanced. the direction 
of design rheory shifted roward qualitative as
pects and de-emphasized the quantitative. Con
cepts of Equivalent Sphere Illumination and Vis
ual Comfort Probability proved that better con
trol of the ;isible part of the spectrum could 
reduce lighting watts and increase visual quality. 
E ven with these reductions in lighting watts the 
part of the spectrum which is emitted as heat 
still con tributes significantly toa space's thermal 
environment. Since it is impossible to eliminare 
this heat from the light source, it is important 
that it be manipulared 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 rhermal needs vary not orily 
seasonalJy bur from area to area within the struc~ 
ture, control of lighting heat and integration with 
rhe heating and cooling system are essenrial. 
This is particularly evident when the thennal 
factors dictare that the interior zones be on a 
virtually conrinuous cooling cycle. Good design 
today requires provision for efficienr utilization 
or dissipation of the lighting heat. 

Comfort Parameters 

Temperature. Any light source adds heat to 
the interior in which ir opera tes. This creares a 
relationship between lighting and room temper
ature and. in turn. human thennal comfort. How
ever, comfort depends not only on the room 
temperarure, but other facrors. as well. 

Heat gains and losses in a room result from 
heat transfer through walls and ceilings, heat 
transfer wirh air changes. solar gain from radia~ 
tion through transp uenr surfaces such as win~ 
dows, electric lighting, heat emitted by people, 
and heat from occupational processes in the 

space, such as from production equipment, com~ 
puters and office machines. The proportion of 
heat gain from each factor varies widely, depend
ing on building design, use of the space. clima te, 
etc. Procedures for determining the magnitude 
of ;·arious 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 termed sensible heat. Convection en~ 
ergy from lamps is sensible heat which raises rhe 
air temperarure. Lamps also produce radiant en~ 
ergy which does not heat air directly, but is 
con verted to sensible 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 have characteristics which 
make them a superior choice for an application, 
regardless of efficacy. 

Humidity. Luminaires usually do not impact 
the humidity in the space because thev neither • 
add nor remove moisture from the air. Since the 
human body regulares its temperature by evap
oration of moisture from the skin as well as by 
radiation and convection, humidity is important. 
Air has the property of sharing space with water 
vapor up to a specific amount. 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 thennometer readings. 
The wet bulb type has its bulb area covered with 
a wet cloth. Evaporation wi!l lower the wet bulb 
reading below the dry bulb. to a degree depend
ing on the amount of water vapor in the air. With 
the two readings and a psychrometric chart the 
relarive humidity m:1y be determined. Since a 
luminaire may raise the dry bulb temperature in 
a space, rhe relative humidity may change while 
the amount of water vapor in the air remains 
constan t. 

Relarive humidity values over 90 per cent are 
called extreme, between 60 and 90 per cent hu· 
mid. between 40 and 60 per cent normal. and 
under 40 per cent dry. These are generalizations 
since ambient temperature. air motion. and ac~ 
tivity make appreciable differences in the appar
ent sensarion experienced. 

Comfort Limits. Human satisfaction is a re
sponse ro severa! interacting variables. These 
stimuli cannot be considered separarely; they 
must be considered together as each affects the 
action of the others. The dry bulb temperature, · 



2-40 L/GHTING SYSTEM DESIGN CONSIDERATIONS 
lES LIGHTING HAND800K 

1:'181 APPUCATION VOLUt.AE 

water vapor pressure. mean radiant temperature 
and air velocity all affect the thennal environ
ment. Both steady-state and non-steady state 
criteria for these stimuli must be satisfied. 

Research performed by ASHRAE prior to 
197 4 resulted in the specification" of the comfort 
envelope as shown in Fig. 2-1 i. This specification 
covers a wide range of environmental applica
tions such as offices, homes, schools, shops, the
atres. etc. lt applies for average clothing and 
acth·ity. 

ASHRAE recommends that the drv bulb tem
perature be adjusted for any change m mean 
radiant temperature by: 

where: 

ADBT = DBT + MRT · 
2 

ADBT adjusted dry bulb temperature 
DBT drv bulb temoerature 
MRT mt?an radiant- temperature• 

The relative humidity 5hould be maintained 
between approximately 20 per cent and 65 per 
cent w~e the air velocity, without regard to 
direction. in the occupied zone is controlled to 
less than 0.35 meters per second (iO feet per 
rríinute) at any point. 

Additional research has been performed at 
The lnstitute of Environmental Research at 
Kansas State Cniversity under ASHRAE con
traer. :!3. ~ 4 These srudies provide methods foi
varying the comfort envelope for lightly cloihed 
persons and sendentary activity.!5 

Further research has been carried out bv Fan
ger!ti beginning in 1966 at K ansas S tate Lf niver
sit.y and continued at the Technical.University 
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 al! these methods of defining 
comfort levels are beyond the scope of this sec
non. The reader should consult the references 
for more detailed information. 

Lighting Load on Air Conditioning 

Fig. 2-18 gives one example of interior load 
distribution in a particular office building. The 
amount of heat gain through the exterior ma
sonry is small enough to be neglected. Fluores-

_ • The umfonn ~urfa..:e temperature of an imai{Ínuy bla:,·endo~u~ 
wn~ whu:h man exchanges the il!.me heat by radiatwn Wl ¡. 1 the actual 
t'OV!ronment: 

~~OL_~S~5----~,,J_J_~~5~--~3~0L_j_3~5----~~----~95 
AOJUSTED DR'r 8UL3 <EMPE.¡::;~TUR.E IN C'EG;:::EES F.".;!l.EN~Eií 

Fig. 2-17. Comfort envelope. 22 

cent lighting is provided consuming 2i watts per 
square meter (2.5 watts per square foot). It is 
assumed that Venetian blinds. will be lowered 
during corresponding sunny hours. 

In typical buildings, factors such as solar ra
diation through windows, heat transmitted 
through wall and·roofs, and cooling of ventilation 
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 2i and :32 watts per square meter (2.5 
and 3 watts per square footi respectively. 

Electric Lamps as Heat Sources. Electric 
lamps are efficient converters of electric power 
to heat energy. Each watt of electric power con· 
sumed by a lamp genera tes 1 watt (3.4' British 
thermal units per hour) of heat, just as any 
electric heating d~vice. The energy takes two 
principal forms: t 1) conduction-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 produces 
heat. [t does not heat air as convection sources 
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do, but it raises the temperature of anv surface 
wlllch absorbs it. · 

A knowledge of the relative amount of each 
type of energy emanating frorn an electric lamp 
can be helpful in analyzing its performance and 
the effect it may ha ve on thermal considerations, 
Figs. 2-20, 2-21, and 2-22 show approximate data 
for sorne representative fluorescent, incandes~ 

cent and high intensity discharge lamps, respec
tively. These values are for lamps suspended in 
space under specifi,c operating conditions. ~7 Low 
energy ballasts will exhibit lower ballast losses: 

Fig. 2-16. Example of Cooling Load Distribution in 
One Modern OHice Building 

E:- tenor Ottices • 
Interior 

Heat Source 
North East South .West 

Ottices 

Glass 46% 70% 65~ 69% 
_,., 

Lighting 30 18 20 17 39 
Occuoants 20 B 11 10 55 
MisceUaneous 4 4 4 4 6 

Tota!s 100'\. 100% 100~ 100~ tQO<lb 

• Per cent at time ot maximum load in each ottice. 

Fig. 2-19. Example of Cooling Loaa for Several 
Types of lnstallations 

Otf1ce Chain 
Clinic 

BUilding Slore 

' 8 e 

Glass 1 SOto 6% 15% 
Lighting 22 20 17 
Root and walls 1 12 33 
Occupants 21 34 16 
Ventilation 35 22 19 
System power 5 4 

100% 100% 100% 
Glass and lighting 38% 26% 32% 

Fig. 2-20. Energy Output for Some 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) 

96 lnch PG17t Tt2 
Type of Energy 40WT12 Tt2 (1500 (1500 

(800 mA) m A) m A) 

Light 19.0% 19.4"-b 17.5% 17.5"-b 
lnlrared (est.}' 30.7 30.2 41.9 29.5 
Ultrav101et 0.4 0.5 0.5 0.5 
Conduct!on-convec· 36.1 36.1 27.9 40.3 

tion (est.) 

1 
Bal!ast . 13.8 13.8 12.2 12.2 

Aooro)(lmate average 4t ~e 45 °C 60 'C 
bulb wall tempera· (106 ~F) {113 ~F) {140 'F) 
rure 

• Pnnc1pally lar 1nlrared {wavelengrhs t>eyond 5000 nanometers). 
t Grooves sideways. 
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Fig. 2-21. Energy Output for Some lncandescent 
Lamps 

1 00-Watt' 300-Watt 5QO-Watt 400-Wattt 
Type of Energy (750-hour {1000-hour {1000-hour (2000-hOur 

lile) hfe) lite) lile) 

Light 10.0'\, 11.1""b 12.0~ 13.70, 
lntraredt 72.0 68.7 70.3 67.2 
Conduction- 18.0 20.2 17.7 19.1 

convection 

• Coiled-co11 fitament. 
t Principally near 1nfrared (wavelengths from 700 te 5000 nano

meters). 
t Tungsten-halogen lamo. 

Fig. 2-22. Energy Output for Some High lntensity 
Oischarge Lamps 

400-Watt 180-Watt 

Type of Energy 
400-Want 400-Watt High Pres- Low Pres-
Mercury Metal Halide sur e sur e 

Sodium SOdium 

Llght 14.6% 20.6% 25.5'*' 29.0'\:. 
lntrared 46.4 31.9 37.2 3.7 
Ultraviolet 1.9 27 0.2 o 
Conduct1on-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 
temperatures will differ. the lamp energy propor
tion may be considered typical for low energy 
lamps as well. Energy output for an individual 
luminaire in space, or for a system of luminaires 
installed in a room is likely to vary considerably 
from that for lamps alone. 

Luminaires as Heat Sources. Performance 
characteristics of lurninaires are well docu· 
mented in terms of luminous efficiency, light 
control and candlepower distribution because 
equipment designers have been concemed pri· 
marily with the purposeful distribution of visible 
light. Now it is necessary to consider the total 
energy distribution of any luminaire 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 underl};ng physics. 

Fig. 2-23 shows that sorne materials used in 
luminaires can be good reflectors of light and 
good absorbers of far infrared. Severa! materials 
used to transmit light show significant differ
ences in the far infrared reflected. 

Any quantitative analysis of luminaires as heat 
sources should assume conditions of temperatura 
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Fig. 2-23. Properties of Lighting Materia!s 
(Per Cent Reflectance (R) and Transmittance (T) at Selected Wavelengths) 

ViSible Wavelengths Near lntrared Wavelengths Far lnfrared Wavelengths 

Matenal 'ÜÜ 500 500 1000 2000 4000 7000 10,000 12.000 15,000 
o m o m o m o m o m o m o m o m o m o m 

------
R T R T R T R T R T R T R T R T R T " T 

Soecular aluminum 87 o 32 o 86 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 35 o 84 o 90 o 45 o 8 o 4 o 4 o 2 o 9 ó 
White oorcelain 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 a 92 7 92 5 92 23 90 2 o o o 24 o 6 o S o 

meters (. 125 inch) 
Opal glass-3.9 mil!i- 28 36 26 39 24 42 12 59 16 71 2 o o o 24 o 6 o 5 o 

meters (.155 inch) 
Clear acrylic-3.1 mllli- 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 potystyrene-3.1 9 87 9 89 8 90 6 90 11 61 4 o 4 o 4 o 4 o S o 

millimeters (. 1 20 
inch) 

Whíte acrylic-3.2 milfi- 18 15 34 32 30 34 13 59 6 40 2 o 3 o 3 o 3 o 3 o 
meters (. 125 inch) 

White oolystyrene-3.1 26 18 32 29 30 30 22 48 9 35 3 o 3 o 3 o 3 o 4 o 
millimeters (. 1 20 
inch) 

White vinyl·0.76 miiti· 8 72 S 78 8 76 6 85 17 75 3 o 2 o 3 o 3 o 3 o 
meters (.030 inch) 

Note: (a) Measurements m viSible range made 'NIIh General Electnc Recording Spectroohctometer. Rellectance w1th blacK velvet bac~mg tor 
samoles (b) Measurements at 1 000 nm and 2000 nm made w1th Bec~man OK2·R Soectroonotometer. (C) Measurements at Navelengths greater 
:han 2000 nm made wuh P,:~rl<.!P.-E!~Gr S¡¡¿ctrupfmtometer. tdJ Retlectances 1n mtrarea relauve to evaporattve alummum on glass. 

stabilization. constant voltage. and senice posí· 
tion. In this state. total energy may not follow 
the distribution of light energy. However, it will 
be helpful to compare total energy distribution 
with the general classitications assigned to can· 
dlepower distribution curves. 

Thermal distribution characteristics would 
narrow the CIE classifications to ( 1) semi-direct, 
121 direct-indirect, and (3) semi-indirect, as illus
trated in Fig. 2-24_ Totally direct or indirect 
lighting classifications are unlikely in total en· 
ergy distribution curves. Of the two general dif
fuse lighting classifications, direct-indirect would 
be more appropriate. 

Several test methods have been employed to 
assess the total energy distribution from a par
ticular luminaire. One involves an adaptarían of 
photometric techniques. Two others involve cal
orimetry. including a continuous water flow cal· 
orimeter2

b and continuous air flow calorime· 
·'9 .m Th · ters.- · ough procedures and eqUipment var· 

ied widelv, test results were of the same arder of 
. d- ,)l magmtu e. 

Testing g\Jides for determining the thermal 
performance of luminaires ha ve been published 
by ADC.' lES and NEMA. lES approved a new 

' Air Difful!iun CounóL 

test method in l978 which considers the effect of 
plenum temperature and air return in rhe light 
output. The test also provides data on heat dis
tribution and power input dependent upon re
turn air flow through the luminaire:" 

Lighting Systems as Heat Sources. Visual 
and thennal conditions are two of the most im
portant conSiderations in a planned interior en
vironment. Visual comfort is pa.rtly due to quan· 
tity and quality of illumination. Thermal comfon 
is the result of a proper balance in temperature, 

LIGHT DISTI!!8UTION CLASSIF!CATIONS 

TOTAL ENERGY OISUIIWT!ON ClASSIFICATIONS 

_,ag: '"º-
•o o 

Sf~I~OI~fCT ::liRfCT - INOI~ECT 
L__ ___ ____;_ 

SfMI-INOIAECT 

Ftg. 2-24. Ughl distribution curves by CIE ctassifications 
of tuminaires. compared with typicat total energy distribution 
types. Upward and do1 mward components are in percentage 

ranges. 

¡ 
! 

1 
! 
! 
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relative humidity and air motion. If these factors 
are to be fully evaluated, consideration should be 
given to the total energy distribution of lumi
naires. their relationship to room surfaces, and 
to the type of conditioning system contempla red. 

While total energy should ultimately be con
sidered -...ithin the building envelope, comfort 
conditions will be primarily affected by that por
tian of the energy distributed into the occupied 
space. Thus. actuallighting and heating charac
teristics -will be influenced by luminaire 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 luminaires and ventilation arrahge
ments."' 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 
3.41 to get Btu/h) 

p, 

BLF 

CLF 

totallamp power in watts 

ballast load factor
incandescem, BLF = LOO 
rapid-start fluorescent, BLF = 1.08 to 
1.30 
high intensity discharge, BLF = 1.04 
to 1.37 
cooling load factor, a factor that al
lows for the type luminaire, furnish
ings, room envelope, length of time 
lights are on, etc. See reference 33. 

• 8 
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UF utilization factor. percentage of in
stalled power in use expressed as a 
decimal. For commercial applications 
such as stores, UF is generally unity. 

Luminaire mounting has an important role in 
the distribution of thermal energy. Fig. 2-25 il
lustrates typical heat flows for various types of 
ceiling-to-luminaire relationships. Total energy 
distribution involves all three mechanisms of 
heat transfer-radiation, conduction and con\·ec
tion. Although the illustration shows a fluores
cent luminaire, HID luminaires exhibit similar 
patterns. The input of the suspended luminaire 
in Fig. 2-25 (A) would be convected and radiated 
in al! directions to be reflected or absorbed and 
reradiated. Essentially, al! of the input energy 
would remain -...ithin the occupied space. 

Heat transfers from the surface mounted 
semi-direct luminaire in Fig. 2-25 (8) involve 
radiation, conduction and convection. Assuming 
good contact -...ith the ceiling, upper surfaces of 
the luminaire will transfer energy to or from the 
ceiling by conduction. Since many acoustical ceil
ing materials are also good thermal insulators, it 
may be assumed. that temperatures \\1.thin the 
luminaire will be elevated. Thus. lower lumin·aire 
surfaces y..;]] tend to radiare and con\·ect to the 
space below at a somewhat higher rate. C nless 
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 when components 
of the system are separated from the space. The 
recessed lurriinaire in Fig. 2-251Ci distributes 
sorne portian of input wattage above the sus
pended ceiling. The actual ratio is a function of 
luminaire design and plenum and ambient con
ditions. For most recessed static luminaires, the 

e o 

Fig. 2-25. EHect of ceíling-to-luminaire relationship ucon lighting system heat 
transter. Fluorescent luminaire has direct-indirect total erergy distribution classifi
cation. (A) Suspension mounting. (8) Surtace m•)unting. (C) Aecessed. 
(0) Luminous and louvered ceiling. (E) Heattranster lurPrnaire. 
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ratio is very nearly 50 per cent above the ceiling 
and 50 per cent below. 

Lighting systems of luminous and louvered 
ceiling types are illustrated in Fig. 2-25 (Dl. A 
similarity with the heat transfers of Fig. 2-25 (Al 
is noted. Although luminaires are separated from 
the occupied space, plastics and glass used in 
luminous ceilings are good absorbers of infrared. 
\Vnite svnthetic enameled louvers are also good 
absorbei-s. whereas aluminum louvers reflect a 
high percentage of infrared. ünless sorne means 
of controlling the energy is employed. aU of the 
electrical input energy also remains in the occu
pied space. 

Heat transfer recessed luminaires 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 arnount. ünder 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 
svstem and be subject to sorne form of control. 
Laboratory tests conducted in accordance with 
lES procedures32 will provide energy distribution 
data for evaluative purposes. However, the total 
svstem must be evaluated because heat removal 
t~ the plenum may raise plenum temperatures 
which cause conductive heat transfer back 
through the ceiling and .!loor 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. 

lt is possible to ha ve both systems completely 
within the space. This would be the case if sus
pendedor surface-mounted luminaires were used 
for ambient lighting with task lighting being in
corporated into the furniture or with suspended 
or surface-mounted luminaires being used (or 
both. In this case, the entire input pow"r is 
instantaneous space load. 

With recessed lumilo •tires utilized for ambient 
lighting and either ,;uspended or furniture 
mounted for task lighting, the h•'at loads must 
be figured separately as only t he task lighting 
load is entirely instantaneous spac;, load. The 
recessed luminaire heat contribution u1av be con
sidered less depending upon the CLF. -

Systems can also utilize recessed luminaires 
for both task and ambient lighting. Here, both 
would ilnpose a heat load which would be re
duced by the CLF. 

Benefits of lntegrated Designs 

The benefits of integrating building heat in 
lighting designare: (1) ilnproved performance of 
the air conditioning System. (2) more efficient 
handling of lighting heat, and (3) more efficient 
lamp performance. 

The control and removal of lighting heat can 
reduce heat in the occupied space, reduce air 
changes and fan horsepower, lower temperature 
differenrials required in the space, enable a more 
economical cooling coi! selection because of the 
higher temperature differential across the coi!. 
and reduce luminaire and ceiling temperature 
. thereby minilnizing radiant effects. 

The degree to which any of these benefits may 
be obtained depends on many variables such as 
the quantity of energy involved, the type of heat 
transfer mechanism. the temperature difference 
between source and sink, an'd 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 trartSfer. Any unwanted heat 
that can be removed at room temperature or 
above can be removed much more economicaliy 
than at lower temperatures. 

The full benefits of integrated design can be 
achieved only through the combined efforts of a 
design team which should include architects. 
space planners. interior designers. electrical en
gineers, mechanical engineers, illuminating en
gineers and cost analyst.s. 

LlGHTlNG FOR SAFETY 

lmportance. Safe conditions are essenrial to 
any inhabited space and the effect of light on 
safety must be considered. The environment 
should be designed to help compensate for the 
limitations of human capability. Any factor that 
aids visual effectiveness increases the probability 
that a person will detect the potential cause of 
an accident and act ro correct it. 

In manv instances where illumination is asso
ciated wiÍh a~cidents, the cause is attributed to 
inadequate illuminance levels or poor quality of 
illumination. However, there are many less tan
gible !actors associated with poor illumination 
which can contribute to manv accident.s. So:ne 
of these are: direct glare, re"tlected glare. 2.nd 
harsh shadows-all of which hamper seeing. ,:x
cessive visual fatigue itself may be an element 
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leading toward accidents. Accidents may also be 
prompted by the delayed eye adaptation a person 
experiences when movi.ng from bright surround· 
ings into dark ones and \;Ce versa. Sorne acci· 
dents which ha ve been attributed to an indh;d
ual"s carelessness could have been partially due 
to difficulty in seeing from one or more of the 
above mentioned factors. The accidents might 
ha ve been avoided through the use of good light
ing principies. 

llluminance Levels. The lighting recommen
dations in Fig. 2-2 pro,ide a guide for efficient 
visual performance rather than for safety alone: 
therefore, they are not to be interpreted as re
quirements for regulatory minimum illuminance 
levels. 

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 initial levels must be provided as 
required by the maintenance conditions. In those 
areas which do not have fixed lighting, localized 
illumination should be pro~ded during occu
pancy by portable or material handling and ve
hiele mounted lighting equipment. 

Other Factors. A ,;sually safe installation 
must be free of· excessive glare and of uncon
trolled, large differences in luminances. Appro
priate guides to limiting glare and adaptation 
effects are given earlier· in this Section in discus
sions of luminance ratios and visual comfort. 
~taximum lumina:nce ratios are irnportant to 
avoid temporarily noticeable reductions in ""isi
bility beca use of changes in eye adaptation when 
alternately looking at areas of widely different 
luminances. 

1 

Fig. 2-26. llluminance Levels for Safety • 

Hazards Requiring 
Visual Detection 

Normalt Aclivity 
Leve! 

llluminance Levels 
Lux 
Footcandles 

Low 

5.4 
0.5 

Slight 

High 

11 

Low 

22 
2 

High 

r;iigh 

54 
5 

• Mimmum iliuminance tor safety of oeople. absoluta m1nimum at 
any rime and at any location on any plane where salety is relatad to 
see1ng condnions. 

r Soecial cond1t10ns may req~tre d1Herent 1lluminance levels. In 
sorne cases higher levels may De reqUired as lar example where 
secunty 1s a factor. In soma other cases greatly reauced tevels, 
1ncluding total darkness. may be necessary, spec1fically m s1tuations 
involvmg manufactunng, handling. use. or processing of light-sensi-
11-.e matenals (notably in connect1on with onotograph1c productsl. In 
these Slluations alternate methods ot tnsurmg sate ooerat1ons must 
tle relied uoon. 

Note: Sea soec1tic aooticat•on reports ot the lES lar guidetines to 
m1mmum illummances lar salety by area. 
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lllumination Evaluation, Although the 
proper quality and quantity of illumination may 
be designed for safety in an area. it is necessary 
to know whether the design meets req uirements. 
A standard procedure. titled "'How to Make a 

'Lighting Survey,'"'" has been developed in co
operation with the ü.S. Public Health Sen'ice. 
This standard procedure is recommended for use 
in surveys of lighting for safety. 

EMERGENCY LlGHTlNG 

Consideration should be given to emergency 
lighting needs early in the planning stages of a 
building. Consultation between the owner and/ 
or occupier of the premises, the architect, the 
lighting designer, the utility, and others con
cerned. should be arranged when, or perhaps 
befare, the normallighting planning is discussed. 
The installation contractor should be made 
aware of emergency lighting requirements at the 
earliest possible time. 

Definitions. The following definitions are 
given for the terms used in this section: 

Emergency lighting: Lighting provided for use 
when the power supply for the normal lighting 
fails, to insure that escape routes can be effec
tively identified and used. 

Exit: A way out of the premises that is in
tended to be used at any time while the premises 
are occupied. 

Emergency exit: A way out of the prerp.ises 
that is intended to be used only during ari emer
gency. 

Escape route: A route from a point inside the 
premises to an exit or emergency exit. 

Normal lighting: All permanently installed 
electric lighting normally used when the prem
ises are occupied. 

Cuides for the following are not pro~ded here 
but are defined so that they are clearly excluded 
from this section. 

Safety lighting: That part of emergency light
ing that is pro~ded to insure the safety of work
ers having to remain at work when the normal 
lighting faili. 

Standby lighting: That part of emergency 
lighting that is sometimes prO\'Íded to enable 
normal activities to continue. 

Basic requirements for escape lighting are 
specified by federal codes and frequen:ly are 
strengthened by local codes. The material that 
follows refers only to emergency lighting ·vithout 
regard for the type or location of the emergency 



2-46 LIGHTING SYSTEM DESIGN CONSIDERA T/ONS lES UGHTlNG HANOBOOI< 
1981 APPLICAnON IIOLUME 

power. which may be emergency motor driven 
'generators. central battery sysrems. central in
verter systems. unir inverters or unit equipment. 

Emergency lighting is specified by the Life 
Safety Code iNFPA 1011'·' to be necessary in 
certain interiors where people work or meet, in 
arder to enable them to lea ve the interior safely 
in the event that an emergency situation arises 
due to the failure of the normal power. Refer
ences to that code. as well as any existing local 
codes. should be made at all times. 

Oesign Requirements for Emergency 
Lighting. 

When rhe normallighring of an occupied build
ing fails. irrespective of the cause. the emergency 
lighting is required to fulfill rhe following func
tions: 
l. Indicare clearly and unambiguously the es
cape routes. 
2. Provide illumination and a comforting visual 
environmenr along the escape routes sufficient 
to facilirate safe movement along them toward 
and rhrough the exits and emergency exits pro· 
'ided. 
.3. Perrnit ready identification of all fue alarm 
call points and firefighting equipment provided 
along the escape routes under emergency tlghting 
conditions. 

Escape Route lndication. Signs are required 
to be illuminated in time of emergency to insure 
that from any point Y.ithin the premises an es· 
cape roure can be easily identified and followed 
in an einergency. 

All normal exits should be illuminared at all 
times when rhe premises are occupied. This light
ing should, practically speaking, be externa! ro 
the exit signs themselves. 

Where direct sight of an exit or emergency exir 
is not possible, a directional sign or series of signs 
should be provided. They should be so placed 
rhat a person following rhem will be progressed 
roward the nearest exit or emergency exit. 

Exit signs cannot be counted on ro be visible 
ro many people. at distances of more rhan 30 
meters (100 feet), and should not be expected ro 
be visible at longer intervals on long escape 
ro u tes. 

Ulumination of Exit Signs. Either of the 
following methods of illumination may be used: 
(a) lamps externa! ro the sign and (b) lamps 
contained within the sign. lt is recommended 
that the method of illumination of exit signs 

described under (b) be used within any area 
where the normal lighting may be deliberately 
dimmed or exringuished. e.g .. places of entertain
ment. 

In rhe event of failure of the supply ro the 
normallighcing, escape route signs should receive 
the power needed for illumination from the emer
gency lighting supply. Power for exit signs should 
be unswitched or ha ve the switch accessible only 
ro authorized personnel. 

Visual Impact and Legibility of lnternally 
Uluminated Signs. lmpact and legibility of exit 
signs are dependent upon luminance, size, view· 
ing disrance, conrrast, positioning and uniform
itv. 

· Luminance: Where codes exist. an illuminance 
of 54 lux ( 5 footcandles) on the fa ce of the sign is 
usually specified. llluminance is an inappropriate 
paramerer for. internally illuminated signs. Cur
rently research is being done along this line, but 
a luminance of 7 ro 10 candelas per square meter 
(2 to 3 foorlamberts) on the lighred area of the 
sign·seems to be a reasonable level and parame· 
ter, because it appears to be adequate under 
emergency lighting conditions. is measurable, 
and provides better contrasr under normal light. 

Size: Letters must have at ieast a 19-millime
ter (~'4·inch) wide stroke and must be at least 150 
millimeters (6 inches) high. 

Vieu.:ing distance: In an emergency, an ex.it 
sign should not he expected to be useful at a 
distance greater than :JO meters (100 feet). 

Contras!: Once orher parameters have been 
met, this is a remaining important parameter. 
See luminance abo\:e. Transilluminated letters 
usually pro vide the best visibiliry. Color of letters 
is not an important point, so long as adequate. 
light and contrast are provided. There seems ro 
be little differentiation between dark letters on 
light background or illuminared (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 location under normal power conditions 
since, except for emergency exits, emergency exit 
signs mark the location of normal exit doors. 

Uniiormity: 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 leve! 
over the lettered area. 

All exit signs in a collective area should be of 
a similar color and design, as an aid ro ready 
identification. 

Extemally I!luminated Exit Signs. Exter
nally illuminated exit signs vary so greatly in 
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design. material, color and printing that stand
<Hds are difficult to establish. NFPA 101 requires 
54 lux (5 footcandles) on the face of the sign_ 
Ho\~.:ever, consideration must be given to con· 
trast. glare, veiling retlectance. as well as relia
bility of the emergency power · so~rce for the 
exremal light. but che minimum lerter size must 
adhere to that given abo\e. 

Egress Route Emergency lllumination 

Illuminance. The horizontal illuminance of 
any escape route should be not less than 1 per 
cent of the average provided by the normallight
ing, with a minimum average of 5 lux [0.5 foot
candle] at floor leve!. 

llluminance Unifonnity. llluminance uni
formity is more easily achieved by using a greater 
number of lamps Y.ith lower light output than by 
emplo0ing a lesser number ofmore widely spaced 
unirs with higher light outpuL _ 

A uniformity ratio (Emax/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 visibiliry, since it 
refers only to the light falling on a surface and 
not the amount reflecred back ro the eye. Lumi
nance is reallv the onlv relevant measure. 

lt is recom~ended that all potential obstruc
tions or hazards on an escape route be light in 
color with conrrasting surroundings. Such haz
ards include the nosings of stair treads, barriers 
and walls at right angles to the dir~ction 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 
escape route. 

Location of Egress Luminaires. A lumi
naire should be provided for each exit door and 
emergency exit door and tit point.s where it is 
necessary to emphasize the position of potential 
hazards, sufficient to light that area to a leve! of 
-10 lux [3 footcandles]. 

The t1oor area 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_ Illuminance measurement should be on the 
horizontal. 

Examples of such areas are: 
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l. Intersection of corridors. 
2_ Abrupt changes of direction of the egress path. 
J_ Staircases_ Each t1ight of stairs should receive 
direct light. 
4. Other changes of t1oor leve! that may consti
tute a hazard. 
5. Outside each exit and emergency exit, and 
clase ro it. 

Additional lamps. as required. should be lo
cated so as ro ensure that the lighring throughout 
the escape routes complies with the recomrnen
dations for minimum illuminance and illumi
nance uniformity given above. 

· Windowless offices occupied by less than five 
people normally should not require emergency 
lighting, provided proper escape route light exists 
in the corridor_ 

Handicapped people and other special situa
tions cou1d be an exception. 

A room nominally occupied by tive or more 
people and not othernise requiring emergency 
light. should have an illuminance at the door 
equal to the egress route, ora glass paneled do"or. 
U nder these circumstances, so lid doors should 
be avoided_ 

niumination of Fire Alann Call Points 
and Fire Fighting Equipment. Fire alarm call 
points and tire fighting equipment provided 
along escape routes should be illuminated either 
by emergency lighting or by normal electric light
ing or daylight at all times while the premises are 
occupied. 

Length of Time an Emergency Lighting 
System Should Operate Without 
Recharging 

The rime required to evacuare a premise will 
depend upon its size and complexity but it should 
normally be possible to complete an orderly evac
uation. even of the largest prernises, in less than 
one and one half hours. An O\\'Tier, archirect, or 
engineer, may agree that a lesser time is accept· 
able. 

With battery operated emergency lighting, ad
equate light must be provided without the bat
tery voltage dropping below 8i 1t, per cent ofrated 
voltage within the required time. 

In an emergency, evacuation times may be 
considerably increased; for example, sorne of the 
escape routes may have been cut off, injured 
people may ha ve to be found and possibly given 
on-the-spot medica! treatment, etc- The time for 
which escape lighting is required to operare will, 
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therefore, always be longer than the absolute 
rninimum·rime required to evacua te the premises 
under ideal conditions. 

Facilities designed especially for older and par
tially or wholly incapacita red 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 normallighting 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 concerned. primarily with perma
nently installed emergency lighting systems, the 
only power sources considered are motor driven 
electric generators and combinations ofrecharge
able secondary batteries together with suitable 
chargers. 

The National Electrical Code section iOO" spe
cificallv forbids the use of nonrechargeable (pri
mary) _.batteries for emergency lighting. 

Generator-Powered Systems. Emergency 
lighting systems should pro,ide the required il
luminance within a lO second INFPA!Ol) period 
of the interruption of the normal lighting. If, 
therefore, such a system is to be powered by a 
generator, it is essential that the generator can 
be run up to its required output within the spec
ified period, and that start-up be automa\ic on 
failure of the normal lighting. Care should be 
taken that baneries 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 systeín 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 
combination 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 should be capable of again supporting 
the emergency lighting system for one hour fol
lowing a 24-hour recharge 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 designed 
to supply the minimum illuminances as estab· 
lished above. 

Special areas: AJmost every commercial 
building or apartment house normally occupied 
by lOO persons or more will ha ve area.s requiring 
special attention in the layout of the emergency 
lighting system. Examples are heavy machinery 
work areas, Mndowless stockrooms, restrooms 
and, particularly. stairwells. Emergency lighting 
for such area.s only can be 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 lea.st every 30 days, no 
matter what type of emergency power is used. 

For large installations where responsible semi
skilled personnel are not available. a sen·ice con
traer ""'ith a responsible service organization 
should be provided. In sorne cases, this contrae! 
can be included in the specitications for the 
system, or it Q13Y be negotiated later between 
the O\\'Tler and the service organization. Compe
tent emergency lighting senice organizations op
~rate in most cities. 

Criteria for Measurement of Emergency 
Lighting 

Beca use of the very low illuminances provided 
by emergency lighting and because only escape 
routes need to be lighted, lux (footcandle) and 
watts per square meter (foot) are not suitable 
mea.suring criteria. Adequate visibility is really 
the only 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 iOO of the National Electrical Code'" 
contains specifications for the installation 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 making lighting design decisions. It is 
based on the economic impact of various alter
natives. and a.ssumes that the relevant variables 
are expressible in monetary units. [n comparing 
a number of different lighting systems, for ex
ample, a life cycle cost study is not relevant 
unless all systerns are functionally acceptable. 
There is no monetary expression that says one 
altemative doesn't provide enough light, or that 
another altemative is a system 'Nith a great deal 
of discomfort glare. Therefore, the analysis as
sumes that all altematives are functionally 
equivalen t. 

Since money h~ a time value, a monetary unit 
(e.g., dollar, peso, etc.) at one date is not directly 
comparable with the same monetary unit at an
·Other date. lt is not sufficient, therefore, to de
termine the amounts of expenditures and re
ceipts. It is necesary to determine the times of 
these cash flows. 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 
worrh. 

For life cycle costing of a lighting system an 
evaluation is made of a series of payments which 
include initial cost, power costs, replacement 
lamp and ballast costs, cleaning and maintenance 
labor costs, etc. Life cycle costing is particularly 
useful in determining 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 pa.ns increasing at a rapid rate. the 
system with the Ieast initial cost may be the most 
expensive alte.mative over the life of the system. 

For more specific information, see Se<:tion 3, 
Lighting Economics. 
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CONTENIDO 

EL PROCEDIMIENTO DE CALCULO DE ILUNINACION, AUNQUE MAS BIEN 
FACIL PARA EL DISEÑADOR EXPERIMENTADO, EN OCASIONES PARECE 
SER COMPLICADO PARA EL PRINCIPIANTE. EN ESCENCIA EL METODO 
INVOLUCRA EVALUACIONES PRELIMINARES, DETERMINACION DE PARA

METROS Y CALCULOS. 

UNA DIFICULTAD DURANTE EL ESTUDIO DE ESTAS NOTAS, PUEDE SER 
LA CARENCIA DE FAMILIARIDAD CON LA TERMINOLOGIA. AUNQUE LOS 
TERNINOS DE ESTAS NOTAS SOH EXPLICADOS CONFORME SON INTRODU
CIDOS, OTRAS DEFINICIONES PUEDEN REQUERIR LA REFERENCIA A O
TRAS PUBLICACIONES.' 

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 LLAMADO "METOOO DE CA VI DAD ZONAL'", ETC. 

2.- CALCULO DE ILUMINACION; UNA EXPOSICION DE LAS RELACIONES 
BASICAS ~LA '"ECUACION'" O '"fORMULA'" ) DE LA CANTIDAD DE 
ILUNINACION A LA CANTIDAD DE LUZ QUE ES GENERADA POR UN 
SIST~A DE ILUMINACION. 

J.-

LA ECUACION BASICA DE EXPANDE PARA INCLUIR UN NUMERO DE 
FACTORES LOS CUALES MODIFICAN EL COMPORTAMIENTO DE LA 
LUZ ENTRE El LUMINARIO Y EL PLANO DE TRABAJO QUE VA A 
SER 1 LUM 1 NADO. 

NOTA: ESTOS FACTORES SE DEFINEN CONFORME SE PRESENTAN 
PERO LA FORMA DE DETERNINARLOS ES EXPLICADA HASTA QUE 
LA ECUACION ESTA COMPLETAMENTE DESARROLLADA. 

ECUACIONES Q! TRABAJO: SON 
PREVIAMENTE DETERMINADAS. 
SARROLLADAS• LAS CUALES SE 

LAS EXPRESIONES MATEMAT 1 CAS 
ESTAS SON LAS FORMULAS "DE
UTILIZAN PARA LOS CALCULOS. 

4.- DETERNINACION DE FACTORES: El PROCEDIMIENTO PASO POR PA
SO PARA LA EXACTA DETERMINACION DE LOS FACTORES '"DESCO
NOCIDOS• LOS CUALES VAN A SfR SUSTITUIDOS EN LAS ~ECUA
CIONES DE TRABAJO'". 

. ' 
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.5.- ARREGLO DE LUMINARIOS: UNA EXPLICACION DE COMO DISTRIBUIR LOS 

L~INARIOS OUE SE HA CALCULADO SON NECESARIOS PARA PROPORCIO-
NAR LA ILUMINACION REQUERIDA. 

EL DESARROLLO DE CADA UNO DE LOS fACTORES SE ILUSTRA MEDIAN
TE •EJEMPLOS• BASADOS EN EL SIGUIENTE PROBL~A: 

~\.:M 

(1) LOCAL INDUSTRIAL 
(2) N 1 YEL DE 1 LUM 1 NAC 1 ON M 1 NI MO: 1180 LUXES 
(3) LAMPARA A UTILIZAR: LUCALOX DE 250 WATTS (LU250/U) 
(4) LUMINARIO A UTILIZAR: N° 16, PAG. A-4 
(5) CONDICION DE SUCIEDAD: -..EDIA• 
(ó) MANTENIMIENTO DEL SISTEMA DE ILUMINACION: CADA 1j 

MESES 

.· 
'( .. 

. . 

..... ' ·~, 



CALCULO DE ILUMINACION POR EL 
IHTOOO DE CAVIDAD ZONAL. 

1.- 1 NTROOUCC 1 ON 

EL METOOO DE CAVIDAD ZONAL PARA EL CALCULO DE ILUMINACION, 
DESARROLLADO POR LA SOCIEDAD DE INGENIERIA DE ILUMINACION 
( lES), DETERMINA LOS NIVELES DE ILI.Jo!INACION PRCJoiEDIO DE 
LA LUZ EMITIDA POR LOS LUMINARIOS DENTRO DE UN ESPACIO CE
RRADO. ESTE METOOO ES PREFERIDO SOBRE OTROS NO PORQUE SEA 
NECESARIAMENTE MAS EXACTO, SINO PORQUE ES RELATIVAMENTE
SIMPLE Y fLEXIBLE. SUS RESULTADOS SON GENERALMENTE MAS -
REPRESENTATIVOS DE UNA SITUACION DE ILUMINACION ~EAL Y -
PUEDE SER APLICADO A CUALQUIER TIPO DE SISTEMA DE ILUMINA 
CION EN LOCALES RECTANGULARES O DE FORMAS ESPECIALES. 

EL TERMINO •cAVIDAD ZONAL• SE DERIVA DE SUPONER QUE EL ES~ 
PACIO EN CONSIDERACION ESTA DIVIDIDO EN CAVIDADES SOBREPUES 
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 LA TAREA VISUAL. 

ESTAS NOTAS EXPLICAN ESTE FENOMENO, TAMBIEN PROPORCIONA UNA 
EXPLICACION DEL PROCEDIMIENTO DE CALCULO DE ILUMINACION PA
SO POR PASO ( CON EJEMPLOS APROPIADOS ). 

2.- CALCULO DE ILUMINACION 

EL CALCULO DE ILUMINACION ESTA BASADO EN LA DEFINICION DE 
LA CANTIDAD DE ILUMINACION: .El "LUX". 

( 1 ) LUX = --:-::-::-:-=L:..;UM~E -N:..:.."E:::,:S"=~-:--~"'7"'::--:--:-:--,-
AREA ( EN METROS CUADRADOS ) 

LA ECUACION ES BASICA: EN ESTA SE ASUME QUE TODA LA LUZ GE 
NERADA ( LUMENES ) SE VUELVE ILUMINACION EN El PLANO DE TR~ 
BAJO. EN REALIDAD, EXISTE UN GRAN Nl.JHRO DE PARAMETROS QUE 
DEBILITAN EL SISTEMA DE llUMINACION. ESTE METODO DE ILUMIN~ 

CION INVOLUCRA CUATRO DE ELLOS- Y Et INGENIERO DE ILUMINA-

1 

CION LOS CCJoiPENSARA MEDIANTE LA APLICACION DE FACTORES A[\1- • 
. CIONALES EN LA ECUACION ( l ): ~ 

.. 
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DEPRECIACION DE LOS llJ.IENES DE lA LAMPARA (DLL): 
DEPRECIACION POR POLVO EN EL L~41NARIC (DPL) 
DEPRECIACION POR SUCIEDAD DEL LOCAL (DPSL) 

EL PROPOSITO ESCENCIAl ( Y PROCEDIMIENTO MAS LARGO) DEL 
METODO DE CAVIDAD ZONAL ES LA DETER~11NACION DEL COEFICIEN 
TE DE UTILIZACION. 

COEFICIENTE DE UTILIZACION (CU) 

LAS lAMPARAS DE UN LLJ>II NAR 1 O GENERAN Ut-.:A. CANT 1 DAD CON OC 1 DA 
DE LUMENES, PERO UNICAMENTE UNA PORCION DE ESOS LUMENES SA 
LE DEL LUMINARIO. EL RESTO ES ABSORBIDO POR EL LU~I~ARIO 

2 

MISMO (AL PORCENTAJE QUE ES EMITIDO SE LE DEt-.:OMINA LA "EFI ,. 
CIENCIA" DEL~LUMINARIO). LA LUZ QUE ESCAPA SUfRE PEROif'AS '· 
POSTERIORES- DEBIDAS A LA GECMETRIA DEL LOCAL Y A LA RE- ,. 
FLECTANCIA INICIAL DE SUS SUPERFICIES. ENTONCES, EL CU ES 
EL PORCENTAJE DE LUZ GENERADA· POR LA LAMPARA QUE Fl NALMEN- ~ • 
TE INCIDE EN EL PLANO DE TRABAJO. ASI LA ECUACION (1) SE 
MODIFICA: 

(2) LUXES ~ 
LUMENES x CU 

AREA 

FACTOR DE PERDIDA DE LUZ (FPL) 

EL TIEMPO IMPONE UNA REDUCCIQf; GRADUAL I'E IL~\INAC~IOt\. LOS 
LUMENES DE SALIDA DE'LA lAMPARA DIS'iiNUiEN. LA S!.Jo:IEDAI' DE 
LAMPARAS Y LUMINARIOS REDUCE LA EFICIENCIA. LA SUCIEDM' I'EL 
LO"CAL ATENUA LA REFLECTIVIQAD~ DEEIDO A QUE EL NIVEL DE ILIJ 
MINACION USUALMENTE ES CALCULADO CQ.\0 UN VALOR MAt\TENIDO --= 
(U N N 1 V EL M 1 N. 1M O R E C OM E N DA[' O ) , EL D 1 S E~ C1 [-' E 1 l U~\ 1 t-; A C 1 O\ R E-
QUIERE UN NIVEL INICIAL MAYOR; POR TAnO, LA ECUACIOf; (2)
DEBE SER MODIFICADA MEDIA~TE LA INCLUSIO~ DE "FACTORES ~E -
DEPRECIACION" COMPENSADORES. 

DEPREC 1 AC 1 ON DE LOS Ltlt-\ ENES DE LA LAH ?ARA (r;L L) 

COMPENSA LAS PERDIDAS.DE LOS LU~t.ENES DE SALIDA. EL fA~ 
TOR DLL ES PROPORCIONADO POR EL ~ABRICA~TE DE LA LAMPA 
RA. 

.. 



DEPRECIACION POR POLVO EN EL LLJ.IINARIO (DPL) 

C~PENSA LAS PERDIDAS OCASIONADAS POR LA ACUMULACION DE 
POLVO EN LAMPARAS Y LUMINARIOS. EL VALOR DEPENDE DEL DI 
SEÑO DEL LUMINARIO Y DE LAS CONDICIONES AMBIENTALES; POR 
EJEMPLO, LA PERDIDA ES ~AYOR EN UNA FUNDICION QUE EN UNA 
OFICINA CON AIRE ACONDICIONADO Y FILTRADO. EL FACTOR DPL 
SE DETERMINA CON UNA EXACTITUD APROXI~ADA MEDIANTE EL EM 
PLEO DE TABLAS APROPIADAS O GRAFICAS. 

DEPRECIACION POR SUCIEDAD DEL LOCAL (DPSL) 

C()ol PENSA LAS PERO 1 DAS QUE OCAS 1 ONA LA SUC 1 EDAD EN LA RE
FLECTI~IDAD DE LAS SUPERFICIES DEl LOCAL. DPSL SE DETER
~INA ~EDIANTE TABLAS. 

INCLUYENDO TODOS ESTOS FACTORES EN LA ECUACION (2) 

(3) LUXES = 
LIJ.IENES X cu X DLL X DPL X DPSL 

AREA 

FPL ES EL PRODUCTO DE TODOS LOS FACTORES DE DEPRECIACION: 

(4) FPL = DLL·x·DPL x DPSL 

ENTONCES, LA ECUACION (3) PUEDE SER EXPRESADA C().IO 

(5) LUXES = LUMENES X cu X FPL 
AREA 

3.- LAS ECUACIONES DE TRABAJO 

EL DISEÑO DE ILUMINACION IMPLICA LA DETERMINACION DEL NUMERO 
TOTAL DE LIJ.IENES (POR TANTO, LA CA.NTIDAD DE Lll-IINARIOS) REOUJ; 
RIDOS PARA PRODUCIR UN NIVEL ESPECIFICO DE LUXES EL CUAL ES UN 
VALOR CONOCIDO. OTROS FACTORES DE lA ECUACION (5) SON DETERMI
NABLES. ENTONCES, ES CONVENIENTE TRANSFORMAR LA ECUACION PARA 
DETERMINAR EL TOTAL DE LUMEHES DESCONOCIDOS. 

(6) LI.J.IENES TOTALES = 

.. 

iS 

LUXES x AREA 
cu X FPL 

.· 

3 



4 

==-- ---------CADA -u~ 1 NAR 10-HENE-UN--NlJ.I ERO-CON OC IDO-O E-L-AMPARAs_-;-cAoA----~ _-_--_-_-_--_
LAMPARA GENERA UNA CANTIDAD CONOCIDA DE LUMENES. POR TANTO, 
LA CANTIDAD DE LUMENES PRODUCIDOS DENTRO DE CADA LUMINARIO 
ES: 

) 

(7) LlJ.IENES POR L!J.IINARIO = N° DE LAMPS. X LUMENES 
POR LAMP. 

EL PASO fiNAL CONSISTE EN DETERMINAR EL NUMERO REQUERIDO 
(N) DE LUMINARIOS: 

LUMENES TOTALES 
( 8 ) N= L!J.IENES POR LUMINARIO 

ES SIN DUDA MEJOR. PARA EL PRINCIPIANTE USAR LAS ECUACIONES 
{6), (7), Y (8) EN SECUENCIA. SIN EMBARGO ESTOS PASOS PUE
DEN SER COMBINADOS EN UNA SOLA ECUACION: 

LUXES x AREA 
( 9 ) N= cu X fPL X (LUMENES/LAM) X (LAMPS/LUMINARIO) 

UNA VEZ DETERM 1 NADO "N", EL O 1 SEÑADOR DE 1 LUM 1 NAC 1 ON TRANS
LADA ESTA INFORMACION AL "ARREGLO DE LUMINARIOS". LA GEOME
TRIA DEL LOCAL Y/0 LAS CONDICIONES MECANICAS PUEDEN REQUE-
RIR LIGERAS MODifiCACIONES A LA CANTIDAD DE LUMINARIOS. 

4.- DETERMINACION DEL COEFICIENTE DE UTILIZACION 

C<J.IO PREVIAMENTE SE ANALIZO, EL CU ES EL _PORCENTAJE DE LUZ, 
GENERADA POR UN SISTEMA DE ILUM·INACION,QUE ALCANZA FINALMEN-
TE EL PLANO DE TRABAJO. ESTE VALOR OEPENHE DE LAS SI GU 1 Et\TES 
CONSIDERACIONES: 

0 LA EFICIENCIA DEL LUMINARIO Y SU CARACTERISTICA DE 
DISTRIBUCION DE LUZ. 

o LAS PROPORCIONES GEO'>IETRICAS DEL LOCAL: LA RELACIOt\ 
DE SUPERFICIES VERTICALES Y SUPERFICIES HORIZONTALES. 

0 LAS REFLECTANCIAS DE LAS SUPERFICIES DEL LOCAL Y LAS 
INTERREfLEXIONES DENTRO DE "CAVLDADES ZONALES" DEFI~'>l 
DAS. 

. . 



El CU APROPIADO SE EXTRAE DE TABLAS CALCULADAS Y PROPORCIONA
DAS POR El fABRICANTE DEL LUMINARIO. (CADA LUMINARIO TIENE 
SU PROPIA TABLA DE CU. ) LA ILUSTRACION SIGUIENTE, ES UN EJEM 
PLO DE UNA TABLA TIPICA. ANTES DE OUE EL CU SE PUEOA EXTRAER~ 
ES NECESARIO DETERMINAR VARIOS FACTORES DE ENTRADA. ESTOS IN
VOLUCRAN CALCULOS PRELIMINARES Y/O REFERENCIA A OTRAS TABLAS. 

LOS FACTORES DE ENTRADA 
SON: 

1 • - PORCI ENTO DE REFLE~ 
TANCI A EFECTIVA DE 
LA CA VI DAD DEL TE-

e 7 1 

t de UtHI•d6n 

CHO ( PCT). .,,._ .. 70 .. "' 10 

2.- PORCI 
TANCI 
(p..,). 

ENTO DE 
R;v 

··"- .. .. 10 .. .. lO .. 10 10 .. ,., 10 .. lO 

A DE LA PARED ocr ~SI'TM de uli\itaciOn p-a 20% J l de ~ñcia et~,... oe p11o0 tp..c: = 20) 

3.- RELAC 
DEL L 

ION DE CAVIDAD o .63 .63 .6l .62 62 .62 . :56 .!>9 -~ .!>11 .$6 .$6, :Y ' 
OCAL (RCL) o 1 .58 .!>11 .S< .SI . .15 -~ -~ .óJ .5 . .52 .51 .t¿)l' 

.... ., .50 .48 ·m-48 .JY"' (RCR) 

( /bt"t>. 

2 • .13 -~ .41 • .52 . 3 .48 -~ :~ .<7 ... <2 .te .43 .41 ·+'' óO 
C<UJ./ fúi l! r t!l !/u ra. 

4 ... .40 . .43 .40 .3< .u 39 • .,-,... v, ~ ()." ll 
5 .40 .JI! .Zl .39 .3& .33 .38 .v " cY ..~..¡.e 

·p<-<L, Re~·~ -ú 
6 .36 .32 .31: .36 32 :.: _3§/ lO~ (1.-cJ.fl. ,·,1' {-tJ.(l, 
7 .33 .a .21! .33 .29 . ofl de<- ~~~ t fl 

íne/iCA;'J t .. -.. 8 .30 .211 %lb .. 2§/ ~ o . ().!> ~ (fo 

' ~~ · /~o!> c!'f(l ~~ , 
~~ f"1<UifD~) 111 

L ~~~\,t ltt' p..c..P. ~ ---

LAS "REFLECTANCIAS 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 OCA 
ClONES- ESTIMADAS. SIN EMBARGO, ES NECESARIO PRIMERO OETERMINAR 
LAS RELACIONES DE CAVIDAD. 

DETERMINACION DE RELACIONES DE CAVIDAD 

SUPONGA UN LOCAL RECTANGULAR DIVIDIDO EN TRES CAVIOADES HORIZO~ 
TALES, CADA UNA LIMITADA VERTICALMENTE POR LAS PAREDES: 

(1) 'LA "CAVIDAD DEL TECHO"- ENTRE EL TECHO Y UN PLANO IMAGINARIO 
EN LA PARTE INFERIOR DE tOS LUMINARIOS. 

(2) LA "CAVIDAD DEL LOCAL"- ENTRE EL Pl.ANO DE LOS LUMINARIOS Y 

5 

! 

UN PLANO IMAGINARIO SOBRE LAS SUPERFICIES OE TRA8AJ0 (ESCRI- ~ 
TORIOS, HERRAMIENTAS, ETC.). ... 

.. 
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- --------(-3-)-eA •cAVIDAD DEL Piso·- ENTRE El PlANO DE TRABAJO Y El 
PISO. 

NOTA: SI LOS li.J41NARIOS ESTAN EMPOTRADOS EN El TECHO, O SI 
LA SUPERfiCIE DE MONTAJE ES POCO PROfUNDA,~ EXISTE 
CAVIDAD DEL TECHO. SI El PlANO Dt TRABAJO COINCIDE CON 
El PISO, NO EXISTE CAVIDAD DEl PISO. SI[MPRE EXISTE U
NA CAVIDAD DEl lOCAl. 

DENTRO DE ESTAS'CAVIDADES, lA lUZ DE INTERREflEXION SE COM
PORTA DifERENTE CUANDO lA RELACION DE AREA VERTICAL SOBRE -

6 

HORIZONTAl DifiERE; POR lO TANTQ. El PRIMER PASO PARA DETER- , , 
MINAR ESE COMPORTAMIENTO IMPLICA lA DETERMINACION: LAS RELA 
ClONES DE AREA VERTICAL SOBRE AREA HORIZONTAL EN CADA UNA -
DE lAS CAVIDADES. ESAS SON llAMADAS wRELACIONES 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); CCJ.IBINADA, ---
2(H x L). 

(3) El AREA TOTAl DE PAREDES E;S : [2(H x A) + 2(H x l)]; O, 
SIMPlifiCADO, 2H (l + A). 

•1 ·-



(4) El AREA DEL TECHO Y DEL PISO ES (L x A); C~B lt\AOO, ---
2(l X A). . 

(5) POR TANTO, LA RELACION DE AREAS VERTICAlES.SOBRE HORI
ZONTALES (LA RELACION DE CAVIDAD) ES: 

RC _ 2tl (L + A) _ H ( L + A) 
- 2 (L X A) - l X A 

REFIRIENDO AL CU TABlA (PAG. 5 ), SE NOTARA QUE lA COlUMI-iA 
IZQUIERDA TIENE VALORES DE RElACION DE CAVIDAD DEl lOCAL -
(RCL) O (RCR) DE 1 A 10. SI SE SUSTITUYEN DIMENSIONES REA
LES EN LA ECUACION, LAS RELACIONES DE CAVIDAD PARA LA loi.A-
YORIA DE LOCAlES CAERA ENTRE 0.2 Y 2.0. LAS RELACIONES DE 
CAVIDAD PARA TECHOS Y PISOS SERIAN AUN NAS PEOUEÑAS. PARA 
ESTABlECER HUMEROS DE RC MAS CONVENIENTES PARA ENTRAR A -
LAS TABLAS DE CU, LAS RC'S ESTAN ARBITRARI~ENTE MUlTIPli
CADAS POR 5 -UN ARTIFICIO QUE NO MODIFICA lA RELACION: 

RC = 5H (l + A) 
l X A 

SE PUEDE AHORA DETERMINAR LAS TR~ RELACIONES DE CAVIDAD; 
NORMAlMENTE, PRIMERO RCL (RCR EN INGLES) 

RCL ~ 5HCL (L + A) 
L X A 

"""t-----~• RCT 
Mo<T-l 

= 5HCT(L + A) 
L "' A 

--------1 
w.:.. 

-------- ~ 
~--. _____ _..t. RCP = 

LA LONGITUD Y EL ANCHO SON CONSTANTES: ENTONCES, SE 
DE CALCULAR RCL Y EN fUNCION DE ESTE,RCT Y RCP (CADA 
ES PROPORCIONAl AL OTRO DE ACUERDO A SU VAlOR DE H): 

RCT = RCL HCT 
HCL 

.· 

RCP = RCl HCP 
HCl 

SHCP(l + A) 
l " A 

PUE
UI-iO 

7 

'J Hc..P : o. 91 "' l = 30
" S .:a 

~d..l .. 

Re.&.: s .. ?..os(30.S+,.1):::;3.Q.j ~T:o 3.o(o.C.I):0.'-; Rc_p: 3.o{j_~)::0._9 
, 310-S .. ,.1 ~-05 
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------oETERI•([NXC~CONDE LAS-R&~L-ETHNC-1-AS-EfE<O-HVAS-DE lAS-CAYIFAf'ES-. -----

UN PASO MAS SE NECESITA PARA OBTENER LOS DATOS SUFICIENTES PARA 
LA OETERMINACION DEL CU: LA DETERMINACION DE LAS "REFLECTANCIAS 
EFECTIVAS DE TECHO Y PISO". 

ES IMPORTANTE OUE· EL ESTUDIANTE DISTINGA ENTRE LAS REFLECTANCIAS 
REALES DE UNA SUPERFICIE Y LAS REFLECTANCIAS EFECTIVAS DE LA CA
VIDAD. CUANDO LA LUZ SALE DEL LUMI~:,RIO LO HACE EN VARIAS DIREC
CIONES. CUALOUIER RAYO DE LUZ "REBOH" CONSIDERABLEMEI'iTE DE UNA 
SUPERFICIE A OTRA. CADA REBOTE CAUSA ALGUNAS PERDIDAS (POR ARSOR 

· CION) Y LA POSTERIOR DISPERSION DE LA PORCION NO ABSORBIDA EN -~ 
MAS RAYOS EN MUCHAS OTRAS DIRECCIONES. ESTE ES EL PROCESO DE IN 
TERREFLEXION OUE PRODUCE REFLECTANCIAS EN LAS CAVIDADES 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 DELATA
BLA 1 (UNA PARTE DE ESTA SE MUESTRA ABAJO) 

PARA OBTENER LA REFLECTANCIA EFECTIVA DE LA CAVIDAD DEL TE
CHO ( PCT): 

(1) ENTRE A LA COLUMNA IZOUIERDA 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). 

PARA OBTENER LA REFLECTANCIA EFECTIVA DE LA CAVIDAD DEL PI
SO ( PCP): 

(1) ENTRE A LA COLUMNA IZOUIERDA DE LA TABLA CON RCP. 
(2)' ENTRE A LA LINEA SUPERIOR CON LA REFLECTANCIA REAL DEL 

PISO. 
(3) ENTRE A LA SEGUNDA LINEA CON LA REFLECTANCIA REAL DE LA 

PARED. 
(4) OBTENGA LA REFLECTA~CIA EFECTIVA DE LA CAVIDAD DEL PISO 

EN LA INTERSECCION DE (1) CON (2) Y (3). 

·-
' 1 ·' .. 
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1\c. T -t---v. 17 • 84 12 ao ,. n " 74 73 
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1.1 
1.0 
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84 7'1 76 71 Q G3 118 66 63 60 
837873118140066636048 
83n 6663604 --¡__-

1412 
13 12 

J..SIJII 
14 12 10 

15 u 1 

.ELECCION DE lAMPARAS Y llloiiNARIOS 

17 16 14 1~ 12 11 10 OP 07 
18 16 14 IJ 12 11 JO OP 07 
18 17 15 14 U 11 OP 08 07 
19. 17 16 14 13 11 OP 08 0!1 

18 16 14 13 11 OP 08 011 

E\~mplo: 
P«l ti«-· l 

Re_ y., O." 
A.c:P: O.'J 

1\: SO" J. 

El PLANTEAMIENTO DE UN SISTEMA DE llUMINACION PRESUPONE QUE 
l DISEÑADOR HA ESTUDIADO El .PROBLEMA Y HA DETERMINADO Al ME
JS UNA SELECCION TENTATIVA DE LA COMBINACION LAMPARA-LUMINA

RIO, LOS PARAMETROS QUE DEBERA HABER CONSIDERADO PREVIAMENTE 
INCLUYEN: 

FUNCIONES Y/O ACTIVIDADES EN El LOCAL 
ILUMINACION MANTENIDA RECOMENDADA 
GEOMETRIA DEL tOCAL Y REFLECTANCIAS DE LAS SUPERFICIES 
ECONOMIA DE ENERGIA Y DE PESOS 
CONSIDERACIONES ESTRUCTURALES, ETC. 

LA SELECCION DEL LUMINARIO DEBE S-ER PREVIA A LA fNVESTIGACION 
DEL CU EN TABLAS (LAS CUALES, RECUERDE, ESTAN CALCULADAS PARA 
LUMINARIOS ESPECIFICOS). Al MISMO.-TIEMPO, ES VENTAJOSO DETER
MINAR LOS LUMENES DE SALIDA DE LA LAMPARA PROPUESTA- lO CUAL 
SE OBTIENE DE DATOS PROPORCIONADOS POR El FABRICANTE DE LA LAM 
PARA. 

SUPONGA QUE .SE CONTINUA LA JNVESTIGACION DE DATOS, ALGUNOS DE 
ElLOS HAN SIDO DETERMINADOS EN. LOS EJEMPLOS PREVIOS, Y AHORA. 
SE HA DECIDIDO USAR: .· 

.. 
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~-------- (-l-)--lAMPARAS-G.E-.-OE-250-WATTS-lUGAlOX-(-I.:U250/BU-)--
(2)-(IJIJNARTO-D-CHTO~CÜRYA DEO 1 STR 1 BUC 1 ON AM PL 1 A, T 1 PO D 1 REC

TO. (N° 16 EN TABLA 2). 

PARA ESTE CALCULO, INTERESA LOS LUMENES INICIALES DE SALIDA DEL 
LU250/BU. DIRIGIENDOSE A LA PAGINA APROPIADA DEL CATALOGO DE LAM 
PARAS, LA DETERMINACION DE LOS LUMENES ES UNA SIMPLE EXTRACCION~-

lAMPARAS GENERAL ELECTRIC DE DESCARGA DE AlTA INTENSIDAD 
.............. ~ .... ~INIKI .. tDOIIU,.IUL.&SA .. TAOal 

.. ~ :. .... , ... , ... 
.{.;" ..... ! .... a) .... -- - ••'W'Oil c-oill•• le; ·~ • ...o. 

-o- as' • _,.,., 1110 DI .. anc•,P'C1oa c:-t•o ..:. ( ... ~ c.af&.f.OC.O ._. .. ,_-::.- 1/ 
~ .. , .. 

........... 1'11 
~ -~ ... c••L rY,ooOl 

1 

LUIPARAS LUCALOX ® Id• Vapor • Sodio ea Alta Ptosiba) 

zsa ••m -
1~ E·ll • ..:~e L&aSol . ;? .:.oc ) 24.750 --.<A LWWI z•.roo 1 xooo 1 11 :m .. ........ - CLARO 1.! 16 lH 

2D E-211" LUUOID - DifUSO 22 8ó 127 24 .1m 1 Zfl ooú l ·n aoo 

••Am 
l1 t:.ll • -· l,llll. CLARO ( ]t 76 . 2'.1Dl 1 S.'.C}J ·¡ :; OOú _,...... u ... U6 

t..&•c• 
~ 1.- tta..&ll 

01 FU'iO ?8 'J 1 "8 1 ¡,_OC() 1 "-S'~ 1 '' •;o ·~·o -
NOTESE, OTRA VEZ, QUE TODO El TRABAJO DE LAS PAGINAS PREVIAS HA 
SIDO PARA ESTABLECER LOS DATOS QUE SON PRELIMINARES PARA LA OB
Trw· ON DEL COEFICIENTE DE UTILIZACION Y NO SON, POR SI MISMOS, 
lJ 'ARTE DEL CALCULO DE ILUMINACION. SIN EMBARGO, SE ESTA PRE
PARADO- Al FIN - PARA REFERIRSE A LA TABLA DE LA CUAL SE PUE
DE EXTRAER El CU. 

EXTRACCION DEL CU 

UN INGENIERO NO CALCULA LOS CU'S; ELLOS SON CALCULADOS DE MEDI
CIONES DE POTENCIA LUMINICA EN LOs-lABORATORIOS FOTOMETRICOS DEL 
FABRICANTE. UNA SECCION DE LA TABLA 3 DE CU SE MUESTRA, A CONTI
NUACION. 

PARA EXTRAER El CUj 

(1) ENTRE A LA COLUMNA DE RCR CO~ El VALOR APROPIADO. 
(2) ENTRE A LA LINEA SUPERIOR CÓN PCT 

.. 

lO 



(3) ENTRE A LA SEGUNDA liNEA CON PW. 
(4) OBTENGA El CU EN lA INTERSECCION DE (1), (2) Y (3). 

'tA.\:1\o. 1. 
Oóorr il>ueioOn -- .. _, ... -a dolo .. ·- ,. • ltw:o.tr• 

r .. ·-· 
io 

~-
Uoi•ifno • 
·~ 10' ......_ - l 
SlMH 

JI IJJ 1.0 o .ti .ti 
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D 
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1 .4.1 .00 

~ 
'"" ___ • . 41 •• 

dod. 10 •• .IS 
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J'Dc 
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10 '!)• 10 .., :00 10 .., :00 10 

1 Coef.cten1e de utiliuc:tón --~ ~ 
de reftec:u.nc~ efearv. de pf.o/ 

.ti ..... •• ·" . ~ .10 .71 

.lO . 1 .72 .70 ... . ' .16 .12 ... ••• .16 
.10 . . ... -~ 
. 46 

• • .4.1 
.40 .ji .64 .00 
.le ·" .00 .le 
.J3 .le .:12 
.21 .:12 .2!1 

.12 .b .10 .10 ... .11 .711 

.lO "' 
,.Tl .. 

.eo 
.G . .SI .13 

... . .. . .. ,.......-
·" .17 .711 
.'73 .'IU .ea ,~,to¡!lo: 
.117 .6t .11 
.1:1 ... o. f"'1'...4 
.67 .u 
• .1:1 .ti A:.T = "l 1 o¡. ... .Q· p...= ~o·'-. 64 •• 
:: :~ P~p = 1\.'5• 

Ru:R(P.:~.o 

.llll / ~~ ~ c.mf>leA 

.711 
73 \ '-l """~ n&r~ o 

e.l 
t-~•llo 

S •• ~- C.U=O.'-.eo . . 

11 

8 ""' § 10 
1 .67 .61 

~ .n. 16 .ll ::~ ~ f.~ le VA. lo<" U CA 
r~b:> • .$1 .4.1 .41 .61 .4.\ 

P 'e m COft vwd 'Cm 7 •• .00 » . 4.1 •• .IJ . ,~.ADo~W~o Pc..f>: '10•¡,. • Pcu-A. -- - - 1 .41 .as .JI .41 .IJ 
.J e~W ~i<!'"f'lo ltp: 11.~ 

con~actwa•-. • .J7 .JI ·.71 .71 .JI 
.,_ :. e· 

Al"gl: ... .na ....... lid 10 .JJ • 'Z1 .:M .JJ 
~~io ... p 1; C4J" ...... ü« ec.c¡..,._(~ ... 

,_ 

EN OCASIONES ES NECESARIO INTERPOLAR VALORES DE CU PARA OBTE
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 CUE TENGAN UNA 
REflECTANCIA DE lA CAVIDAD DEL PISO DE 20%. SI EL PCP CUE SE 
TENGA 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 CUE EL DESCRITO PARA EL USO DE 
LA TABLA DE CU: RCR EN LA COLUMNA IZQUIERDA; LAS REFLECTANCIAS 
EfECTIVAS DE lAS CAVIDADES DE TECHO Y PISO A LO LARGO DE lAS 
LINEAS SUPERIORES. El •rACTOR DE MULTIPLICACION• SE EXTRAE DE 
lA INTERSECCION. 

.· 

.. 
·j . .. 
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EL CU "'AJUSTADO"' ES SIMP[EMENTE Et PRODUCTO DE ESE FACTOR y EL 
CU ORIGINAL. 

CUAJUSTADO = CUORIGINAL x FACTOR DE MULTIPLICACION 

y ES El VALOR QUE ENTONCES VA A SER USADO EN lA ECUACION (6) 
PARA CAlCUlAR LOS LUMENES TOTAlES. 

feo¡ :ra lltflh-loe...,. Nflectauc:Jaa afe:ll- de pbo dlfww•..,. al~ 

S ocio 
E-., . .,....._ .. • -· - ..... 
,. ... Ro. 

S 

""" ,. • • 10 ,. 10 .. JO 10 .. • • .. ........ ...... 
> 

.... 30". .,.. ..... c:avtdad. pbo (20'4 = 1.00 

.... 'e • de.,....._ -· local 
1 ... l.lm I.G15 l. 1.077 1.0&4 l. J. (M.¡ 

2 l.CII't 1.1111 I.OW J.(M7 1.0158 1.1MB l. ).IXI3 

J .GIII 1.0114 J.(M2 l. 1.061 1.037 l. I.OZ7 
4 l.lm l.IM5 l.lm I.CI'.M 1.1155 l. 1.0211 1.02:1 

a I.CIII I.IUII I.CD& J.llllil . 0150 I.OU 1.01 I.Clll' 1.018 

• I.IIG l.lm l.lrll l.~I.(M7 1.1120 1.012U.CD4 I.OU 
7 I.IM7 • •• 1.0111 1.011 I.(M3 1.017 l. 009! 1 . 022 1.013 

• l.OM I.CD& 1.015 1.007li.(MO 1.015 l. o:J711.(l'l0 1.012 E ju>f!lo : • LIMO I.OU l. OH l. J.QI7 1.(1)0 1.01e 1.011 
10 l.Cl' I.CIZ2 1.012 l. l. '1.017 1.010 El c.v vctrDJdo et'l 

\A M· \le~ .Q,J&. 

El ~~or cW n. ... l-

Pd """" ..,... •• -..t. tópt;ccH;Óo-\ ~ ~~ cloc:M-
A Pe.•· II.S) -· t.b\4 ~~ :: o. 'lSl local 

1 .111 -- .m .NI .m .ttll • 11:111 ¡ .111 .te .1511 .1158 .NI .lle3 .962 
.m .1167 

·'" .1151 ... . 171 .llliO .m 
5 ... .1164 .171 .1183 .m .11& .975 . ·. c.uU\m,., = o.'-S .. a 's:t: o. c. se 
' .ta ... -- .llli6 .982 -- .977 
7 .ISl .m .1183 

de<-4-~ • -- .m ... D eon ~'!> 

• .1183 .m .117 le u = o. "si 1111 .115 
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LOS FACTORES DE PERDIDA DE LUZ 

[N LA PAGINA 2 SE DEFINIERON TRES FACTORES QUE CONTRIBUYEN EN LA 
REOUCCION DE ll~INACION: DLL, DPL Y DPSL. CADA UNO ES UNA PREDI 
CCION, EN PORCIENTO, DE LA CANTIDAD DE LUZ QUE •soBREVIVIRA• ES
TOS EFECTOS REDUCTORES SOBRE UN TI~PO DETERMINADO. El PRODUCTO 
DE TODOS ESTOS ES LLAMADO El FACTOR DE PERDIDA DE LUZ (FPL). 

DETERto41NACION DE lA DEPRECIACION DE LOS l~ENES DE LA LAMPARA 
(OLL). 

LA TASA DE DEPRECIACION OE LOS l~ENES PARA CUALQUIER lAMPARA-
PUEDE PREDECIRSE EXACTAMENTE Y GRAFICADA Y TABUlADA. EN ESTAS NO 
TAS; SE CONSIDERARA DlL COMO LA DEPRECIACION QUE SE ESPERA CUAN
DO LA LAMPARA HAYA SIOO OPERADA POR UN TIEMPO iGUAl A APROXIMADA 
MENTE El 70% DE SU VIDA NOMINAl PROMEDIO. 

LA DETERto41NACION DE Dll ES UNA SIMPlE EXTRACCION DE LA TABLA 4 • 

.vN 
UJio4EN 

T 1 PO DE lAMP. IIATIS F.ecTq!" 

HID 
I'EJ :• RY+ 

H175DX39-22 175 
H2500X37~ 250 

.... 
81 

f ¡ernplo : 

13 

~X33-1 :_¿"'~00~-::;:::::;; Hlooo0X36-U5.-
80 
79 

luCN nx~ 
TODAS lAS POTENCIAS 

~f0"1A el "~ « 
,.uv. la~ Lu CJII.I.AX 

d~ 150 w..~ (LV1SO) 

ESTANDAR 
Clle~l~l--------~---+~1 
L.UH150 150 
lUH215 215 83 

pll = o.S1 

DETERMINACION DE lA DEPRECIACION POR POLVO EN El LUMINARIO (DPl) 

ESTE ES UNA •suPOSICION• BASADA EN LA •coNDICION DE SUCIEDAD•,
EN El TIPO DE L~INARIO Y EN lA P.RACTICA DE MANTENIMIENTO DEL -
CONSUMIDOR (O CLIENTE). ES POSIBlf UNA EXACTITUD RAZONABlE ME---
DIANTE El USO DE GRAFICAS (COMO LA MOSTRADA·ABAJO) LAS CUALES El ~ 
lES HA DESARROLLADO PARA SEIS CATE~RIAS DE LUNÍNARJOS (VER TA-- ~ 
BLA 5). 

.. 
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(1) ENTRE A lA LINEA INFERIOR CON El •ciClO DE MANTENIMIENTO ASU 
MIDO• (EN MESES). 

(2) SIGA HACIA ARRIBA HASTA lA INTERSECCION CON LA •coNDICION DE 
SUCIEDAD• ESPERADA. 

(3) SIGA HACIA LA IZQUIERDA HASTA LA ESCALA VERTICAl. 

(4) EXTRAIGA El DPL. 

,--- (. ~ la.~\&. '!i. P"'~· ~1 \ 

1 
CAriGOI'r • -

~ ~ ' 
~ t--.., 

b r-. ~ :::; t-- r-1"'- F=' r- - r-"" . """"" :,.. ~ 

E)e~\o: 

1' "-' 1' t-- i' 1' ¡.... -r~ ~:-._, ~ 

!' ~-

'" 
1'~ 

~. • -~ 
.. ~ 
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DPL=o.so 
t De ,-...&A 1, f"&'l· A·lt 

DETERMINACION DE lA DEPRECIACION POR SUCIEDAD DEL LOCAl (DPSl) 

LA DETERMINACION DE DPSL ES SIMilAR Al DE DPl- MAS El USO DE-
DE UNA TABLA DISTINTA A LA TABLA DE CU. ESTA INVOlUCRA LA IDENTI 
FICACION PREVIA DEl TIPO DE CURVA DE DISTRIBUCION DEl LUMINARIO 
(DIRECTO, SEMI-DIRECTO, ETC.) -' J 

- ( /Je(lni.:>o~ e-o lA P•l· A-11 
PARA DETERMINAR DPSl, USE LA TABLA 6. 

A. REFIERAS[ A LA PEQUEÑA GRAFICA EN LA PARTE SUPERIOR IZQUIERDA. 

(1) ENTRE A LA liNEA INFERIOR DE LA GRAFICA CON EL CIClO DE
MANTENIMIENTO PROPUESTO EN MESES. 

(2) SIGA HACIA ARRIRA HASTA LA INTERSECC·ION CON LA CURVA QUE 
PERTENECE A LA ·coNDICION DE SUCIEDAn• ~RIENTAL ESPERA-
DA. 

") 
.. , ~ 



(3) SIGA HACIA LA IZQUIERDA HASTA LA ESCALA VERTICAL: EXTRAI
GA EL •PORC 1 ENTO DE DEPREC 1 AC 1 ON' POR SUC 1 EDAD ESPERADO•. 

B. REFIERASE A LA TABLA. 

~ 
-e;¡ 

(1) USE El VALOR ANTERIOR (3) PARA ENTRAR A LA SEGUNDA LINEA 
DE LA TABLA DEL DPSL -BAJO EL TIPO APROPIADO DE CURVA DE 
DISTRIBUCION DEL LIJHNARIO. 

(2) ENTRE A LA COLUMNA IZQUIERDA CON RCR. 

(3) EN LA INTERSECCION DE (1) Y (2), EXTRAIGA DPSl INTERPOlAN 
DO SI ES NECESARIO. 

!l E ¡cmp lo : 

~~Q:~fS~~5l~---Cot-clWÓn ctt s...c.ieda.d .. ~ .. : r. C.c.lo ~ ft\GI\\("i Mien\o tlt MCtoe& 
:t•ro « ~·-.rio • Oii"U.to • 

Rc.R = RCI:- = 3. o 

1 'Dii: d .0. d' O ¡f 

~ rwc-~--- 10 

~ -c-r- ~~+---~----~~~----~ 

'-' 1 

De f'A1ii\A!) 11, 1~, llf 't 15 : · 

F PL: OLL,. OPL • O~L::. 0.&1 •O. SO • 0.9'1:: Cl "1 

15 

L>< A= 30.5 •'-.l 

L»><e~::: liSO 

C\.1 :::: 0."5 

fPL:o.<.1 

----,,.----l2.o U..minArio~ \-
.. 

·J fiW\: ni IIft a 
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El SIJIARIO DE LA HOJA A~HRIOR (PAG. 15) SE HA TRA~SCRITO 
A ESTA •HOJA DE TRABAJO•. Al FINAL DE LAS NOTAS SE PROPOR 
CIO~A UNA EN BLANCO. -

HO.IA DE CALCULO roa 
IL •ETODO DI CAYIDAD ZORAL 

1 LA LETRA ® INDICA 11 o T" 1 T 
CII-IOND Dll. LOCAL: Ll3o.sl A [fiJ :. ALTURA--~ -- _.,. 

RUl..ECTAitCIAS: TECHO~ PAREDES~ .PISO l10 1 1 
(pao cl-1 (Prl (P,) lPPI 

Hct•~ 

"••·l~.o~) 

-·~ 
SH .. IL+AI 51!.05()0.~ +'·1) s. RELACIONES A. RCL • • '&A L L 

OE lllDAO L1A -·~ 1 •. 1 
·l?o.o 1 .h.·l50 1 

Leo. II1MG2) z 
o 
ü ... 
::a • o ... 
:! 

o 
a: 

= 4. 

CA {IICT~. IICL(:) • 3.0 {~::;) 
® . , .... , (0.91\ 

IICP • IICL r;;;:J • !.0 'ioSJ -----

·~~~T'uo 

·1 o.9 1-IV·Iu.sl 
aa..o 01[ 

UM1W110 N.JL nPO __ CAT.DE IIANTll..llLCOIIO.OE SIICIElla\D..!U.il6.~1iDEll-&IWI..l..S. 

• ~ '· A.L•-.."'.A:I.!JZSqlr@ l.l.IIEMEll: 13'500 C. LAMPAIIA.S : _!_ D .UJit!OIIES/UnWWIIO: l1:t. 5 00 
o ..J LUMINARIO · · 

~ ¡ 6. 0 ou.l 0.811 x(!) 0PL 1 0.&11 1 x(V OPSL 1 0.9'f 1 • FPt.: 1 O. "1' 
~ 7. @ COEFICIENTE OE UnLIZACION ICU): ~X ®lo.'~511• CU CORREGIDO: 1«>.6.51 1 
..J 

1 NIVEL 0E IUIMIHAOC»> REOIEIIDOIUO =1----1 \ \~ 
., 
o 
..J 
:!> 
u 

, I.JJXES. AREA _ 1\ &o ... 1 8" o 5 
9. LUIIIOIES TOTALES CU 1 f'PL - O. "S 1 ·-·O." 2. = l5'LL 925 

..J .... o. 
U· 

LUMEHES TOTALES ~'#~.')l. 'S 
H. OE LIJIIIIIARIOS • : ll • 5 00 

o 1......, POR LIMHARIO , .l').~S -1 2.0 

LA PARTE INFERIOR FALTAhiE CORRESPONDE A DATOS PARA El 
•ESPACIAMIENTO DE LIJIINARIOS• QUE SE ESTUDIA EN LA SIGUIEN
TE SECCION •ARREGLO DE LI.JoCINARIOS• • 

'l 
.'J '• 
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5.- ARREGLO DE LUMINARIOS 

UN El~EHTO ESCENCIAL DEL DISEÑO DE ILUMINACION ES EL •ARREGLO• 
- UNA DISTRIBUCION DE LOS LUNINARIOS DETERMINADA POR El DISEÑA
DOR. ( EN OCASIONES, ES NECESARIO PROPORCIONAR •DETALLEs• ADI
CIONALES Y •sECCIONEs• VERTICALES DEL ARREGLO~ 

EL lOCAL SE DIBUJA A UNA ESCALA ADECUADA (USUALMENTE 1:50 6 
1:100). El EQUIPO DE ILUNINACION SE INDICA FRECUENTEMENTE POR 
SINBOLOS: 

() ( NO A ESCALA) DESIGNA UN LUMINARIO INCANDESCENTE O 
HID DE MONTAJE INDIVIDUAL 

1----11 (LONGITUD A ESCALA) DESIGNA UNA LAMPARA FLUORESCENTE 

( A ESCALA) DESIGNA UN LUMINARIO FLUORESCENTE 

SE EMPLEAN SIMBOLOS ADICIONALES PARA DIFERENCIAR TIPOS DE LUMI
NARIOS • TODOS DEBERAN SER DIBUJADOS EN El PLANO DE TAL FORMA 
QUE INDIQUE SU UBICACION EN El LOCAL • 

ALGUNAS VECES El DIBUJO SERVIRA PARA MOSTRAR LO IMPRACTICO DEL 
ARREGLO; POR EJ~PLO, PUEDE MOSTRAR QUE El ESPACIAMIENTO SEA 
EXCESIVO O MUY CONCENTRADO EN TALES CASOS PUEDE SER NECESARIO 
RECALCULAR Y REUBICAR lUMINARIOS USANDO OTROS TIPOS Y/O LAMPA-
RAS. 

El PASO INICIAL PARA El ARREGLO ~S DETERMINAR El ESPACIAMIENTO 
DE LUM 1 NAR 1 OS .. 

DETERNINACION DEL ESPACIAMIENTO 

A. LUMINARIOS DE MONTAJE INDIVIDUAL 

1.- DETERMINE El •AREA POR lUMINARIO• 

AREA DEL LOCAL 
AREA POR lUMINARIO =NUMERO DE LUMINARIOS 

.· 

2.- DETERMINE El •ESPACIAMIENTO APROXIMADo• 

A 
--a= rr-

ESPACIAMIENTO APROXIMADO =~AREA PoR llJMINARIO ..¡S=.¡:;- 1 

~ ... ; ' 



POR EJEMPLO 

AREA DEL LOCAL = 2,500 m
2 

NUMERO DE LUMINARIOS =lOO 

a~ 2,500 = 25 
lOO 

S = ./25 = 5 m (CENTRO A CENTRO) 

EN OTRAS PALABRAS, SI LOS LIJ.IINARIOS SE INSTALAN EN UN PATI"'\ 
DE 5m X Sm, El ARREGLO SERA UNIFORME GE()IETRICAMENTE. 

TAL ARREGLO UNifORME PUEDE SER DESEABLE PERO NO NECESARIA~1Ei\

TE APLICABLE: LA LOCALIZACION DE TRABES, VIGAS, VARILLAS U 
. . -

OTROS IMPEDIMENTOS PU[[)EN FORZAR LA MODIFICACION, ENTONCES, 
LA DISTANCIA ENTRE LUMINARIOS PUEDE TENER OUE INCREMENTARSE 
EN UNA DIRECCION Y DECREMENTARSE EN LA OTRA; SIN EMBARGO, EL 
AREA POR li.IMINARIO DEBE MANTEN'ERSE TAN EXACTAMENTE; C().10 SEA " 
PRACT 1 CO. 

B. HILERAS CONTINUAS DE LUMINARIOS flUORESCENTES. 

1.- DETERMINE EL "AREA POR LUMINARIO" (C()IO EN A) 

2.- DETERMINE El ESPACIAMIENTO DE LA HILERAS. 

ESPACIAMIENTO= AREA POR LUMINARIO 
LONGITUD.DEL LUMINARIO 

POR EJEMPLO: 

AREA DEL LOCAL 150 m
2 

NUMERO DE LUMINARIOS = 56 
LONGITUD DEL lUMINARIO = 1.22 m 

~ -L-=:LJ 

APL 1 CANDO ESTE RAZO~AM 1 ENTO .·Al •PROBLEMA EJEMPLO" EN El QUE 
SE TIENE: 

... 
. 1 

1· .. 



i • 
l .. 

NH - 3.05 • 
S/WH = 1.5 

INSERTANDO ESTA INFORMACION EN lA SECCION INTERIOR DE LA 
wHOJA DE TRABAJo·. 

J l) 

AR[A POli L..IJWIKARIO (AL) • 
AREA TOTAL 

Me ./LUIIIIKAR lOS 
__ ;.,1 So::"::-·c.:.0..:5____ • ~ . ;o ZS J9 ."~o E 

lo · 

ESF'IICI .... IENTO A. PARA u_NIOAOES INOIVIOUALD VAL . ~z S 
APROXIMADO 

AL 
11. PARA TiliAS CONTINUAS: • 

LONGI TUO DEL 
LUMINARIO 

[i¿_ 

' 

~U..r::u.os ~ t:SPACIAMIEHTO: 1~.05-~.0Sj LuxEs: 1 1 1 So 1 
~~A~:~~!\gt:: HcL X S/MH '_?.:<...:....0::.5::.__ X 1.5 • ¡u ~5~\._LX' _L_1!_,_i'_~_,_C_: 
DATOS flNALt:S: 

o 

o 

M 

/ .'- .•· . ~~H 
1 De 11 ... t 11- 4 ) t:SNOAYENTO 

MAXIIIO 0. 

LA CANTIDAD DE Ll.JotiNARIOS Y EL ESPACIAMIENTO PUEDE SER 
TRANSLADADO A UN ARREGLO COMO SE NUESTRA: 

o o o o o o o o o 

o o o o o o o o o 
3.05• DmiE Ct:JmiOS ~.=..; 

1 i 

30.5• 

.· 

.. :.J 

·--r- ··r· 
~!.~251- 1 

+ 
!3~- ¿ . r. 

·t~~ 1 
._L._. _____.!~-



DE ACUERDO A RECOMENDACIONES EN ARREGLOS, EL ESPACIAMIENTO 
DE 1.525 ~DE PARED A LUMINARIOS ESTA EN EL LIMITE (VER __ 
SIGUIENTE SECCION). 

a = 

S = 

150 = 2.68 m2 
56 

2.68 = 2 19 m 
l. 2 2 -=..:·:_:.-...::.:... 

AQUI, EL ESPACIAMIENTO PRACTICO DE lAS HILERAS PUEDE SER 
AUN DE 2m. (ESTA DETERMINACION DE ESPACIAMIENTO, TAMBIEN 
SE APLICA A lA DISTANCIA ENTRE CENTROS). 

COMPROBACION DEl MAXIMO ESPACIAMIENTO: UTILIZANDO !i_RELA
CION "S/MH"-

" •• 
NORMALMENTE, CUALQUIER PUNTO DEL PlANO DE TRABAJO DEBERA _ 
SER ILUMINADO POR VARIOS LUMINARIOS -ASEGURANDO EL TRASLA-

20 

PE DE SUS RAYOS DE LUZ. DEBIDO A QUE El DISEÑO DEL LUMIN~ ., 
RIO TIENE SUS PROPIAS CARACTERISTICAS DE •DISTRIBUCION DE 
LUZ" (LOS ANGULOS DE SUS RAYOS DE lUZ), ES NECESARIO CONO-
CER SU RELACION MAXIMA DE "ESPACIAMIENTO A ALTURA DE MONTA 
JE (S/MH). ESTOS VALORES USUALMENTE fLUCTUAN ENTRE 0.5 Y-
2.0 • ESTA INFORMACION lA PROPORCIONA EL fABRICANTE DEL 
LUM INARIO 

EL MAXIMO ESPACIAMIENTO ES El PRODUCTO DEL S/MH y· LA AlTU
RA DE lOS LUMINARIOS ARRIBA DEl PLANO DE TRABAJO 

SMAX = S/MH x MH MH~ALTURA DE MONTAJE 

SI El ESPACIAMIENTO DEL ARREGLO El ESPACIAMI EI>'TO MAXIM0 
PERMISIBLE, LA UNifORM·IDAD DE lA llUMINACION SE AfECTARA 
(CON EQUIPO HID, PUEDE HABER S()IBRAS) E INEVITABLEMENTE 
SERA NECESARIO REDISEÑAR • 

. · 

.. 



EJBWPLO: CONSIDERE DOS LUMINARIO (A y B) CON VALORES S/MH 
DE 0.6 Y 1.5 

ESPACIAMIENTO DE LUNINARIOS 3.6 • 
ALTURA DE NONT AJE = J-

21 

A. S/MH = 0.6 : 94AX. = 0.6 X 3 = 1.8 (3.6 • DE ESPACIAMIE~ 
TO ES EXCESIVO) 

B. S/MH = 1.5 : 9CAX. = 1.5 X 3=4.5 (3.6 • DE ESPACJ~~IE~ 
TO ES CORRECTO) 

ESPAC 1 AM 1 El'tTO PARED - A - LUM 1 NAR 1 O 

El ESPACIAMIENTO EXCESIVO ENTRE UNA PARED Y LOS LUNINARIOS 
ADYACENTES PRODUCEN DOS EFECTOS ADVERSOS: 

(1) SE REDUCE LA ILUNINACION HORIZONTAL CERCA DE LA PARED. 

(2) SE REDUCE LA ILUMINACION VERTICAL SOBRE LA PAREO. 

A 14ENUOO SE LOCALIZAN EN ESAS AREAS ESCRITORIOS IMPORTANTES, 
NESAS O NAQUINAS DE TRABAJO. ESAS fUNCIONES REQUIEREN ILUNI
NACION EQUIVALENTE A LAS QUE SE LOCALIZAN EN El INTERIOR DEL 
LOCAL. 

LA REDUCCION DE ILUNINACION EN LA PARED PERJUDICA El ASPECTO 
EN UN AMBIENTE VISUAL BUENO. 

ES BUENA PRACTICA OBSERVAR LAS-SIGUIENTES REGLAS. 

RIIICIOIII 

OFICitlo\5 

IIOU5T111AL 

TIPO Df Jt ·-tC«:w 

l'l.IJCifiUCaiTE 

FLUORE 5CEW TE 

NID 

. 

' ' 1 ~. 
; . 

IUXIIIIO ~EMlO~O 
ESI'IICIIoNI E N T O 
PE: HILERAS !1fMA81 E IMX/1110 

lall H 30-!10 ce. 60 ••. 

laloiH 1/3 IIIH 1/2 JoiH 

1,/JoiHa JoiH V3 11 H 1/2 JoiH 



A 
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UN ESPACIAMIENTO PARED-LLJ.IINARIO EXCESIVO 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 Mf.JORA 
LA CALIDAD Y EL NIVEL DE ILUMINACION A TAREAS LOCALIZADAS 
ADYACENTES A LA PARED. 

FINALMENTE, EL PROCEDIMIENTO COMPLETO SE RECAPITULA E~ U\A 
HOJA DE TRABAJO (PAGINA A-0). 

* * ~· 

SUBSECUENTES PAGINAS FORMAN UN APENDICE DE DIVERSAS TA~LAS 
DE REFERENCIA E INFORMACION!UTIL. 

TODAS LAS TABLAS (EXCEPTO LA'No. 4) SON EXTRACTO DEL 
Ll GHT 1 NG HANDBOOK, 1981 

TABLA 
No. 

1 
2 
3 
4 

D E S C R 

REFLECTANCIAS EFECTIVAS 
COEFICIENTES DE UTILIZACION 
FACTORES DE CORRECCION CU 

P e 1 o N 

DEPREC IACION Dt' LOS LUMENES D[ LA LAMPARA 

·, 

1 ES --

PAG 1 NAS 

A·l '< .._. 2. 

o\. ~ 'f "" 'i 
¡.,.~ 

¡>,..(o 



5 
6 

DEPRECIACION POR POLVO EN EL LUMINARIO 
DEPRECIACION POR SUCIEDAD DEL LOCAL 
TIPO DE CURVAS DE DISTRIBUCION 
HOJA DE TRABAJO EN BLANCO 

.. i\ 
i·• ·. 

23 



HOJA DI: CALCULO· POR 
EL IIIETODO OE CAVIDAD lOIIAL 

=-=-=~~~~==========~(=LA=L=E="[~R=A:::®~x~=IN=D=I=C~A~N_:.D:::-T:::.A=_~)==~t ~- ~~ --~ = Hw•-~= 
Ll3o.sl A~ ALTURA--~ HCL'l3.05 1 

.J 
<l 
u 
o 
.J 

z o 
ü .., 
:11 
0: 
o ... 
z 

o 

, . 
2 . 

3. 

DIMENSIONES DEL LOCAL: 

REFLECTANCIAS: 
· (por ciento} 

TECHO l&ol PAREDES ~ 
( Pl) (Pw) 

l Hco•~ 

RELACIONES A. ACL • 
~HCL (L+A) 5a3.0S (~·5+ "·1 ) ~ LPt<.•l so J 

OE CAVIDAD La A 3o. S • '-· l IDtllntoZ) 

®r· RCL (~) ( Q(ol) [9}]- Pn• OIJ HCL · 3 ·0 
3.os 

3.0 (~) (H<') [E}]-. Pe• ·1 ' 1 . 5 1 IICP • RCL ~ • 3.05 

~ 4, . LUMINARIO No. l.!_ TIPO ___ CAT.IX MANTO.llLCOND.DE SUCIEDAO.t!i.Q.IA.~:;~~E~¡.J..'i.WESES_SIMHJ.2 
5. A.LAMPARA:~ LUMENES: 23 SO o C. LAMPARAS :.....l.._ O .LUMENES/LUMINARIO: 2i, SOO 

lUMINAR lO 

6. 0olllo.s'2Jx@oPLJo.soJ x(DomJo.~"iJ • FPL: Jo.":¡J 

7. 0 COEFICIENTE DE UTILIZACION (CU): ~X 0lo.9S1l• CU CORREGIDO: Jo.,5!1 

"' o 
...l 
::> 
u 

9. 

.J 
<l • o. 
u 

o 11. .... 
..,z 
o!:' 
.,:~ 
o S t 2. ,_u 
.q<! 
oc. 

"' .., 

~ • 
~ 
• • • o 
u 

1 NIVEL DE ILUMINACION REQUERIOID (LX) •1--~-1 11 SO 1 

LUMENES TOTALES • LUXES 1 AREA • 
CU a FPI. 

11 eo 
o."~' 

• 1S".os ' l ~'B, 925 .. o.U 
No. DE LUMI N ARIOS • 

lUMENES TOTALES 

LUMENES POR LUMINARIO 
• 54?> 925 

:t'l.500 • I'HS ... ¡ 20 

AREA POR L.Uio41NARIO (AL) '· 
AREA TOTAL 

No./LUMINARIOS 

ISp. OS 
.2,0 

ESPACIAMIENTO 
APROX IMAOO 

A. PARA UNIOAOES.INDIVIOUALES~ '~5 

B. PARA TIRAS CONTINUAS: ---=A~L-:-=
lONGITUD DEl 

LUMINARIO 

19 3o2~ 

!3.05 1 

1 N ft..l 

DATOS FINALES: No DE 
lUMINAR lOS 10 ESPACIAMIENTO: ~~.o~·~o5l LUXES: !liSO 1 ~ 

~.05 X J..5 ' 11.( 515 1 "'LX' LTa ::~A' CU 
COMPROBACION DE 
ESPACIAMIENTO: HcL X ~MH • 

( DI finto,/ IÍnto 4 ) 

@ PcT a·PcP OE NOTAS . TABLA 1 

~ DE CATAI.OGO DE LAMPARAS GE 

e DE NOTAS TABLA 4 

@ DE NOTAS TABLA 5 

ESPACIAMIENTO 
MAXIMO 0. 

DE NOTAS . TABLA E 

DE NOTAS TABLA 2 

DE NOTAS. TABLA 3 

COWO SE ESPECIFIQUE 6 RECOMIENDE 
.·. •') 
1. t 

.2'1-
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Ir f. 
TABLA 4: FACTORES DE DEPRECIACION DE LOS LUNENES DE lA LAMPARA 

(DLL). EN (%). ------ -- ~----

----

tON KAN 

TIPO DE-LAMP. 
UJiEN UJiEN 

~ FACIJJl- DLL .. ljE l..tW T'tl'E ~ FACUJl• DLL•• 

1N:NclEsc&rri HJD 
7SER3o 7'5 90 86 IISLCLRV+ 
1004 100 93 90 Hl7!iO~Z2 17'5 ... 711 
150A 150 93 93 HZ5o0Xl7-5 250 81 7'5 
1 '!Jd'¡.¡vg> ' FL 150 84 711 ~ll-1 400 78 71 
1sdtfSP ' FL 150 89 115 HIOOC()X36-1Ó 1000 6l 52 
3001'VIF lOO 91 fl7 

300R/S" ' FL lOO M 92 tlL.TJ~~ ~ 
SOOJIF 500 91 88 ...,17'5 17'5 77 

1000/IF 1000 92 89 tfi17SIC 17'5 73 
1500/IF 1500 ... 711 lltt'2So 250. 83 76 

tfi250.1C 250 78 71 
Q.wrr1l...IIE R tfl400 400 7'5 67 
~L 250 97 96 ...,~ 400 72 63 
Q25CIPAR38./SP 250 93 93 tfl1000 1000 8ú 75 
Qz'!ld'AR311/FL 250 93 93 tt110001C 1000 79 70 
Q5ooT3A:L 500 97 96 

Luc-. ox ~ 
Fu.t:AEscENTi -· TOOAS LAS POTENCIAS 
F~ lS fl7 83 ESTANDAR 

-~~ 

F40L~ lS- fl7 83 ( W5 o-liJ 1000 1 90 112 
F40CIVS 40 90 fl7 UIH150 150 90 83 
F4d:'ol 40 fl7 83 Lal215 215 90 "'83 
F40W . 40 fl7 83 
F4«:WX 40 8l 7l 
F401NXlSWl 40 83 7l • USE El FACTOR DE.UJII\ENES MEDIOS F 96T 12/CW/WM 60 93 89 
F96TIULW/WM 60 93 89 CUANDO LOS CALCULOS INVOLUCREN 1-
F96TIVCW 75 93 89 LUM 1 NAC ION PR()IED 10. 
F96TlVW 7'5 93 89 (BASADA EN LA LUZ DE SALIDA DE LA 
F96T1.VCWX 7'5 89 85 LAMPARA EN El 40 Al 50% DE SU VI-
F~TlVCIVKJ 110 fl7 82 
F96T1VCIVHW 110 87 82 DA) 
F96T12/CII/ttl/WM 95 87 82 ._USE Dll CUANDO LOS CALCULOS INVO-
F48f'C171'CW 110 72 64 
F96f'G 17 .iCW 215 76 67 -·LUCREN ILUMINACION MINIMA (BASA-
F96PG 17 .iCW/WM lBS 76 67 DA EN LA LUZ DE SALIDA DE LA LAM-
F48T 12A::W/ 1500 110 72 64 PARA EN El 70% DE SU VIDA. 
F96TlUOI/1500 215 76 67 

• LOS FACTORES PARA LAMPARAS DE ME_R 
CURIO ESTAN BASADAS EN UNA VIDA 
DE 24,000 HORAS. 

.. 



TABLA 5. FACTORES DE DEPRECIACION POR POLVO EN EL LUMINARIO (DPL). 
(PARA SEIS CATEGORIAS Y CINCO CONDICIONES DE SUCIEDAD). 
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TABLA 6. FACTORES DE DEPRECIACION POR SUCIEDAf\ DEL LOCAL (DPSL). 
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OISTRIBUCION OEL LUMINARIO 

__ C LA S_I_F_LCAC_I_ON_QEL_T_U:O_D_E_LIJto\J_~ A RI_O_~QR_L A_CCt!\_I_S_LOI'LLNURN ACJON AL---~-
--- DE-1-tUMINACION-(C-1-E-)--=-.---~-------~------------

SfMI. OfRECT t.. 

DIRfCT-INOfRECT ._ 

LOS LUMINARIOS ESTAN CLASIFICADOS POR LA CIE DE ACUERDO A LOS POR 
CENTAJES DE LUZ EMITIDOS HACIA ARRIBA Y HACIA ABAJO DE LA HORIZON 
TAL. LA FUENTE DE LUZ Y/0 El LUMINARIO AFECTARAN LA DISTRIBUCION. 
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EL IHTODO DE CAVIDAD ZOIIAL 

(LA LfTRA 0 INDICA NOTA) T 
OIIIENSIONES DEL LOCAL: L c=J A CJ ALTURA--O 

PISO D 1 IIEfLfCTANCIAS: 
( pot ci .. to} 

RELACICHES ... 
DE CAVIDAD 

TECHO ~ PAREDES D 
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No. DE LUIII N ARI OS , .....::L:=U~II:.!E:..:N:..:E:..:S:_:.TO~T.:.;A::.L::.E::.S::.__ 
UKHES POR LUMINARIO 

• 

AREA POR l.UWINARIO (AL) • 
AREA TOTAL 

lllo ./LUIIINAR lOS 
• ------------- . 

ESFW:IAIIIENTO 
APROXIIIAOO 

DATOS fiNALES: 
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ESPACIAIIIENTO; Hcc X Y.IIH 
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PARAMAX® PARABOLIC TROFFER 1 !~ 
2' x 4' • 3 LAMPS • RAPID START 

SPECIFICA TIONS 

Ballast Data 

SPRIHG·LOADED 
CAM L..ATCHES 

STEEL 
T-HINGES 

Thermally·protectad. resening, Class P. HPF. non·PCB. UL listad. 
CSA certifiad ballast standard. Sound rating A. Standard comb<na· 
tions are CBM approvad. 

Wlrlng & Eiectrlcal 
Fixture bears UL label and is suitable for damp tocations. AWM. 
TFN. or THHN wire usad throughout. ratad for requirad tempera· 
tures. All ballast leads elllend a mínimum of s· through access 
plate. 

Materlals 
Louver parts constructad of pre·anodized aluminum. Steel parts 
die-formad from code-gauge cold-rolled steel. Housing embossed 
for ngtdity. No asbestos is used in this product. 

Finlsh 
Five·stage iron-phosphate pre·treatment ensures supe,or paint 
adhesion and rust resistance. Painted parts linishad wtth high· 
gloss. baked white enamel. 

·-Pre~eJy'formed:¡:¡arabolic·louver~shipped·in·a-- -
protecttve polyethylene wrapper. - -- -

• Automated assembly, mitered corners. and tnterlock· 
ing construction assure precise parabolic shape. 

• Pre·anodized aluminum louver, available in specular 
or semi-specular gold. specular or semi·specular 
silver. and tow-iridescent specular or semi-specular 
silver. 

• Louver secured by rugged T·hinges and spnng
loaded cam latches. Hingesllatches from etther side. 

• Floattng door appearance with full black reveal. 

• Air supply/return models feature opttonal atr panern 
control blades. Fully adjustable wtthout tools. 

• Wireway covers (reflectorsl lit against louver. 
Controls light leaks into adjacent lamp cavittes. 

7/8" OlA. K.O. 121 
IN ACCESS PLA TE \'o" OlA. K O 121 

} 
-~-JI 1 

:1'_;..._· =:L==~--· i,_. _· ...... _J+-~k ! . ·;·: l" 
~ 11~' + "' -i 

MOUNTING DATA 
~ :_¿ p!it ~ ~ 

Celltng Type 

Exposed grid tee o 
Concealed gnd tee Q,ST 

Concealed Z ·spline F,IIT 

Metal pan (consult lactory) liT 
LA Y -IN TRIM, OVERLAPPING MODULAR FIT·IN SCREWSLOT 

Screw slot (consult tactory) ST exposed gnd lee FL.ANGED TRIM TRIM Wtth swing· TRIM, louver 
Acoustical lile. plaster. wtth swing·gate gata hangers 1\ush to cetling 
or plastetbeard on ngid F hangers 
supports parallel to lampS 

' RICQI'M'•ielliJCI rougl'l-tn CIMNf\SIOI'tl tor, tnm lñ,nl· 2C" 1 .... !Toterance 11 • 11• ·- 0"). 
~~ tW191: 1"- J.W tromc:NnQ p&Wie. 1011'1 23-117'- 21-!w'1F. 

Approval Job lnformallon 

1 _. LITHONIA 
~., FLUORESCENT 
' ~ ~JIO'L • ..:IUS1'1IIAI. ~ r,.. ___ _ 

!Soecty 120. 277 0t l"TVI 1 
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1 
PARABOLIC TROFFER 
2' x 4' • 3 LAMPS • RAPID ST ART 

' 
PARAMAX® 

PHOTOMETRICS -
.. 4-

COEFFICIENTS 0F UTIUZATION ZONAL CAVITY CANOLEPOWER ZONAL LUMEN SUMMARY ... - .. -.E ~ a• - lOIIf Ll*lld ........... ...fiXlUN ... - - - - · .. o 284~ 284~ 164~ 
~JO m. 136 JH .. JOW l'J99 •13 '>99 ~ 1799 181• 18<'9 ... --.---------¡....-- 10 1711 1~ 1876· W90 U] • 1 66 

', lol~ 6676 10 6 1000 ' 1~ 16~7 1148 18lJ 
1 19 76 ,. 10 11 ~~ . 73 71 11 70 M M M 67 20 1m 16'18 1783 
1 ,. M 6~ t.2 11 M 64 t.2 66 61 60 63 61 '>'l 

lt'\.• 1~ 1l89 1~ 1616 
3 M 63 ~ ~ 67 61 ~' ~ '>'l ~ Sl ~ ~ ~ • -· JO ~ 1ff6 1819 • 63 ~ ~1 ., t.2 ~ ~1 ., ~ ~ 46 ~ <19 46 • ~ 11~7 1341 2840 • ~ ~ ~ ·~ 

., 
~' ~ ·~ .1 48 •• 40 ., •3 40 • 40 1961 2311 1•SJ TYPICAL VCP PERCENTAGES 

' ~ ·~ 40 36 Sl ·~ .o 36 .. J!l :!S •2 J!l 3S • ·~ 1170 1136 18'11 

' ~ • 1 36 32 <19 40 36 31 J!l 34 31 l8 34 31 

"' 
. 

~ ~~~' 1110 1\91 - HfiGKJ HIIGKJ 
1 46 37 31 11 ·~ 36 31 17 3~ 31 27 3~ 30 27 .. . . ~~ 1199 1131 161 Sil( AI.OIIG -• •2 33 28 2• •1 33 27 2• 32 11 13 31 16 13 -· 60 1014 641 ~ ffll) U' ••• u· ••• 

11 J!l JO 2• 21 l8 JO 2• 21 :19 2• 21 28 2• 21 - ~ 601 31~ m 
70 121 1~ 68 20•20 1~ 70 83 80 

·Standard ballasts. F40T12/CW lamps (3150 lumens) 
1~ JI ·~ 36 JO oJO 81 78 87 64 
80 1~ 21 17 JO•W M 81 89 116 

Spacing criteria: 11· 1.2 x mounling height 
~.~ • 6 ~ WoJO 64 81 aa 116 

o 90 o o o w.w 87 64 90 aa 
• 1•1.5 x mounting height 

¡ Full reporl available. Request ERL 6730. 
For pholornetrics on other confi!Jurations, see 
Technical Data section or Ulhon18 representative 

l 
~ ·····- - -- ·-· -· -- -- ---. ...----- -- .. --· . ' 

~--. 
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HPM 140 f 
PARABOLIC TROFFER 
1'x 4' •1 LAMP • RAPID START 

PHOTOMETRICS HPM3GB 140-8* 
-

~ ffPIIlAilOII liiiiM. CAVII'I CAIDUPOWfR ZONAL LUMEII SUMIIARY 
... ... td' AliOli ALOII zu· 41.r IU' 11:11011 IOiif - .. LAII, "'fllliMil .. - 1ft .. - • 811 "' ..e 806 n6 ~JO 781! 2< o 357 ............. ....... ......... $ 1101 810 ... m t21) 0·40 1331 ,, ] 103 .. ............ 

.~ 
IG 1100 . .. ,,.. 960 1!11 0·60 2121 87 • 1161 

1 11 " " • n " .. " 71 • • • .. 61 15 "' tQ9 !193 1003 1052' 0·10 2>08 lO 1 1000 
J n • • 11 " .. .. .. • n .. .. .. .. "!,. -~ 2(1 121 uo liS 1039 10SI 

~ ,,, 100 ... 1032 IO>S 
J .. .. .. .. ., .. .. .. .. • .. .. .. .. 30 103 m .. 1 1019 10>2 • .. ., 

" .. 12 '" u • .. " 
,, 

" "' ., 
~ 35 111 ,,.. ... ... IOJI 

1 .. ., .. .. ., •• • .. • 6 .. • .. .. •• m 710 . 134 ... .... 
1 ... .. .. .. .. .. .. ]] .. " " .. .. 17 •• ..,. ... '" m m lYPICAI. VCP PERCEIITADU 
7 .. .. " D • .. • .. .. " 

,. • .. .. 'SO 412 '" m ... ... .... IIOQÍrr Hll811f 
1 ,, • .. .. .. 17 11 a • " 11 • " Zl <S ·~ 4l1 ·330 1&2 "' lllf ,._ WIOI& • " " .. .. .. .. a .. 33 • .. , Zl " 

,. 
"" 7>1 127 .. ., 

(flfll 1.1' 11.1' &Ji' 11.1' .. • ]1 .. 12 • .. .. 12 • 11 n .. " " >d' 15 ., .. ,.. 39 l2 
10 !O 20 2S ,. lO 20 .,. &2 " .. .. - . . . -- " 11 " " 10 ' 30•!0 .. 12 91 .. 

·standard bailas!. F40TI2JCW lampa (3150 lumens) 
ao e 1 6 ' 3 30oi<J ., .. ., 

"' 15 2 2 2 2 1 60•30 " 
., 92 " Spacing Crileria: 11 = 1. 2 x mounling helghl tO o o o o o "''"' .. .. " "" 

.l = 1.7 x mounling heigllt 
· Full report 8V811able. A~ EAL 7238 
For pho1omelri<:$ on other conliguratons. sea 
Tachnical Dala se~1ion or Lithollla Reprasentalive 

ORDERING INFORMATION Example: HPM3GC 140-8 

~:~~:=::.: lHPM3I D IL..-r ...... J ..........,.._, L-:.r,::J '--.-' 1..--r--' '---.-' L.----------...,.....-J 
Famlly l 
HPM3- 3" Louver 

TRIMTYPE 

G- Grid 
F- Flanged 
M- Modular 
S - Screw Slot 
X - Surface Mounting 

AIR FUNCTION 

VOLTAGE 120 or 2n 
Olhers available ·- consulllactorv 

LOUVER FINISH 
CBtank) - Semi-Specular S•h,er 

· S - Spocular SJiver 
Q · Specular Gold 
C · Champagne Gold 

NUMBER OF LOUVER CELLS 
6, 8 or 9 

f 1 
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"' ,, ,, 
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Eficiencia del 
Gabinete 

Comparación de pantallas 
comerciales típicas 

COMPARACION FOTOMETRICA 

Controlente 
Convencional 

68.2% 

0.59 

70 

8.3% 

Refractogrid 

69.8% 

0.61 

81 

Rejilla 

69.5% 

0.61 

77 

Con la introducción de este nuevo 
controlente, basado en hemisferios 
refractivos, desaparece la necesidad 
de sacrificar la eficiencia de los · 
luminarias para ganar en comodidad 
visual; creando un ambienle más 
confortable que con cualqUier olro 
medio de conlrol de luz. 

REFRACTOGRID reduce el brillo del 
luminaria hasta en un 70 %, lo cual 
incrementa la luz útil. 

· REFRACTOGRID es fruto del avance 
de la ciencia de la luminotécnia y la 
tecnología del diseño de lentes 
ópticos. 

REFRACTOGRID ofrece nuevas 
perspectivas para la expresión 

f' 

arquilectónica al proporcionar un . 
elemento de bajo contraste para 'l ': 
techos y plafones, que se·mezcla 
sutilmente con el entorno sin distraer 
la atención. 

REFRACTOGRID es el patrón contra 
el cual todos los futuros diseños de 
lentes para control de luz serán 
medidos. 

------5 
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REFRACTOGRID le ofrece los 
siguientes beneficios: 

• 70% de reducción en luminancia 
(brillantez) en la visión directa 
comparado con los sistemas 
convencionales. 

• Bajo contraste que no predomina 
en la apariencia de los techos. 

• Configuración refractiva 
hemisférica que combina con 
cualquier diseño de plafón. 

• Ocultamiento total de las 
lámparas en el ángulo normal de 
visión, que es único en el 
mercado. 

• Alto confort visual. 

• Uniformidad de iluminación 
superior debido a su gran relación 
de espaciamiento de 1.4 
veces la altura de montaje. 

• Más luz útil debido a sus 
elevados coeficientes de 
utilización. 

·Todos los gabinetes vienen 
equipados con bases telescópicas 
para asegurar una efectiva 
conexión eléctrica a pesar de las 
vibraciones. 

Para mayor. información consulte a nuestros Asesores Técnicos o 
directamente a nuestro Departamento de Ventas. 

• 



Holophane siempre preocupada por 
los cada vez más altos costos de 
enrgia eléctrica, le presenta la opción 
económica para su programa de 
mantenimiento, en sus instalaciones 
con luminarias fluorescentes de 
2X40 w. que le van a proporcionar 
hasta un 25% de ahorro de energía. 

Esto únicamente se consigue con el 
uso de nuestro paquete de arnés de 
alta reflectancia (92%), balastro de 
bajas pérdidas, lamparas de 34 w. 
con bases telescópicas y el · 
controlente Refractogrid. 

Pregunte a nuestros distribuidores 
autorizados o directamente con 
nosotros por los luminarias 
tipo "IF". 

PART. DESCRIPCION 

1. Gabinete Nuevo 

2. Módulo eléctrico 
Derecho 

3. Módulo Eléctrico 
Izquierdo 

4. : .. dastro 

5. Bases telescópicas 

6. Tuerca Mariposa 3/16' 0 

7. Tuerca Exa 3/16' 0 

8. Refuerzo con 
Tornillo 3/16' 0 

.. 

DATOS FOTOMETRICOS 

PltOIOMUftC JIU ftPQII ~~-~~CIO>IA 
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COEFICIENTES DE UTILIZACION 

pie 20"/. 

pe e "''· _50% 
pw 50"/o Jo-r. 10".(. ~·¡. 30"1., 10" .. --
1 )1 .69 67 .67 .65 .64 
2 .65 .61 .58 .61 .59 .56 
J 58 ·" .51 56 .52 .50 

a 4 .5J .AS 45 .50 " " 
11 ' 

48 .4J .J? .46 41 .J8 

•• .Al J8 .J4 .41 .JI .3-1 
7 JQ .J4 .JO .J7 .JJ .JO 

• ·" .JO 26 ·" .2? .26 

' .32 .26 2l .JO 26 .23 
10 " " ?O {fl 2l 20 
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TL 80 Series Fluorescent Lamps 
Electrical, T echnical and Ordering Data ISubject to change w1thout noticel 

Product Std Lamp Color Color Nominal Aated Approx. 
Number Nominal Pkg Current Temp Renaenng Length Average lnitial Design 
046677- Description Watts Bu lb Base O ¡y (Ampsl (Kelvinl ICRII \Feetl Life (Hrs)m Lumens Lumens121 

31980-6 f 17T8/TL830 17 T-8 M d. Bipin 25 0.265 3000 85 2 20,000 1400 1300 
32304-8 f 1 7T8/TL835 17 T-8 Md. Bipin 25 0.265 3500 85 2 20,000 1400 1300 
31983-0 F 1 7TB!TL84 1 17 T-8 M d. Bipin 25 0.265 4100 85 2 20,000 1400 1300 

31984-8 f25T8/TL830 25 T-8 M d. Bipin 25 0.265 3000 85. 3 20.000 2250 2100 
25798-0 f25T8/TL835 25 T-8 M d. Bioin 25 0.265 3500 85 3 20,000 2250 2100 
31989-7 f25T8/TL841 25 T-8 Md. Btpin 25 0.265 4100 85 3 20.000 2250 2100 

31991-3 f32T8/TL830 32 T-8 M d. Biptn 25 0.265 3000 85 4 20.000 3050 2850 
31993-9 f32T8/TL835 32 T-8 Md. Bioin 25 0.265 3500 85 4 20,000 3050 2850 
31994-7 f32T8/TL84 1 32 T-8 Md. Bipin 25 0.265 4100 85 4 20,000 3050 2850 

31996-2 f40T8/TL830 40 T-8 M d. Bipin 25 0.265 3000 85 5 20,000 3800 3550 
25799-8 f40T8/TL835 40 T-8 M d. Bipin 25 0.265 3500 85 5 20,000 3800 3550 
31998-8 F40T8!TL841 40 T-8 Md. Bipin 25 0.265 4100 85 5 20.000 3800 3550 

"' Ayer<tge l•le unoer ~oec•hed test cond•IIOf'ls w•th lamns turnea oH and restarted no more than once everv 3 operatong hours. 
Aooro~•mate lumens at 40% ot rateó average hfe (l:)üOO HoursL "' 

For maximum lumen maintenance, 
TL 80 Se.-ies lamps fea tu re an 
"electrode guard'' around each 
electrode to effectively reduce lamp 
darkening and retain a clean 
appearance for thousands of hours. 

Lumen Maintenance: TL 80 vs. Cool White 
,00 

o 95 

" go90 
E 
o 

...J 085 

" ~ 
cf oso 

075 

o 2000 4()(Xl 6000 soco 10000 12000 \4000 \6(XX\ 18000 20000 

Operating Hours 

Philips Ughting specialists are ready to help. 
Philips Lighting has a tea m of specialists 
dedicated to commercial/office and retaillighting 
applications. They can provide a free lighting 
analysis which demonstrates how Philips TL 80 
Series lamps can reduce energy costs in your 
building and improve the quality of light at the 
same time. 
Call your Philips Lighting representativa for a 
free fluorescent lighting analysis today: 
1-800-631-1259. 

TL 80 System -lamp specification 
"Lamps shall be Philips TL 80 Series lamps having: 
• Color rendering index of 85 
• T-8 diameter bu lb 
• Medium bi-pin bases 
• Color temperatura of K 

13000. 3500 or 41001 
• lnitial lumens of ,---,..,-,,--

11400, 2250. 3050 or 38001 
• Nominal wattage of ----

117. 25. 32. 401 
• Powered by electronic ballasts designad 

for 265ma T-8 lamps 
• An electrode guard." 
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fACTORES AMBIENTALES LUMINOSOS 

Debido e que se utilizan grandes periodos de tiem

po en ambientes de oficina, es importante que el total de todos 

los campos visuales esten balanceados. Este balance puede in--

c.luir extremos (limitados en cantidad o intensidad) pero deben 

c~•.trerse predominantemente en relaciones de luminancia, reflec• 

tencies y colores que no sean excesivas. El ambiente luminoso 

debe permitir e los musculos del ojo trabajar en todo su rengo. 

Le luz natural es deseable en el ambiente de une 

oficina y puede ser pr6ctico tambien une variedad en el nivel de 

iluminencie y de crometicided, 

Tembien es conveniente, cuando aee posible propor 

c•oner vistes lejanas con el objeto de ofrecer una l•ongitud 

focal infinita, le cual releja los musculos de los ojos, 

Pera obtener un ambiente luminoso balanceado es 

necesario tom~r en cuente lo ·siguiente: 



* Acabados del local 

* 
* 

El mobi 1 iario y el equipo 

El color 

Las superficies del local, las ~uales incluyen te

chos, paredes y pisos, son factores importantes pera determinar 
• las relaciones de luminancia entre el equipo de i luminaci6n y sus 

m~s lejanos alrededores. 

Las reflectanciaa de lea superficies del local 

tienen un efecto considerable en le util izaci6n de le luz. El 

techo las paredes y el piso act6an como fuentes de luz secundaria, 

y si sus acabados tienen las rcflectancies recomendadas incremen

tarán le util izaci6n de la luz y reducirán 6 atenuarAn las som--

bras. Similarmente, superficies del local con menores reflectan

cias absorber6n luz, 'reducirán el coeficiente de util izaci6n v 

afectarAn las relaciones de luminancia aceptables. 

El uso de acabados mate que'tienen les reflecten 

cías recomendadas, previene contra las reflecciones especulares 

de luz, las cuales pueden distraer o pueden provocar relaciones 

excesivas de luminancia. 
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MOBILIARIO Y EQUIPO 

Reflectencias de plenos de trabajo en. oficino~. 

En un estudio efectuado recientemente en los 

Estados Unidos se encontro que los reflectan--

cíes de los diferentes planos de t~ab~jo fueron 

desde 20.1% pare une hel iogr6fice azul a 91% 

pare un escrito e máquina en papel blanco. 

la reflectencie del pleno de trabajo más conve

niente encontrada fui de 85%. 

Escritorios. las cubiertas de escritorios pue-

den ser las áreas visuales más import••••tes en 

une oficina. 

Es esencial que estas superficies tengan ac~ba

dos mete para minimizar el deslumbremie11to re-

flejado, 

Es importante que las superficies verticales de 

escritorios y archiveros tengan acabados con el 

rango recomendado de reflectancies ya que gene

ralmente, estos muebles ocupan una porción sig

nificativa del campo visual, 

·. 



-Sistemas de muebles modulares, En oficinas 

grandes, los sistemas de muebles modulares ocu 

pan una gran parte del campo visual, y debido 

a que los componentes estan sujetos a cambios, 

su varieci6n de configuración deberla ser anti 

cipeda. 

Con la iluminación integrada al mobiliario se 

debe tener cuidado de evitar que la bri 1 lantez 

dél luminario quede en el campo de visión de 

otras personas. 

-Máquinas de Oficina. Las ~áquinas de oficina 

se comparan con la superficie de los escrito-

rios en importancia visual, ya que ocupan la_ 

parte central del campo de visión. Para lo--

grar comodidad es necesario que los acabados 

tengan les reflectancias recomendadas y que __ 

las superficies bri 1 lantes sean eliminadas ya 

que'e6n une peque~a cantidad de estas pueden _ 

distraer. 

Zonas de transición. Las zonas de transición 

y los espacios de circulaci6n son apropiadas_ 

pera considerar el uso de colores, texturas y 

reflectencias que astan 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 
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pueden usar mayores relaciones de luminancia, 

reflejos y brillos de colores pera proveer int~ 

res y verieded en el ambiente de le oficina. 

EL SISTEMA DE 1 LUM 1 NACION 

El sistema de iluminación produce el medio ambie~ 

te visual, Es una combinación de fuentes de luz (artificial y/o 

natural) que cree les luminencias en les cueles se trabaja. La

luz de estas fuentes incide en les superficies del local inte--

rreflejendose y produciendo finalmente luminancias, Son estas 

luminancies y las luminancies propias de las fuentes, las que 

se perciben cuando cualquier objeto es visto en el espacio. 

El sistema de iluminación puede seccionarse en 

var;os componentes que pueden ser controlados independientemente: 

Estos componentes incluyen el tipo de luminaria, el arreglo de 

los luminarias, los controles eléctricos, las ventanas y traga-

luces, y el medio ambiente, es decir forma del cuarto, Superfi-

cies y reflectanci.as, muebles etc, 



EL LUMINARIO 

Un sistema de iluminación puede tener cualquier 

n~mero y tipo de luminerios, 

Un luminario esta constituido por vaJ"JOS compone2 

tes que, debido e su construcción ffsica, determinan su función. 

- LAmpares. Lea lAmpares son le fuente de luz 

del sistema. Se cuenta con una amplia variedad 

de lAmparas les cuales estan divididas en tres 

tipos bAsicos: Incandescentes, Fluorescentes y 

de descarga de alta Intensidad. 

- Conjunto ffsico. Debido a que los luminario~ 

son casi siempre visibles, su apariencia es 

importante. Se dispone de una amplie gama de 

estilos de luminarios los cuales satisfacen la 

mayor parte de las necesidades de los diseñado-

res, 

- Caracteristicas fotom~tricas. Las caracteristl 

cas fotométricas son descritas por medio de la 

distribución de candelas del luminario, esto __ 
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nos indica como distribuye la luz el luminario. 

Mantenimiento. Para asegurar que e 1 sistema de 

i luminaci6n funcione como fué diseñado, se le 

debe dar mantenimiento al equipo de iluminación. 

las 16mperas deben ser cambiadas periodicamen-

te, el alambrado deberá reponerse cuando se~ 

necesario y las partes opticas deben mantenersP 

en un estado de 1 impieza óptimo. 

Integración con otros sistemas. Los luminarias 

deben integrarse con el sistema eléctrico, con 

el sistema de aire acondicionado y con el medio 

ambiente. 

LA DISPOSICION FISICA 

'--
El número de luminarios depende de la cantidad 

de luz requerida pera alcanzar el nivel de i lu

minaci6n adecuado. 



La localización de los luminarias es importa~ 

te en donde este impl fe ita una tarea visual 

La adecuada posición de estos aumentará la 

iluminación en el plano de trabajo y al m1smo 

tiempo deberá evitar los reflejos veladores. 

La orientación ea el grado de rotación o 

inclinación 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 lúminario sea util•=a 

do en forma indirecta o en forma directa. 

CONTROL ES 

Los controles el~ctricos pueden ser considerado~ 
' 

para economizar energfa y proporcionar flexibil ided, El eleva 

do costo de le energfa puede justificar sistemas de control muy 

sofisticados y su consideración es muy recomendable. 



Existen numerosos aspectos de la luz natural que 

hacen que su uso como fuente de luz en oficinas no solo sea 

deseable, sino tambien recomendable desde el punto de vista de 

economra y est~tica, 

El uso apropiado de la luz natural requ1ere una 

p!aneaci6n cuidadosa por parte del diseñador. 

Para el mejor aprovechamiento d~ la luz natural, 

deben considerarse diversos factores los cuales incluyen: 

Las carecterfsticas de la luz natural, su control; 

y ap 1 i cae i 6n. 

EL MEDIO AMBIENTE 

El medio ambiente luminoso esta constituido por 

todas las aup~rficies expuestas en el espacio, su po~ici6n, 

orientación y reflectancias caracteristicas, Es la componente 

final de luminario- medio ambiente y la combinación produce el 

medio ambiente luminoso. 



El dise~ador puede tener gran influencia sobre es

tas superficies, aunque rara vez puede tener control directo so-

bre ellas, 

Lo anterior representa los componentes del sistema 

de ; luminaci6~ Ahora vamos a ver que tipos de sistemas de ilumina 

ci6n existen, 

TIPOS DE SISTEMAS DE ILUMINACION 

El sistema de iluminaci6n es una combinación de 

factores que intervienen al mismo tiempo para proporcionar un 

ambiente luminoso, Criterios fraicoa y paicofrsicoa deben satis 

facerse 2ntes de que la mayorra de diseños sean considerados co

mo aceptables. 

Existen dos tipos de sistemas de iluminación: El 

directo y el indirecto, 

¡e 
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SISTEMA DE ILIJ.IINACION DIRECTO 

Las curvas ~e distrib,Jci6n luminosa de luminarios 

directos varfa de concentrada o amplia. 

Donde la local izaci6n del plano de trabajo es co

nocida, la curva de distribución concentrada pu~de emplearse pa

ra aumentar la iluminación en la zona de trabaja, La curva de 

distribución concentrada puede utilizarse tambien para crear 

un ambiente no uniform~,pero se debe tener cuidado de evitar 

sombras desagradables ~ue el sistema puede crear. Las superfi-

cies especulares tales como escritorios pueden causar deslumbra

miento reflejado debido a luces bajas concentrad~s. 

Loa luminarioa con distribución amplia emiten más 

luz a mayores 6ngulos que los luminarias con distribución concen 

trada, <stos proporcionan m6s uniformidad y tfpicamente prod••z

can m6s iluminancia vertical. Estos luminarias astan sujetos a 

brillo directo y a problemas de comodidad, 

El sistema de iluminación directo se caracteriza 

por el hecho de que las superficies de los luminarios ( contro-

lentea, reflector, rejilla, etc.) son generalmente visibles y __ 

porque las superficies de trabajo astan directament:e iluminadas 

por los luminarioa, 

ji 



SISTENA DE ILUM!'~ACION INDIRECTO 

Los sistemas de iluminación indirecta se clasifi-

can en dos grandes categorías: de techo y perimetral, (1 siste 

ma indirecto de techo hace incidir la luz sobre el techo mien--

tras que el sistema perimetral sobre las paredes, Amos tipo~ de 

sistemas pueden proporcionar la suficiente luz pa~a iluminar su

perficies verticales ( paredes, muebles, gente etc,) las cuales 

son generalmente i~portentes pare percibir el volumen, 

El sistem~ de iluminación indirecto se caracteri

za porque le luz ea reflejada en la mayorfe de les superficies_ 

antes de 1 legar el plano de trebejo, y porque le superficie del 

luminaria que emite luz no es vista bajo condiciones normales, 

RESPUESTA SUBJETIVA 

las impresiones subjetivas estan influenci~das _ 

por diversos factores, pero pera un espacio dado, se encontra

ron las siguientes tendencias: 

J 
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Amplitud de espacio.- La impresión de amplitud de 

espacio parece estar relacionada con la uniformi--
' 

dad de la luminancia de las superficies, a moyor 
' 

uniformidad, es m~s fuerte la impresión de ampl i--

tu d. Esta impresión se refuerza cuando el siste~o 

de iluminación tiene un arreglo ~h forma periféri-

ca. 

Relajamiento. la sensación de relajamiento se re-

fuerza cuando la iluminación se mueve de la parte 

superior hacia la periferia. La no uniformidad 

tambien incrementa la sensación de relajamicr~to. 

Claridad visual. la sensación de claridad visual 

se refuerza 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 

áreas m~s obscuras. 

• 



Satiafacci6n y Preferencia. la sensaci611 de 

aatiefacci6n y preferencid por ciertos esf•~

cios es aumentada por i luminaci6n no unifor

me y periférica. 

Estas caracteristicas pueden ser usadas por 

el diseñador para el desarrollo de alterna-

tivas. El conocimiento de los ocupante~ y 

el uso especffico del espacio ayudará al di

señador a formular un sistema de i luminaci6n 

que sea más apropiado para sus funciones. 

ILUMINACION DE AREAS ESPECIFICAS 

La iluminación en una oficina deberá propor

cionar e la gente los medios visuales para _ 

ejecutar diversas labores con exactitud, efl 

ciencia y comodidad. Las Areas· a iluminar 

incluyen: 

Areas Públicas 

Areas de Recepción 

Areas de Oficinas 

lluminaci6n Exterior. 
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AREAS PUBLICAS 

L5s áreas p~bl icas incluyen vestlbulos de acceso, 

coa,redores, elevadore~ y escsleras. Generalmehte, no se e.iecu-

t~rl t5reas visuales de gr5n dificultad en esta áreas, La i lumi

nAción es p5ra proveer seguridad en los movimientos de los ocu-

pantes y paro establecer contactos sociales. Estas ~reas dan al 

diseñ5dor un5 oportunidad para des5rrollar un sistema de ilumina 

ción inovador, El tratamiento adecuado de las áreils públ rcas 

puede crear una sensación de placer y una atmosfera de bienestar 

en los esp5cios. 

Vestibulos de acceso.- Una buena iluminación en 

los vestibulos de acceso es esencial ya que C3ta 

produce una primera impresión de facilidad en ~1 

5Cceso para el usuario. Un sistema bien dise~aJo 

puede complementar la arquitectura y el decorado de 

estas áreas. En ocasiones es deseable una ilumina-

ción no uniforme para añadir interes, para perrrritir 

la adecuada circulación y para resaltar la atención. 

Corredores. Los corredores proporcionan los medios 

para la circulación y el movimiento de un espacio 

a otro. La buena iluminación y el arreglo de los 

luminarios puede provocar dirección y perspectiva 

al espacio. Existen diversas formas de iluminar 

corredores y el diseñador puede emplear ideas inno-

vadoras. La iluminación puede ser directa o indi--

recta. Los luminarias pueden estar colocados en 



hileras continuas o eapeciedoa. 

Elevadores,- Loa veat!buloa de entrada a loa eleva 

dores deber~n estar iluminados para proporcionar __ 

seguridad en el acceso hacia loa elevadores, esta 

iluminación no necesariamente deberá aer uniforme, 

El nivel de iluminación de la cabina del elevador 

deber6 ser similar al del veatfbulo, 

Escaleras E16ctricaa,- La iluminación de les esca

l~ras el6ctricsa deber6 proporcionar un nivel sufi

ciente en loa escalones para que una persona pueda 

subir o bajar sin dificultad, Loa luminarias debe

r6n estar colocados de tal forma que las personas 

que suben o bajan no produzcan sombras sobre los 

escalones, 

1(/ 

Escaleras,- Lea escaleras generalmente son decora

tivas o de utilización, Las decorativas estan usual 

mente localizadas en rutas importantes y la ilumina· 

ci6n' deberá complementar la arquitectura, Las esca 

leras de uti 1 izaci6n son usadas con el ffn de desa

lojar el edificio en caso de emergencia. En este 

.tipo de escaleras de deberá tener cuidado en la 

ubicación de loa luminarioa para proporcionar faci-

1 idad en el mantenimiento, 
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AREAS DE RECEPCION 

El ~ecepcionista f~ecuentemente efectda t~ab~jo~ de 

oficina adem6a del t~abajo de ~ecepción, La iluminación deberá 

estar diseñada pare p~oporcioner una visibilidad adecuada y que 5e 

cr~plemento edem6a con le e~quitecture. 

AREAS DE OFICINAS 

Las oficinas son uaedes pare dive~sos trabajos, 

tales como lectura, mecanograffa, archivo, procesamiento de datos; 

operación de computadoras, ent~evistaa, dibujo, juntes, etc. Los 

espacios de oficina va~ien desde grandes oficinas ebie~tas hasta 

pequeñas oficinas p~ivades. 

Oficinas Generales,- En oficinas g6ne~ales se ejecu

ten una amplie ve~iedad da laborea, por lo que la i 1~ 

mineción deberé tene~ cal ided y comodidad, Cuando 

ae tienen muebles module~ea loa lumi"arios pueden 

integ~arse al mueble para iluminar el plano de traba

jo, Deberé tomarse en consideración la local izaci6n 

de esc~itorios y la futura división en pequeñas ofici 

nas. Las paredes deberán ilumina~se cuidadosamente 

ya que loa escritorios generalmente ~atan colocados a 

lo largo de estas. Cuando el clientt: no indica la 

local i:r.aci6n de muebles, el diseñador deberá sugerir. 



la localización y orientación de muebles cuyo arre

glo aproveche mejor la iluminación. 

Oficinas privadas. La uniformidad de iluminación 

en una oficina privada no es generalmente lo má~ 

importante. Una adecuada iluminaci6n general debe

r' ser diseñada para cubrir las superficies de tra

bajo. La iluminaci6n suplementaria puede proveer 

luminancias complementarias en la oficina. 

Salas de juntas. Las tareas visuales en selas de 

lb 

juntas varian desde casuales hasta de dificil visión. 

La sala deberá contar con un sistema general de i lu

minación con apagadores o atenuadores pera controlar 

los niveles de iluminación. 

M~quinas de Oficina.- Une gran variedad de máquinas 

son usadas en oficinas, entre ellas se tienen: 

Calculadoras, máquinas sumadoras, pantallas de termi 

. nales, etc. Se deber' tener cuidado pera evitar re

flejos veladores. Las pantallas de las terminales 

presentan grandes problemas. Las pantallas se apre

cian mejor en niveles bajos de iluminación. El bri

llo y las imagene~ reflejadas sobre las pantallas 

provienen de altos niveles y de ventanas que estan a 

espaldas o a un lado de la pantalla 



Salas de Computo.- En la sala de máquinas es sufi

ciente un nivel bajo de i luminaci6n, sin embargo, 

deberá proveerse un nivel adecuado para el menteni-

miento y el servicio del equipo, Los fuminarios de 

berán estar cuidadosamente ubicados de · 31 forma 

que no se produzcan reflejos veladores. 

Salas de Dibujo,- Le tarea visual en las áreas de 

dibujo requiere una alta calidad de iluminación ya 

que se requiere una discriminación de detalles fi-

nos durante largos periodos de tiempo, Se puede 

usar una i luminaci6n loca! 'uplementari a para pro--

porcionar las iluminancias recomendadas y para rcdu 

cir el consumo de energra. 

1. ·. 
1 ¡' 

Areas de Archivo.- En áreas de archivo muy activas, 

el trabajo es probablemente prolongado y la tarea 

visual de mayor severidad, Cuando ••n local esta 

dedicado exclusivamente a archivo, se deberá consi

derar el diseño y local izaci6n de los luminarias 

para proveer las luminancias recomendadas sobo·e las 

superficies verticales. 



Sanit~rios.- En los sanit~rios no es necesario te-

ner uniformidad en la iluminación. Los luminarios 

deberán estar local i:ados para proveer la adecuada 

iluminación en la vecindad de los espejos, lavabos, 

etc. 

Areas de servicio de alimentos.- Los servicios que 

normalmente hay en un edificio de oficinas son 

una cafeterra o un restaurant, Las co~inas debe--
' 

rán estar provistas de une iluminación bien dise-

ñada pera proporcionar una atmosfere de 1 impie:a e 

higiene, Las á~eea de comedor deberán estar i lumi 

nades de tal forma que le estancia sea placentera. 

Deberán proveerse atenuedores de luz en las áreas 

del comedor par permitir cambios en la etmosfera. 

Bibl iote·cas, Le lectura es generalmente la activi 

dad que más se efectua en una bibl iotece. La i lu

mineción seleccionada deberá proporcionar -na vo-

sión confortable y puede ser similar el equipo de 

iluminación utilizado en oficinas generales. Los 

estantes pare libros deberán estar iluminados ade 

cuadamente, 
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Salas de primeros auxil ioa,- La sala de primeros 

euxi 1 íos deberá estar provista de iluminación gene-

ral. Para una inspección minuciosa del paciente ~e 

requiere iluminación suplementaria, 

Cuartos de utileria.- Se deberá pr~porcionar un•ca

mente una iluminación general que sea adecuada. 

ILUMINACION EXTERIOR 

La iluminación exterior pera un edificio de ofici

na~ incluye iluminación de protección, iluminación de acceios, 

iluminación de pasillos, iluminación de estacionamientos. 

Iluminación de Protec~i6n,- Se deberá proveer una_ 

adecuada iluminación de protección con el objeto de 

proporcionar se~uridad al edificio. 

Iluminación de accesos, La iluminación de li•s en---

tradas._generalmente esta dise~ada pera complementar 

la estructura arquitectónica del edificio y permitir 

el acceso a este con buena visibilidad. 

' • .. 



1 luminaci6n de Pasillos,- Se debe~á p~oporc1onur 

iluminación¿, los caminos de comunicación exterio

~es cuando el edificio se utiliza en las tarde~. 

Iluminación de Estacionamiento,- Se debe~6 proveer 

iluminación a los estacionamientos con el objeto de 

desalentar el ~obo y el vandalismo. 

MANEJO DE LA ENERGIA 

Un diseño de iluminación no esta completo hasta 

que éste ha sido sujeto a una cuidadosa evaluación de su empleo 

de energfa. 

¿z 

Hebra un de~~oche de energfa cuando existan cual-

quiera de las siguientes condiciones: 

1) La fuente de i luminaci6n esta energizada cuando no 

es necesario (esto se debe a un control pobre) 

2) El sistema de iluminación es ineficiente o de poca 

calidad 

3) La cantidad de luz es inadecuada para la ejecudi6n 

de la labor. 

4) La cantidad de luz excede la necesaria 



lea p'rdidea directas en costo de energfa eléctrica 

aon aquellas que resultan de un control pobre, un ai8t~mn inufi-

ciente o un exceso de iluminación, Cada une de ellas puede eva-

luarse en for11a cuantitativa en costo de kilowatts-hora, cucr.rlo 

ae comparan lea eficiencias de diseños semejantes. 

CONTROLES 

la habilidad pare gobernar la operación de un aiat~ 

•• de elu~redo adecuadaMente ea el factor m6a importante en el _ 

consu•o de energfe, por lo que ea necesario utilizar 11ayor tiemp~ 

de ingenierfe para desarrollar un cuidadoso en61 iaia de los aist~ 

••s de control. 

Controles manuales.- le mayor parte de la iluminación 

en les oficinas se controla manualmente, por lo que ~ 

se debar6n considerar lea siguientes cor .. diciones: 

1.- Ceda oficina o 6ree deber6 tener su propio control, 

2.- En grandes espacios abiertos, lea 6ree~ de trabajo 

deber6n agruparse y controlarse independientemente 

J,- Cuando se usen una o dos lámparas por luminaria, los 

luminarios adyacentes aa deben conectar en circuitos 

alternos, 



4.- Cuendo - usan I~U~inerios de trea 1'-Peraa fluore.! 

cantea, le ljmpara central debe conectarse ~ un 

circuito .-perado dal de lea 1'-Paraa eKteriorea. 

s.- C..endo - .. .., l ... inarioa de cuatro 14"'Paraa fluo

rescentes el par interior debe conectarse a un c1r 

cuito separado del de lea 14~~~paraa exteriores. 

6.- Lea Areaa de trabajo que requieren altos niveles de 

i 1-inaci6n deben conectarse en circuitos indepen

dientes. 

- Centrolea eut ... at icoa.- Loa controles aut~icoa 

pueden el i•inar IIUchoa de loa probl-aa en el e111pleo 

de la energre, debidoa a fallas de loa o~antea en _ 

el u- -.propiado de loa controles. 

A lgunaa de la a t6cn j ca a de contro 1 aut ... 6t: i co son : 

Interruptores de tiempo 

Relojea 

- Detectores de presencia 

Controles fotoaenaitivoa 

re 1 evadorea 

Computadoras o ~•cr~ 
proceaadorea 
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[ata dlti•a t'cnica ae utiliza pa~a reaolver una 

gren variedad de probl-aa de alullbrado. Pueden instalarse P"ra 

•enejar grendee siete••• de alu-.bredo, reapondiendo a una a-pi ia 

variedad de local izeci6n de laborea, edet~~Aa pueden •anejar otras 

leboree CGeO pueden aer: calefacci6n, aire econdicionedo, elevado-

res, etc:. 

Atenuaci6n de luz.- la utilidad de un aisteea de ilu 

•inaci6n puede ae~ auaentada, instalando atenuado~es 

de luz en loa locales donde ae requiere una gran van_! 

ded de niveles de i lueinaci6n. 

Reducc:i6n de voltaje de ope~aci6n. El aluabrado fluE 

reec:ente puede -r operado a voltaje reducido CDn el 

u- de 1 equipo y e: i rcu i tos adecu edoa, 1 ogrando un 

considerable ahorro de energra. 

Apagado y encendido del alumb~ado fluorescente. No 

existe situaci6n alguna donde el apagado y encendido 

de 16olparas fluorescentes tenga efectos econ.S.icos _ 

negativos. Una 1'-Para fluorescente pierde pocos ai

nutos de vida por cada c:ic:lo de apagado y encendido. 

Por lo regular el apagar laa 1'-rparaa fluorescentes 

e1rve para eueentar la vida util de la l~ara debido 

a que el ti~ ~n que 4sta pe,...anece apagada e"cede 

en 'ti.-po a la reduc:c:i6n de su vida ll!.ti 1 por el efec

'to de apagarlas y encenderlas. 

,¡·· 



Apagado y encendido de 1'-Paraa de descarga de alta 

intensidad. El alu.bredo de descarga de alta inten 

aidad requiere de varios •inutoa para su reencendi

do deapuea de su desconexi6n. Debido a que el ti~ 

po de reeneendido de estea 1'-Paraa es entre 10 y 15 

•inutoa se li•itan los ciclos de apagado y encendi

do a las situaciones donde tales tia.pos puedan ser 

tolerados. Por esta raz6n hay pocos beneficios en 

el pagar y encender los sist .. aa con ljmparas de 

descarga de alta intensidad. 

EFICIENCIA DEL SISTEMA DE ILUNINACION 

La eficiencia de un sist.-a de ilu•inaci6n es el 

resultado de la ca-binación de las eficiencias de los c~ponente8 

de loa lu•inarioa y del ••dio a.biente. 

La •ayor parte de loa diseños de iluainaci6n de ofi

cinas contin6an utilizando lAmpares fluorescentes. 

Sin e.bargo a ~lti•as fechas se ha empezado a tncor

porar 1'-Paraa de descarga de alta intensidad en el 

alu.brado interior. Loa diseñadores deber~n selec-·· 

cionar las fuentes •á• eficaces que satisfagan las 

necesidades del 6rea. 
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La aelecci6n de las 16Mperas depende de; las nec~si

dadea de color, el tie.po de encendido y de la diB-

tribuci6n deseada. La eficacia (ló.enes/watt de en

tr<tda) ea diferente para cada grupo de liompara" (flu~ 

rescentc, -rcurial, aditivos ....tál icos, sodio alta 

preai6n, etc.} la eficacia tambi6n varfa con lapo

tencia, las. l~araa de gran potencia son por· lo 

general •A• eficaces. 

Exiate una eaplia gaaa de diseños de balastros, el 

perfecc ion- i ento en sus di aeñoa da coeo resultado 

pocaa p'rd idas en nuc 1 eo y bobinas 1 o cua 1 redunda 

en una vida •ayor debido a su operaci6n a •enor te•

peratura. Tipic-nte una reducci6n de I0°C en la 

te~~peratura del balastro ocaciona un au-nto al do-

ble de la vida esperada. 

Loa avances en la tecnologfa de estado sol ido hau 

dado como resultado el desarrollo de balastros elec

tr6nicos para l6111paras fluorescentes y de descarga de 

alta intensidad, estos disposit4vos reducen las pér

didas al eliminar el nócleo y lea bobinas, ofrecien

do una gran flexibilidad para el control • 



la luz que sale de los lA-paras es dirigida·a lata

rea por loa diferentes elementos del aiateaa Ópti

co. Estos eleaentos son; el reflector y at se usan, 

loa lentes o el refractor. 

Ceda watt utilizado en el alumbrado introduce 3.41 

BTU'S por hora de calor en la construcción. Ex i s---

ten sistemas pera el control del calor producido 

por loa lu•inarios. Estos sistemas pueden usar la 

parte suoerior del luminario para col_ectar el calor 

o incluir el uso de una manejadora de aire que aso-

ciada a duetos de aire remuevan el calor producido_ 

por el aluabrado. 

Medio Aabiente. Tan i~ortante es establecer las 

especificaciones de un sistema de iluminación como 

lo es el establecer un lugar de trabajo eficiente. 

localización de la tarea y colidad. la localización 

de las laborea deberá planearse para proporcionar el 

mejor arreglo de luminarios. Esto es posible media~ 

te el agrupamiento de labores que tengan requerimie~ 

tos visuales similares. 

·,., 
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Reflectencies y Depreciación por polvo. Se debe de 

~retar de convencer e los clientes de utili~ar colo

res con reflectoncie alto para todas les parede~ del 

6ree de ~rebajo. Ade•6s pare lograr ahorros los cal 

culos deben hacerse con los valores reales y no con 

valores esti•edos. 

llu•inación con lu: n~ural.- La iluMinación con luz 

neturel puede ser un facto.r iaopo~ante en el ahorro _ 

de energfa. Que ~ento se ahorra depende de varias 

variables ~ales c~o: la disponibilidad de luz natu--

ral, la orientación del edificio, horario en que se_ 

labore, ~eaaño y locali~ación de les ventanas, nive-

les de i lulllinación requeridos)' de la uti 1 izaci6n de 

controlea de iluMinación. 

CANTIDAD DE ILUMINACION 

El seleccionar el nivel de iluminación adecuado es 

un aspecto -Y i aopo~ante en e 1 ahorro de energ r a. 
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ll~•ineci6n de 6~eas con laborea definidas. la ~•

c~andeción b6aice es propo~cionar le cantidad de 

luz adecuada donde eete ea necesaria, y evitar exce 

de'~ae en cantidad de luz en 6reas donde le luz no 

tenga un propóe i to IIUY ut i 1 •· 

llu•inaci6n de 6reea con laborea indefinidas. ti 

.. jor •~todo pare diseñar la ilu~inaci6n de Areoa 

con laborea indefinidas ea el p~opo~iona flexibill 

dad e la ietaleción. Una t&cnica para log~ar esto 

ea utilizar un eiste•a de lu•inarioa deaconectableo, 

el cual coneiete ¿., une red en el techo con contac

tos que acepte lu•inerioa con cable ) clavija. 

Nenteni•ionto de le ilu•inación, Se pueden mantener 

loa niveleE ie iluminación iniciales compensando lea 

diferentes p~rdidsa de luz que ocurran con el paso 

de loa años en el sistema. Para esto, el diseñador 

y el encargado de mantenimiento deber6n establecer 

un progr-a de Mantenimiento y reeaoplazo de llimp,a-

ras. Un buen prograaoa de •antenimiento p~evienc 

contra le utilización de niveles iniciales de ilumi 

n.,.ión altos. 
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A 1 RE ACOHO 1 C 1 ONAOO 

Ea deseable que el diael\o de alumbrado este coepl.!. 

to -i:ea de d4rte,..inar el t-ai'lo del equipo de aire acondicione-

do. ye que el vtilizer loa valorea reales de diael\o ee puede eli

•inar un -•ni:o aignifice1:ivo en el i:-año del equipo. 

AUMBRADO DE fMERGENCIA 

El elu.brado de ... rgencia prop•,rciona seguridad a 

loa oeup-i:ea de un edificio cuando el aisteea no,..al de iluaina

ci6n fel la. Le i lu.,inaci6n proporcionada poi" el siatet~a de aiUiw

brado de ... rgenc i e debe pe,.. i i: ir sa 1 ir en f o,..a segura de 1 ed i f l 
cio en caso de ... rgencia. Si el salir no ea necesario • el ais-

1;- debe operar para proporcionar seguridad y coaodidad a loa 

ocup..rt:ea haeta que el siat-• no,..al eea r•st.-blecido. 

- Ti~ de aluabr.do.- Elli.tell diferentes tipos de_ 

aiUIIbredo de -rgencia y .u liSO depende de las nece

aid~ de cada edificio. 
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Siateaas en uso. Existen tres tipos. 

1} Un siste•a de luminarias cableados independientemente 

y al i•entados por un generador, 

2} Un sistema de luminerios al imantados por dos fuentes 

independientes, 

3} Equipo unitario con baterías individuales. 

Aluabredo de sal idas.- Este alumbrado, debe proporci~ 
' 

ner le iluainaci6n requerida sobre el piso, en les 

trayectorias hacia sal idas incluyendo la intersección 

de corredores, pasillos escaleras y puertas. 

Cada salida debe ser claramente indentificoda con 

señales lu•inosas. la fuente de luz puede ser propia o provenir_ 

del exterior, pero deber6 operar durante les fallas o interrupcio

nes de la fuente no~al de energfa, 

SEGURIDAD 

l~ortancia,- En cualquier parte de un~ oficina, 

las condiciones para trabajar con seguridad son ese~ 

ciales y por lo tanto, deben ser considerados los 

efectos de le luz,· El Dedio a.biente de una oficina 

ea i~~por-tante diseñarlo con el objeto de coepensar _ 

las 1 i•itac:iones propias de la capecidad hu•ana. 
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Cualquier factor que ayude e ver •ejor, eu-.nta le 

probabilidad de que un .-pl0~o puede detectar la 

causa potencial de un eccid~nte de in .. diato ~ i•

pedirlo. 

Otros factores. Además de Dos niveles adecuados 

de ilu•ineci6n, un área vieual•ente eegure no debe 

tener brillo "excesivo ni deberre haber grandes co~ 

trastee dentro de.elle. Debido e caabios en la 

edepteci6n del ojo cuando •ira superficies de dif~ 

rente lu•inancie, la relecl6n de lu•inencie entre 

.uperficiea adyacentes no debe exceder de 20 e l. 

Evaluación de ilu•ineci6n. Aunque el 6ree de una 

oficina puede eer diseftede con le calidad y canti

dad necesaria pera seguridad, es necesario conocer 

ei dichos requisitos han sido tOM~Ios en cuente. 

NANTEN IM 1 t::NTO 

Se debe proporcionar auficiente inforeeci6n el 

usuario para ÍMpleaentar un prograae de •anteni•iento. Esto ee 

de -a illpOf'tancia dedo que el si.t-• de alu..,redo es diaei\a

do c:.onaider-.do factores de p4rdidaa de luz que requieren de un 

•-teni•iento periodico para CUIIpl ir con loa criterios básicos 

de di-Ao e.tablecidoa. 

:33 
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PlAN DE MANTEN IM 1 ENTO 

Coeo una gufa pera elaborar un plan de aanteniaie~ 

tose pueden utilizar loa siguientes puntos: 

li~ier luainarios y reemplazar 16aperas periodica--

eente. 

Revisar todos los componentes de loa luainarios 

R-~lazar luainerioa viejos o dañados por unidades 
nuevas que ae li~ien facilaente 

Instalar l6aparaa de alta eficiencia 

Podar loa 6rb<olea o arbustos que obstruyan la luz 

Repintar lea superficies del local 

Miniaizar el uao de le iluainaci6n durante periodos 
de liepiez•. 

/ 



FACULTAD DE ING" NIEAIA U.N.A.M. 

DIVISION DE EDI.JC .-:...CION CONTINUA 

Palacio de M•ner1·a 

C U"R S 0 S A B I E R T O S 

ILUriiiNACION INTERIOR: PRINCIPIOS, DISEÑO Y APLICACIONES 

ILUMINACION VE EDIFICIOS PUBLICOS BANCOS, HOSPITALES 
HOTELES, IGIESIAS, BIBLIOTECAS, MUSEOS Y Gi'\LERIAS 

Calle de ·:--.lct;:J.J ~ ~: :mer piso Oeleg. Cuauhtémoc 06000 

EXPOSITOR: ARQ. ENRIQUE.QUINTERO 
LO PEZ 

Méx:ico, O.F. 



-,. 
SECTION 

Banks/7-1 
Churches anc 'cynagogues/ 

7-2 

Hotel/Motel and Food 
Service Facilities/7-t 7 

Libraries/7-25 

7 
Health Care Facilities/7-4 Museums and Art Galleries/ 

7-28 

Banks, churches and synagogues, hotels and 
motels, food service facilities, librarles, and mu· 
seum and art galleries are usually considered to 
be institutions or public buildings. The Jighting · 
of the spaces peculiar to these buildings is in
cluded in this section. 

Appropriate design illuminances for areas and 
t&3ks in institutions and public buildings are 
given in Fig. 2-2, page 2-5, in terma of illumi
nance categories, and within this section in illu
minance where specific values have been found 
¡o be effective based on criteria other than visual 
task performance. 

For the lighting of office areas, merchandising 
a:eas, and exteriors of institutions and public 
buildings. see Sections 5, 8, and 12, respectively. 
For general information on interior lighting de· 
sign and energy management, see Sections 1, 2 
and 4. 

BANKS 

The various functions and tasks that occur in 
a bank are mainly the same as those that occur 
in offices, i.t., conference areas, accounting, &en· 
eral and prívate officea, bookkeeping, etc. (see 
Section 5, Office Lighting). There are, however, 
s.>veral specific areas with special banking func· 
tions where the lighting needs may be different. 

Specific Areas 

The following are severa! specific banking 
ar.as to be considered (illuminance recommen
dations for areas and associated seeing tasks are 
civcn in Fig. 2-2): 

Lobbies. Historically, bank lobbies have had 
very high ceilings, but today, because of high 
building costa, they are no more than 3.5 to 4.5 
meters (12 to 15 feet) high. Where very high 
ceilings ezist, the use of high· intenAity discharge 
lamps should be considered, not only for energy 
utilization but also for the economy of relamping 
and other maintenance procedures. 

Special attention ahould be given to writing 
areas so that there ia adequate illumination for 
the activities peñormed there. When promo· 
tioria.l incentives, such as merchandise, are lo~ 
catad in the lobby, there should be provisions for 
highlighting to create a point of interest (see 
Section 8, Lighting Merchandising Areas). 

Tellers' Stations. The most active areas in a 
bank are the tallen' stations. Here the lighting 
should provide for fast, accurate transactions. 
Because of highly poliahed material for the deal 
plate, there is a tendency for reflections from 
lobby lighta. One way to reduce reflections is to 
utilizo a low brightness luminous ceiling. Re· 
cessed downlight luminaires directly over the 
deal platea should be avoided as they tend to 
cause shadows and discomfort glare for the taller. 

The interior lighting at a drive·up window 
should be similar but due to sloping of the win· 
dow glass, luminaires behind the drive·up teller 
should be of low brightness to minimizo any 
reflections on the glass itself. 

Probably the most neglected ares of bank 
lighting is the outdoor drive·up area. The out· 
side lighting there should be about the same 
'magnitude as the interior to avoid a mirror effect 
on the glass, looking out from the drive-up teller's 
position. The lighting should be designed to light 
the person in the vehicle and the drive-up unit, 
not the top of the car. In addition to the "visual" 
drive·up taller facilities, where the taller visually 
seea the clierit, there are television or remota 
unita requiring lighting for camera needs. 

7-1 
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Securlty Ughting. Security lighting should 
he incorporated in aécordance with the Bank 
Protection Act of 1968, whereby adequate night 
lighting and exil lighling and lighling on lhe 
vault are on al all times. AlBo, lhere musl be 
adequate interior lighting for an alarm camera 
system. Lighling requirements for cameras and 
films used should be evalualed. 

CHURCHES ANO SYNAGOGUES' 

, Skillfully used lighting can make worship ser
vices more meaningful and enhance the architec
tural design of the space. The lighting can mold 
and give depth, and can subdue or accentuate, or 
perhaps change its accent, as the service pro· 
ceeds. In certain interiors it can add a fourth 
dimension: a suggestion of the infinite. 

For good energy management, consideration 
should be given to the use of the least wattege to 
crea te a desired mood orto perfonn visual tasks, 
and the use of adequate controlB and mainte· 
nance procedures. See Section 4. 

Entrances 

In lhe entrance vestibule or narthex, the light· 
ing should enable the quick recognition of faces, 
facilitate the taking of note& of names and re
quests, and provide a transition between the 

Flg. 7-1. llluminances Currently Aecommended tor 
Churches and Synagogues • 

ltluminance .... 
Footc:an-LW< .... 

Altar, ark, reredos 1000' 100' 
Choir• and chanc:el 3oo" 30' 
Classrooms 
Puloit, rostrum (supJlaemenlary 

300 30 

illuminatJon) 500' 50' 
Main worship area• 

Light and medium interior finishes 150' 15' 
For churchea wilh apecial zeaJ 300' 30' 

Ar1 glass windowa (test recommended) 
Ligtit color · · 500 50 
Medium coiOJ 1000 100 
Oark cotar 5000 500 
Espeiially dense wlndows 10000 1000 

• MlÚf\tained target values on taaks. 
• Reduced or cJimmect durinQ Htmon; ptelude Of medllatlon. 
"Two-trtilda this valloll lf inte1i0f liniShes 111e dark (less than 10 

per cent rellectance) to avoid h!Qh luminanca ralioa. 'auch as between 
hymnbooJI. pagea ancl lhe IUfround. Caralul ptanniOQ il euenuat lor 
good de~n. ' 

exterior and main worship ares hrightness. Dif. 
fuRe illumination should be uRed su thut fuees 
appear pleasantly lighted and ar• nut mn<l• tu 
appear line<l or slrained by highly dirt•t·tinnul 
harsh sources. 

Maln Worshlp Areas 

There are vast differences in the service and 
liturgy of the many faiths and denominations 
and the lighting designer ahould be familiar with 
their customs in order to assure proper lighting 
emphasis at the proper time. Fig. 7-1 listA aug
gested illuminance values for design based on 
needs during various types of religious services. 

General Ughtlng. There should be appropri
ate general lighting for reading, moving 'aboul, 
visual social contact, and to help the worshipper 
relate to the structure and its features. In manv 
churches there is a trend away from the tradi
tional service of l:stening, watching and meditat· 
ing, to a service that includes more participation. 
Higher generallighting in the space can encour
age ':· • feeling of being part of a body of people. 
Su e Jarticipati m al&o means more reading
requiring particular attention to lighl al the pew. 

Often there ar« two componente to the general 
lighting: (!) dire• :t lighting f01 the pews, and (2) 
indirect lighting ·<>relieve sha~ows and to crea te 
desired brightnesses on the structure. Sorne
times, indirect lighting provHes all the general 
illumination-particularly if lighting equipment 
cannot be mounted on or in ;he ceiling. 

Lighting from Jne direct •>oint source creates 
dar k shadows and specular r eflections. This may 
be desirable to hifthlight an object, but it iD 
undesirable where people are attempting toread 
or follow printed material. AlBo it can make the 
leader of a service appear unpleasant through 
deep eye and other facial shadow•. An overlap of 
lighl from direct sources or the use of indrect 
lighting with direct light will soften •hadows ami 
reduce specular ref. ections 

Accent Lightlnf. Cert•in parta of the wor· 
ship area become ce1·.tral a•. different time• in the 
service, and when so, they should be highlighted. 
Those ateas may be wh<re the worship leader, 
the choir, the Torah, ti.~ communion table, the 
stations of the crosa, tJ'e Bible and the Ark ar• 
located. ControUed bearn:l of light should be used 
that will properly render the features in these 
are as and not crea te gla·e for those participating. 
This wiU mean careful <hoice of beam spread, 
intensity and location of 1potlighting. 
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The location and orientation of the congrega
tion should be kept in mind so that any direc
tion&! lighting wiU not create glare. Particular 
Htt•ntion tu the Ahielding of directional lighting 
is needed for the church-in-the-round. 

Controlo. Lighting can help shift attention 
and empha.sis during a service. By switching or 
dimming, the appropriate changes can be made 
in the brightneas of different parts of the worship 

Flg. 7·2. Tenl·type church. Expoaed reftera conc;ealeQuip
ment wnich ls almed down and lorward IOtllghtlng pews and 
chancel. Light trom covea diffusea. balances and au~• 
menta the downlighllng to craate reverent mooc:l deeired 

. during a service. 

Flg. 7-3. As In F~. 7-2. the ceiling 
design hides luminaires trom the 
seated congregation. lncandescent 
and fluOteacent aources (inset) pro
vtde varied llghting effecls during a 
ser~ic:e. As the wirino is semHix· 

· poaec,ltghtlng changes can be easily 
made in tuture years. 

CHURCHES ANO SYNAGOGUES 7-3 

area. When dimming is used it produces these 
changes much more eubtly than ewitching. Thie 
is particularly true of generallighting or lighting 
of large feature•. 

Church Archltecture and Llghtlng 

In the nave or main auditorium the quantity 
of light, and use of patterns of light and shade, 
vary widely with different architectural styles. 
See Figs. 7-2 through 7-5. The lighting designer 
should consult closely with the architect to un· 
derstand the purpose behind the architectural 
style being used and to develop the lighting ap· 
proach for it. They ehould coopera te through the 
foUowing stages oftranslation: (1) the architect's 
concept of the space, (2.) .the brightness patterns 
desired and (3) the lighting equipment needed. 
For a further discuasion of the relationship of 
light to architecture, see Section l. 

If lighting equipment is to be concealed in or 
behind a structural element, space is often lim
'ted. If care is not taken, the results may be 

:;even illumination and excessive brightness 
úom spill light on exposed surfaces &djacent to 
the equipment. For example, incandescent light· 
ing in a smaU cove or comice should use a large 
number of smaU devices rather than a few high 
output units unleas very compact, sophisticated 
optica are used; otherwise the adjacent ceiling or 
waU could be unevenly and excessively bright. 
When their color, dimming and starting capabil
ities are acceptable high intensity discharge and 
fluorescent sources should be considered. See 
Fig. 7-3 for one fluoreacent application . 

Fi¡. 7-4. Unaymmetrical design, Floodllghts acreas 
court at _,: illuminate tne ceillng of nave and part ot 
chance1. /"'t8f e:llerior ftoodlights, small in size, aim llght 
down at a pool in the cour1 so thal retlecled rays play 
taintly ovar the nave celllng. Chancel and pew üghting 
come trom behind the ceiling beams. 

1 



"' - .... ~., -----·--.---... -~ ....... __.. 1' ···~· ••• 

1 
--'~------- - -- -7;4-INSTITQ7}0NS::-;Ai\IN'ii.D5:.Ef'VU'BBL,uiCc::i.e9iu)t¡LLJD6/t·NN~GSS========= IES·LIGHTING ·HA.NOOOQI<.

l&f\1 A.PP1.1CAHON VOIUMI 

Ft;. 7-5. Colonial church. The llghting designar worked 
with the interior designar lo arrive al the feeling and the 
image reQulred. Tradition and a worshipful 4tmosPnere are 
preservad. After dark lhree syatems of nave lighting provide 
eflectively for evenino wor&hip. On rainv da ya, most or all of 
!he evening lightlng la uaed. On aunnv morninga, interior 
lighting mav be uaed lo retain attention indoors. 

Lantems or other suspended decorativo lumi
naires may be effectively used with many archi
tectural styles. !( they are to produce direct 
general illumination, however, care should be 
taked that there is sufficiently wide distribution 
of light for good coverage but without discomfort 
glare. This may be impoasible if appearance die
tates a very low suspension; in this case, other 
sources should be used to pwvide the illumina
tion and the suspended equipment used as a 
luminous decorativo element. 

The reflectance of sorne large surfaces in the 
worship area-usually wood-may be very low. 
Such surfaces should be lighted to make them 
visible and to relieve an otherwise "too-dark" 
atmosphere, but not so much as to make them 
brighter than they would bo expected to appear 
normally. 

Art Wlndows 

AB in the architectural considerations for light
ing, the lighting designer should work closely 
with the art window designer to determine the 
desired appearance of the lighted window. In all 
stained and art windows, the density, diffusion 
and refractive qualities of the glass or plastic will 
determine the light source luminance and size to 
be used. 

It is not necessary to achieve a perfectly flat 
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or uniform Jightin¡;:: t>fft>L't. In fu~·t. it i~ ,,ftt•n lhl{ 

desirable. lt is almo~t always nt't.'t'S.'illr~· to ~t'1 up 
a trial lighting system to ••• how the gla"" r•· 
sponds to different lighting. In •uch triHlo, a gn:at 
deal of equipment may be necessary buth tu get 
sufficient light on the glass and to have enough 
different lighting approaches to examine. 

Generally the lighting of art windows serves 
two main purposes: (1) for viewing frum inside 
during nighttime services, and (2) for viewing 
from outside for passing traffic. 

Viewing From lnside. The window can be 
lighted with outside floodlighting units if thc 
glass has sufficient diffusion and refracting 4ual· 
ities (from irregularities on the surface of the 
glass arid within the glass). lf the glass is noL 
extremely diffuse, the units should be located s~ 
that they are not· seen through the glass and do 
not produce visual "hot spots." Clear stained 
glass needs a luminous background such as a 
closed light box around the outside of the win
dow. 

Viewing From Outside. Th~ floodlighting ap
proach above also can be used, but with equip· 
ment located inside. Spots of brightness may be 
more difficult to a\oid, ~owever, since lightin~ 
equipment is usuall:· most conveniently located \ 
on the ceiling and th•! viev•er is usually below the .J~ 
window. A larger r umter of lower intensily 
floodlights can make the <pots of brightness less 
apparent. For clear •~•med glass a movable 
screen or drape can b., us•d on the inside,lighted 
(either transilluminat 'd < r lighted from the win· 
dow side) to form a luminous background for 
clear glass; it can be moved away for times of 
viewing from the insid.!. 

HEALTH CARE FACILITIES' 

The lighting of healtl•. c·1re facilities presenL• 
many problems involvin~~ a wide range of seeing 
conditions. Optimum se< iq conditions should be 
provided for doctora, ntrses, technicians, main· 
tenance workers and prtients. For a better ap
preciation of the principies involved, a review 
should be made of Section 3, Light and Vision 
and Section 5, Color, of ihe 1981 Reference Vol
ume; and Section 11, Interior Lighting Design, 
and Section 2, Lighting '~ystem Design Consid
erations, in this volume. 

Many activities in heal:h care facilitie~ are not 

., 
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· relawd directly to patlent caro but are neco...,ry 
· u aupportive iiiAtitutional functions. Areu auch 
u buaine.. ol!icea and laundries are not dis
CU&Iied in th ia aection (See Sections 5 and 9). 
Sorne o( the activities are identical or similar to 
ones in other institutions. Theae include libraries 
and kitchens. There wiiJ be sorne locations in 
which there is overlap in recommendations. For 
example, the patient room may be similar in ita 
lighting requirements to the hotel room, when it 
is used for minimal care patients, yet the light· 
ing must be considered differently in the patient 
room for the sick, the aged or the infirm. 

llluminance r\(ommendations for health care 
facilities are given in Fig. 2-2, page 2-6. Where 
higher illuminances f'rom localized lighting are 
required as in aurgery, obstetrics, dentistry, 
emergency treatment and autopaies, it is desira
ble to insure comfortable lighting conditions by 
limiting luminance ratios between the task and 
other areas in the normal field of view; i.e., the 
luminances between the task and adjacent sur
rounding should be limited to 1 to 'lo, between 
wk and remate darker surfaces to 1 to 'r.. and to 
remate lighter sufaces to 1 to 5. To help achieve 
these retlectances, room surfaces should be 
within the foUowing percentage rangos: ceilings, 
80 to 90; walla, •o to 60, fumiture and equipment, 
25 to 45, and tloors, 20 to 40. 

Typea of FaciUtlea 

Health care facilities usually include acute gen
•ral hospitala, chronic general and chrónic spe
rilized institutions for the care of the physicaUy 
and mentaliy ill, and the extension of these ser
vices into facilities which offer more than the 
pntient's own residence in professional care. 

In describing good practice in lighting such 
institutioM, the designer ahould take into ac
co~nt not only the immediate objectives, but a1so 
the services which might be required in the fu
turo. For exampie, a facility designed as an ex
tended care unit in conjunction with an acute 
care hospital may find its beda recertified as 
acute care bede. 

The Acute Care Hospital. While an acute 
nre hospital might be faced with aU of the 
diverse lighting design considerations in a com
plete multidisciplinary one, there may be sorne 
whi<·h will not. Obstetric and pediatric hospital 
""'·tions are being allocated to certain hospitala 
an~ abandoned in others. This trend ia increasing 
and results in greater specialization in each has-
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pi tal. This wiU reault in greater demand upon the 
support facilities. 

Another trend ia the expansion o( outpatient 
services, particularly for those function• previ
oualy considered in-hospital one•. Thla doe• not 
mean complete abandonment o( auch functions 
for in-hospital patient.s, but it means a mejor 
reduction o( these functions with a reduction o( 
space allocation. Conversely, the planning of fa
cilities for these and other activities such as 
laboratorios wiU be partially moved to f'reestand
ing clinic buildings or office buildings designed 
for physicians and dentista. AU of these require 
special illumination. 

There are a1so constan! transitions in the in
strumentation o( medical, surgical and dental 
practico. The computer and ita application to 
radiology may entirely alter that specialty's re
quirements. 

Where once there · were large multibedded 
open warde now there are either single or double 
occupancy rooms. Where, in intensive care areBA, 
there were multiple bed spaces individualized by 
curtains, there are now either semi-enclosures 
with glasa obaervation windows or cubicles acting 
as open bed bays f'rom a central haU or work 
space. By federal guideline these must ha ve ac
cess to windows to afford the patient access to 
daylighted surroundings for orientation. The 
night and taak illumination, however, presents 
the same problems for the designer. 

The Chronlc Hospital. The chronic long care 
facility is fortunately largely disappearing. The 
psychiatric institution is being replaced by men
tal health units often situated in general acute 
hospitals. The contagious disease hospitals, in- · 
cluding the sanitaria for tuberculosis are al'IO on 
the wane. Thia means provision for psychiatry 
and contagian in the acute care hospital. 

The Extended Care Facillty. The institu
tions which are proliferating are the extended 
care facilities: the nursing homes. Most of these 
are largely inhabited by an aging population. 
Many of these persons have vision difficulties: 
cataracts, yellowed lenses, aphakia or presby
opia. They, therefore, pose apecial problema for 
the lighting specialist. 

Other Facilities. Free-standing office build-. 
ings, clinic buildings and medica! teaching facil· 
ities also deserve consideration as they form an 
appreciable and growing part of health care. Ev
ery physician's office suite ahould contain light· 
ing equipment that wiU provide that physician 
with the quantity, quality and directionality to 
permit performance of aU functions with ease. 

1 
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Llghtlng Objectlves 

In recent years there have been many changos 
in lighting concepta and in solutions to lighting 
problema. Baalc research haa increaaed our 
knowledge of visual requirement.s, industry has 
provided new equipment for producing light and 
modifying ita quality, and there is a greater con· 
cern for energy conservation and management 
(aee Section 4). 

These years ha ve also seen great growth in the 
medica! techniques which have created new chal· 
lenges íor the lighting designar to provide the 
best lighting for the new visual taaks. For exam· 
ple, there is the problem oí conatant patient 
observation in intensivo care unita containing 
monitoring equipment, which must be constan ti y 
under meticulous visual and auditory surveil· 
lance, yet the illuminatlon must be unobtrusive 
while being fully adequate so that the obaervcr 
will not be viaually íatigued. 

A new appreciation of the sensibilities of the 
patient is another dimension to be considerad by 
t.l>e designer. Although the lighting ahould serve 
the demanda oí the medica! and nursing atten· 
danta, it alBo ahould be suited to the comíort 
needa oí the patient. The patlent must feel at 
eaae in this environment. The illumination in 
multi·bed rooma ahould be designed to be unob· 
truaive to one roommate while remaining ade· 
quate for the other. 

Llghtlng Deslgn Conslderatlons 

A hospital is a very complex institution and 
has aimoat an infinito number oí functiona being 
carried out by peraons who are normal or sick. 

In designing the lighting system íor a new or 
reno,·atcd space, consideration should be given 
to the needs of the occupant oí that space-the 
visu.l! tasks to be performed, the desired appear· 
ance oí that space and energy and economic 
restrainta. The recommendations that follow are 
for visual effectiveness and ha ve been established 
baaed upon the atate·of-the-art. lt is recognized 
that there is atill a need for further reaearch in 
maoy area&. 

The personnel working in the diagnoatic and 
therapeutic facilities encompass a wide variety 
of ages, as do the patient.s, and, consequently the 
lighting should be planned to be adequate for all. 
The exact need for good color rendering appears 
to be obvious in moat taak'related areas óf the 
hospital. 

Task Lighting. In areas where visual taaks 
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are performed, from surgical procedurt>s to pa. 
tient reading, the taaks are the focal point with 
lesa in the aurround. Lighting for task perform
ance dependa upon (1) the importance and deli· 
cacy of the particular taak from both the stand· 
point of time allowed and accuracy required 
without undue fatigue, (2) upon the person per
forming the taak and (3) upon the task itself. See 
page 2-3. 

Seeing is a dynamic activity and eyes do not 
remain fixed upon a single point, but move to all 
parts of the taak and beyond it. For this reason, 
it has been suggested that where taak levels are 
high, as in surgery, consideration be given to 
three zones of lighting-the highest in the oper· 
ative field, a second of lower leve! surrounding 
the table, and a third peripheral one grazing the 
wall. 

Hospital areas are designated for specific ac· 
tivities and, for these, sorne definitions of lighting 
requirements both quantitative and qualitative 
can be suggested. 

Patienta' R<>oma-Adult. The patients' 
room lighting problema are to reconcile the need 
for lighting at various times by various people 
and usually to ¡ rovide such lighting as simply 
and economicall~· aa possible. The patient, nurse, 
doctor and housekeeping personnel require dif· 
ferent illuminan :e levels, in the same room, to 
accommodate their individual needs. This rsnge 
of lighting is nt·eded for a variety of nursing 
services; it should be proVid"d in a way that is 
not objectionablfo to other patienta in the same 
room and that c•tera to the lighting needs and 
whima of patient• whose only field of view may 
be the ceiling. · 

Nurslng Servlce& Since the primary purpose 
ofthe hospital is to restore the patient to health, 
lighting for nuraing services and critica] exami· 
nationa is common to nearly al! hospitals. The 
variation is in the provision for patient comfort 
during convalescence. Th;s may vary greatly, 
depending upon the health and mobility of the 
patients, the quality of services aupplied by the 
hospital, whether the hO!pital is public or pri· 
vate, and perhaps most in .portant, on whether a 
roomis for single or mult.ple occupancy. 

Routine Nursi.ng. For control of the general 
lighting leve! in patienta' rooms to create a soft 
light for the pati•.nta' co:nfort, the use of vari· 
able-control dimmers located at the door of the 
patients' room is suggested. The nurse ahould 
never have to search for light to read charts and 
thermometers. Should more lighting be needed, 
the patient'a reading ligl•t may be used. The 

,, 



. ' 
' 

' '~-

.... · 

:·"·. 

luminance of luminaires and nearb.v surround· 
ings should be less than 310 candelas per square 

·· meter (90 footlamberta) as usually aeen from any 
normal reading or the patienl's bed position. 

· Luminaires to meet tliese conditions should 
have low luminance.• One or more such lumi· 
naires in a single or 'multiple occupancy room 
may be needed to provide general lighting 760 
millimeters (30 inches) abo ve the floor for normal 
use. To prevent excessive spottineBB of general 
lighting, the installation should provide a lighting 
leve! ratio of not more than 1 to 5 on a horizontal 
plane 760 millimeters (30 inches) above the floor 
within a radial di.stance of 2.4 meters (8 feet) 
from the maximum leve! on that plane. 

. '¡ ·''' ••• ' 

Obaervati<>n of Pctúmt& There · should be 
provi.sion for local low-level illumination of a 
color quality that will provide for proper diag· 
nosis of the patients appearance. There should 
be lighting at each bed and ita floor area 80 that 
the nurse may frequently observe the · patient 

· and equipment, such as drainage tubes and con· 
tainers, during the night with mínimum di.stur
bance to patients. Thls light should be switched 
at the door, and may also be controUed by a 
dimmer. When the observation lighting must be 
left on aiJ night, or when hi¡her levels are needed, 
temporary screenin' from other patients may be 
necessary, . · · · · · · · 

••. : ¡ l <! ;.~ • i ;¡ . . 

· Nlght Ltihtlng,_-~Wall-bracket combination 
lighting units for pa(íents' use frequently incor
porate a night light · with switch at the bed. A 
night light .of thi.s arrangement ía desirable for 
the oécasional'use by patient or nurse. However, 
when ít ia 'left on· contlnuously, the luminance 
produced in the aurro"unding lield of darkneBB ís 
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sometimes a AOUrt't o( anno\'ltnc't' tu putit•nt~~ 
wi.shíng to sleep. ,_ . , . . " ' , . . 

For contínuoua ·u8e, the · night light recom· 
mended incorpora tes a low-brightness luminaire 
with louvered or refractívecover, flush wall type, 
installed 80 that its center ís approxímstely 360 
millímetera o• inchea) above the floor to dírect 
a low illuminance along the floor where lt ís 
needed for walking or moving about in the room. 

The írnportant criterion for night líghting ís 
Jimiting the aource luminance. This lumínance 
should not exceed 70 candelas per square meter 
(20 footlamberta) for continuous use, or 205 can
delas per square meter (60 footlamberta) for a 
short time. 

Criticol Examlnati<>n. The líghting for crit
ica! examínatíon. of the patíent ahould be of a 
color quality that will not di.stort the color of 
skín or tiSBue· and· of a dírectíonal qualíty to 
permít careful inspection ofsurfaces and cavities. 
The examination lighting should, however, be 
conlined to the bed area and should provide the 
recommended Jighting in"the center of a circular 
area 0.6 meter (2 feet) in diameter and at lea.st 
half as much at the outer edge, when measured 
at a diatance of not leas than 0.6 meter (2 feet) 
from the lamp enclosure._,":·•. 

Pctient U~~& Patíent use írnplies control by 
the patíent for reading, vi.sitíng, self-care or view
ing televisíon. This control must be lírnited 80 as 
to prevent annoyance to other patients (s<e Fig. 
7-6). ; . . .... ¡ ¡._.,_,·.,¡ .. -;: ' . : 

The reading líght "should provide Jight at the 
normal readíng posítion, assumed to be 1.14 me
ters (3 feet 9 inches) above the floor. To aUow 
the patient freedom to turn in bed without mov
ing out of the reading light :r.one, the area oC the 
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.. FlQ. 7-6. Patient room lighflng in a mul
. :·. lipfe! occupancy eccommodation. · Nole 

. one patient reading while anolher aJeeps 
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Fig. 7-7. Bolh unde'r countor task light
ing and celling oeneral llghting are used 
to illuminate tt'lis nurses· station_ n, .. "·"" 
ll.lminance general lighttng system , ~s 
u sed so t11a1 patients in surrcunding rooms 
would not see areas of high luminance at 
nighl. 

reading p!ane Jighted by an adjustable type of 
unit shou!d be approximntely 0.3 square meter 
(3 square feet), and for a nonadjustable. unit the 
are a should be approximately O. 7 square meter 
(6 square feet). To provide a reBBonab!e degree 
of uniformity of Jight over these recommended 
areBB, the lighting leve! at the o u ter edge of ea eh 
area should not be .Jess than two thirds of the 
lighting leve! at the center ofthe area.To provide 
comfortable lighting conditions for reading, the 
luminance in candela per square meter (footlam· 
berta) on the ceiling, provided by sorne means of 
general !ighting, should be at !eBBt equal to the 
illuminance in ¡¡, Jux (footcandles) on the read· 
ing matter. . 

The luminance of the reading lamp and of any 
surface illuminatad by it, a:s normally seen from 
any usual reading or the patient's bed position, 
ahould be less than 3!0 candelas per square meter 
(90 footlamberts). This condition is admittedly 
hard to secure and entai!s careful choice of lu· 
mins.ires and built-in limitations to it.s move· 
ment.s. 

Housekeeping. A very important considera· 
tion is the !ighting for housekeeping functions. 
Housekeepers need to see dust and dirt and to 
remove it. The housekeeper must be able to see 
beneath the fcrniture and to have oblique light· 
ing over horizontal surfaces to observe dust. 

Nursing Stations. In most hospitals each 
nursing unit is coordinated around a nursing 
station (see Fig. 7-7). At this point, charts are 
stored, read and written. Thus a desk or shelf is 
invariably provided, usually against sorne type of 
counter or below a hung cabinet. Li~hling 
mounted beneath this counter should provide for 
the task lighting. lt should be so arran~ed that it 
supplemen:s the over-aU illumination of the sta· 
tion. 
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Sorne of this Jighting will be in continuous use, 
night and day. lt is we!l to consider this in th• 
Jighting plan for the station. Usua!ly, although 
by no means universally, when the nursing stl:!.
tion is not visible from any of the patient a-::com
modations, general ceiling sources remain lighted 
during the night hours. 

The luminai.res beneath counters, which are 
placed so that a person sitting at the desk is 
shielded from glare, •hould not be within the 
patient's direct view. 

As the nurse must make frequent trips from" 
the station to the patient facilities as well as to 
service Jocaticns, the corridors between should 
have transition lightir g; a higher leve! during the 
day and switcred or dimmed to a Jower leve! at 
night. For s&fet.y, the illumination at the nursing 
statioris is usually on an emergency auxiliary 
lighting system. 

Critica! Care Areas. The term critica! care 
is replacing many of the former na mes such as 
intensive care. Critica] care areas are especially 
designed for the very ill, and may be highly 
specialized orbe quite flexible in their acceptance 
of patients. These accommodations have been 
designed for postsurgical patients, coronary dis
eBBe, respiratory diEease, burns, acute childhood 
and neonatal prob!ems, isolation units, neuro
surgical units, etc. Basica!ly all of these require 
physical and instrument monitoring, and the ca
pability for moun ;ing emergency methods for 
resuscitation, herr orrhage and other situations 
which can be antidpated. 

The illuminatic.n should cnaL!e the ob,ervcr 
to note the prominence of veins on the neck and, 
if possible, thc ~resence of yellow tints in the 
patients' eyes. Lighting should be avoided with 
a predominance <•f any color which may give the 
patients' comple:aon a false appearance. Thus, 
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only improved color tluorescent lamps should be 
u~~ed. See Fig. 7-8. 

While the demanda· for visual taskA in these 
unit.< may be great, the pAyche of the patient 
muat also be carefully considered in planning. 
For example, the mínimum requirement..~ of con· 
struction of the Health Resources Administra
tion (79-1450) require the provision of windows 
to enable each patient to be cognizant of the 
outdoor environment. Yet the provision of illu
mination by this means is not important. 

The general lighting should be capable of dim
ming. lt shauld be located so that neither the 
prone patient nor the one sitting with tLn elevated 
backrest will be subjected to glare. In addition to 
general lighting there should be lighting for ex
aminations by the physician. Al:;o, sorne type of 
surgical task light should be readily avnilable for 
cmergency procedures. 

Most of thest.: fucilities contain <l handwashing 
arca. 

Monitoring devices (see Fig 7-9) should be 
studied so that there will be adequate illumina
tion for reading them. This also includes a review 
of their placement and whether or not- they are 
internally illuminated. 

Children's (Pediatric) Section. The rhild 
admitted to the hospital for the first time may 
feel dwarfed by its huge size and depres.;ed by 
the concentration of suffering. Strange cquip· 
ment may be frightening and alarrn ill patient.s 
or intensify anxiety. For this rea.son the chil· 
drens' department should be provided with am
ple space for things 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 shoulrl 
be similar Lo adult areas. 

The use of daylight iH eAAential. Therc Hhould 
be a light and •unny atmosph.re. Corridors 
should be plea.qant with warm color'!! and sur
faces, and ditYuscd lighting used. Howevor, spoU; 
of lighting patterns with interesting views 
short.en times of waiting and distances for tra vel 
down hospital corridors. Arrangements for vary-

Fig. 7-8. Crilic81 cara room. WaU bracketa canta in two 
fluor&scenl lamps for lndlrect general ligtll!ng. one lluores
cenl lamo as a downlight lar r&ading, and an incandescent 
night-lighl for surveillance from the nurses'.station. Two 325· 
watttungsten-halogen lamps in ellipsoidal retlectors are al so 
prcvlded tor lndlrect examination llghl. 

8 

Fig. 7-9. Nursing stalion in critica! care 
unil. Note the lighting beneath the counter 
and out ol th~ patienl"s view. Also. moni
toring devices are easily visible. 
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ing the lightin~ by multiple switching or dimming 
is often worthwhile. 

Children play and sit on the floor, and often 
use it as u tuble. For this reason the li¡.:hting 
should b~ 'pianned fur reat!ing, looldng at pie· 
tures, drawíng enrl other visual activity on thc 
tloor. 

Nurserie&. Nursery lighting should be de· 
signed so tha[ infants in cribs nnd in incubar.on; 
can be obscrved easily (sec Fig. i-10). General 
room illumination shOttld b~ reducible fcr t:.:umal 
obgervation of the infnnts. J .uminaires for general 
lighting should be of such a type or •o inst.e.Ued. 
that the luminance of any luminaires, ceiling ür 
wall surface, as seen from working or norm:1l 
bassinet position, would bt-! J~..~ss than 310 canrlela.s 
per square meter (90 footlamberu;). 

There is often a need for higher level thAn that 
for the general lighting for careful ol>servnt.ion, 
but it is not kept at this levtltoo long in order to 
avoid retina! overexposure, for the ínf:.tnt does 
not ha ve the ability to roll over or employ ndult 
protective mechanisms. This must be taken into 
account wheu planning the illuminntion. 

In arder to recognize minor changes in thc 
.:olor of the skin and sclera, light sources should 
he speciaUy chosen. lt is profcrable that these 
:KJurces be in the highcr kelvin ranges 1:1nd have 
a relatively flat spectral powt'r distribution. 

There are special publications which should be 
referred to for information of the treatnwnt of 
infantile jaundice with fluorescent light, 8110 r.ar
ticularly to the precautions which are r.:-:com
mended for therapy," and to the use of ultraviolet 
bactericida! baniers in pediatric sections. 4 

Mental Health Facilities. Thc facilities for 
mentaUy or emotionally disturbed patients ore 

Fig. 7-10. lnfanl nursery. Wmdows al 
nghl pcrmil relatives lo view lhi:! MCies. 

----~- --- --· ---
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gen>rally either of the open tvpe in which th<· 
pntients are unrestricterl or of the clo~ed VHrÍt'ty 
where access is controlled. Either foci!ity mn.\' 
house patient.s who Are considtrl!Ó to be undcr 
maximum security. For thiR typc of patient tht 
ligh'.ing should be designed r.o be inacctssihl(• to 
the pntients to protect them from iujuring theln· 
selve!3 or others, and yet de!'igned to avoid a 
prison·likc environment. Lighting should be pro. 
vided by non-ndjustnble rece5sed. ceiling !umi
nairti:), not only out of rcach of the pntient, but 
prot~cted from access tu thrüwn or otiH:r objects. 
The;.;e shouJd be controllC'd by kcy switches pref. 
erahly rrwunted in hallways outside of thc dcten
tion aren.. 

Most mental health facilities today handle 
other than ju.st the scverely disturl.:wJ patien1. 
Regurdle.s of the'type of patient proper lighting 
depcnds on knowledgeable sel~ct.ion of pat tcrns 
and nreas of illuminntion most htlpful and .ltast 
disturbing. A gencralized, basic guidelinc is that 
the Jighting of these facilities ohould provide 
intcrest, warmth, definition of spaces, and illu
min~.tion for task.s and safety. 

Surgicnl Holding Areas. These ureas (see 
fig i-11) are designed prirr.arily for the retcntion 
of p~.t.ienLc;, nearl) always suplne on a whet!td 
stretcher (gurney) H.fter ücy ha ve had !1 sed:.;tive 
prrrr•.cdkntion. Th ~y are r.etained in this area out 
of the traffic stream for periodo of from a ftw 
minutes to as mud. as 30 or more minut~s. 

The patient's eye; shoLld not be exJwSed to a 
luminance of more han 100 candela pcr squart• 
meter (30 footlamterts). Most of the time a 
subciued slumber tYl,e of illumination is udvi:iU· 
ble, nnrl designed to 1e out of the line uf sight of 
the recumbent patient, but a higher level is. 
needed for supervision and observation. 
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The holding aren is not usual!y designed for 
surgicaJ inrluctiun; however, sume hoapitals will 
use it a.c:. such, and the planner must give such an 
arrangement additiona} consideration. .Sorne 
type of lighting is useful which will facilita te the 
slarting of intravenous lines, and other pre-an
esthetíc activities such as shaving, etc. This pur· 
pose might weU be served by flexible wall hung 
bracket luminaires. Ont> patit!nt's preparation 
will not then disturb another waiting patient. 

Surgical lnduction Room. The p•tiem is 
transferred here from a stretcher toan operating 
table, the anesthesia started, needles placed into 
the patient's veins, and the patienr maneuvered 
into a variety of position.s by manipulation~ of 
the operating table. Connections toa variety of 
monitoring devices are attacherl to the patient. 
The positioning of the patietlt might t.B.ke a con
siderable time, but for this thc patient is usually 
airead y partially anesthetized. 

Ideally the patient is brou~ht into this room 
under suhdued light. The anesthE3ia cali be in
duc~d aftE-r placement of a needlC' in thr v<>in. 
For this, a task light of sorne type must be 
available. Once the patient is unconscious, the 
illumination can be increased to serve the needed 
staff tasks. The cap¿.hiiity of again rP.ducing the 
light in the room shoulci be avai!able v.hilc the 
anesthesiologist il18erts a tube into the trachea 
(windpipe). This is accom.plishcd uti!izing a 
lighted laryngoscope. This device provides only 
a little light and thus a low arnbient leve! is 
preferred. 

Surgical Suite. 

Operaling Room. The lighting of the operat· 
ing room is perhaps the most important in the 
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Fig. 7--11. Surg·c~l holding arf'<O whorc 
pflfients are l<eot be!cre bcing taken into 
!he operating room. Note ea eh unit here ¡~ 
separately dimmable (surgical recovery 
similar). 

hospital, not in the· number of peop!e to be sat· 
isfied but in· the importance of the work done 
therc. There should be no den"e shadows to 
prevent the surgeon from secing past his own 
hands and instruments, nor to prevent him from 
adequately seeing the patlent's tissue, organs and 
blood exactly as they are. Sometimes he must 
see into deep body cavities, natural or artificial. 
To enhance physical comfort for the surgical 
team, heat renching the back of the surgeon's 
head nnd neck from the overhead surgical light 
rnust be minimized. The surgeons must be able 
to work for hours; if necessary, without any dis
comfort and must be able to glance to and from 
theír work without having to take time for their 
eyes to adjust to large differences in luminance. 
Even more imponant than the comfort of the 
surgeon and thc surgical team is the safety of the 
patient. Body tissues exposed during an opera· 
tion must not be excessively heated or dried. 

ColoTR and reflectances of operating nnd deliv· 
Ny room interior surfaces, draping and gown 
fabrics should be somewhat as foilows: ceilings, 
a neh.N·hitt color with 90 per cent or more re
flectance; walls. non-glossy surfaces of any light 
color with 60 per cent reflectance; floor reflec
tance preferably in the range of 20 to 30 per cent 
but may be as low as eight per cent depending 
on the limited selection of floorin.g materials 
available; ancl fabrics for gowns and surgical 
drapes should be colored, usually a duU shade of 
blue-green, turquoise or pearl gray with 30 per 
cent or less reflcctance. Surgical instruments 
should be of a nonreflecting mutte·finish to min· 
imize reflected glare in the area of the operative 
cavity. Any plastic materials u<d in draping 
should also be of matte finish. 

Equipment such as that for X·ray. anesthesia 
and ventilstion competes with the lighting sys· 
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te m for the limited ceiling space availnble. There
fore, to achieve desired general levels, it is nec
essary to carefully plan the Jocation and arrange
ment of the lighting system. Due to the variety 
of surgical procedures, it is highly desirablc to 
allow for control of the general lighting system 
to suit 'lisual reqL.:irernents of the surgeon and 
staff. The general illumination in t:;e opernting 
room should provide a uniforml.v distributed 
level with provisions for reducin;~ ti'le lcveL Lu
minaires should be equipped with element...;; giv
ing diffusion to the li~ht and to prevt·nt glare. 

As levels of general lighting huve hocome 
higher, luminance balance has as.<ourned grenter 
importance. To achieve this, lurninance ratio.s 
(not illuminance ratios)' between ar~as of appre
ciable size within v1ew of the surgcon ao1d hi.s 
team, should be no greater than 1 to 3 between 
the wound and the. surgical fíeld and 5 to 1 
betwcen thc surgical field and the instmment 
table. The surgical fícld to the room's lighter 
surfaces also should be no greater than 1 to 5. 
Visual comfort is probably greatest when there 
are no excessively bright reflections in the field. 

When fluorescent luminaires are utilized in the 
surgical suite they should be design•tl to ¡·educe 
electromagnetic interference to a leve! that will 
not interfere with op~ration of dclicate clectronic 
equipment in a life support system. This gener
ally requires welded con!:trul·tion to minimize 
radio frequency leakage through openings, lensc" 
with an electrically grounded conductive couting, 
and radio frequency filtcrs to t~ducc the radio 
energy getting into the electric wiring. 

The appearance of the. patient should not 

Flg. 7 ... 12. Surgica! Hgnt wi!h a television 
camera tixed in the center ol one of the 
direclable units. 

------------------11--
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chang-? significantly when viewed under either 
the surgical light or the general room illum!na
tion. !his is best achieved by matching the spec· 
tral pc-wer distributions to the two types of lights; 
however, usually it iA only practica] to match the 
color temperatures. For example, if the main 
surgic.'lllight has a color temperatur• of 4000 K. 
generd room illumination should be providcd by 
fluorescent lampa with similar color tempern
ture-in this case, delUxe cool white fluorescent 
lamps. In all cases fluorescent lamps should be 
of the improved color type. 

Thc surgical task lighting system (see Fig. 7-
12) should be capable of providing a mínimum of 
27 kilolux (2500 footcandles) directed to the cen
tcr of a 500 squore centimeters (78 square inchcs) 
(or ln;·ger) pattern on a surgical table with the 
top 990 millimetel'!l (39 inches) from the floor. 
This pattern is defíned as an area within wbich 
the ituminnnce tapers from center to cdgc so 
that at the edg" it Íl! no le"" than 20 per cent of 
that at the cent >r. For ceiling-suspcnded surgical 
lighting system s, the illuminance and patterns 
are measured 1 )70 millimeters (42 inches) .. from 
the face of the ,amp cover glass, if a cover glass 
is uaed, or the 1 >wer edge of the outer reflectors 
in a multiple retlector unit with individual covers 
over ca eh lighthg source. 

The above is : ntended as mínimum for general 
.surgical proceCures. ín many specialized in
stances higher illuminances, various pattern sizes 
and s:,apes, an 1 contr·ll of leve! are desirable. 
Variable patter.1 sites tre provided by moving 
the li3ht closer to or further from the patient. 
Sorne lights pro"idc, in 1ddition, • focusing con· 
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trol which vRries píittt!rn ,c;ize. UsE.:!"S shou!d de
terrnint- the depth of fielrl required for the~r ·~·ork 
&.nd ev&.luate thc luminaírts nvailuble th&t will 
¡.::ivt· a useable p3tttrn ovrr the dej.jth of fi~ld 
rt>quiret.l. All illuminancc mt'a~urement~ should 
be made with a color a.~d cosine-correctt~d light 
se11sing element that w:ll intiicate the a<.'erage 
leve! úver a 38-millimeter (1 ';i-inch) riiamP.ter. To 
prevent obscuring shadow~ fo·om, the surgeon's. 
hands, head, and instrumenL<, the light should 
reach the operating ares from wide angles. For 
tes~ purposes, the light. should provide a lcvel of 
10 per cent of tC¡e unshadowed leve! inside and 
at the bottom of a tu be 50 millimeters 12 ind1es) 
in diameter and 76 millimeters (3 inches) long, 
finished tlat black inside, from a distance of 1070 
millimeters (42 inches) whcn tite beam is ob
structed by a disk 25-1 millimeters (10 inches) in 
diameter, 580 r.1illimeters (23 inches) above the 
operatiug table, and normai to the axi.s of the 
tu be. This means that, in the testing meter, a 38-
miUirneter (1'/,.inch) sensor is used. It i.s a very 
sensitive test which means that the black finish 
must ha ve no specularity, and the disk and tube 
must be correctly positioned. See Fig. 7-13. 

Protection should be given against a totallamp 
failure, for example, by multiple lamps in a single 
lighthead, or by m u! tiple lightheads, etc. 

The radiant heat produced by surgical lights 
must be minimized for protection of surgically 
exposed liasues and the comfort and efficiency of 
the surgeon and assistants. For most operations 
tho radiant enerKY in the spectral region of 800 
to 1000 nanometers shoulC. be Kc:pt at a mini
mum. This i.s the energy of inírared absorption 
by flesh and water and hence rc::>u!ts ;na notit:e
able hcat to the surgeon. or more important may 
cause drying of exposed tissues. Current resea.rch 
suggest..~ that in certain neurosurglcal or intes
tinal proctdures on delicate, thin, dry or abnor
mal tissue, the user of surgicallights should take 
can~ not to exceed approximately 25,0CIO micro· 
WHtts per square centimeter at maximum inten
sity in the light part<•rn. The manufacturer of 
~urgical lighting sholi..,~ provide information on 
conditions under which his equipment can ex
ceed these energy levels. An irradiance factor 
(~W cm" 1

) per lux or footcandle would be helpful 
. to determine the total irradiance of the lighting 

sysi.em. 
For general surgery, the light from the lumi· 
'rt o;hould have a color within an arta de
.oed by a fíve-sided polygon on the CIE chro-

rr.aticity diagram (see Section 5 of the 1981 Ref
'"'-r.ce Volume). The range of CIE coeffícients i.s 
appropriately defined by the foUowing x and y 
valut:.~; 
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'""' Fig. 7-13. 7he test ter &hadow reduction. Olstance and 
size!> ot objccts are as shown above. Ter. oer cent of the 
inciden! li~ht should be seen at ltl~ bottom olthe tube. 

X y 

.310 .310 
AOO .375 
..!00 .415 
.375 .415 
.310 .365 

When plot:ed, tbe above points will result in 
correlated :olor temperatures between 3500 K 
and 6700 K. Spectral power rlistribution should 
be so desi¡;ned as to provide color rendering 
satisfaction to the surgeon.~ 

Secondary only to its unusual optical quality 
is the tlexibility designed into the surgical light
ing unit. This may be mechanicel on units sus
pended fron the ceiling or by electrical switching 
arrangemer.t5 in stationary units in the ceiling. 
Directionality is sometimes achieved by permit· 
ting the scrubbed surgeon to adjust a sterile 
handle, but the asepsis ofthis technique has been 

· questioned. lf handles are used, they should be 
demountab:e for sterilizatíon, smooth to avoid 
glove punc:ure, and have a guard to prevent 
contact with a nonsterile area. 

The requirements.for directional tlexibilíty in 
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the main task lighting system will vary with th(: 
surgeons and the type of surgical prot:edurl:'s to 
be performerl and limited by the "tive-foot" rule'' 
imposed for the use of flammable ant!stiv~tic 
agents. (NFPA-SilA-1973 petmits breaching the 
"five.foot" rule when operating rooms :Jre clearly 
defined to avoici all use and nrese1~~;..:. of 11arn
mable age!')ts.) The requireme~L.s f:J!" or:hopedic 
operations differ greatly frow those for cardio· 
vascular and neurosurgicnl whic,1, in turn. diffi.!r 
from those of the gynecologist. Thus the selcc
tion of the lighting system cannot be simply 
defined and the prospective purch3ser mubt be 
aware of the limitations of a!! of lhe eqr_¡\?mcnt. 

Two·team surgery is now frequendy prncti-:::~d 
for many procedures. For e .... amplc, one tt'am 
may remov~ a ve in from the thigh whilc another 
implants it inw the heart. Additiun·nJ iightheads 
or satellite unir.s may extend from thc 11rimary 
luminaire rnGunting. On the other hand the use 
of two or more luminaires on one surgkaJ field is 
to be employed only with e are. Sce abov~. 

Supplement.al surgical task illumination is of 
two main types: Lhose with a bCan~ encom¡.mssing 
the entire field and those which operat~ by di· 
recting light through a glass or plastic fibero~tic 
bundle. The former, if they are to be used in on 
operating room wherc t1aiÍ1maDle <"~nest:hctL: 
gases are employed, must be E~Aplosinn prc.1f or 
limited in movem~nt to 1.5 meters (5 fent} a hove 
th~ !loor. The fiberoptic light source nnd a!l oí 
its electrical systern must be in accordancc with 
NFPA 56A.'' In addition supplemental head
lamps, self·lamped, or'ten project an im~;.,~ of n 
tungsten filament, without ftltering, and shculd 
be tested for illumination safety in a mnnnel' 
similar to fiberoptic headlamps (see below). 
These units could produce Eix times thc ~r::·e1.rii· 
ance of surgicallighting for equal illuminan.::c. 

Freestanding lights mu~t conform with ~ntcty 
from tipping, as prescribed in ¡,;fi'A 56A, and 
must have a reasonnble 'r.~emory' íor ret.aining 
their position. No part of tht portable wide·beam 
lamp housing shc.. · j project below 1.5 meter:; (5 
feet) from the f,ovt. ThE:: ~ntire unit must he 
grounded through a third wire iu tne flexible 
cable. 

A fiQeroptic unit, for use in a ~,terüc field must 
be canable of sterilization or be encased in a 
waterProof and sterile static·free barrier. At the 
exit face of the fiberoptic dovice the irradiance 
should be no more than · 25,000 microwatts per 
square centimeter. 

Low voltage lighting equipment (less th•n 8 
volts) may be used in accordance wit.h NFPA 
5fiA, if supplied by an individual isolating trans· 
forrner "connected by an anesthetiúng location 

eurd e~.d plug" or from dry ce(! batteries or 
transfcr:ner above the "fivc-foot" leve!. I~ola1ir.~ 
trnnsfor.:ners should have a groundJ...•d cas~ and 
con~. 

The Lnesthesiologist usually sits behind a tent 
of ;,;urgical drapes which prevent an accurate 
view of the patient's face color. Mo~:t of thf.' 
rnonitoring instruments and dials which mu~:t 
constant.ly be observed nre hard to ::;('e. Thtir 
cover giJ?~c:.es usuaUy are VE'ry rer1ect:vt: and rnay 
well pro:iuce veiling reflections or reflt:-ct ed ¡,.;J;!n'. 

Further~ore, the anesthesiologist shoulrl be 
ohielded from the operating task light and shidd
ing of r.he general illumination system and other 
special lighting considerations also mav be 
needed. · 

Scrub Room. Scrub areas and corridors adja. 
cent to the oper8ting room are areas where per· 
sonnel can accommodate their eyes to the illu· 
mi nances of the operating room. Whilc scrubbing 
befare a:1 operation, the surgical tea m shou!d be 
exposed to light of the same leve! that they w11l 
encount·~r in t.he operating room. This wil! not 
only insure a goud job ofscrubbing, but will allow 
them te enter the operating room fully light 
adapr.ed. These illuminance levels will also pro· 
mote a r:eaner scrub are.1 and conSequcntly mor~: 
.asept:c conditior s. This -lame reasoning holds for 
corridür.i leadinr to tht operating room. T~e.o,;e 
are th!"~ .ll'eas where the surgical team adapts to 
the ope;·ating roc.m environment.. · 

i~ot a:J operatÍ)OS are performed under higher 
illuminance level;, and h fact, many are carried 
out at very low ambler t levels. For those tht 
light should be reducec·, by switehing or dirr.· 
ming, toa low levd, just sufficient to observe the 
el oc k and the technique of scrubbing. Adaptation 
from iow to higher illuminnnces is very rapid, 
but dar:.;. adaptation is very slow so that Lhe level 
sh(Julrl Le kept low for e:ndoscopic surg:ery. 

Special Lighting. The lighting requiremenl.< 
for photography and t~levision in the operating 
room he:. ve been givt·n zelatively little considera· 
tion. 

Microsurgery ma ' he televised and special 
cameras are built t J be adapted to operating 
microsc"pes. When t 1ese are used, special atten· 
tion sho.:ld be direc.ed toward heat productior. 
on the t::-;sues being observed as associated beam 
splittíng devices req,Jire increased light. 

Surgical lights aro available with color televi· 
sion cameras built into the lights (see Fig. 7-12). 
This au.:..omatically insures that the camera is 
aimed at the surgical site. These cameras are 
usually equipped wilh motorized zoom, focu!' and 
iris adj~.:stme~ts for the lens. Thus, all camera 
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control can be done rcmotdy. The co)~r balnnce 
of the camera must be adjusted opticaily or 
e!ectronically tú match the spcctral distribution 
of the líght. 

Specialized Operating Rooms. 

Eye Surgery. Rooms for t!yc S1..!rgery cont.air, 
sorne type of fixed pedestal L'f colurn.J•5 connected 
with an operatii1g microEcope. This equipment 
may CC!'ltain it.c;; own luminaires and frequentJy 
beam splitting de vices to pennit viewing by more 
than one person. There may be camera o; tele
vision equipment al;:.o attached. A separa te ruby 
laser may also be present as well as 110 electro
magnet for removing ferrous fiJreign tnateriaJ 
trom the eye. 

The general room illurninaticn i.s planned to 
give the same l~vel ns in <.\10 beneraJ operating 
room. The 3:..tr¡;eor. will, at times ho\vever, re· 

, quire iess general il]um;n•tion and may pref.r 
.'llmost compléte darkne:::.s. Therefore, a method 
fur reducing the illumination becomes manda· 
wry in the eye room. Separate lighting may be 
necessary for the anesthesiologist so that he may 
observe equipment. 

Ear, N ose antf Throat Surgery. The require· 
ments for this specialty are identical with that of 
the eye surgcry. Microscopic surgery is used for 
operations on the inner ear. 

Neurosurgery. In general this operating room 
is no different in its visual requirements than the 
general surgery operatin~ room. Sorne ncurosur· 
geons prefer to use headlnmps, frequently fiber· 
optic ones. RecentJy surgical microscopes have 
been employed in a darkened room. These op· 
erating microscopes contain their uwn 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 thc codes allow are 
needed. 

Orthopedlc Surgery. In general the or· 
thopedic operating room visual needs are no 
diff&rent than Ü.- ·::~ of thc general surgery but 
better facilities for :>:-:ay éf!uipmcnt mny be nec
essary. The type of x·ruy equipment and mount· 
ing needs to be coordir.attd with the lighting 
systems. Particular attention should be paid to 
flexibility of the luminaires, fo' orthopedic sur· 
gery frequently requires uniqu~ positioning on 
the side of the operating table fo; low iev¡,l 
lighting of the patient's hip. Fluoroscopy with 
1mage intensification and televi..">ion screenjng 
will pérrnit the use of a room which is not 
darkened. Extra negatoscopes are requireci. 

. ,;- -~,-. 
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T:1e onhopedic surgcon aJso uses the surgicKI 
micoscope. 

F'•_¡r implantab!e joint r~placement, thf: or
tho¡:edis.t sornetime~; empluys lnminar nirfluw 
chanbers, and surgical luminaires pose r. prob· 
lerr. Joth from thcir disturbar.ce ofthe laminaritv 
of thfl airflow and frorn thc canvcction currenL<; 
they cause. These situations are very difficult to 
avoid as the necessity for illumination of the 
surg. cal tao k is paramount. 

Pc-stunesthetic Recovery Room. This is an 
llrf!!i m· m~ticulous monitoring and l.!quipment 
ob:.;e:·vation, plus the capability for carrying: out 
certoin emergency procedures. Color recognition 
for c'.1anges in the patient's skin mu.st be fac:iii· 
tated. The li2htin2 should be variable so that 
present.ations on the face of oscilloscopes (e lec· 
troer.cephelographic and elect.rocardiogra¡:,hicl 
can be recognized. 

Cy3tosc~py Room. Cystoscopy is normally 
carried out in a dark room. The cystoscope is 
however introduced in alighted room. For female 
proce:iures a gynecologic examining light should 
be providcd. lf flammabie anesthetics are nol 
used in the area (which is usual) the light should 
be av1ilable at the leve] just above the sitting 
urolo¡ist"s shoulder. 

Th• darkening of the room should be possihle 
by. switching or dimming. The iow leve! should 
be adc,quate for the anesthesiologist to see his 
equipment and to recognize the patient's co.IOr. 
A sur¡ócallighting capability should be available 
for the performance of sorne operative proce· 
dures. lt should be centered in such a way as to 
i!luminate the lower end of the cystoscopic table. 

Obstetric Delivery Suite. 

Labor Room&. Monitoring apparatus is often 
opplied to the patient to observ~ uterine contrae· 
tions and the heart tones and responses of the 
unbom child. This is usuaily recorded on paper 
and must be obscrved by attendants. Examina· 
tions perfonned in this room are usually manual 
and wm not require visual control. Howevcr, 
observation of the patient includes blood pres· 
sure measurement and observation of the pa
tient's .5eneral status; therefore, good color ren
dering cighting is preferred so that any cyanosis 
(bluen<ss) will be obvious, 

Delit'ery Ana. The area for delivery scrub 
should be identical in its illumination with the 
surgical scrub area. The general illumination of 
the delivcrv room should be achievcd bv recessed 
luminaires"providing light througi:. :.· the same 
as in th2 operating room . 
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The task iight should be capoble of foCIIsins 
and produce a leve! of 27 kilolux (2500 footcan
dles) at its center. Ideally it should be capable cf 
being centered O\'e!' rhe shoulder of a sitting 
obstetrician. Mounting should be in accordanc~ 
with NFPA SGA. Explosio11-proof portabie units 
are also available. In sorne ir.sdtutions th~ ancs
thesioiogist will han thc use of flammable anes
thetic agents in the delivery suite and rernove 
the explosion hazard. 

A speciailighting plan should exist for the area 
in which the newborn infaot is resuscitatcd. T!1e 
lighting should have good color ren¿ering capa
bility, particulariy for cyanosjs and jaundice. 

General Radiogrnphic/Fiuoroscopic 
Room. ln the modNn unit, most fluoroscopy is 
now performcd with image intensification with 
visualization on a television scrcen; thereforc, 
complete darkness is no longcr imperative. Over
all illumination is necessary for deanup. ThE! 
general lighting should ha ve a dimrning cap~bil· 
ity as different radiologists prefer working under 
different levels oi ambient :ighting. Often the 
overhead lighting is extinguished by the foot 
switch on the radiographic unit so that the am
bient light will go out when the fluoroscopy is in 
progress. Light localizing devices are sometimes 
used and are assisted by low general ll~hting. 

The competition for ceiling space is great in 
these rooms and the p}acement of ceiling lumi
naires is very importa.nt. 

Laboratories. 

Specimen Col/ecting (Venipuncture) and 
Donor Areas (or the 8/m Bcmk. Lighting 
should be provided for the site of the venipunc
ture, at the height of the arm of an armchair. 
Veins are often best seen in other than flat light; 
therefore, ceiling luminaires or task lights should 
be placed to provide oblique illurnination. Thc 
walls in this area shouid be of pastel shades of 
low reflectance for donar comfort and rea~sur
ance. 

Thsue Laborotory. Lighting in a tissue lab
oratory shouJd have an excellcnt color renderlng 
quality. Of particular interest is that there are 
usually two counter heights [760 !ind 910 milli
meters (30 and 36 inches)] involved, one to be 
used sitting, and another at otanding bench leve!. 
The same lighting arrangements are valuable in 
the room devoted to the preporation of cytology 
specimens. Backgrounds for microscope viewing 
are best dark in color and.of very low retlectance 
to avoid glare. 

!Jio"Oscopic Reading Room. The patholo
:;isxs :;,Jend u considera bit· porti<•n of their da y in 
rtadir:g microscopic material. F'or this purposf:' 
thc t.:ólcs upon vthich the microscopes are placed 
:1re w.u&.lly at a 810-millimeter (32-inch) leve! 
·from the floor and the tabletop is of low retlcc
tanct: oftl:n in a mahogany or walnut fir:i~h. 
Room lighting should be adjustable for long-time 
vicwir:g. 

Ce!:tral Sterile Supply. The inspection area 
ofthe central processing dcpartment shoulrl ha ve 
genen.l lighting and in special area.:; where dt·li
catc instruments and otht!r equipment ar~ in
specte.:l, illumination should be increased. 

Der.tal Suites. In the dental operatory the 
luminence differences between the patieut 's 

Fig. 7-14. Curren! Recommended Hluminances in 
Lux and Footcandles. on Tasks, for Emergency or 

Continuity Service (for Use When Normal Service i5 
lnlerruptedl' 

Exil Ways 
Corridc.rs leading 10 exits. at tloor 
Stairo,.uys leadmg ·a extls. at !loor 
Exit direction &ign ;, vn lace ol lumi-

no:me 
Exil Goorwey, al tlt or 

Oc>=)~al:!1Q Room, sur~ical labio 
Operating Room, eme gency l!ble 
Delivcry Room. obstct. ical taole 
Recove>y Rooms tor operatinQ roorr.s 

anc obstetrical surtes 
Nurserie9, infant. 76(; mithmeters (30 

in ches) ebove floor 
Nurseries, ~romature. '€0 n illimeters 

(3\J inches) above fl'or 
Nurseries, pediatric, 760 millimeters (30 

inc."'es) above !loor 
Medica1ion Preparalion Area, tocal 
Nurses · Station 
Pharma~y 

Slood Bank Area 
Central Suction Pump Art:a 
TeJepllone Swtlchboard, tace of board 
Central Sterilc Suppty, iss Jin«;o area 
Psychia:nc Palien! SedAr ~a 
Main H~ctncal Control Ce tter 
Hosnita: Ele valor -Exil Li¡ htinéj 
Stairwc~Js 

Ufe Sfll~ty Areas (lite Sup lOrt .\reas) 
Cardiac Catheter Labor ato, ies 
Coronary Care Unils 
Oiatysis Units 
Emergency Room Trealment Areas 
Intensiva Care Unils 

30 
30 
50 

3G 
27000 
22000 
27000 

100 

100 

100 

20 

300 
50 
50 
50 
50 
50 
50 
20 
50 
50 
50 
50 

100 
300 
200 
500 
300 

Foc.tc.an
Ota~ 

3 
3 
5 

2500 
2000 
2500 

10 

10 

10 

2 

30 
5 
S 
5 
5 
5 

2 
5 
5 
5 
5 

10 
30 
20 
50 
30 

• Thcse are mmimum lightmg levels. 11 is partiCularty destrabl& 
that they ::>e mcreaaed toas near the levels normaUy provoded ol"'lhese 
arcas as the ava•lable caoacity ot !he emergencv etectr•cal &upply 
w11J perm1t. 
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mouth and fnce, patient'.s bib, the instrument 
tray and the surrounding areas should be no 
greater than 3 to l. 

Lighting should be provicied at the leve! of the 
paticnt's face and the instrument tray. Lighting 
inside the mouth, or oral cavity, should be sup
plied frorn a lumin.aire easily D.djustable to ex
elude high luminance in thc putient's eyes and at 
the same time provide su eh lighting as is needcd 
by the dentist to see fine details over long periods 
of time. This light should ha ve color character
istics and leve! suitable for the dentist to judge 
the matching of colors of tecr.h and flllings, and 
occlusions of dentures in any place within the 
mouth. The dentist must be able to judge accu
rately the depth of drillings and the preparation 
for retention of fi!lings. 

A luminaire for producing 'su eh a penetrating 
!ight, relatively free of shadows at the oral cavity, 
must produce a convergent bearn, and at a dis
tance of about 1 meter (3 or 4 feet) should be 
capab!e of lighting a semicircular are a with a cut
off to exclude the bright light from the patient's 
eyes. 

Prosthetic work in the laboratory requires 
spced, a<.:curacy and clase inspection. Thercfore, 
a general leve! should be provided, with a sup
plementary lighting at the workbench, and at 
one or more points depenciing on the number of 
people using the laboratory ai. any one time. 

Examination and Treatruent Rooms. For 
examination and nonsur~cal treatment there 
should be general lighting with s~pplementary 
lighting on the table. Also, there should be a 
special lamp for vaginal inspection. 

Emergency Outpaticnt. The emergency out
patient suite should be generally self-sufficient 
to handle most cases without resoning to the 
rest of the hospital. Fixed ceiling-rnounted direc
tional luminaires or penable lights that provide 
lighting at the center of the operating area, with 
a lower leve! of general illumination are usually 
adequate for examination and emergency sur
gery. 

Autopsy Room and Morgue. Good lighting 
is imperative in the dissecting room. A surgical 
type of dis.section must be performed, yet it is 
done in the open rather than in the restricted 
c~tvity as in the surgical exposure. Therefore, the 
highest levels of surgical illumination are not 
netded to overcome the losses in deep cavity 
lighting. While some of the diss•ction may be 
metic_ulous and tissue planes rÍl.ust Oe visual.ized, 
the meticu!ous p!acement of sutures and the 

meticulou:; placement of instruments to control 
bleE:ding =:-om fine blood vessels is not neces.sary. 
Therefore, sorne of the contouring so advama
geous in living surgery can be sacrificed. 

The tas~ light of the autopsy room can there
fore be a nonadjustable largc unit with good color 
rendering :amps augmented by 3potlights provid
ing illumination at a levél of the autopsy table 
760 millin:eters (30 inches) above the !loor. Sur
gical lights are not necessary in this room. A 
single spot. wlth ftlters to greatly redU< . .'e infrar~d 
radiution :s valuable for the skull portian of tht: 
sutopsy. Additional lighting for a scale placed 
over a counler is also vaJuable. 

Phermacy. The pharmacy sbou!d be we!l il
luminated so that labels and fin·· 'rint of precau· 
tionary literature supplied with che medications 
can be read. !Uum.ination should be provided at 
the workbench leve! 910 millimeters (36 inches) 
from the !loor. 

Emergency Lighting. Emergency lighting is 
needed to perform two categories of essential 
tasks: the r.ask of evacuation under adverse con· 
ditions and the task of pro,;ding life support 
services to the patient who rannot be evacuated. 
These two categories may be thought of as re
quiring tw:> lighting systems. The first is emer
gency light of relatively !ow leve! to provide 
adequately for ambulatory mobility of patients 
and staff, and the second is of higher leve! and in 
most applioations equal to that provided by thc 
r~gular lig:1ting system. 

With the increased usage of electricaJ power in 
the operat:.Og room and critica! care areas there 
is 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 
s";tches from the normal source to the emer
gency source. See NFPA 76A for information 
re!ating to essential electrical systems for hospi
tals. 

The remaining areas of the hospital should 
have low leve! emergency lighting to give the 
levels recommended in Fig. 7-14. 

HOTEL/MOTEL ANO FOOO SERVICE 
FACILITIES. 

In designing lighting for hotels, motels and 
food service facilities the first task i., <o identify 

· those things which the staff and u~·.(· f.') want or 
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need to see. Both groups must be ablc to see und 
comprehend their environmcnt, to move about 
and work within it. In eddition, they should tind 
it enjoyable to do so. In such facilities as hutcls 
and restaurants, the psychologir.al effects of 
lighting are parti,:u;arJy important. The lighting 
design becomes a marketing tool by creating a 
successfuJ, attractive, corn.fortable and functional 
environment, but only if it is integrated with the 
over·all architectura! design concept. Lighting 
which is inappropriau, in temlS of quality or 
quantity can ruin an otht:rwise successful instal
lation. Using an appropriate combination of day· 
light and electric lighting, the desi¡;ncr can de· 
velop and reinfurce almost any visual mood and 
satisfy the visual needs in any space by day and . 
by night. The lighting system must be compatible 
with acoustic, thermal, spatial and esthetic re· 
quirements and objectives for each area. A suc· 
cessful total environment requires a cooperative 
effort by the owner, facility manager, architect, 
engineers, interior designer and specializ.ed con· 
sultants who work to integrate all concepts into 
a hannonious final solution. In hotels and res· 
taurants, wherc architectural úeatment is criti
cal, the lighting designer must seck to strike an 
appropriate balance between efficiency and es· 
thetics while considering energy management. 
See Section 4. 

The following general objectives should be ad· 
dressed: 
!. Harmony with the architectural and decora· 
tive character of the facility. 
2. Provision of high quality illuminatiun ior vis· 
ual U!.Sks. 
3. Control of glare and !urninance ratios. 
4. Prodsion of adequate quantity of illumintt· 
tion. 
5. Cost optimiza.tion to maxlnü¿e net revenues, 
including first costs, operaring cost..o; and main
tenance costs. See Section 3. 

Consideration must be givcn to the desirerl 

Fig. 7-15. Halos of cJear cccorativa 
!::ur.p!:t vourated al recuC:ed votta~e define 
thc room towers of thi6 hcte~ af\C, ccm~ 
bined 'Nilh the uplighleC aUcf; ot :rees 
fr&míng !he en trance drive anú ttw lioc .-.1 
glillering sources over the ~ntry, creat~o 
a Oistinchve image lor the tacilily. 
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appe:1rance of each spact' and to th~ set-ing tusks 
to be performcd. The factorR which affect ta.,k 
visibility and performance a.r~ di¡.,cusseci in St:c· 
tion 3 of thc 1981 Reference V aJume. All pule,1· 
tial h.nard.s such as chLtnges in floor itvel should 
be wdllighted for protection cf guests and staff. 
If tht·ught out in adv:mc.•, such highlighting of 
potentiai hau.rds can be made part of any deco· 
rative scheme. 

Hotel and restaurant spac~s of!cn ha ve differ· 
ent visual tasks at difftrer-,t times. Function 
rooms, for example, are used for dining, meetings, 
lectur¿:s, conference3, classroom applications, ex
hibitions and entertainment. To accommodate 
all these different uses with a variety of illümi· 
nance !evels and distribution patterns, severa! 
lightir.g systems may be required with multiple 
switching and dimming. 

Design Considerations lor Specific 
Locations 

Specific visual tasks and design considorations 
for different a:·eas are disrusscd btdow. Iilumi· 
nance recomm•mdations are given in Fig. 2-2 and 
Fig. 2-26. Th' levels selected from Fig. 2-~ 
should be base i en an evaluation of the needs of 
the oc.::upant md on r.1anagement expHit-nce. 
The levels in l'ig. 2-26 represent minimums'for 
safety ulone. • 

Exterior an.i Site. The total exterior lighting 
system should 'dentify the facility and create a 
favorable visua · irnpre3Sion for welcoming pa
trons (see Fig. 7-15). Building facade lighting 
and marquee, walkwny and parking lighting 
shauld !:>e coordinated with signage to produce 
an effective coherent over-all impn:ssion. 
Gronnds of buildings should be Jighted: 
l. To mcrchandise t.1e property (when war· 
ranted). 
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Fig. 7-16. By da y, shcst:<; -:1 sunlionl make this clear-ylazt:d atrium dranlalic. ihe high leve! daylighting is benelic·,al tome 
lar9e trecs. At night. the .. :.tora become moving iUuminaled sculptures epains: a neutral sculptun~l backgrounr.l crcatec: by 
lhe gemle glow lrom 111 . .;~ >:ent caves conceate-d in the handrails ot lhe balconies and bridge~. Upligh!Gd trG-e~ ano ¡..,.,.,. 
mushroom !ights r~intorc: :;.e extericr irna~!:ry cro~ted by caruíul seic.-c:tion a.,a Ctttailing ol materials. Pendant higr. inten~l!y 
discharge downllgnts, reQuirod for lrflO maintenúnCc, aro only turnr::d on !Ate ~1 ~.:'}hl atter the nl!,•lir. nas !eflthe space 

2. To pruvidl: for the s¡•.fety of 2~uests and prop
erly, esp~cir .. liy in parking area;:; O!ld ·a long ped•.::s
trian paths. lt is also essential to make ares.s 
around steps, walkways aud entl·ics feel safi~-
which means the elimination uf threatcning 
shadows as much as it does the prmrision of an 
adequate leve! of light. 
3. To elimina te ureas which wou1d otherwise be 
inviting to vandalism, or pose a problem in terms 
uf :-.ecuriry. 
4. To make accessible to the handicapped alJ 
artas of barrier-free de.s.ign. 

All entryways shoc'. he weU lighted to make 
:hem "landmarks" which may be used safely by 
~uests. Lighting should be used to provide ori· 
entation and to reinforce intended trnftic pát
tL·rns. Marquees, portes-cochCre, drive·ups, reg
i..,.lration areas and unloading areas should be 
li~hted in such a way as to distinguish them 
dt'urly from surrounding areas. 

Li~hting of parking areas should provide for 
\'Í.<ual security and physical safe_ty. See Section 
14. Hoadway Lighting. Luminaire placement 
•huuld t... coordinated with. buildings and plant· 

ini!,S in sur.h E'. way asto rninimize shaduws. Light 
suurces sho;_i\d provide adequate <.:olor rt:ndition 
foi- casy vehicle identification. 

Puhlic S?aces. The lobby typically estab· 
lishes the rnain design themes for the facility, 
~.n.:~ b1us•.'S 3. variet.y of functiüJ1S which can be 
differentiat~d and enhance.d with appropriaH· 
lighting tec:miques: efevator lobby, rtLcption 
desk, loungr. an~as, beq captaiu',-; Jesk, etc. (se~ 
Fig. 7-16). The entrance foyer i~ a transition 
space betwc~n t.he outdoors and interior space, 
so foyer ligf.ting shouid p:-omote a s~r1se of se· 
curity and \'-:elcomt while Hllowing adapunion 
between hib'h and luwtr illuminances. ln the 
lounge area both casual and prolonged readin~ 
tasks must be anticipated, though these can usu· 
nlly be accommodated with relatively low iliu· 
minances. A more residential treatment may be 
appropriate to create an inviting ambiance. 

Many visual tasks are performe/ ilt the regis· 
tration desk. To make this area ' ·: tn !acate 
and tv use (see Fig. 7-17), the riesio:. ,,.ay 
choose a high general lighting le•·el "' •:<>m· 
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Fig. 7-17, Althe rcgi:.lration dt!Zk con
. cealed fluorescenl sources are uscd to 

pro vide task. lighl on the des k.· The back 
wall is lighted indirectly lo e reate a glowing 
band which draws the visitor lo tt·.e desk. 
This is reinforced by the concealed tlu
orescent cove al lhe lower edge ol the 
desk which washes !he carpe!. lcw
brlghtness aownllghts pul an e\len wash 
of Jow-leve! iUumination on the nchly col
orad carpel. · 

modate al! tasks; however, a lower over-alllevel 
with a system of local task lighting should be 
considered. Care should be taken that the light
ing be compatible with surrounding areas. (See 
Section 5 for the lighting of office areas). 

A reas for storage of luggage, etc., should be 
· lighted 80 that labels and other means of identi

fication• can be quickly and easily seen. In en
closed storage areas the color rendering qua.lities 
of the light should be adequate to permit correct 
identification of stored items .. lf not separated 
from the main lobby, storage areas should havo 
somewhat higher illuminance levels than the 
general ambient. 

The lighting for deuator lobby areas should 
be designed to orient people to the elevators and 
should enable them to read directiona.l signage 
and instructions and select the proper signa.! 

.controls for elevator cal!. lntemally illuminated 
signage and controls should be considered. 

Corridor lighting should illuminate room num
bers, room name identification signs, and the 
locks in doors. Lighting should be designed to 
make the passage through hallways, on stairs 
and to elevators a pleasant and safe experience. 
Lighting should make guests feel secure. lt 
should call attention to circulation modes such 
as elevators and vending areas. The tunnel effect 
associated with long corridors should be mini
mized. 

Suitable lighting for shops, newsstands and 
other >pecialized seruires may require quite so
phisticated equipment and controls. Such light· 
ing ·should be considered as part of the over-all 

interior lighting scheme (see Fig. 7-18),. and 
should not be 80 bright as to domínate adjacent 
public areas unless that is the intent ofthe design 
team. lt may be possible to use display lighting 
which remains on 24 hours a da y to light adjacent 
corridors, elimir ating corridor luminaires. 

In public lauatories, visual tasks include 
groom_:_ng, which require; shadowless illumina
tion on both si d. ~s of the face. Color rendition is 
important. Lour·ge areat:- in restrooms require 
only lcw levels of light. 

In most cases lighting in bal/rooms, function 
and meeting rootu and '·onference areos should 
be related to the over-a.ll design themes for the 
hotel. See Fig. 7-19. These rooms are used for 
meetings, exhibits, dancing, dining and other 
functions, which makes it important to provide 
a variety of lighting levels and effects. lf decora· 
tive luminaires such as chandeliers are used, at 
least one or two supplementary lighting systems 
will us·Jally be required. Dimming and multiple 
switching should >e 1 •rovided, organized and 
clearly labeled for e lB Y operation by banquet and 
function personnel. Li ¡hting must be adequate 
for critica.! tasks suc .1a.; reading and note-taking. 
Adjust.lble accent lighting should be provided •t 
speaker's areas, heud-table locations and likely 
locations for displtys. Outlets for local lighting 
should be provided in exhibit areas. lt should be 
remembered that t.ighest lighting levels may be 
required for set-up and cleaning purposes. 

Guest Rooms. The guest room is one of the 
major commodities of a motel or hotel. Since it 
is frequently used for small business conferences, 
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flexibility needs to be a part of the lighting plan. 
General illumination from ceiling or wall· 
mounted luminaires provides a background for 
task lighting, aids in housekeeping and gives a 
feeling of cheer, as well as providing the needed 
flexibility for nonresidential uses. To establish an 
inviüng, home-like atmosphere a variety of !ight· 
ing equipment, sorne decor8tive in appearance, 
is usually needed. Visual tasks which need con· 
sideration in the guest room include: readmg in 
chair or bed, desk work, television viewing, and 
grooming at the mirror in both the bathroom and 
at the dresser. See Section 10. The small entry 
foyer which is typically part of the guest room 
should have its own source of general illumina
tion which reflecta light from the cciling or walls: 
Recessed incandescent luminaires are not usu
ally suitnble because the distribution of light is 
too narrow. Often the foyer lighting can be de· 
signed to illuminate closets,luggage storage and/ 
or grooming areas A.S well (3ce Fig. 7-20). 
Sw1tches with lighted handles are a convenicnce 
for guests in unfamiliar surroundings. Low 
watt.ilge switch-controlled night lights should be 
installed in each guest room, usually in the bath· 
room so that guests do not lea ve other light.s on 
nll night long. M irror lighting generally pro vides 
adequate illumination in bath.rooms. !f. however, 
therc are separate compartments for toilc!., tuh 
or dressing, oach space ahould have a separately 
switched source of general illumination adequate 
for safety wh•n the door or cw·tain is closcd. · 

Entcrtabment and Food Servicl' Spaces. 
Entcrtainme_1t and food scrvice spact.·s within 
the hotel/mctel and restaurant industry tul"' com
plex and energy-intensive a.reas in which lig!ning 
plays a key role in establishing the mood or 
atmosphere. The success of lighting effects de· 
pends on che appropriateness of the illuminance · 
leve!, color of light, luminaire candlepower dis
tribution, t)'!Je of luminaire and ita location;; in 
relation to !he architecturc, and source r,ize. 
Well-shielded downlight.s, for example, can en·· 
ate a pleasing sparkle in reflective objects .:ucb 
as table sett:ngs, as well as an intimate feeiing. 

FIQ. 7-18. In this commurcial corridor, all ··cornelor lighl· 
ing" ls provided with spill llght tr.om diaplays. 

F1g. 7-10. (Lett) Sectiona oltubing' were flocked and hung trom the structure over thi.s Oallroom to create a nchly colored 
dt-corative ceiling in scale with the size ol the room. Oow~lights, accent lights and a1r registers are concealed in and between 
lhe tubes. Thc large contemporary chanelelier is made ol planes of woven wire mesh, highlighted lrom lines of Fl-type lamps 
abo,..e. A.ll circuits are dimmer controlled. (Fiight) Concealed in the decorati..-e ceiling of this function room are severa! 
•ndE:pendenlly controlled lighting systems. EHects include well washing, accer•l Ughting lvt an and apeakers, and neutral 
oownliQhting tor projection and notEHaking. The ceiling is labricated of bronze acrytic cubcs, tne walls ol which mulliply tne 
tcarkle ol incandescenl sources. · 
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On the other hand, indirect lighting or large-area 
diffus€ sources such a~ fluorescent luminaires 
typically e reate a brighter looking space .:md call 
mon~ attention to the whole room. The lighting 
of any feature in the dining art!a will need special 
attention. The~t can raligC' from the hürhlir::hting 
of a picture or sculpturc to a full luminous wall, 
with effects ra.nging from dramatic to o!"Jen and 
friendly. The luminaires themselves may, if used 
deL·oratively, ht!comt! distinctive- features in their 
own ri¡;ht. Many suspended decorative lumi
naires, regardies.c; of shape, size or style, ha ve a 
general diffuse ct;_;tribution tr.at can produce dull, 
uniformly iighted spaces when used as the sole 
source of illumination. Unless low-wattage lamps 
are used, permitting these luminaires to act only 
as luminous ornaments, and supplementary 
iighting is provided, the luminance of__such sus
pended luminaires can be uncomfortably high. 

Fu¡. 7-20. A tluort:sccntluminaue concealed in the header 
of !he ctoset door 1n thia guest room foyer provides lighl lor 
bolh e lose! and foyer (there is no wall above the luminaire). 
In tne room OtlYOI'ld. a ceramic shade covers an ine•pensive 
porcetain socket creating a decorativa pattern ot projected 
light and provioinq indirect ambient room illumination as well 
as ret~óing lighllor the chair below. 
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Flv. 7-21. In thls bar, an indirect cove provides a gentle 
glow trom the fabric ceillng. Clear deccrative sources provide 
sparkle and ligntthe wa1la. A central cl'landelier over the bar, 
consisting of downlighteo plastic balls. makes the theme 
Oesign statemcnt tor the rtoQm. 

In a multi-foodservice facilit y, switchlng, sup· 
plemental !'ysterns and/or the use of dimmers 
may be re(uired to uake th! same space fe~! 
suitable for breakfast, lunch hnd dinner. Varia· 
tion in illu:nination a 1d levei may be n~eded, 
both to chenge the m"od for differtnt times of 
the day, and to permit t highe ·leve! for clean-up 
than would be desiral-!e for dining. Dimming 
control is preferable to ;witct ing since a smooth 
transition between leve\; is d 'sirable. 

The succes.q of disp!sy lighting is best me"
sured by how well it helps to sell merchandise. 
Food displays should be so lighted that attention 
is attracte¿ to them and th" details are clearly 
seen. Color rendition is even more important 
over fresh foods than it is over packaged foods. 
Heat from ~uminaires can be a major considera· 
tion over fresh, cooled or 'ro!en foods. (See Sec
tion 8 for the lighting of n; en handising are as.) A 
good rule i:; that the leve! used in food displays 
should be a: least twice thf t in surrounding are as. 
· The mood established by lighting can vary 
from subdued and relaxin¡¡ to bright and lively, 
depending on the type of facility and the in
tended clientele. Dinint spaces are usually 
grouped into three categ•Jries: intimate, leisure 
and quick service. 

The "intimate" type (se• Fig. 7-21) consists of 
those areas where people •:ongregate as much to 
visit, be eritertained, and :¡how off as to eat and 
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drink. These include cocktail lounges, night 
duh.s, and sorne dining rooms and restaurants. 
Thes• spaces characteristically have a subducd 
atmosphere with low luminances throughout, ac
cented with subtly lighted feature elements. 
Lighting must be well-controlled in terms oflevel 
and distribution. 

The "leisure" 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 
called for. Lighting should generally be unoo:ru
sive except where decorative 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" clas.; includes· lunch
rooms, cafeterias, snack bars, coffee shops and 
franchise menu types, where the diner and man· 
agement are both intenten Íast service and quick 
customer turnover. Higher lighting levels and 
uniform distribution can be used to suggest a 
feeling of economy and efficiency. · 

Kitcben and Food Preparation Areos. 
WeU-designed light'."; helps to create a bright, 
hygienic atmospherc in a kitchen' 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 obviously hazardous operations and lighting 
for safety must be a strong consideration. See 
Section 2. Good quality lighting can· reduce ac· 
cidents, revcal spills which make floors slippery, 
and emphasize hazardous arcas. In kitchen and 
assodated suppon areas there is a need to elim· 
inate shadows and te provide illumination on 
both vertical and horizontal surfaces. While 
kitr.hcns contain difflcult and demanding tasks 
which may require relatively high light levels, it 
i.<> import.ant that luminaires be arranged and 
ohielded so as not to create glare or "blasts of 
light" into adjacent intimate dining areas when 
kitchen doors are opeced. Color rendering is 
important in food preparation and in.spection 
art:>as. 

Visibility is reduced by great variations in lu· 
rr.inanc~ in the task surround, and dirf:ct and 
reflocted glare can be significant obstacles to 
•mplovee comforr, productivity and safety. 
Thorefore, exposed lamps in direct luminaires 
>hould not be used. Although glare can be con· 
trollod in direct luminaires by effective shielding 
<>f th• lamp, indirect or semi-indirect lighting is 
prt-ft-rable because it turns the endre ceiling into 
• lar~•. low-brightness area source (see Fig. 7-

Fig. 7-22. lnd:recl fluorescent valancea are arranged 
around !he ven!lng hoods lo define tf'le work lslands in this 
commercial kitchen. Higtl retlectance aurtaces are uaed 
throughoul. Scuree1 11e ahielded from adjacent din1ng 
spac:ea. 

22). Light cclored walls will funher diffuse the 
generallightcng, reducing shadows. Because ver· 
tical surfaces of equipment and furnishings typ· 
ically occupy a significant portian of the visual 
field, expecially in kitchens, light finishes are 
recemrnended for these surfaces. Horizontal sur· 
faces such as table tops in restaurants and equip· 
ment tops in .<itchens are very importan! because 
they serve as backgrounds for critica! tssks. 
Whenever poasible, matte finishes are preferable 
beca use they minimize reflected glare. Reflected 
¡¡!are can be exceedingly objectionable, and can 
produce discomfort and fatigue. Stainless steel 
ldtchen equipment is a common offender in this 
respect. Matte or brushed fmishes combined with 
careful placement of luminaires and good glare 
control can r.Unimize these problerns. The 'same 
principies ap)Jly elsewhere. Lighting near specu
lar surfaces such as mirrored ceilings or glazed 
walls must be very carefuUy worked out if one is 
to avoid unir.tended retlections of sources. 

Alllumina'res in kitchens should be so located 
and designe¿ so that those entering or leaving 
the kitchen area will not see bare lamps or high 
brightness. This is particularly imponant 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 visibili:y during adaptation. Allluminaires 
should be de;igned for ease of cleaning and re· 
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lamping, and should havo high reflectance per
manent surfaces. In areas such ns bakeries and 
dishwashing areas which have inherent dust or 
moisture conditions, tho use of enclosed dust
proof or vapor-tight luminaires is recommended. 
Where open type fluorescent luminaires are lo· 
cated directly over fc.orl storage, preparation, 
service or display areas, plastic sleeve protectors 
should be used to prevent glass ond phosphor 
from falling into the food in case of breakage. 

in receiving and storage areas lights should 
bi: inst.alled in the aisles rather than near the 
walls, so that stacked shelves do not block thc 
illumination. 

Support Areas. Support arcas include such 
spaces as key shops, plan roor.1.:,, paint shops, r~tc. 
The visual tasks in such areas are often demnnd
ing and sometimes dangerous. Where flamrnable 
materials are stored or used, explosion-proof lu
minaires should be used. Task lighting using 
1ocaliud luminaÜ'es should be considered as an 
alternativo to general higher ltvellighting. 

ReCuse Are as. The maintenance of safe and 
sanitary conditions in refuse areB.s is extremely 
important. Illumination should permit all haz
ardous or unsanitary conditions such as slippery 
spots, dirty waste, and evidence of insects, ro· 
dents, or mold to be seen. Corners and other out
of-the-way places should be welllighted. 

Merchandising Arcas, Offices, Laundry 
and V alet Are as, Indoor an<l Outdoor Rec
reation Areas. For lighting recommendations 
for these spaces see Sections 8, 5, 9 and 13 
respective! y. 

&.iection o( Architectural Finishes. The 
factors which influence how wcll people perceive 
a task or space are discussed in detail in Section 
2. They include luminance and its distribution, 
contrast, size, color, form, texture, familiarity, 
and length of time for viewing. Sorne specific 
recommendations can be made here with regard 
to hotel, motel an~ t'ood service facilities. 

Because areas in these facilities typically in
elude adjacent areas with very different lighting 
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 registering at 
the front desk usually adapts to a relatively high 
luminance. Turning back inw the lobby, the 
person may be momentarily unable to distin
guish the location of steps or to recognize faces 
if the difference in luminance is too grcat. As the 
potential hazard or task difficulty inrreases it 
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becomts r.1ore and more importanl to keep lu· 
mi nance r1tios within recommended limits. 

Room surfaces exert an important influenc~ 
on luminance ratios between luminaire.~ anc1 
their surroundings, and between tasks and thcir 
backgrounds. On large surfaces the use of matte 
finishes with recommended reflectance, helps to 
prevent e::cessive luminance ratios and undesir· 
able specular reflections. Light-colored matte 
surfaces s0rve as effective secondary light sOurces 
which can materially reduce shadows. Soft 
shadows ·generally accentuate the form and 
depth of objects, supporting rather lhan hinder
ing the process of perception. 

Selectoon of Llght Sources. Both daylight 
and electric lighting systems are used in hotels, 
motels and restaurants. Each generic source has 
its own characteristics. The systems should be 
designed to complement each other. 

Most hotel and food service spaces should ha ve 
windows. The opportunity to look through win
dows can be psychologically satisfying and per
mits relaxation when the eyes can shift focus 
occasionally from nearby to 'distant objects. 
However, windows can bring large areas of high 
luminance into the field of view, causing discom
fort, thus good cont,ol of glare is important. The 
designer should not locate very brightly lighted 
areas ne;.ct to dimly Ughted interior spaces with· 
out allowing adequate transition spaces between. 
Proper daylight cont:·ol (see Section 7 of the 1981 
Reference Volume) is preferable to increasing 
the level of electric li ¡hting. ' 

Enhancement of p• tblic spaces and provision 
of proper task lighting are the two principal 
considerations in the .lesign of lighting systems. 
There are three basic electric light sources in use 
today: incandescent, fluorescent and high inten
sity discharge (HID). Source selection depends 
on the particular rcquiiements of each space, the 
economics, and the personal preference of the 
system designer and the facility operator. Gen
erally, for public spaces the use of incandescent 
filament or one of the impn•ved·color white flu
orescent larnps is recen. mended. 

In these facilities, th" chief advantages of in
candesc.mt lighting ar1! low initial CO:óit, good 
color·re:,dering properti !S, a."ld the excellent op· 
tical control inherent in such a small source. 
Because they are so eosily controlled by dim· 
mers, it is recommendt:d that all incandescent. 
luminai=es in public areas be dimmer-controlled. 
Drawbacks of incandescent lamps are their re!· 
atively short life and low efficacy. 

In support areas, wh•·re optical control and 
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good color re:1dition may be less critica!, tht! 
clesigner should consider the more efficient ami 
lon~·lived fluorescent and HlD sources. When 
using mercury, metal halide, high or low pressure 
sodium, or fluoresct!nt sources, the designer 
should avoid three common pitfalls: ballast hum, 
low ambient temp~rature effects and inadequacy 
of color r•ndition. Ballast.< can generally Le 
rnounted remotely from critica! arcas if Lalle.st 
noise will be objectionablc. When using fluores· 
cent sources outdoors and in unheated spaces 
such as garages, only lamps and ballasts rated 
for low ambient temperature should be used. The 
designer should personally verify the appropri· 
atenE:ss of color temperature and color rendition 
of each source selected. 

Color of Suñaces and Light. In any hotel 
or restaurant space, the color of the environment 
will affect both patrons and workers-positively 
or negatively, consdously or unconsciously, ac. 
cording to the harmony of the scheme and thc 
expcct.ations of the viewers. While no hard and 
iast rules exist, it is generally accepted that 
strong colors are relatively stimulating while less 
intense colors are more restful and tend to ex
;>and the perceived size of a space. Whatever the 
colors selected, it is imperative that they be 
evaluated under the light source or mix ofsources 
which will be used in the fini.•hed space, Rince 
light sources vary significantly in their color-ren
dering qualities. See Section 5 of the 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 crea te interesting ef-
fects when surfaces are illuminated for decora· 
tive purposes. but should not be used to light 
food or people beca use of the inherent and Un· 
desirable color distortion which will result. 

Emergency Lighting. In public . facilities 
sur.h as hotels, motels and food service establish
menL'i the designer must provide lighting for 
public safety during emergency conditions, with
uut either disorienting or panicking the users. 
Emergency systerns for ~ublic facilities should 
he designed to provide s.;ort·duration lighting 
fur evacuation and safety of guests and staff. See 
S•ction 2. Longer duration emergency lighting 
ma.\' be required ar. hazardous locations, for se
curity purposes, and to assure continuity of crit· 
ical operations. A common mistake to uvoid is 
th• installation of permanently-on emergency 
luminaires in restaurants. Since these luminaires ~ 
cannm be switched off or dimmed at night they 
ar~ sure to disrupt an intimate dining atmo
•pherc. While it may be possible in a small facil· 
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ity to meet emecgency lighting needs with ind¡· 
pendent battcry-powered units, a central emer· 
gency generator or battery inst.allation may be 
required in a major hotel or motel. Options, of 
wnich the desigr.er should be awarc, include dou
blt:-circuiting 'of luminaires and the use of trans
fer relays to pr Jvidc power to emergency-only 
sources during power failures. 

Snfety. Safe working and living conditions in 
hotels, motels 37\d food service facilities are de· 
pendcnt on good lighting. See Section 2. 

LIBRARlE 58 

Libraries ha ve a variety of seeing tasks. Among 
them are: (1) reading rnatter, (2) browsing or 
searching through book stacks or storage areas, 
(3) studying ata carrel or other work surface, (4) 
viewing microform or compute-o retrieval sys
tems, (5) meeting or conferring, i6) general office 
and clerical work and (7) repair and inspection 
work. These t.asks along with general illumina· 
tion for circula:.ion spaces or audio booths, spe
cial lighting for audio·visual areas and accent 
lights for exhib;ts and displays provide a variety 
of lighting problerns. 

Seeing Taska In Librarles 

Readin¡; is by far the visual task performed 
most often in a library. Reading tasks vary from 
children's books printed in 10 to 14 point type on 
matte paper, to newspapers printed in 7 point 
type on low contrast off.white pulp paper, to law 
books with long para¡¡yaphs in condensed type, 
t.o rare books with unusual type faces printed on 
old paper. There are also handwriting t.asks in· 
volving pencils and pens. Det.ails about the gen· 
eral principies which must be considered to pro· 
vide the quantity and quality of illumination 
needed for these UISks may be found in Sections 
2 and 5. In addition, illuminance recommenda· 
tions are founc in Fig. 2-2, page 2-i. 

A U!Sk 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 t.ables, on 
racks, in bins, cte., which are very accessible and 
ha ve limited quantities of items to view. How· 
ever, the vast majority of books, magazines and 

·reference materials are stored 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 
task involves reading a title or author's name 
assisted by perhaps a numbering system applied 
to the material. The books or other material are 
often well used or old causing the title or other 
means of identification to be of very poor con
tra.st. 

When a library is associated with an educa
tional institution, areas used for studying involve 
both reading and writing ta.sks. Such ar~as may 
have several work stations or individual work 
stations such ns a study carrel. Task lighting is 
often provided at these locations, and veiling 
retlections should be minirnized at these study 
locations. 

Llghting Syatema 

A variety of lighting systems are used in li
braries. Many libraries make use of daylight 
through windows or. skylights. In aU cases the 
luminance comfort recommendations should be 
the same as for oftices and educational facilities. 
See Sections 5 and 6. 

In areas where architectural features are dom
inant, design concepts may require sacrifice of 
efficiency for esthetics when translating the ar
chitect's concepts into practica! lighting designs. 
In are as that do not have dominant architectural 

Fig. 7-23. Two líghring techniaues are combined in this 
high-cei!ing college library. Generallighling is provided by a 
high intensity discharge lamp downlighling sys:em. The 
chandeliers. wilh low-wattage lamps, are used as decoratíve 
el~ments in keeping wilh the original architecrs design con· 
cept. 
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features, the lighting systems should be seiected 
to provide comfortable seeing conditions with 
more emphasis placed on economics and lumi· 
naire design features. See Figs. 7-23 and 7-24. 

For library lighting applications, there are 
three basic types of l.ight sources in use toda y: 
incandescent, fluorescent and high intensity dis· 
charge. (See Section 8 of the 1981 Reference 
Volume for light source data.) No one lighting 
system can be recommended exclusively. Each 
system has qualities that match the require. 
ments for a given situation. The first considera
tion in choosing a lighting system should be to 
allow the library user to aee efficiently and with· 
out distraction. The second should be the ap
pearance of the inatallation within the architec
tural and decorativo design concepts of the li
brary. The third. consideration is.for the energy 
efficiency of the system. 

In general it is desirable to provide sufficient 
illumination for the most common seeirig task 
perforrned in an a;·ea. However, if a more difticult 
seeing task is beir.g perforrned in a small portionr::iii. 
of that area, additional illumination should be~ 
provided by prodding additional overhead JuY. ·· 
minaires or by tupplementary lighting equip- · 
ment located in celation to the specific seeing 
task. Higher illutninances should also be pro
vidcd in areas that will be used by persons with 
impaired vision. \lhen relighting existing tradi·l\1:"' 
tional-type library reading rooms, the use of sup· ~"~t 
plementary lighti"g equipment consistent with;: ~.¡ 
the deco~·ative tre.ttment .Jf the room IS sorne- l.-..!4. 
times required. lt is especially important to avoid 
direct ar.d reflected glare and to avoid veiling 
retlectior.s when ut,ing st•pplementary lighting 
equipment. 

Speclfic Areas 

Read.ing Areas. Resding _areas in libraries, 
including main readi 1g rooms and reference 
rooms, o-::cur through >t:t alrnost the entire li
brary. Rcading is usu illy performed on either 
side of long tabies, in lounge chairs, in study 
carrels or at the circula ion desk. Care should be 

· taken to locate the lur.-tinaires to avoid veiling 
reflections on the seein¡; tasks and to use lumi
naires that reduce the ;'uminance in the direct 
glare rones. 

Individual Study Areas (Carrels). Individ
ual study areas or carrels may be found in almost 
any public area of the library building, such as 
main reading rooms, endosed individual rooms 
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Fig. 7-24. Low ceiJing library, where open eccess .stacks 
are lighled with rows ot fluorescent Juminaires al righl en¡;¡ les 
lo the sracks. 

and stack areas. One of the most serious lighting 
problems for carrels are the shadows produced 
by dividing walls. To avoid shadows it is desira
ble to provide lighting from as many directions 
as practicable. Special care should be taken to 
avoid veiling reflections especially from localized 
luminaires. 

Shelving and Stack Areas. This area applies 
to shelving •nd storage units for ...U types of 
materials in addition to books. The visual tasks 
in book stacks are very difficult; for example, it 
is necessary to identify the book by nurr.hf'r and 
author on the lowest shelf. As ;¡ rl.!sult of studit!S 
made of typical books at actual viewing angies, 
it is recommfmded thar, when practícal, non· 
glossy plastic book jackets should he uscd rather 
than glossy; large and legible non-glossy lettering 
should be used for ""thors' names, book titles 
and index number. :..:- .. rk book, shelf and floor 
~urfaces reflect very little light~ therefore, the use 
of light colored surfaces should be encouraged. 

Open Access Stacks. Open access stacks are 
up•n 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 !acate luminaires at right 
angles to the stacks (see Fig. 7-24). Obtaining 
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maximu:-n illumination on the lower shelves 1s 
the grea·.:.est concern. 

Limit.!d Access or Clo•ed Stacks. 1 , 
stacks are used prirnarily by librarv persunn•l. 
The aislt:-s are usually na.rrower which in creases 
the proClern of obtaining illumination on tht: 
lower shelves. Compact shelvcs ma.v also be us~d 
for timited acccss or closed stacks. Luminaires 
controllcd by delayed time switches may be con· 
sidered for these stack areas. 

Card :Catalogs. Individual files of card in· 
dexes are usually located in the main reading 
rooms. Location of overhead generallighting lu· 
nünaires at right angles to the file cnrds rather 
than parcllcl to them will provide slightly better 
illurnination on the vertical surfaces of the cards. 

CircuL1tion Desks. Circulation desks are 
usually located near the entrence to the main 
rending room. Often the general overhead light
ing syster.J will provide sufficient illumination for 
the desk; however, if not, sufficient supplemen· 
tary illumination should be pro,;ded, which may 
be from an architectural "element that will iden· 
tify the circulation desk. 

Conference and Seminar Rooms. Confer· 
ences are frequently scheduled in libraries, and 
groups hold scminars on occasion. In addition to 
general overhead lighting, proviaion should be 
made to illuminate the speakers and their ma· 
terials at the lectern and at the seminar table. 
Several illuminance levels should be provided for 
the multiple type use of this space. 

Display and Exhibltlon Areu. Many li
brarles have display and exhibition areas. Thes• 
may be in glass covered horizontal cases or may 
be mounted on vertical walls or dividers. See 
Museurns and Art Galleries, page 7-33 for Jight· 
ing such displays. 

Audio Visual Rooms. There is an increasing 
use of listening areas for lectures, music and 
other recorded material. These areas are either 
small rooms with individual reproducing equip
ment, or large rooms where head receivers may 
be plugged into circuits or carrels. Small rooms 
have 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 also needed for the audio carrel 
system. 

Lighting for CRT and Mircrofvrm View· 
ing Areas. Computers and microform materiais 
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permit much largor holdings of newspaper files, 
raro books, special collections and technicsl pub· 
licationa. Microform materiala include rolls and 
cartridges of microfilms un strips, Aperture curds 
containing single frames of microf!lm and micro· 
fiche cards or sheets cont.aining a series oi h1ghly 
reduced micro·images. One of the most difficult 
seeing tasks is re9ding a screocn filled with a 
printed page locatod under a general lighting 
system needed for other tasks in the. area. (Re. 
tlections, diffuse and specular, tend to wash out 
the already poor image on the screen.) When 
notes must be t.aken o ver long pcriods of time, it 
is desirable to provid& illuminatinn on the note 
pad, but controlled to reduce reflections on the 
screen. 

Higher illuminances are r,eeded for files of 
microforms than are necdtd for viP.wing. Where 
viewers must be placed in reading areas or work 
areas with higher leve! general illumination and 
no controlled lightinc or dimming is availablc, 
machines should be selectcd that are hooded nn<l 
ha ve screens which are trcnted to reduce rcflec
tions. A small luminaire shouid ·bt provided be· 
tween viewers td illuminatc ·a fU.ed or sliding 
shelf in front of each machine for note taking. 
Such a tuminaire should be moveable so that it 
may be individually located to accommodate 
right or leh-handed operators. 

Offíces. Office areas in libraries shoutd he 
illurninatc¿ in accordiince with the recommen
dation for Office Lightin~ in Section 5. 

Rare Book Rooms. Higher.iiluminances are 
recommend~d for rare book rooms becAL!Re of 
the poor quality of printing often found in many 
raro books; however, lighting tcchniques such as 
those used in Museums and Art Galleries should 
he used for books displayed in gla.'S cases. Thes<> 
would include means of reducing the amount of 
deleterious radiation. 

Archives. Archives are for the storAgc and 
examination of public doct:ments of all kinds. 
This wouid incluci;.' ; ,:;al documents, minutes of 
meeting, legislative a.:dons and other historicaj 
papers. Pencil writing, small letters and con
densed type are used in many of these docu· 
ments. 

Map Rooms. Map rooms have both. storage 
and reading areas. Storage of maps involves the 
use of deep cabinets which, in tum, requires 
aisles sufficiently wide enough to open drawers 
for acces.• to the maps. Maps mounted on verticál 
surfaces requite vertical surface lighting. 

Fbe Arts, Picture and Print Room•. Scc 
Museums and Art Galleries for thc propvr light· 
1ng of displays, paintings and urt objcc\.1\. 

Grcup Study Rooms. Sometimes a group of 
4 to 6 student.s is assigned to a project to be 
sol ved by consulting among th~msel ves, and jgo
lated rooms may be provided for this purpose. 
Technlques used for classroom lighting are rec
omme:lded for these rooms. See Section 6, Edu· 
cationd Facilities Lighting. 

Ove:'llight Study Halls. Sometim<cs students 
prefer .:o work all night when preparing íor ex
aminat:ions, and libraries may provide e port ion 
of the building that can be isolated for this pur
pose. Lighting for these areas is similar to that 
required for Reading Areas or Individual Study 
Are as. 

En trance Vcstibulcs and Lobbics. Lighting 
in entrance vcstibules and lobbies sh0uld creat~ 
an atmosphere suitable for the particular type oí 
library. The lighting may emphasize the archi
tectural features and provide a smooth transition 
to the functional areas. 

MU3EUMS ANO ART GALLERIES 

A museum is de:ined by a leading organizR.tÍon 
íthe American As.sociation of Museums) &s "an 
organizeci and pern anent non-prof1t inMirution, 
essentially educaticnal or esthetic in purpose, 
with professional st lff, which owns 'and utilizes 
tangible objects, cares for them, and exhibits 
them to the public ·In a regular schedule." For 
illuminances recom:nendations, see Fig. 2-2. 
page 2-8. 

A museum's highest responsibility is to the 
study and care of its collection and to the callee· 
tion's cffective public display. Thus, tighting has 
been considered to be the third, or perhaps the 
second, most importaut resronsibility of the cu
rator or designer, for lackirg effective lighting, 
the most L-¡teresting e ¡Jl•cti Jn and tasteful dis
plays are ineffective. Ligh··ing, however, can 
cause or acceleratc del radat.on of certain kinds 
of museuT.'l and art .~allery objects and this 
should be kept in mind 

Oamage lo Museum and Gallery Objacts 

The prir.ciple risks associated with museum 
and art gaUey objects are duc to: 
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L Vandalism. 
2. Excessive heat and humidity, especia!Jy rapid 
~an~ • . 
. 1. Chemical attack, such as from acidic matte 
boards. 
4. Airborne pollutant.'l, including vapors and dirt. 
5. lmproper handling or marking. 
6. Radiant energy: infrared, light and ultraviolet. 
7. Biological attack: inaects, fungi, etc. 

Each of theae sources of damage must be dealt 
with by the curator and designer, often with the 
as.sistance of a consulting specialist; however, 
only the problema caused by radiant en.rgy are 
covered here, along with guidance on minimizing 
the damages it can cause. AIJ damage cannot be 
eliminated, but it can be restricted to an accept
able degree. For example, a suit of a famous 18th 
century American was displayed for 8 years uu
der good controlled conditions with a maxirnum 
illuminance of 60 lux (6 footcandles) and no 
ultraviolet radiation-the dye was of poor quality 
and suffered noticeable fading. 

Materials Subject to Ught Damage. Essen· 
tially all materials of organic origin will chango 
due to the absorption of light or its related en· 
ergy. Among pigments, vegetable dyes should be 
treated with great care. Writing inks are also 
subject to extreme fading. The lower the reflec
tance of a colorant, the greater the energy ah· 
sorbed and the greater the risk of deterioration. 
The material on which the pigment is placed and 
the thickness with which it is applied also affect 
its susceptibility. Printa and watercolor painting 
are more vulnerable than oil paintings. 

The most fragile of the common fabric mate· 
rials is silk. AIJ other natural fibers ha ve greater 
resistance, while the synthetic fibers, except ny· 
Ion, are most resistant to destruction. Color, how· 
ever, affect.s the degree of risk. 

Other materials which can suffer degradation 
are paper, leather, fur, feathers, plastics and 
wood. 

Minimizing Damage. To minimize damage: 
L The source of ligh~ •hould contribute as little 
heat as possible to the displayed object. 
2. Humidity in the building and in display cases 
should be stabilized, whether lights are on or off. 
J. All ultraviolet radiation should be removed by 
filters, such as UJ-3 acrylic sheet. 
4. Total exposure, in terms of lux (footcandles) 
x hours, should be held to the absolute minimum 
a' light damage is the product of illuminance and 
ume (aee Fig. 7-25). For. highly susceptible ma
terials, light should be fu!Jy excluded except dur: 
tng actual viewing. 
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5. For continuous exposure, the. most precious 
and delica~ objects should have no more than 
50 lux (5 ic.otcandles). Surrounding areas of the 
museum wiJl have to contribute to the viewer's 
accom.mod~tion to this low illuminance. 
6. Daylight is potentially far more damaging than 
most elcct.!"!c light sources. Direct sunlight or sky 
light should not be a!Jowed to reach susceptible 
materials. Daylight may be used if redirected by 
louvers, blinds or similar treatment onto upper 
waiJ or ceiEng surfaces to indirectly illuminate a 
gaUery. A paint containing ¡in e oxide or titanium 
dioxide wili absorb ultraviolet radiation. 
7. Period houses should have a ultraviolet ab
sorbing plastic or film placed over the glass in aU 
windows. Light can then be controlled with shut· 
ters, blinds or drapea, as may be appropriate. 
Louvered window screening is another possible 
control medium for daylight. · 
8. Display time for susceptible specimens can be 
shortened by rotating objecta seasonally, putting 
copies on display part of the time, covering cases 
with opaque lids which the viewer can lift at will, 
or providing local switching for viewer operated 
lights (with or without timers, as appropriate). 
See page !9-3! for addition information on fad· 
ing and bleaching. 

Principies of Muaeum and 
Gallery Llghtlng 

Hish contrsst of light and co •.. : produce ten· 
sion and drama; over·all soft Ughting and pastel 
colora create a mood of relaxation. ~ither treat· 
ment carried to extremes can produce fatigue or 

Flg. 7-25. Recommend&d Total Exposure Limits in 
Terms of llluminance-Hours Per Year to Umit 
Oamage ~o Light·Susceptible Museum and Art 

Gallery Objects · 
Footcandl ... 

LU .. ·Hours Hoors Per 
Per l!.nnum · Annum 

.. iiQI'lly &uscep:ibte dJ.,:.tayed mal... 120.000• 12.000' 
nats-lllk, an on paper, an!Jque doc· 
umenta. tace. IUQJINe dyes 

Moderately &u&caQI•ble Oiaptayed mat... 180.000"' 18.000'' 
nals-cotton. wool, olher tu!ll81 
where tt'le oye •s SI&Die, cenem wood 
finisho&. teathtH' 

• A¡:,pro .. imately $0 tu .. {5 lootcandlea) .. 8 houta per <Jay .. 300 
days per year. 

• • APPioxilt.ately 75 tu .. {7.5 foolcandles) x 8 hours per day x 
300 days per yur 
NoTE: These iUuminances. if caretully acplied. will not resull in worse 
than jusi perce:llible ladtng In ·the state<J mater1ala in ten yeara 
exoosure. All ""811'8htngth$ I/JoiT(II tNII 400 1'141110meters $110uld be 

rig.aly e•clvdftd. 
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boredom. Museum curators and designers will 
usually be aware of these effects and will use 
their galleries appropriately. A museum may 
ha ve a sculpture.court or a hall devoted to light 
stable artifacts which could be daylighted or 
lighted with large general lighting luminaires 
providing exceUent visibility. Drama may cven 
be added with :opropriate strong directiona1 
lights, but not a, "'ays without a problem. One 
problem could be the need for an extreme c:hange 
in illumination required in an adjacent space 
where light must be restricted beca use of perish. 
able artifacts. 

Superior gallery planning or visitar routing is 
the ordinary solution to this problem, but fre
quently these cannot be done. In this case, the 
brightly lighted space may need to be dimmed. 
The ratios of adjacent spaces in termo of lumi
nance should not exceed 10 to 1 and preferably 
be lesa. This ratio of luminances is not merely 
the ratio of the two illuminance readings taken 
with an illuminance meter, but the apparent 
visual impact ·an normal viewers as they make 
the transition froin one space 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, if a daylighted court were devoted to 
showing frontier artifacts such a.s plows, wagons 
and Iocomotives, and adjacent space were de
voted to native American objocts such .S fur, 
robes and feathers, an introductory display of 
replica costume pieces on a manikin could be 
very strongly illuminated ~o attract visit.ors to 
the dimly lighted room and to assist in the visual 
transition. 

ThP M~tro¡KJlitart .\(u,.~um o{ A.rt, 
Murr-ilt K. J~t;Jjup Fund. 1929. 

··- tt+e 

I[S LIGHTING I<AI<OtKXlll 
lil8l APP\.ICAT10N YOlU!)( 

Muaeurn display lighting tends to be princi
pa[y oriented at object.s or artwork. Th•s would 
lead one to txpect high drama in all exhibil<, but 
thih is rarely true. Background Rurfat·es pick Uf' 
spil! and reflected light and modify the appoar
ance and impact of the space. True focuss0d 
ligr.ting only occurs when ali surfaces are rela
tivtly dark. Such exhibits must be uscd spa.;ingly 
since they tend to fatigue the visitar. As in al! 
things, variety increases interest. 

In sorne instances the light and the lighting 
equipment are part of the exhibit statement. 
These occasions are exceptions. Norma.lly, the 
pur;:lOse of the lighting is to provide exhibit visi
bility and enhancement in the most unobtrusive 
manner posaible. 

Llg"'t Sources 

lV:odern electric light sources for museum and 
art gallery lighting fall into three broad cate
gories: incandescent, fluorescent, and high inten
sity discharge. The latter group is very efficient 
in generatlng light at low cost, but their spectra 
will usually make them unsuitable for most in
terior display lighting. Experienced ligl-iting de
signers will L se these sources in limited areas
for exterior f,oodlighting and protective lighting· 
these lamps < an be effective and economical. 

FluoresceJ 1t Lighting .. Flut1t~scent sources 
offer the foil<·wing lighting advantages. to mu
seurns: 
!. Eigh eflica :y, resulting in lower en"ergy use 
and costs and ower heat output. 

TltP M~tropolilan Mu,qunt of 
A.rl. Rut~~Tif Fund, 1912. 

Tlt~ MttropuJitan M1.1.~Pum 
o{ A.rt. RoRPr.~ Fund. /917. 

Flg. 7-26. Lighting of sculptUie. a. Concentrating sources. alooe. lrom frontleH. b. TotaJ overhead diffuse lighting conforms 
to e•pression ol teatures. c. Low dittuse lighling and strong concentrated accent adds to stern expression. d. Lighl 
concentralion from upper right. Strong ovorhead dittuse ligh!ing aicls ir: viewing lhe delaila of lhis complex sculpture. 
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2. Ezcellent range of colors (including over 20 
different white lamps). 
3. Excellent color appearance, when the correct 
lamps are chosen. 
4. Long lamp life, reducing maintenance effort 
and cost. 
5. Good size variety. 

Fluorescent lamps are inherently large, soft 
light sources and are incapable of generating true 
beams of light. Creation of highlights and 
shadows for revealing three dimensional form 
and texture is not practical with fluorescent 
lamps. They are ideally suited to case lighting, 
dioramas, transparencies, luminous elements, 
creating false windows and virtually aU practica! 
working area.s of a museum. They should also be 
used for atairway and other ni¡:htlights because 
of their economies. \\'hcrever general illumina· 
tion is required, fluorescent will usually be found 
to be effectíve. 

Incandescent Lampa. lncandescent sources 
can be subdivided into four bread categories for 
museum and gallery use: 
l. General service lamps in the familiar "A" and 
"PS" bulbs. They require directing of the light 
by rellectors and/or lenses. They are principally 
used for illumination of are as rather than specific 
objects. Most museums can fulfill aU their needs 
with four of ti ve sizes of these lamps. 
2. Reflectorized lamps of the R, ER and PAR 
types, flood and spot distributions in a large 
range of sizes. See Section 8 of the 1981 Refer· 
ence Volume. There are sorne varieties of low· 
voltage lamps available, but most are intended 
to operate directly at line voltage. Blown soft 
glass R and ER lamps are relatively inexpensive 
with reasonable· life ratings, and are generally 
highly useful. The "field" of the light beam is 
usually quite smooth and the beam edge is not 
pronounced. 

Molded hard glass PAR lamps, in flood and 
spot, ha ve a beam narrower than the correspond· 
ing R lamp beam. The field of the beam may 
often contain irregularities and the beam edge is 
considerably more noticeable than with R lamps. 
Life rating is generally the same as R lamps and 
<'Ost is slightly higher. For longer beani throws 
and higher drama, the PAR spot is superior to 
t he R spot. One particular caution; these lamps 
are relatively heavy and should not be mounted 
&l>ove glass cases or fragile objects. 
3. Low voltage lamps are available in general 
""rvice and reflectorized types. SmaU low-voltage 
l.amps are useful in simulating canclle or oillamp 
h~ht in period rooms. The most useful low volt· 
••• lamps are the 25- and SO-watt spot and flood 
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types. These produce excellent shaped beam.< 
with very little spiU light. The beams can be 
projected considerable distances and tht lamps 
are physically compact, allowing easy conceal· 
ment. They ha ve two disadvantages: their main· 
tenance and that they require transformers. 
They are, :·lOwever, energy efficient. 
4. Tungsten·halogen lamps. They are: more effi· 
cient, whit.:r in color, more compact, longer Ji ved 
than standard lamps of the same type. They are 
also hotter, more costly, produce doub/e the ul
traviolet radiation and are difficult to filter. 
These qualities suggest their use in intense light 
on metal or stone objects, but preclude their use 
in many ot:1er museum areas. <'. 

Speclfic Museum Llghtlng Problems 

Museum exhibit design work can be divided 
into the categories shown below and further di· 
vided into "permanent" and "temporary." Many 
)nUseums hove spaces intended for changing ex· 
hibits and these require great flexibility. After 
discussing the most basic design problems, tech· 
niques of fl¿xible ligh ting will be described for 
solving these problema in short-term exhibits. 

Large Three-Dimensional Objects. 
Whether sculpture or machinery, or costume 
manikins or cannon, an important a.apect of su eh 
object.ll ia their mass. Lighting must reveal their 
plasticity and as much surface detail as is appro· 
priste to the object. Total uniformity of lighting 
is rarely caLed for. There .•hould be sorne dis· 
tinction of strong and weak !llumination. su eh as 
a spot light from one side and a flood light from 
the other. A degree of shadow is desirable (see 
Fig. 7-26). T:1e shadow should not be so dark· as 
to conceal si:Jnificant details, or to produce dis· 
tonions in appearance, but the shadow is a sig· 
nilicant viaucl el u e to the solidity of the object. 

lf not objectionable from the standpoint of 
honesty, subtle color differences may be used in 
the lighting from different directions. For exam· 
pie, a portrai~ bust might be placed near a win
dow with a spot Jight 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 alrnost equal illuminance from aU direc· 
tions. 

When large objects are placed in open .• pace, 
light will usually need to be directed sharply 
downward to avoid glare to the obserwr on the 
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opposite side of the object. lf sorne dcgree of 
upward lighting is required to avoid overly harsh 
shadows, this can frequently be achieved by pro· 
viding a high rellectance base, such a• white 
linoleum, to bounce the light upward. Small mir· 
rors, strategically placed also may serve, if they 
are not distractions themselves. Direct lighting 
from the bottom is possible, but care must be 
obsetved that nearer suriaces are not over· 
lighted, producing the unpleasant effect of 
shadows running upward. 

Where the object is placed in a niche and the 
viewing will be only from one direction, the light· 
ing can be as theatrical as desired. Lighting that 
atrikes the objects directly from the front, at the 
aame angle that the object is viewed, will tend to 
llatten surface features. This could be desirable 
for revealing the colors of a tapestry, while con· 
cealing the wcave, but it would be undesirable 
for most sculpture. 

F!at Display& on Vertical Surfaces. Paint· 
ings, prints and documenta lit into this very 
important category. There are essentia!ly three 
approaches to thio display problem: light the 
entire space uniformly, light the verticalsurfaces, 
or light only the objects. The first approach 
assumes that the object will be prominent in its 
environment without lighting aaaistance. This 
may wcll be the case where the objects are in 
high contrast to the wa!l surface. M any of our 
cla.ssical museums were-designed in this manner, 
but the trend is to provide sorne additional fo· 
cuaed light to enhance paintings or text mate· 
rials. The National Ga!lery in Washington em· 
ploys skylights, but has recently insta!led a sys· 

Fig. 7-27. Aakin~ :-. weave of 
Renais&ance tapestry by nigh angle 
directional lighl (lefl). Same tapes
try wilh concentrated lighJ al 60 
degrees inciden! angle (righl). 
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tem of spotlight.< to add warm color to the orl
works and to provide more focus on them. 

A gallery space may be the ideal settin¡; for rllt• 
objects exhibited and supplemental Jight'o~: 
might seem artificial. This is true of period room:. 
and .houses, so that specitic objects are rarely 
highlighted in these sp•ces. 

Lighting only the vertical surface is often a 
very attractive method of displaying flat obJeCt.'l. 
Severa! commercial"waU.washcr" luminairc svs· 
tems are available in alllamp types. Fluoresc0m 
types offer very smooth continuous illumination 
and can provide good uniformity vertically, whcn 
used .'lccording to the manufacturer's directions. 
The appeal of the displayed object is again re
lated :o the contrast with the background. lncnn
descent wall-washers ha ve optical devices to pro· 
vide lighting higher on the wa!l than a comrr.on 
downlight. This minimizes scalloping anrl pro· 
vides a more even wash on the walJ for a pr~de· 
tennined area. Such wall washers are normally 
mounted quite cloae to the wa!l and the manu· 
facturer's installation directions should be foJ. 
lowed closely. Since such units ·are providing 
light ata steep angle, shadows of frames, shelves, 
etc., can be troublesome. 

Lighting vertical objects individually, the third ·~· 
technique, permits more drama tic separation of 
objects, including lighting from varying anglcs 
and at varying illuminances. Where corroctly 
uaed, this meth<•d is highly effective. Wherc Jn· 

correctly used, glare or shadows can seriously 
detract from the tinished appearance (se e Fig. 7-
27). Fig. 7-28 sht•ws preferred angles for lighting 
llat vertical displays. lf the display has consid
erable relief or heavy frames, the angle can be 

Tltr Mrti'Op(llilall Mu~11rn o( .11't, Br~'urxt o( Gror1r Blumr11thol. 19-fl. 
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Flg. 7-28. Modal perlmeter (viewing) zones al nominal ceil· 
ing helght. Modal basec:J on: (1) primary cUttuae componen! 
{ol- vertical llluminance) at appro•imately o40 per cent ol 
horiZontal illuminance al S. (2) heighl 'ot wall·hung dLaplay, 
(3) ideal utilization of beam eones, and (4) mlnimum effecli\18 
vlewing dlatance relativa to a nominal heignt of object {A to 
B • 1320 mlllimeters (52 lnchea) tor a 30-degree con e, A lo 
C • 1650 millimetera (85 lnchea) lor a 60-degree cene). To 
calculate vlewing zones lor higher objects. increaae horizon· 
tal dimensions 38 millimetera (1.5 inches) lor each 25-milli· 
meter (1.0.inch) increase in helght ol objecl. 

X • <ceiling height - aye heighl) (.577) 
lor an aiming angJe ol 30 deorees lrom the vertical. 

greater and distance X increased. If the display 
is mounted high and haa substantinl glossy areas, 
the reverse is appropriate. Unle~ there is a con· 
trary reason, normal eye height is assumed to be 
1650 millimeters (65 inches) above the floor. 

Display Cases. Built-in display cases are gen
erally provided with customized lighting which is 
integral to the case. While any surface could be 
the location for the lights, certain objects dict.ste 
specific lighting approaches. Glass, for exarnple, 
looks very handsome when back or bottom 
lighted. Objects with little surface detall, but 
interesting shapes may be silhouetted. Most ob
jects, however, will be top, or top-front, lighted, 
since this is moat effective and natural. In these 
categories, the lighting units should be fully con· 
cealed. Fluorescent lighting is particularly appro· 
priate to this purpose aince the source delivers 
more light with less damaging heat and can be 
roadily filtered against ultraviolet radiation. The 
entire case is then lighted with considerable uni

. formity and objects are made to assume impar· 
tance by their poaition and the contrast with the 
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case background. In most light finished cases 
there will not be substantial variation in the light 
vertically, dueto the multitude of interior retlec· 
tions, including the front glazing. Dark finished 
cases will have much more top-to-bottom varia· 
tion. In these, it may be necessary to overcome 
this by arranging the smaller items high in the 
case and the larger, crude items toward the bot· 
tom. Occesionally this wiU require side lighting, 
particulariy where the case is taller than wide. 

Display case luminaires (light boxe·· · do not 
need to extend the entire length of tht .;e and. 
in fact, will produce a very noticeable end scaliop 
if they do. Normally, tluorescent lamps should 
end 100 to 200 millimeters ( 4 to 8 inches) from 
the end walls. In a recessed case, the light box 
can be complete! y out of sight in the top front of 
the case and no lens or louver is required for 
concealrnent (though a sheet of clear UF-3 plas
tic should be installed). 

Most often, the light box wiU need to be in the 
viewer'sline of sight and concealment of the light 
source is irnportant. A low brightness lens or 
louver is then mandatory. The parabolic-wedge 
louver is highly favored for this, but it wiU pro· 
duce a partial dark area at the top walls of the 
case because of the cut-off of the louver. In tal! 
cases, or in those where the display begins sorne· 
what below the top, this is a desirable feature, 
but in others, it may be preferred to use an 
angled louver to pro vide the lamp shielding whUe 
still providing light to the top of the rear panel. 

Incandescent spotlight.s can be provided in 
cases to add warm color or to highlight specific 
items. Jewelry has more sparkle and can be 
placed on dark backgrounds when the items are 
individually spotlighted. The light box then re
quites greHer depth, both for the bulkier lamps 
and to allow for greater heat dissipation. The use 

. of plastics for glazing is limited beca use of the 
heat in the light beam. 

In all instances ofbuilt-in cases, provision must 
be made for easy access to the lighting compart
ment. This access should not be through the case 
interior, thus riaking darnage to the displayed 
objects. Recent designs of tluorescent ballasts 
have greatly reduced their heat output and ha ve 
made the :isk of ballast .leakage almost disap· 
pear; it is therefore no longer necessary to mount 
ballast.s remate from the case. Remate 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. 
lfthe general room illumination serves the cases, 
they wiU be undifferentiated from the remainder 
of the space and will have lesaer impact. Spot· 
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lights on cases can give the color and emphasis 
that the display deserves; however, there will be 
H shadow of the top edge of the case somewhere 
within the case, unless the lights are. directly 
above, and there will be a reflection of light frorn 
th~ tCJp of the cnse unto the ceiling. By careful 
positioninr. of the cu.;;c o:- the lig-i~Lc;, thcse prob
lt!ms can be overcom~. 

The rnoRt severe problem with all cases is 
reflections in thc viewing glass. This is most 
noticeab!c when a relatively dark case faces an 
eren of high brightness. The only complete so
lutions aro to use either speciaUy curved glass 
(so·called invisible gJass) at great cost in money 
nnd space, Gr to place aU cn."<!s opposite dark 
waUs. Other pardal solutions are: to slope the 
front glass of the case outward to that only the 
1lcor is reflected to the viewer, and then the floor 
mu:-;t have f, relatively dark, ro1atte surface; to 
piec'" cases at right angles to ea eh other so that 
:!.u~: is Ht ll!ast one favorable viewing position; 
'-'-"' to kecp all case interiors very bright in ap
p~aronce. In period rooms, _nutur11.l settings, et~ .• 
it may be possible to omit the front glazing if 
other suitable protection of the displayed objects 
~~an be o.chieved; e.g., railings and alarms, or a 
taut wire screen. A truly non-reflective glass is 
available, but at very high cost and only in iim
iterl dimcnsions. Areas of cases below eye level 
will normally retlect the floor to the viewer. 

Table cases always reflect the ceiling ares op
posite, and this portian of the ceiling should be 
free of lights and relatively dark to avoid reflec
tions. Tnble cases against a waU wiU reflect the 
waJl directly above the case, thus restricting the 
use of this for vertical displays or text. Sloping 
cases will present troublesome reflection prob
lems unless the designer makes a preliminary 
sketch in profile showing the normal viewing 
positions and the areas that will "" reflected to 
the viewer. Such a sketch, done _,. :urately, will 
anticipa te problems and show the designer where 
the lights must be mounted to minimize both 
shadows and rcflectic.~s. 

The above three cat~gories (large objects, waU 
displ&.ys and cases} cover vinua.lly all mu~um 
cllsplays; however, another category could be 
caBed "environmenta." This includes houses or 
pt!riod "rooms which are not treated as cases
nny exhibit where the public walks into the ac
tual display. For such spaces, naturalism will 
enhance the ambience, but the problem of object 
degradation complicates this. Genuine antique 
or natural item~ must be protected against the 
very hght that the original owner lived by. Win
dows will need to have ultraviolet filtering, and 
it may a!so he necessary to provide drap~s or 

blinds to reduce totallighting levels. In this cnse, 
the guide ordocent wiU be instructed to 0~"" thc· 
blinds for better lighting and close them a..-. rhe 
visitara lcave. ConceaJed lights can be contr0lL~.i 
by switches or an automatic program devi-..:~: to 

point out objects in the space with short duration 
spots of light. 

Halls or Galleries for Changin¡¡ Exhibic..-.. 
If a flexible exhibit space is consistent Jy u:::;~J ir:.: 
the same type of display, ~uch as a c'nB.i:;~~r::::; 
exhibit of prints, then it can be light~d in r. 

semipenr..anent manner, positioning lights o.1 
regular S?acings, permitting the changes wit h 
variable lamp watt.ages, beam patterns and lu
minaire aiming. Alternatively, track can be in
stalled paraUel to the areaa of interest at app:·c
priate distances ffom the suriace or ares to h0 
lighted anda selection of track units kept cvc,i\· 
able to provide the :¡ecessary variety. 

Many change8blf spaces are not uscd ir! ,.., 
predictable manaer from one shuw t0 tht: ;~::.•.~. 

and this would caU for considerably higher de
grees of vari&bility than can be accu:npi!~he.d 
with simp!e straight runs of lighting track. Oue 
solution uses a "trae (·On~track" approl!ch, aJloW
ing lightirog units to be placed virtually at any 
point in a space. This calls for 8 heavy investm~:nt 
in built-in and auxil.8ry lighting hardware nnd 
wiU alw8ys result in a certain degree of ceilin~ 
clutter. The aestheti"s of track lighting systems 
are important to the interior museum environ
ment. Luminaire typ•>S should have compatible 
housings and be fini.;hed in neutral colors to 
blend with ceiling "'ohitecture. The other ex
treme is to merely pt ovide sufficient electrical 
service above a dropped ceiling and reconstruct 
the ceiling for each exhibir, locating al! Ji gr.'-" i.l 
the new ceiling design. A variation in thifl last. i:
to provide a modular reiling grid with lighting 
units mounted in standard panel sizes. Tr.e:;c 
would be removed ano replaced at will. Grid 
p8tterns of lighting trae k can be instn.lled, with 
flexibility dependent on the closeness of the grid 
spacing. 

When preparing servi :e for such a changeaL!e 
sp8Ce, it is desirable to 8 low at lea.st 50 watts per 
square meter (5 watts per square foot) in the 
panel and cable sizes, ¡,,ough this high loading 
wi/1 probably never be r~uy utilized al any giuen 
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 mil!dle of the area, either 
through the !loor or the ceiling. 

33 

·' 

;; 
¡ 

' f¡ 

" '· 

:t 

~ ., 
'' :~ 

1 
" ,. 

,, 
;j 

~ 

~ 
' il 
' '1 

' " ,, 
,~ 
;• 

' ' ' j 
• n 
~ 
H 
.:/ 
<1 ,, 
.¡ 

~ 
:~ 

•,'"-

' 
.\ 
•< .. 
--

•f' 



Conaervation and Reatoration Shop. Non· 
display portiona of museurns should be designed 
in accordance with the best modern techniques. 
One unique muaeum apace which may require 
special attention, is the conservation and resto· 
ration shop. Such a space should hove moder· 
ately high illuminances with special localized 
task lighting units available. All the ftxed lighting 
should be color balanced according to the pref· 
erence of the working conaervator and should 
also be fully tiltered against ultraviolet. Special 
ultraviolet portable eurnination lights will uau· 
ally be required for specific tests. 

Entran ce Foyer or Lobby. An entrance 
foyer or lobby should be regarded as a vision 
conditioning space in which the visitor's eyes are 
permitted to adjust from daylight levels to the 
lower lighting in most galleries and museurns. It 
is useful to have sorne control over the general 
illumination level in such foyers to adjust to the 
changing need. 

Color 

In general, the color of exhibit lighting is in· 
tended to achieve the highest degree of verisi· 
militude for the material displayed. This would 
auggest that daylight tonalities should be used 
{or all iterns that were found in nature, or that 
were created under daylight. A major problem 
ariaes here. The high illurninance levels that 
nature provides are not permitted and the cool 
tones of daylight beco me gloomy and cold at low 
levels. See Fig. 2-1 l. The color of the noonday 
sky is about 5000 K. The conelated color tem
perature of a deluxe cool white lluorescent lamp 
is only about 4100 K, and yet the light could 
appear excessively cold in many exhibit circum· 
stances. In fact, where illurninances are at or 
below 200 lux [20 footcandles], light source colors 
should rarely exceed 3400 K. Exhibits should be 
prepared, or checked under the light source that 
wiU be used for display. 

Actual tinting of the illuminant color should 
be used with great discretion, and only with the 
concunence of the curator concemed. Where · 
this is done, it is prefened to use glass filters over 
incandescent lampo rather than colored larnps, 
first because this is more economical and second 
beca use the range of coloro in glsss ftlters permits 
more freedom than the limited nurnber of lamp 
colors available. 

Providing color with lluorescent ·lamps is rel
attvely easy in the more popular sizes (such as 
th• 40-watt lamp). See Fig. 8-115 in the 1981 
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Reference Volume. Whert> more than ont• lamp 
is used, a co:nbination of types can provicie al· 
most unlimited color choice. lnterpo<ing colort•d 
acrylic filters can further extenrl color pos$ihili
ties; and for short term exhihits, theatrical <·olor 
gels áre appropriate. 

Malntenance 

One of the larger problems of the museum 
admini8trator is providing good maintenance on 
restricted budget. Lighting, requiring constant 
attention and being highly visible, is a very sig
nificant part of this problem. 

The designer of museum lighting can ease the 
burden by following the listed precepts: · 
l. Use as few types and styles of lamps as prac
tical. 
2. Use as much inherently long-lived types of 
lighting as practical. 
3. Avoid lamps which require disassembly of the 
luminaire for changing. 
4. Don't use special purpose larnps where general 
service la.mps can serve. 
5. Provide ready accessibility to all lighting 
equipment. 
6. Where poasible, use fewer large lamps instead 
of many smalllamps (this will materially increase 
efficiency as well). 
7. For incandescent lamps, use those with me
dium acrew base, unlesa there is a demonstrable 
advantage to a lamp with a different base type. 
8. Provide adequate storage space for lamps and 
maintenance supplies. 
9. Provide ladders, towers, hand-tools and clean
ing materials; an:; oaterial device which will 
expedite lighting mumtenance. 
10. Treat the lighting maintenance person as the 
akilled, important person which the position jus
tifies. 

Energy Manegement 

Museurns will require more incandescent light
ing than most other categories of public building. 
This wiiJ not justify careless or wasteful lighting 
practices. To echieve higher lighting energy ef
ficiency, designers must think as follows: "Lamp 
and lurninaire X is the most efficient available. 
Will this work effectively for the exhibit lighting 

. problem? No. Then larnp and luminaire Y is the 
next most efficient system. Will that work'!" ·'"d 
so forth until they arrive at the most satisfanvry 
lighting solution. 
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7-36 INSTITUT/ONS ANO PUBLIC BUILDING$ 

In general, museum and gallery illuminances 
wiU not be high and lighting energy consumption 
ehould be quite moderate. Over and above con. 
serving energy, maintaining a low lighting onergy 
use con tributes to better :mecimen conservation, 
since there will be les.:: drastic temperature 
changos aa lights are tumed on and off. See 
Section ~. 
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l.- 1 HTROOUCC 1 ON 

2.- CONDICIONES GENERALES 

2.1.-

2.2.-
2.J.-
2 • .C.-

Fector,es que afectan las tareas visuales en indu.otria .... 

Factores pera une buena i 1 u• i nac i 6n. 

Influencia de factores aabientalea. 

Conatrucci6n de edificios Industriales, 

J,- LUZ DE DIA 

J.l.- Generalidades, 

3.2.

J.J,-
3.4.-

3.5.-

Orientación de edificios y condiciones de ubicación. 

Secciones erquitectonicas de edificios. 

Materiales transmisores y elementos pantalla. 

Acuaulaci6n de suciedad. 

4.- ILUMINACION ELECTRICA 

4.1.- Generalidades. 

4.2.- Tipos de luainarioa. 

4.3.- Metodoa de iluainaci6n para áreas industriales. 
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CRITERIOS PARA LA ILUMINACION.INDUSTRIAL 

INTRODUCCION 

El propoaito de le iluainac.6n en una industria es propo~ 

cionar luz auficiente en cantidad y celid~d para tener seguridad y para 

auaentar la visibilidad y productividad con un aabiente placentero. 

Con el fin de conocer la actividad, el aedio -biente y por lo tanto la 

i luainaci6n requerida, ae deben considerar las siguientes re~endacio-

nea: 

1.- Diseñar la iluainaci6n para la actividad planeada (aáa luz en el 

2.-

J.-

4.-

5.-

6.-

7.-

8.-

9.-

10.-

1 1 .-

-
'rea en que se desarrolla le actividad que en sus alrededores). 

Diseñar con luainarios eficientes. 

Usar fuentes de luz de alta eficacia (aayor salida de ldaenes -por 
watt). 

Utilizar eficienteaente los luminarioa. 

Utilizar luainarios controlados térmicamente. 
1 

Utilizar acabados claros en techos, p~redes, pisos y aobiliario. 

Utilizar sficient .. ente las 16Mparas. 

Apagar les luces cuando no se necesitan. 

Controlar el brillo de las ventanas. 

Uti 1 izar le luz del dfa cuando sea práctico·. 

Conservar el equipo de i luainaci6n 1 illlpio y en b1Jenas condiciones 
de trabajo' 
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12.- El-.,..,. h•..trucci-• para la operu:i6n y el •1111teniaiento. 

2 CONDICIONES QEMfRALES 

2.1.- fACTORES OUE AFECTAN LAS TAREAS VISUAlfS EN INDUST~IAS. 

2.1.1.- Generalidades. El ejo humano ve los objetos por 

reflaJCi4Sn tran-iai6n o ai lueto. 

2.1.2.-

Loa planos de trebejo en industrias varian en dl 
ficultad viauel dea~e visible hasta casi invisi

ble. Loa factores qUe afectan la visibilidad del 

pleno de trabajo aon: Contraste, luainancia, ta

•-"o y tie~~po. Estos factores son tan interd·~-

pendientea que para •antener igual viaibi 1 idad, 

le deficiencia en uno de el loa puede eer coepen

aede (dentro de ciertoa 1 i•itea) •ediente el au

-nto de uno de loa otroa. 

Contraste. le visibilidad es m4xi•a, cuando el 

contraste entre las lu•inancias ( o colores) de 

la tarea-visual y au fondo es •ayor. 

2.1.3.- Lu.inencia. Otro factor que afecta la visibili

dad aa le luainancie, ya que para que un objeto 

... visible debe estar iluainado y diferir en 1~ 

•inancia de au fondo. 

· P;u•a una •i-a tarea visual, los ojos de 

P.raanaa •ayores necea i tan •ayo res 1.,. i nanc i as 

que los de personas joven~•· 



2.1.4.- T..allo. El t-zlilo de la tarea vi!Mial e" un fac-

----------------tor-MUyilllpOM:ar,te para la vi&il>iTidad. Mien-

tras da grande es un. objeto o tarea viMI&l, •Ji• 
fac::i 1-..,te se pvede ver. Por el C4ntrario, •Íen 

tras .&s pequeñc, .es •ás difFcil verlo. 

2.1.5.- Tieapo. Para asi•ilar loa detalles de un objeto 

o tarea visual, el ojo necesita .•eapo. Si la 

visibilidad es pobre debido a un bajo contraste, 

a baja luainancidl o t-año del detalle, entonces 

la relaci6n de a~imilaci6n disminuya y el traba

jo vi8Ual toaa •!s tieapo. 

Cuando el detalle que se quiera ver es pe 
. -

queño, o 1 as 1 ett·as son •uy tenues con r"specto 

al fondo en que <'!stan escritas, entonces tOB-os 

•ás ti eapo para poder apreciar COIIIp 1 et-cnte e 1 

detalle de que se trate. Esto implica que si 

queremos diaainucr el tiempo para ver un detalle 

c.-plet-ente, neceait-os ya sea -cntar el nJ. 

vel de i lus1Ínaci6n, au•enf:ar el taoaño del deta

lle o •ejorar el contraste entre el detalle y su 

fondo. 

2.1.6.- Edad y visión Subno~al 

2.1.6.1.- T-año de le pupila. Con la edad di .. inuye 

el t-año de la pupi.la; por lo tanto para_ 

tener la •i~a visibilidad que la de ojos 
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aás jovenes es necesario au~entar la luainsnciA 

de los objetos, 

2,1,6,2.- AcONodeci6n, la ecomodaci6n es le habilidad de 

los lentes del ojo para ajustar el enfoque de una 

distancia a otra. La edad tiende a eplanar estos 

lentes pero 1 a habi J idad de los ojoe para ecomo--· 

darse, ~ejora con un incremento en la iluminación. 

Hasta ahora hemos hablado sobre loa factore~ que 

afectan las tareas visuales en Industries, ahora 

vamos a hablar sobre los criterios pera obtener 

una buena iluminación: 

2.2.- Criterios de i luminaci6n para .el desempei'lo y c01110didad 'Vil!l•· d. 

2, 2 ,l.- Debido a que una buena i 1 um i nac i 6n depende de 111uchos 

factores, lea instalacione5 de alumbrado deben ser dise

llades por un ingeniero de, i luminaci6n competent,e. Estos 

'faCtores pueden ser· agrupados en criterios de calidad y 

criterios de cantidad, 

2,2.2.- Calidad de la lluminaci6n, 

2,2,2.1.- El desluabremiento, difusi6n y direcci6n de la 

luz, uniformidad, color, luainancia y relaciones 

de luminancia tienen un efecto significativo sobre 

la facilidad y presici6n de la viai6n. Un anál i

'sia cuidadoso sugiere que algunas tareas, tales 

coao el discernimiento de d~talles finos, requie

ren una calidad aucho aaycw que aquellos que son 
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-------------,~alee-o-de-durec i6n-re 1-.t iv~te-c:ort:a-.-------

Aclnquc el aha:~•tu·~b .kficicnte ea f~~>eiluen'te re

cgnoc:ido c.- irK:«:»do y poeibl_.,tc pel igaooeo, 

1- deficienci.u IK.lderedae no- ~ad4a f,._ 

ci laente. 

:.z.z.:z. DeeiUII!br•ienw. L desluebra~~~iento e"' co!ll.l..ado 

por cualquier hminuncia dentro del co112p0 de vi-

ei6n que c&~sa inc:anodidad, fatiga o interferen
r 

cía con la viai6n. 

Hey dos tipos de deGJtJd,r-iento al deah..br-ie,!! 

to directo y el deshnlbr-iento reflejado. 

2.%.%.2.1.- Oeeluabr-i ento di recto. El desiUIIbr-iento 

directo ea c:&Juado principal-te por la 

il .. inancia, de las fuentee .te luz dentro 

del C&!!pO de visi6n. T.-bien lae ventanas 

UIOI'I causa frecuente de desiUIIi·r-iento. 

El desltimbr..,iento direc:to puede redu

c i rae: (!) di,., i nuyendo la IUII>inaac i a de 1 as 

fuentes de luz o del equipo de alu.bratl., o _ 

.abas; (2) reduciendo el ,,... de alta l .. inan 

_ cia causante del desiUIIIbr-ient.o; (3) -en-

tando el 6tgulc entre la fuente que desl.-bra 

'Y la 1 rnea de visi6n; (4) •rentando la ... i

nanc:ia del área que circunda la fuente r¡ue 

deehrbra y contra la cu•l - esta viendo. 
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2.2.2. 2. 2.- Dealu11br- i ento ref 1 ejado y •Re.f 1 e jos v" 1 ado·-

,. .... 
El dealusbr~ie~to reflejado ea causado po~ 

la luz reflejad.:~ en cualquier superficie uri-

liante. Loa raf 1 e jos ve 1 adores son cau o.1do" 

por 1 as imageneo ref.l ejadas de 1 as fuen·t.e<J de 

luz en el plano de trabajo. 

El deslu•bramiento reflejado es frecuentclllcn

te 1116a 810leato que el reflejo directo dehido 

a que esta •áa cerca de la lfnca de visión y 

el ojo no puede evitarlo. Ades6s, los •rcfl~ 

jos veladores• pueden reducir el contraste en 

el plano de trabajo; y por lo tanto, la habi-

1· idad para di st lngu ir 1 os detall ea. 

Ex i aten varias '."ormas de di- i nu ir esta" 1110-

leatiaa: 

1) La luminancia de la fuente debe ser lo más ba 

ja posible y laa ventanas deben tener c0rti--

nas. 

2) Se deben posicic;>nar los luminarias de tal for 

•a que la imagen reflejada este dirigida fue

ra de loa ojos del ·observador. 

3) Instalar 111ayor m~•ero de lu111inarios de baja_ 
' potencia. Con ·cito se logra dissinuir ~1 efe~ 

. to de deslulllbraaiento reflejado y los •refle

jos ve 1 adores•, . 11ed i ante e 1 i ncr-ento r:e 1 a 

i lu•inaci6n proporcionada al pi ano do.: ',-abajr 
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por ra¡paras jocarizadaa en poaici-es dife

rente& de 1 as que causan reflejo o. 

4) C..bi~tndo el tJcabado de las superficies que 

producen reflejos. 

2.2.2.3.- Unifor-idad, Refle~oa y So•bras.- a) la unifo~l 

dad de la iluminaci6n, es apropiada para interio

res industriales donde los planos de trabajo ea-

tan auy pr6xi•os y donde las tareas vieualea re-

quieren la •i-a ccntid'ad de luz. 

b) los reflejos de fUentes de luz en el plano de tr~ 

bajo pueden ser Uti lea si no crean desiUIIbr-ien-

·toa reflejados o •reflejos veladores•. En el •a-
' 

quinado e inspección de partes •et61icas pequeñ~s, 

los reflejos pueden indica•· fallas en el contor-

no, hacer las •arces aás visibles, etc:. Estos 

reflejos son creados por fut,ntes de luz posicion.!!_ 

das cuidadosamente. 

e) las so-bras producidas por el sistema de alu.bra

do general pueden a.centuar la profund.idad y fortna 

de loa objetos; pero deben evitarse ~ras pro-

nunciadas. 

Las ~ras pueden ser. auaviz~as si el objeto es 

i Juainado por auch¿s fuentes e• por lu.inarios 

grandes difusos. Cuando se nE>Ces'tan este tipo 

de ~ras ea ~~ejor obtenerlas COIIIbinando el alu!! 
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brlldo general con alullbrado direccional 1.'!1!..<¡>1=~~ 

urio. 

2.2.2.4.- Calidad del ~lor do3 la fuente de !uJ:., Lll::.~ '''•"'''' 

U. de luz deben seao seleccionadaa cukkd"s-I:L>l~n

te cuando 1 a di serio in ac i 6n de 1 co 1 O!l" "'" ¡ "'P<> ,. __ 

tan te. 

2.2.3.- C..tidad de lluainaci6n. 

• 

la c:.ntidad de luJ: necesaria en cualquier inet.'B!a.:.:,ión, 

dapende principal•ente de la naturaleza del t~8bajo. A 

-.dida que la ilu•inaci6n del plano de trabajo se i~-

cre.enta, la facilidad, velocidad y presici6n e~ !~ 

cual la tarea puede ser real izada, t.-bien ee incrc:o~!l 

ta. 

la reco=endaciones de i lu1111inaci6n de esta tabla e.!ltNl 

baaMa& en las carecter i st i e as de la tarea vi souJ 1 ~· en 

el funcion .. iento visual r~querido por joveneA con 

visión noraal. 

Estos va lores fueron determina dos u e ando 1 oz ,,. .. ,.~,,J ¡ -·· 

•ientos establecidos por el lES en sus rec:<nencl=;"''"¡; 

para calidad y cantidad de ilu•ineci6n • 

la cantidad de luz recO"'ertdada debe ser propoi"'CÍonDcia 

en el punto y en el plano en el cual ae ef'~e la u
rea vi..,al, y<D -• horizontal, vertical o alg6n htgulo 

· inte.-.edio. 
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que va 111 .. ,. ej~tad~J, cmt:onces ee deboo "·'J''··.:.,)•:.,_, 

urea que 11!16>a u a..-je a 1 a ta.-e<~~ u.• ,_~~.:;,_;C·, :.·,, 

Si la tr.Ml" "o "" eiei lar "'' ninB'-'"" d» lll"- ; :;.e·'---~:·· 

-ta tchla, ia aiguiente to.bia puede ui~i l i:.:•::·r:·,. 

---
_..,. ____ _ 

e ... .. ......... ..... ___ .,._. __ 
D --.... - E 

" 

_, _ 
__ ..:......c:.__-=-=..:...c. -·-----

·-· !l:l-3)0 

lll0-7110-1111111 

-~IUQOO 

:;:.~r.<;rJ;; --~-~·e:-; 

~~::,"'7;!'·.:.·.• 

,_·:'!.~.~· ,; ·-f ' .... ,_ ':-~:·- .. 

f;;~ ;o'bt~ n·1 ~ .. -n·: . .. ,' 

Esta t.bla contiene cfescri!í)ciones generale"' ck b:.,·:-: 

gerias de iluainancia. 

t"-gO de i luain-cia. 



1 \ A. 

____________ Jiai!á·...:aeTi!cc i onar-e 1-va 1 or-de 1-rango-qu e-debc-ut i+i·zar se-----1 

se puede referir a la siguiente tabla. 

Caracterfstices Factor 
de la tarea y el 
trabajador 

Edad de loa Menos de 40 40-55 lotas de 55 
trabajadores 

Velocidad y/o No i11porta.!). lmpor Critica 
exactitud te tan te 

Reflectancia del lolayor de 30% a lolenos de 
fondo del pleno 70% 70% 30% 
de trabajo 

En esta tabla cada característica debe ser evaluada pa

ra determinar el factor que le corresponde ya sea -1, -

cero 6 + l. Estos factores se suman algebraicamente p~ 

re determinar el factor de importancia. Si la suma es 

menor o igual a-2 se debe utilizar el vapor menor de-

iluminancle, si el resultado esta entre +1 y -1 se nebe 

utilizar el valor medio de iluminancia y por 61timo si 

la suma es mayor o igual a 2 se debe utilizar el valor 

11ayor de iluminancia. 

2.3.- Influencia de los factores del medio ambiente. 

2.3.1.- lu•inencia y relaciones de Juminancia. la habilidad

pare ver un detalle depende de 1~ diferencia en lu•i--
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nWicia entre el detalle y au fondo, es decir dei ~ .... -. ... · · 

te. las lu•inancias dentro del c..,po·visua.! ah.:::.: .• : 

condiciones de visibilidad. 

Lea re lec iones de 1 u• i nanc i il recCM~endaclas son .1 ,•; e 

guientes: 

Entre e 1 6rea de trabajo y áreas adyacentes 1 '-' · /.' 

Entre e 1 4rea -~e trabajo y 1 as superf i e i es "'5" ,..,., ;;·: ·. 
1 e 1/10. 

Entre e 1 6rea de trabajo y 1 as superf i e i e!'. i í ,;o• ¡ ",,, :' .... 

•'s re-ates 1 a 10. 

E.t'as re lec iones son 1 as •4~ i•as recoaendada:::; r·"d• .. r.~·:·; 

nea en estas re lec iones son benef i cas genera 1 '"''·"te .. 

Para obtener las relaciones de luminancia rccoo:en!f.;:·.'e; .. 

es neceser i o se 1 ecc ionar 1 as ref 1 ectanc i as de 1 o e; ·3<:,:.'·: :•.·· 
·' 

dos de todas las superficies del local y del equipo, y 

controlar las características de distribuci6n y luMÓnzm ... 

cia de los luainarios utili~ados. 

2.3.2.- Acabados del local.- las rcflectancias de la,; p<••-:·d;,·o. 

techo y piso (y a<ín las de! equipo) dete,..,inan 1,, ,,. 
trones de 1.-inancia. El acabado del local es ,.,._,,.. , ... __ .. 

portante en la util izaci6n de la luz; y por lo t.-,,:.o ,1, 

1 a ene rg fa. los va 1 ores recc.endados de ref 1 cctam: i " 

son los que a continuaci6n se presentan. 
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------2. 3.3.~- Colot' ile_l:áa--llltáqu_i_nas y II&UI a 1 rededores.- las ,..,f 1 ectan

ci- altas, y 1- auperfici~a •ate son general•ente bue-

n- porque proporcionan un r~ejor patr6n de lurDinancia, 

-a Da)I'Or ut:ilizaci6n de le> luz: y •ejoran la apari .. .ncia _ 

del local. 

El color fM.ic;le hacer al ae&io aoobiente de trabajo .~s 

interesante y placentero. !Loa c.> lores creaa, marfi 1 y 

... rillo claro aon aic:.>l6gicaaentc •calientes• y tienden 

a hacer que el local paresco'l •áa pequeño. 

El color verde y el azul aon sicologica.ente •rrios•, y 

tienden a hacer que el loca! paresca •ás grande. lc,s aca 

h.doa de gris claro son neutros y son excelentes ya sea 

coso fondo o para equipo y EJaquinaria. Sin eabargo, el 

u.o del gris para .-boa p4Jecle hacer al •edio .-biente abu 

rrido y aon6t:.ono. 

Loa colorea fuertes deben a:aun•ente se•• 1 i•itados a por

ciOnes pequeñas del c.-po visual. 

2.4.- Construcci6n de edificios industriales. 

2.4.1.- Las conatrucciones.de edificios industriales son clasifi 

cadaa coso 6reas de bahfa baja y áreas de bahra alta. Se 

consideran 6reas de bahfa baja aquellas que tienen una_ 

altura de 7 .S • 6 •enos, de 1 piso a 1 a parte •ás baja de 

la estructura del •ayor de 7 .~. aetros. 
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3.- LUZ NATURAL 

3.1.- Hay varios factores que afectan t:l aprovechamiento de 1.1 !o:: 

natural. Algunos de estos facto:-es son: 

la cantidad y dirooci6n de la luz del sol incidente: la tiistr; 

buci6n de lueinancias de cielos claros, parcialrr.cnte nubl.1<.J,,., 

o ~let.-ente rtublados; los efectos producidos por t.err->.!nos, 

p.tios y edificios cercanos. 

la luz del dfa, disponible para usarse dentro de los edifir.ios, 

depende del diseño arquitect6nico de las vent.~nils y de lü <J,,cn 

raci6n y aeueblado del interior. 

las ventana11 ti en en cuando eenos tres fines éít i 1 es en ed i f i --·· 

cios industriales, ya que admiten, controlan y distribuyen 1~ 

luz del dfa, proporcionan una longitud focal infinita la e'"'' 

·relaja los eusculos del ojo y el j.,inan la sensaci6n de c"nfina 

miento que algunas personas experimentan en lugares completa--· 

•ente cerrados. Sin embargo, siempre es necesario un sisternu 

de i lu•inaci6n eléctrico debido a las variaciones de J .o lu~ 

del dfa (con la hora y el clima), 

3.2.- Orientaci6n del edificio y condiciones de ubicaci6n. 

3.2.1.- las ventanas deben ser adecuadas a la orientaci6n del 

edificio, a las variaciones en la topograffa y a lds 

vistas correspondientes a cada pared exterior. 

Todas las ventanas deben ser equipadas con dispositivos 

apropiados de control, para evitar cualqui.,r· problema_ 

de luminancia. 
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Se le debe dar eepecial atenci6n al control del deslue

br-iento en lugares donde lea ventanas frecuent.,..entc 

reciben •ás de 100,000 luxes. 

3.3.- Secciones erquitect6nicas de edificios, 

3.3.1.- Secci6n unilateral,- la ilu.inaci6n unilateral es la 

•'- a i'"P 1 e y co.6n de 1 as secciones arqt..i tect6n i cas, 

e.te diaeRo pe~ite tener ventanerfa contfnua, la 

luz que entra por la parte superior de las ventanas, 

ea usualaente la •6a efectiva para ilu•inar las áreas 

•As alejadas de estaa. 

3.3.2.- Secci6n bilateral.- Pera !ocalea anchos la iluaina-

ci6n bilateral es preferible, dado que el aenos una 

de laa ventanea estar4 expuesta direct•ente al sol. 

3.3.3.- Ventana en el techo de la nave.- Algunas veces se 

eaplea una ventana en'la parte más alta de la nave en 

la aisaa dirección que las ven·:anas laterales princi

pales para superar las limitaciones del ancho del lo

cal,' de una sección unilateral. 

3.3.4.- Secciones diente de sierra.- las secciones diente de 

~ierra son aquellas en las cuales se tiene una sección 

a'lta con pendiente que se repite una o .,ás veces, De 

bido a que las ventanas usualaente dan hacia el norte 

no se requieren contro 1 es de 1 uz. 
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3.3.5.- Tregeluc:ea.- la diaposicioo de tragaluces es lli'l.ly si,'lli l"s· 

a la de i l.-ineci6n elktrica y algunas vccc::s !<e e:.op!e.;:;·, 

rejillas para controlar la ilu•inancia. 

3.4.- Materialea tr~~n•ieores y el~tce que 1 i•itan el !""""~ de ;., 

luz. 

loa .ai:erlales y el-.-t.oa que licitan el paso de la luz:, que 

- vtlli&adoe para controlar la !lllz, que eon utilizados P"'"" 
controlar la luz: del dfa, .an si•ilares a los .-picados pa~a la 

il ... inaci6n el6ctrica: 

[dos -teriales son seleccionados por su habi 1 idad P""" t:¡•.oons-· 

•itir, difundir, refractar, absorv~r o reflejar la luz. 

J.s.- ~laci6n de polvo. 

la ac•-ulacicSn de polvo én las ven1:anas, reduce la luz t.·<~·•~·"'i

tida. la cantidad que se reduac:a depende de la local iz<~c!-."ón_, 

el 6ngulo de .antaje y la frecuencia de 1 Íllillpiez:a. B<:jo condi--

ciones industriales tfpicas, la depreciaci6n de luz ai e,,¡,, .-le 

sus -ses puede equivaler a la aitod de la ventana en el ~enti·

do vertical y dos tercios en el sentido horizont<Jl. 

4.- llUMINACION ElECTRICA 

4.1.- la i 1.-inaci6n el4ctriea se requiet"e para la •ayoria de 1"" 

6reaa industriales, debido a que no se dispone frecue•;!.cr.>.~ni:<: __ 

de la cantidad .,ficiente de luz del dfa, ..Sn bajo condicione" 

6pti•aa de luz. 



4.2.- Tipos de l~inerios, Existen ~chos tipos de lueinarios in

dustriales. Le selección del tipo especffico para una insta 

________ __.l,ec....._i,..6.,n,.-_nue==v~a, i-equ i ere e 1 considerar: La di st r i buc i 6n de 

candelas; la eficiencia, el control del brillo; las caracte

rísticas de •anteniaiento de 16eenes; la construcción ~ccá-

nica; las caracterfsticas de la instalaci6n y si es apropia

do para utili&arse en áreas nor.ales, clasificadas (es decir 

peligrosas) o especiales, 

Existen cinco clasificaciones de luminarias para aplicación 

interior, 

Directo 

S..idirecto 

D i fu- 6 di recto- i nd i recto 

s-i-indirecto 

Indirecto 

4.2.1.- Lueinarios Directos, los luminarias clasificados como 

directos son aquellos que ecniten J:.rácticamente toda la 

lu& (es decir del 90% al lOO%) por abajo de la hori-

zontal. 

Aunque susualaente este tipo de luainarios proporcio-

nan 1 a i 1 u• i na e i 6n •ás ef i e i en t. e d" 1 área de trabajo, 

frecuenteaente es a expensas de ott-os factores. Por 

ejeaplo, 1- -bras pueden ser ex::esivas a aenos que 

la unidad tenga un área luwdnos.t relativ,.ente grande, 

o esten .antadas •ás cerca que la relaci6n de espacia

•iento a altura de •ontaje aáxiaa sugerida. 
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El deal~br-iento directo producido por un 1,,-,¡n<:ri-: 

recto, puede aer •ayor debido a la difer-enci.J d<O !,_.,._,¡ -. · 

cía entre la fuente de bril:o y el ár<>a circurd,.,-•. ::.: ··

obecura; sin eabargo con un lu81inario bien di<Wñac~o .. 

reflejo directo puede ser bajo. 

I.De 1-inarios direr·'os para aplicaciones indu,t;riclie:;, 

c:a.unmente son clasificados de acuerdo a su cupva ,k, d' · 

tribución, desde 110y concentradí! hastil .,..,.,¡iD. 

Esta claeificaci6n puede expresarse en térrnino" ck "" 

aáxiaa relación de eapaciM~~iento o altura de r:ont.:.je, 

~se IBUeatra en la siguiente tabla: 

CLASIFICACION DE LIJliNARIOS DIRECTOS, EN TEI<MINOS OE r?<:LA-· 
CION DE ESPACIAMIDITO A ALTURA DE MONTAJE. 

RELACION DE ESPACIAMIENTO 
A AlTURA DE MOHT AJE 

Hasta 

0.5 a 

0.7 a 

1 a 

aás de 

0.5 

0.7 
1 

1.5 

1.5 

CLASI f 1 CAC 1 ON DE ur:-\ i rU.-
RIOS 

Muy Concentrado 

Col'\centrado 

Medio 

Aap 1 io 

Muy iBpl io 

En general, para áreas de bdlfa alta es BL ;nr uti i_iz-w 

distribuciones concentradas y aedias, y en .onas dnnde se 

requiera una i IUIIinación aás elevada que <' 1 f"'""''odio. "'' 

pueden instalar luainarios con distribuci6n auy cor.c<'llt:--"-' 



- 19 -

---~da-.~la-c:urva de distribuc-i•5n aas- adecuada para cada 

..,1 icaci6n, puede dete""inarse coeparando 1 as curvr.~ 

foto.6tricas de los luainarios y utilizandolas pard 

calcular valores de iluainación en diferentes puntos. 

4.2.2.- luainarios 8&8i-directos. ~os luminarias semi direc-

tos son aquéllos que evitan del 60 al 90% de la luz 

por abajo de la horizon-tal. la utilizaci6n de la luz 

de estos lu.inarios en gr,an parte de la reflectancia 

del techo. Con techos de calores claros, la utiliza-

ci6n no solo excede a la de los· ·luminarias directos 

aino que adeaás se aejora la comodidad visual. 

El auaento de la iluainaci6n en el techo debida a la 

distribución aeaidirecta, reduce la diferencia de lumi 

nancia entre el techo y el 

si6n y atenda las su.bras. 

luminaria, aumenta la difu

La <:omb i nac i6n de luz hacia 

arriba y la baja bri 1 lantez pr•oporciona una excelente 

e-odiad visual, particularmente con fut:ntes de f~z de 

alta luainancia. 

4.2.3.- luainarios difusos o directos-indirectos. Estos lumi-

narios tienen sus c0111ponentes d., luz hacia arriba y 

hacia abajo aproxiMadamente iguales es decir emiten 

del 40% al 60% de la luz po,- abajo •. le la horizontal. 

los luainarios difusos emiten aproximadamente la misma 

cantidad de luz en todas direccionn'S; los lua~inarios 

directos-indirectos -iten auy po•:a luz en ángulos cer_ 

canoa a la horizontal, por ~o que se prefieren genera! 

aente debido a su baja luainancia en la zona de refle

jo directo. 
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la ef ic: ienc i a de este tipo ck: ¡.,. i nar i os J..,p.,,.,-;_.,_ •-"' 

reflec:t:ancia de todaa las tMJ¡lerficies del Í<t<:•J'i _, •:-;-,;

cule..-.ente ckl techo. los lto,etinarioa con "";;_-, '·: ·:< -, 

·di atr i ~JC i 6n san flll'lp 1 i .?.:~~ente ut í ! ¡ z:adoG "'' _,,f ¡.e-_', 

laiu:tratorioa; min eabargo tru uao eat~ crec:'5cr.d'· .... .cn·•;;..•:'. 

li~~pi- de IU!nufactura, donde_la" tarea,. visu<•~"'" ;;.:.:: 

crfticas • 

•• 2.4.- Lu.inarioa eemi-indireclos. Este tipo "'' luM•Í.:ii;··é·.:.:·. 

-it:en 1 a •ayor parte de lu:.:: (60% a 90%) hacia <:o·.-·: .. 

ba de 1 a hor i zonta 1 • la •ayor parte de i <> ! '''" q•2 e 

llega al plano de trabajo debe ser reflejada desd~ el 

techo y la parte superior d"' las paredes; pot· 1<: ,.;;,; ··· 

to - i11perd:ivo que estas r:.uperficies tengan .,¡'.;;;¡ 

ref 1 ec:t:anc i a. 

El uso del lu•inario -i-ir.directo en inclu::;b·i.n, 

1 i•ita a 'reaa donde es necesario •ini•izar el de-,, ... _ .. 

IUIIbr-iento reflejado por auperfícíes especul-e~,:-'"· 

4. 2.S.- Lu. i nar io 1 ndi recto. Los 1 LJm inar i os indirectos ~-m • .... 

ten del '!lO% al lOO% de su luz hacia arrib.:> d., ¡ ,_., ,,,;, ; 

zontal, rara vez se uti 1 izan en industr;a-~ ( ,;.,,r. .. :·~~r: 

general•tll'lte aon los •is confortables) debido '' ''" ___ _ 

pobre coeficiente de ut i 1 í :xaci6n y. su dí f icu 1 t. e o) ,]" _ 

.-.teni•iento. 
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4.2.6.- Re~en. Co.o concluai6n de lo anterior pod~os de

cir que ning(in. lu•inario puede ser recoaendado, e.><-

cluyendo a loa otros; ya que cada uno tiene caracte

riaticaa que pueden o no p~eden coabiner con las ne

cesidades de une aplicación especffica. la evalua-

ci6n de cada uno de ellos cieterminar~ cual puede pr~ 

porcionar ilu•oinaci6n eficiente a una área dadil, con 

calidad y cantidad suficientes, Parte de esta cvalua 

ci6n incluye; el investigar las características de 

la tarea visual y el programa de mantenimiento. 

Aunque todos los tipos de luminarios'tienen 

una aplicación especffica, los luminarios tipo di--

recto y aeaidirecto son los más comunmente utiliza-

dos para aplicaciones industriales. 

4.3.- Metodoa de i lumineción para áreas industriales. 

El principal requerimiento de la iluminación Industrial es 

el faci 1 itar la ejecución de la tarea vi~.ual mediante una 

iluminación de alta calidad. Con esta iluminación, el per

sonal será. capaz de observar y controlar eficientemente la 

operación y •antenimiento de los diferentes tipos de máqui-

nas y procesos. 

En la actualidad se ha enfatizado la necesidad de 

diseños de sieteaas de iluminación, más efir.ientes en cuan

to e utili%aci6n de la energfa. 
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Eai:os diael'loa deben elaborarse ·un bese a un cuidado"'' ''"'

tudio de las tareaa visuales, que se desempeñ·.,,. cr. "''"·.! -·-·· 

quier industria. 

Existen tres t6cnices de iluainaci6n que "on t.'t' 1 i--

:a:edas en industrias; estas son: iluminaci6n ¡¡encra!, ¡ ltJ•::i· 

neci6n general local izada y alumbrado suplementur·Í>:. l" 

4reas industriales grandes, las diferentes tareas r·equ ", ... _ 

roen de diferentes niveles de i luainaci6n; el sist"'"'J Jc 

al.-brado general debe proporcionar i lu01inaci6n aufici•mtt 

unic-ente pare lea tareas visuales menos i>~portant"·"· E! 

el'*>.rado general local izado y/o el suple111entar•io <lec><: "e" 

usado para CUIIp 1 ir con 1 os requer ia i en tos de i 1 u mi na e i .Sn 

de las tareas visuales aás iaportantes. 

4.3.1.- Al~rado General. El alu.,brado general se diseña 

para proporcionar una ilu111inaci6n relativament" uní 

foree a un área especffica, en 1 a cual se desi!mp.,--. 

ñan tareas visuales siai 1 ares. Se entiende cc.mo 

i 1 u• i nac i 6n un i fo,...e 1 a i 1 u mi nación que no cxc;•,dc 

en 6 arriba o 1/6 abajo a la iluminación promedj,-,_ 

Si se exceden las relaciones de separación 

a altura de 'Dontaje puede haber diferencias percep

tibles en la ilu•inaci6n. Las relaciones Bláxi,.as 

de aeparac i6n a a 1 tura de ...ntaje genera 1 e ente 1 as 

dan loa fabricantes de los luainarios. 
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Lea 6reaa cercanas a la& paredes, deben tener una 

cantidad de alumbrado general comparable con la 

del 6rea central, 

,,J.2,- Alu•brado General local i%adc•, En muchas industrias 

existen esquinarías o tarea5 de ensamble o inspecci6n 

que pueden neceaitsrun nivel de iluminaci6n más alto 

que e 1 ni ve 1 genera 1 • Para obtener un ni ve 1 'más e 1 e

vado se puede aumentar el número (6 lineas) de lumina 

rios y/o la potencia por luminaric para ~ ~porcionar 

loa luxes adicionales necesarios, 

4.J.J,- Aluebrado aupl~entario, Algunas tareas visuales re-

quieren una cantidad y calidad esp••cifica de ilumina

ci6n la cual no puede obtenerse faeilmente del alum-

brado general.' Este tipo de problemas se resuelven_ 

frecuent-ente uti 1 i%ando krninarios s•Jplementarios. 

Antes de poder especificar el alumb,•ado suplementario 

es necesario conocer la naturale%a exacta de la tar~il 

visual y entender sus características de reflectancia 

o tranSIIIitancia. El mejorar la visib~ 1 idad del plano 

de trabajo dependerá de uno o más de 1 os cuatro fac-

tores que afectan la visibilidad; luminancia, contras 

te, tamaño y tiempo, 

El equipo suplementario debe ser cuidadosamen 

te aislado para prevenir deslumbramientos del usuario 

y de los trabajadores .que se encuentren cerca. 
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L .. relec:ionea de lu•inancia deben ser controlad.-.,."'"'

dedos-ente: Loa trabajadore:!l frecuenteoíentc """' hac;" 

lugares diferentes del plano de trabajo por lo <l'"' "'" 
recoeet'ldable usar cortinas en lea ventanas para r·o<l..t~)c'i'" 

la IU~~~inancia del exterior y/o instalar luminarios "" 

una pos i e i6n que i ncrelllente 1 a 1 um i nanc i a de 1 as p<H·, ........ 

des obacuraa • 

.t.J.J.l.- Luainarios para alu•brado suplernenta1·io. l.cs 

luainarioa para alu•brado supleaoentario pu•~den 

.. r divididos en cinco tipos de acuerdo o ~u 

distribución de potencia lu111inosa en Cdnd<dao.:. 

Tipo S-1 di.-eccional: este tipo incluye l:nda:o ·ds 

unidades concentradas. Algunos ejemplos son: 

reflectores apots; luminarias con reflec·torcs 

concentrados o lentes incluyendo lámp-.ras fh:c> .... -

reacentea en un reflector concentrado. 

Tipo' S-Il anpl io: Este tipo- incluye fucnt<.'" de 

6rea pequeña (incandescentes o H 1 O}. Un e j ''"'P 1 o 

de este tipo es un refl'ector abierto difuso C"ln 

una 16apara de sodio en alta presión. 

Tipo S-111 .-pi io: Incluye todas las unidodes 

fluorescentes que tienen una variación en lumi-

nancia aayor de dos a uno. 

Tipo S-IV luainancia uniforae: Incluye todds las 

unidades que tengan una variación en luainanci~ 

aenor que dos a uno. 
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_______ __:_:=======:Tj~ 5=V luainancitr·un·i·foroae: Es un luf'inarió 

si•ilar el tipo S-i V excepto que el patr6n de 

rayas o 1 fneas eat;; tsobrepuesto en e 1 pene 1 • 

,,J,J,2.- Luainarios portáti !.es. Donde sea po3ihle, lo" 

lueinarioa suplementarios deben ser local iza-

dos pel"'ttl&nentemente para producir e 1 efecto de 

i luainaci6n mtis apropiado. 

Frecuenteoaente se adaptan a luminarios que ~e

quieren flexibilidad,brazos ajustables y/oró

tulas giratori~s. El equipo portátil, son dm

bargo, puede ser usado ventajosamente alrede-

dor de a6quinas u objetos móviles o para ver_ 

el interior de estos. Este tipo de luminarios.

deben ser. robustos e 1 éctr i ca y mecánicamente y 

las lámparas 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 el color de un ob 

jeto es crftico, una vez QUe se determina 

la fuente de lu~ apropiada, es importante 

excluir cualquier luz extraña de una caras 

terística espectral diferente.. Es importan 

te también evitar brillos reflejados que_ 

pueden cambiar Ja aparienc<a del color del 

plano de trabajo. 
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a) Enfasis del colo~. El color de 1" lu~ pu•>·-

de ser usado para au•entar e 1 cantr<'Di:e, y.:-. 

aea intensificando o atenuando cie:-t·:.::c. c"io 

res inhet>ent•:u11 el pi ano de trabajo. ;~,,,. .. ," 

intensificar (ab,.i llantar) un color, ¡ "' 

fuente de luz dé>e ser fue F.-e en ese e•'~ ¡ :,--:,-;. 

para obscurecer, debe ser re 1 at i Vi.'l!W;J\ \:e d~d. ~, 

en ese color. 

Por ejeMplo, para ver el -ari 1 lo ém·, un 

fondo negro, una fuente de 1 u z r; e" """ ''''"-' -

r i 11 o au•entará e 1 contraste i ntcns i f i c""'·:o 

el -arillo; para ver el -arillo con"" 

fondo b 1 anco, una fuente de 1 uz r i c.1 en 

azul auaentar6 ei contraste haciendo griza

seo el' aaarillo. 

b) Selección del co~or.- los colores co·ogcna

les seleccionado" para ser usados como r·cL> 

rencia standard, estan gobernados por 

eh os factores es-tét i e os y econ6m i c ... ,~~ .. 

el diseñador conoce la impresión q11e 

se le de al observador o consumido~: pot· 1 l: 

tanto, se debe tener e u i dado de ase!o}u r·ar· 

que esta i•presión esté inherente bajo c~a~ 

quier condición de alumbrado. Muchos ;>ro-

ble.as de color pueden evitarse evaluando 

la referencia bajo fuentes de luz comun~en

te usadas asr coao bajo fuentes de luz no~

•al izadas. 
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~------ . -
------------~c)-Graduaci6n_:del-~oi.or-.-l-a-graduac·i6n-del-co-------

lor es el juicio de la igualdad ( o de la 

cantidad y caracter de la diferencia) en el 

color de los objetos. Nuchos productos ccao 

algod6n, tabac-:> 1 fruta, vegetales, cte. 

pueden ser aceptados o rechazados en base 

al color especifica<lo. La luz del dra se 

usa frecuentemente para evaluar, sin e~bar-

go, 1 a cantidad y temperatura de 1 co 1 o

varra con las condiciones del sol y del 

cielo¡ por lo que se prefiere el alumbrado 

eléctrico con propiedades de rendimiento de 

color aproxiMados a la luz del dfa. 

d) Coaparaci6n de colores. La comparación de_l 

color es la determinaci6n de que una o más 

•uestras de un material o sustencia son 

idénticas a una referencia. 

Muchos materiales parecen iguales bajo una 

fuente de luz pero no bajo o~ra. 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 i~candescentes que son predo~l 

nantemente rojizas y 1 as 1 ámp<;ras f 1 uoresce~ 

tes de colores frios predomini'ntemente azu

losas son frecuent~ente utilizadas como 

las dos fuentes de luz disimilares. 
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Mat i sede:> de 1 co 1 or. E 1 •at i z&do c.k e u: or ··· 

ea al ajuste de pro:->orci6n de ingrcdir,ntc:!! 

(colorantes) de una mezcla par~ acerc6r ei 

color a una referencia. 

-ntoa o ti ntaa es CJn ejeap 1 o de 1 ,..,i;j :;!:3<'. 

de colores. CoMo lo anterior es también l!-· 

na coaparac i 6n de e" 1 ores se r-equiere ut; ·· 

1 izar lo reCOIIIendado para 1 a compr¡¡c i ,:;n de: 

colores. 

Correcci6n de Color. la correcci6n del co 

lor ea e 1 ajuste de 1 proceso ·de reproduc···· 

ci6n del color de una reproducción para -

que esta se parezca el original. Par~ la -

correcci6n del color, es preferible uno5 ··

fuente de luz que a¡:>roxi11e su distribución 

espectral de enersra a la luz del dra. 

4.3.3.3.2.- <bjetos tridi11ensionales. los objetos 'c;·i 

di•ensionales son vistos en sus formas "P..:! 

rentes debido a las sombraD producidas pnr 

ciertas componentes direccion~les de '~ -

luz. Este efecto direccional es par·ticuL::r: 

11ente·dti 1 para enfatizar la textura y dn

fectos de superficies irregulares. 

4.3.3.3.3.- Siluetas. la silueta es un medio efectivo 

de co-probar el contorno con un patrón. La 

i lueinaci6n atrás clel patr6n •ostrará bri

llantez donde halla diferencia entre el --
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eontorno de 1 patr6n y 1 a de 1 oh jeto que eat~ 

•iendo coaproba&o. 

~.3.3.3.4.- fluo~ac~,cia bajo radiación ultravioleta. 

las superficies fluorescentes bajo radiaci6n 

ultravioleta se utilixan frecuente~ente para 

crear contrastes. los defectos en las supe2: 

ficies de •etales fluorescente. 

4.3.3.3.5.- Detalles pequeños y alta presici6n. El ob-

servar objetos muy pequ~~os a través de len

tes si.opl ifica la inspe~:ci6n. la imagen 

-plificada del objeto puede ser proyectada 

en una pantalla. Debido a que la silueta __ 

proyectada es una amplificación del objeto, 

cualquier forwa irregular o espaciamiento 

inadecuado puede detectarse. Se utilizan 

dispositivos similares p.~t·a ·.nspecctonar pa.!: 

tes de maquinaria para obtener dimensiones 

y contornos exactos. 

4.3.3.3.6.- Partes en movimiento. Algunas veces es ne-

cesario inspeccionar partes en movimiento. 

la iluminación estrobosc6pica puede ajustar

se para •detener" o "'disminuir" el movimien

to de maquinaria rotatoria y reciprocante de 

velocidad constante. 

las lámparasestrobscópicas emiten destellos 

de luz a intervalos (frecuencias) controla-

bles. El destello puede ser tan sincroniza-
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do ~e cada vez que e 1 .teste 1 1 o ""'-"""...,, ..e: 

objeto rotatorio o recipr-ocente pare:~:cn '"' 

ter exect-ente er> la •is"'a posici<"í" cc,·.:.;o·-

cioneri a. 

4.3.3.].7.- Tarcea visuales ero superficies vc;~--":;i-.:::_,¡,"."· 

loa objetos aontl.ldos vert i Cl! 1 """"te tui'"" -

caao relojes, •apns, p6nales, etc. !'·:·.:-::'""' 

te•ente requieren t6cnicas espccielr-c. l~ 

ilu.inaci6n uniforse es importante C$pcciF.i 

8ente ai el 6ree iluainade es grande. Si -

el objeto est6 ab•6s de une cubiertn tr{"CC!;

parente, es i~~por'i:ante local izer el e!u~·r_! 

do sup 1-enter i o de ta 1 llanera Q\JE: "i n$m:: 

reflexi6n coincida con el 6ngulo de visi6n. 

Si el pleno de trabajo est6 local i :;:;,<lo, el 

eluabredo .Uple•enterio de tal ... ancr-n <l"" ·· 
ninguna reflexión coincida con el lí11gulo éc 

visi6n. Si el pl.sno de trabajo esto'! loc,•;lj_ 

zado adyacente a una fuente de alta '''"'ir;"~

ci e, ta 1 lu• inane i a debe aer rediJe id~ " "-'" 

lr•ites anteriormente indicados" 

4.3.5.- AluW>rado de eaergencia. General•ente, el alumb,..ad.> ¿" 

-ergencia· se diseñe para proporcionar alua~braclo "" é<::•. 

condiciones b6sicas: (1) para periodos de corta áur·a-

ci6n en los que se ,.:equiere seguridad para evacuar al -

personal; y (2) para periodos largos donde el almo!w;.;.d:.> 

se 
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requiere para seguridad o continuidad de operaci6n. e~ 

da una de estas condiciones requiere el uso de una fuen 

te de potencia de reserve, Las dos 11As i•portentes son: 

baterías y plantea de e~ergencie. Ceda una de estas 

puede utilixarse para cumplir con los requerimientos 

necesarios. Un sistema de alumbrado de emergencia pue

de ser parte de, o separado de, el sistema de alumbrado. 

El •antenimiento peri6dico planeado de todas las compo

nentes de 1 sistema de omergenc i a es esencia 1 para "'' _ 

funcion~iento adecuado. 

Les unidades de alumbrado de emergencia con alacenamien 

toen baterías se utilixan para proporcionar alumbrado 

en corredd'res, escaleras, sal idas., locales con equipo, 

•aquinaria y otras áreas peligrosas. la capacidad de 

las baterías y el n6mero de lámp~ras y su potencia .de--' 

ben estar correlacionadas para pt'oporcionar alumbrado _ 

durante el tiempo requerido. 

Las plantas de emergencia son fuentes de potencia para 

proporcionar alumbrado de e~ergencia durante periodos 

•ayores de tiempo. Las plantas de emergencia constan 

de un generador impulsado por un motor que arranca auto 

11tit ¡cemente o manua 1 mente .en caso de fa 11 a de 1 a a 1 i men 

taci6n de potencia normal. La transferencia de poten-

cia normal a emergencia se efect6a por medio de un inte 

rruptor de transferencia que invierte la funci6n cuando 

ae restablece la potencia ncMmal. 
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Flg. 2-2. Currently Recommended llluminance Categories and llluminance Values fo_r L1ghtmg Oe':)lgn
Target Maintainad Levelr. 

Tha tabulal10n that tollows is a eon•olidated haling ol the 
Society·s curran! illummance rucommandatlons. This tisting 
is intendeó te guide the lightino ces1~ner in setecting on 
app¡opriate illuminance lor design and evaluation of lightino 
:;ystems. 

Guidance is Drovided in lwo torms: (1 ). in Parts 1, 11 and 111 
a• an lllumlnBnc:e Cater;ary. repHlSenling a ranga o! illumi
nances (see PRQe 2-4 tor a mt-lhod ol SP.Iecting a value 
w1thm each 11tuminance range): and (2). in parls IV. V and VI 
as an 11/uminance Vafue. muminance Categones are repre
sentad by lellcr designations A through t. llluminance Values 
are givcn in /u.( with an approximate eou1vatence in footcan
dles andas such are lntended as larget(nominal) vatues w!th 
cevi<Jtions e~oectcd. These targel values <1lso represen! 
mBmtemed values (see page 2-24). 

This tabla t1a~ been dividcd inlo !he ~ix par!;; !\': ')ase C1t 
uae. Par1 1 provices a !isting of both lllurro~,J<¡.·,cP. CatA<:_:::j:;.:;s 
and Uluminance Values tor gencric type::; clmtc~inr a::ti•itit!~ 
and normally is lo be used when llluminC~.nce C.ltegoru.:os lot 
a specilic Area/ Activity cannot be tound in oarts 11 and 111. 
Par1s IV, V and VI provide targel maintaiMo llluminai1i.e 
Values lor outdoor lacililies, ¡;porta and recroAtion.:.l ¡>,:e.15. 
and tranaportalion vehiclea where spccial c.onsidcral10r.s 
apply as discussed on page 2-4. 

In all cases tt1e recommendations in l~o1s table r.rc br>~r,a 
on ltle assumption thatthc lighting will bt- propprly ue~ignf'rJ 
lo te.ke into account the visual charactf!risttc:; ot \t1t.: 1::9 .. 

See the design intormation in the particular applio:a!ion se:.
lions in this Applicalion Handbook tor lurtr.er rrcnro~rr.;:',-;dd· 
lions. 

l. 111uminance Categories and llluminance Vatues lar Generic Types of Activilies in lnteriors 

lllumrnenc;e 
C.11eqory 

-----~"~':"~':':':01 lllum111!!1nces 

F oolcanáles 

Publl<.: spaces w1lh dark surroundin.~g:s ___ :A:.._ ____ :20::_::-~3~0=-~5~0:.._ ____ _ 2-3-.::.5 __ _ 

Simple orientation lar sh0r1 temporary B 50-75-t 00 5-7.5-10 
visits 

Workin~ spaces where visual tasks are e 100-150-200 10-15-20 

_ o~I_Y~?._C~si·~-a~_P_•'-'':~me.d:._ ______ -:c----...,-,-,--,------------.,---., 
Per!ormance of visual tasks ol high con- O 200-300-500 20-30-50 

trast ~r-~a~g~~~ _ -------- ------------·-

Re~crence 'tior,..·Piaroc 

GcMrat lightin~¡ 
throughout sr.aces 

Performance ol visual tasks of mellium 
contras! or smaU stze 

E '500-750-1 000 50-75-100 Hruminance on las k 

Performance of visual tasks of low con· 

_,_,._,_,_o_,-"-'~ _s_m_a_"c'~':":._ ___ _ 

Performance ol visual tasks of low con
tras! and véry smaU size over a pro
longea period 

F 

G 

1000-1500-2000 100-150-200 

2000-3000-5000 200-300-500 

tlluminance on tar,l<.. 
·----------·---- obtoined by a corr1· 

Pertormance ol very prolongea and ex- H 5000-7500-10000 500-750-1 COO bination ol gener <JI 
_!:_t~n_g_,i_s~~~ t_a~s~k~s:..__________________________________ and loc.nt (su¡.;pJr,. 
Performance o!Yery soeciat vlsuattasks 10000-15000-20000 1000-t 500-2000 mentary lightingl 

ol exlremely low contras! anCI small 
size 

-------------·--------------·--------

11. Commercial, lnstitulional, ResidentiaJ and Public Assembty tnteriors 

AlOa/ ACIIVII'f 
111uminance lllumin:rnc" 
Category Area/ Aclivrw Cato>gory 

--------------------~~~------------------·-----
Alr terminala (see Transportatlon terminals) 

Armories 

Barbar stlops and beauty partors E 

Art galleries (sE:e Museums) 

Auditorlum& 
Assembly 

C' Ctlurchea and synagoguea 

Club and lodge rooma 
Lounge and reading 

Conterence rooms 
Conferring 

(sec p<~ge 7-2J" 

o 

o Social activity 
C' 
S 

Critical seeing (refer lo individual task) 
Bank& (atso see Reading) 

Lobby Court room& 
General C Seating area 
Wriling area 0 Court activity area 

T~IIP.rs· stati_~o~"~'--,...,,.----'-------~,--...1- Dance halla and discoll'leques 
-.,7,r·f~o~"'~ IW'f' p11~r 2-19. 

e 
e 

----·--···---'"8-'-

3;z 

.;. 

·' 

... 

" )'-. . , 

' 
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Fig. 2-2. Contint.•ed 

U, Continued 

llluminance 
Cai&QOry 

AlGa/ .L.ctwity lllum¡nance 
Categ?ry 

Depotl, termlnala and 1tation1 
(see Tranaportatlon termlnale) 

Drattlng 
Mylar 

High contras! media; India ink, plaslic leads, 
sof1 graohlte tesos E3 

Low contras! media; nard graphite leads F3 

Vellum 
High contras! E3 

Low contras! F1 

Tracing oaoer 
High contras! E3 

Low contras! F3 

Overtays~ 
Light tabte C 
Prints 

~·- E Bluepnnts E 
Sepia prims F 

Educatlonal racllitiea 
Classrooms 

General (see Reading) 
Oratting (see Oratting) 
Heme economics (see Reeldencea) 
Science laboratories E 
L8cture rooms 

Audience (see Reading) 
Oemonstration F 

Music rooms (see Readlng) 
Shoos (see Par1111, Industrial Group) 
Sighl saving rooms F 
Study halls (see Readlng) 
Typing (see Readlng) 

Sports tacihties (see Part V, Sports ami Recrea· 
tional Areas) 

Cafeterías (see FOOd aarvice facilities) 
Dormilones (sea Realdences) 

Elevators, trelght and pasaenger C 

E•hlbltlon halla C' 

Flre halla (sea Municipal bulldlngl) 

Food servica tacilltlea 
Oining areas 

Cashier D 
Cleaning C 
Oining et 
Food displays (see Merchandising spaces) 

Kitchen E 

Garages-parking (see pege 14-24) 

GaaoUne atations (:.;t.~: Servlce llationa) 

Graphic dealgn and material 
CoJor selection 
Chartlng and mapping 
Graphs 
Keylining 
Layout and artwork 
Photooraphs, moderate detail 

F" 
F 
E 
F 
F 
E" 

Hea/t:1 care facilitlea 
Arr.bulance (local) 
Anesthelizing 
Autopsy and morgue"·'u 

,A.utopsy, general 
Autopsy table 
Margue, general 
i.Auseum 

Cardiac function lab 
Central starile supply 

!nspechon, general 
lnspection 
M sinks 
Work areas. general 
Processed storage 

Corridors 1 ' 

Nursing areas-day 
Nursing areas-night 
Operating areas. detivery, recovery, and !abe· 

ralory suites and service 
Critica! e are areas 11 

General 
Examination 
Surgical task lighting 
HandwaahinQ 

Cystoscooy room' 7
·'

8 

Dental suile'' 
General ; 
l~slrumer:-·1 tray 
Oral cavity 
Prosthetic laboratory, general 
Frosthetic laboratory, work hcnctJ 
Prosthetic laboratory, local 
Recovery roorr., general 
Recovery room emergency examination 

Dia:ysis unit, medical11 

Elevators 
EKG and specimer; room'' 

General 
On enuipmenl 

Emergency outpatient'' 
General 
Local 

Enooscopy rooms' '· '' 
Genert:~l 

Fer1t·:meoscopy 
Culdoscopy 

Exammation and treatment rooms'' 
Genera! 
Local 

Eye surgery''·'' 
Fracture room" 

General 
Local 

lnhatation therapy 
Labora tones' 7 

Specimen collecting 
iissue laboratories 
M.icroscopic reading ro.1m 
Gross specimen review 

)''or foolnute~. ~ p&l• 2-19. For illummance ran¡e. for ea(h Jlluminance CaLegory, see page 2-6. 

'' • . -~· .. •' . . . ' '. . .' ' ~t . . . . .. . . 
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FIQ. 2-2. Continued 

11. Continued 

ILLUMINANCE CA TEGORIES 2-7 

~~-~--~--:::---.----~--------------
llllJrr.H'IWH.U 
c.,, .. u(•Ct 

lllummanco 

Celegory 

E 

E 
F 
E 

o 
ú 
D 
E 
B 
e 
e 
F 
E 

e 
E 

D 
E 
e 
A 
E 

e 
E 
F' 

G 
G 

(see page 7-15) 
G 
E 
B 

o 
E 

B 
A 
E 
o 
o 

E 
D 
F 
A 
o 

D 
D 
D 

E 
H 
E 

Areo/Acl1~1ly 

A 

A 

B 
n 

[ 

" [ 

e 
o 
e 

F 
(sce page '1··12) 

tnstruments and aterile aupply room 
Clean up room. instruments 
Anesthesia storaoe 
Subslerilizing room 

Surgical induction room''· ' 8 

Surgical hol.:ling area 11
· 

18 

Toilets 
Utility room 
Waiting arcas" 

General 
Local ter reeding 

Homes (see Reaidencee) 

Hoapltals (sea Heelth cara facilities) 

Hotel a 
Battlrooms, tor grooming 
Bedrooms, for readino 
Corridors. elevators and stalrs 
Front desk 
Unen room 

E 
D 
E 
e 
e 
E 
E 
e 

" 
e 
D 

D 
D 
r, 
E' 

Sewing F 
General C 

Lobby 
General lighting C 
Reading and working aroas O 

Canopy <see Part IV, Outdoor Facilities) 

Kltchene (sec Food aervice tacilitiee or Real· 
dances) 

Librarías 
Reading are as (see Reading) 
Book stacks (vertical 760 millimeters (30 inches) 

above floor) 
Active stacks O 
lnactive stacks 8 

Book repair and binding O 

--------~~~~~----~~~~~--------~----------------r .. , l<oulnul<'~. """ paa: .. 2~1.~. Fur il!uminann• range~ for e~tch llluminAnce Cet"gory, 8H lld¡l< 



2-8 L/GHTING SYSTEM DESIGN CONSIDERATIONS lli:S UOHTI~O >i.t.ND600..: 
t "e 1 APPLIC.&.TION VOL Ul.l( 

11. Continued 

A.tea/Acllvl!y 
tuuminance 
Category 

A.rea/ACIIV!Iy 

------------------------r~--- -------·-·· 
Cataloging O' Electronlc dn~u proceHsinu tn~k~> 

Ulum1nance 
Cartocort 

Card files E CAl screcns B" ' ' 
Carrets, Individual study areas (see Rudlng) Jmpact printer 
Clrculahon desks O good rlbbon O 
Map, pie tu re and print rooms Caee Grephlc deslgn poor ribbon E 

and material) 2nd carbon and greater E 
Audiovisual areas O lnk jet printer O 
Audio listenlno areas O Keyboard reading o 
Microlorm areas (see R .. dlng) Machina rooms 

AC!i\le operations D 
Locker room• C Tape Storage o 
Merchandising apacea Machine area C 

Alteration room F Eouipment SBf'JiCe E' 0 

FiHing room Thermal print E 
Dressing areas O Handwritten tasks 
Fitting areas F #3 pencil and sotter leads E3 

Locker rooms C #4 pencil and harder leads F) 
Stock rooms O Ball-poinl pen 0 1 

Wrapping and packaging O Fell-llp pen O 
Sales transaction area E Handwritten carbon copies E 
Circulation (see page 8-6)1 Non photographically reproducible colors F 
Merchandlse (see paga 8-6)8 Chalkboards e~ 
Feature display (see paga 8-6)1 Prinled tasks 
Show windows (see paga 8-6)1 6 point type e:• 

Motela (sea Hotels) 

Municipal buildlnga-flre end pollee 
Police 

ldenlillcation records 
, Jail cells and interrogalion rooms 

Fire hall 

MuMUma 

F 
o 
o 

Oisolays ol non-sensltive materials O 
Oisplays ol scnsilive materials Csee pagc 7 -29)2 

Lobbies, general gallery areas, corridors C 
Restoralion or conservation shops and labora-

tories 

Nurslng homea (see Health care facilities) 

Ottlce• 
AccounUng (see Readlng) 
Conlerence areas (see Conferonce room a) 
Oraf1ing (see Orafting) 
General and prívate oflices (See Readlng) 
Librarles (see Llbrarlee) 
Lobbies, tounges and reception areas 
Mail soninQ 
Of1-set printing and dupllcaling area 

Post offlcu (see Offlcea) 

Readlng 
Copiecl tasks 

Oitto copy 
Micro-fiche reader 
Mimaograoh 
Pt'totogragha, moderate detall 
Thermal copy, poor copy 
Xerograph 
Xerography, 3rd generation and greater 

E 

e 
E 
D 

E' 
B"·'l 
o 
E" 
F' 
o 
E 

8 and 1 O polnt type O ' 
Glossy magazines o··· 
Maos E 
Newsprlnt O 
Typed origina/s O 
T~·ped 2nd carbon and later E 
Telephone books E 

Realdenees 
Gonerallighti 1g 

c,,nversalf ln, relaxation and entertainment 8 
Paasage areas B 

Spec1fic visutl tasks10 

Oir.ing C 
Grcoming 

Makeup and shaving O 
Full-lerglh mirror O 

Handcrat.s and hobbies 
Workbench hobbies 

Ordinary lasks O 
Oiliicutt tasks E 
Critica! tasks . F 

Easer hobbies E 
lroning O 
Kitche-: julies 

Kitch<tn counter 
Crl ical seeing E 
NOlCritical 0 

Kitchf n range 
Oitlcull seeing E 
No-1criticat O 

Kltch-m sink 
Oi'ticult seeing E 
Nf¡ncrilical O 

Laundr• 
Pre¡:aralion and tubs D 
Was~er and dryer O 

For {oolnoLes, eee pa¡to 2-19. For illuminance ran¡n (or eech Illuminanc·e Ca~¡ory, ~·• paJe 2-s. 
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1[5 LIGHTINQ ~AN080QM; 
li81 APPliGATION 'IOlWE 

Aros/ AcUvll)' 

ILLUMINANCE CATEGORIES 2-·9 

Flg. 2-2. Continued 

U. Continued 

murrunanco Area/ Achvily tllurn~<,:,ncu 

Music ~ludy (piano or organ) 
Simple scores 

Category Ca:~J;.¡or·1 ----+-----------·· -----

Advanced scores 
Subatand size scores 

Reading 
In e chair 

Books. megazines and newspapers 
Handwriting, reproductions and 

copies 
In bed 

Normal 
Prolongad serious or critica! 

Oosk 
Primary task plane, casual 
Primary task plane, study 

Sowing 
Hand sewing 

Dark taorics. low contras! 
L1ght to medium labrics 
Occilsional, high contras! 

Machine sewing 
Dark tabrics, tow contras! 
Light to medium fabrica 
Occasional, high contras! 

Table games 

Restaurant• {see food aervlce recllltleal 

poor 

o 
E 
F 

D 

E 

o 
E 

o 
E 

F 
E 
o 

F 
E 
D 
o 

Schools (sse Educatlonal racllttias) 

Servlce apee e~ (see al so Storage room&) 
Stairways, corridors 
Elevators, fruight and passenger 
Toilels and wash rooms 

Servlce 1tatlor.a 
Service bays Csee Part 111, Industrial Group) 
Sales room (see Merchandising apaces) 

'· e 
e 

Show wlndowtt (see page 8-5) 

Stalrwaya (see Servlce apeceal 

Storttge roomo (sce Part 111, Industrial Group) 

Stores (see Merchandlllng speces end· Show wln
dOY..S) 

Televlalon (see Section 1 1 J 

Theatre end motion plch.,rl' houaee (se e Ser.: !ion 1 1 J 

Tolleta and wl!ahrooms e 
Tranaportation terminals 

Wailing room and lounge e 
Ticket count~rs E 
Baggage checking o 
Res! rooms e 
Concourse 9 

Safety 1 {see page 2-45) Boarding area e 

Area/ Acl!~ily 

Alrcratl maintonance 

Alrcraft manufacturlng 

Auembly 
Simple 
Moderatety diHicutt 
Oitllcult 
Very difficull 
E•achng 

Automobile manufacturing 

Bakeriea 
M••ing room 

Face of shelves 
lnside ol mixing bowl 

Fermentahon room 
Make·uP room 

.Bread 
Sweet yeast-ratsed producls 

Proollng room 
Oven room 
Fllllngs ahd olher ingrediente 
Decorating and icing 

Mechanical 
Hand 

Scales and thermometers 
Wrapping 

111, Industrial Group 

tllumlnlllnce 
Cateo;;¡ory 

(aee page 9- t 2)1 ' 

(see·page 9-12)"' 

o 
E 
F 
G 
H 

(see page 9-17)21 

o 
o 
o 
o 

o 
o 
o 
o 
o 

o 
E 
o 
o 

Area/Activity tlllH1\11'1flfl(..f• 

Cate{lnrY 

Book blndln; 
Folding, assembling, pasting 
Culling, punching, stilching 
Embossing ancJ inspection 

Brewerlea 
Brew house 
Boiling and keg washing 
Filling (botttes. cans, kegs) 

Buildmg conatruction (see Part IV. Oufdoor Fa.::ili
liesl 

Building uteriou (see PartiV, Ouldcor Facilities) 

Candy maklng 
Be• departmenl 
Chocolate departmenl 

Husking, winnowing, tal extraclion, crushing 
and refining, feeding 

Sean cleaning, sorting, dipping, packing, 
wrapping 

Milling 
Cream making 

Mlxing, cooking, molding 
Gum drops and jellied forma 
Hand decorating 
Hard candy 

Mixing, cooking, molding 

D 
E 
F 

1) 

ü 
n 

o 

D 

o 
E 

o 
o 
o 

o 
fur foolno,..•. fiH pa¡e 2-19. For illununance rangt!a fur each Wuminance CaLe_~~:ory, an paJI! 2-5. 

i 
¡ 
' 

' ;~ 

,. 

-~ 

\ 
j 

1 
1 
' .,¡ 



ES!'W·f!idt· 

2-1 0--UGHTING-SYSTEM DESIGN CONSIDERA TIONS 

Flg. 2-2. Coctinued 
----------------------~ 111. Contmuod 
---·--·----
A-¡•nt At:ltvlly IUumhlRnt:u A roa/ ActrvUy Ulumu>nH<.rr 

_____________________ c_._"~·~·-"'---1-----------------·---__:<.:a!!"Jr;•y 
Ole cutting and sorting E Control room• (see Electrlc generatlng t~letlona--

Kiss makinQ and wrapping E Interior) 

Cannlng and preaerving 
lnilial grading raw material samples O 

Tomatoes E 
Color grading and cuHing rooms F 

Preparalion 
Preliminary sorting 

Apricols and peaches D 
Tomaloes E 
Olivas F 

Cutting and pilting E 
Final sorting E 

Canning 
Continuous-bell canning E 
Sink canning E 
Hand packing O 

Olives E 
Examination of canned samples F 
Container handling 

lnspeclion F 
Can unscramblers E 
Labeling and cartoning O 

Caetlng (aee Foundrlea) 

Central 1tat1one (see Eleclrlc generatlng·atatlonl) 

Chemlcal planta (see Petroleum and chemlcal 
plantl) 

Clay and concrete producta 
Grinding, lilter preaaes, kiln rooma C 
Molding, pressing, cleanlng, trimming D 
Enameling E 
Color and gl8.zing-rough work E 
Color and glazing-tine work F 

Cleanlng and pre11ing lnduatry 
Checking and sorting 
Ory and wet cleaning and steaming 
lnspection and spotting 
Pressing 
Repair and alleration 

Cloth producta 
Cloth inspection 
eutting 
Sewing 
Pressing 

E 
E 
G 
F 
F 

1 
G 
G 
F 

Corridora (see Service speces) 

Cotton gin lnduetry 
Overhead eQuipment-separators, driers, grid 

cleaners, stick machines. conveyers, leea-
ers and catwalks O 

Gin stand O 
Control console O 
Lint cleaner O 
aale press O 

Oairy tarms (see Farma) 

Dairy producta 
Fluid milk induslry 

Boiler room O 
Bottle storage o 
Bottle sorting E 
Bottle washors 11 

Can washers D 
Cooting equipment o 
Fi/ling: inspection E 
Gauges Con tace) E 
·.aboretories E 
Meter panels (on tace) E 
Pasteurizers D 
Separators O 
Storage retrigerator O 
Tanks, vals 

Lighl inlertors e 
Oark interiors E 

Thermometer (on lace) E 
Weighing room O 

Scales E 

Dlap1tch boarda (see Electric genera:.ng 
stationa-interiorl 

Oredulng (see Part 1\', Outdoor Facilities) 

Electrical equlpment manufacturlng 
lmp-egnating O 
lnsulating: coil winding E 

Elecbic generatlng atations-interior (se e also Nu
clear power planta) 

Air-conditioning equipmenl, air preheater and tan 
!loor, ash sluicing d 

Auxiliaries, pur.•PS, tanks, compressors. gau11e 
Clothing manufa.::ture (men'a) ·.1rea e 

Receiving, openmg, storing, shipping O Ballery rooms O 
Examining (perching) 1 Boiler t•latlorms l3 
Sponging, decating, winding, measuring O Burner ¡Jiatlom•s C 
Piling up and marking E Cable rcom E3 

,Cutting G Coal handling 1ystems· B 
Pattern making, preparation ot trimming, piping, Coa! pul'~eri.zet e 

canvaa and snoulder pada E Condenfiars, Ceaerator tloor, evaoorator !loor. 
Fitting, bundling, lhadlng, slitchlng O hfater loors B 
Shops F Control IQOml 

lnspection G Main control boarda 0 13 

Pressing F Auxiliary control panels on 
_s~e~w~in~g'-~'-'-'-'----..... '--'---'-'--'G'----.L---O:::pe~rcator 's sUtion En 

Fur footnot.n, M'f' p.111• 2-l!t. For illuminance unllt'li for each llluminanc• C&t•Jiory rwf' paJt' 2-.1) 



1(5 LIOHTI~G HA.N0800K 
1881 APPLICATION VOLUU[ ILLUMINANCE CATEGORIES (INI)USTRIAL) 

Flg. 2-2 .. Continued 

111. Contmued 

lUumlnanca 
CII&Qory 

Mamtenance and winng areas O 
t.:mergency operating lighting e 
Gaul)o reading O 

Hydrogor, and carbon dioxide manifold area e 
Laboratory E 
Precipitators B 
Screen house C 
Soot or .'ilag btower plalform e 
Stenm headers and throtttes 8 
SwitchQear and motor control centers O 
Tetephone end communicalion eouiomenl 

rooms D 
Tunnets or gellcries. piping end etectrical 8 
Turbine building 

Opc1 ating Hoor D 
Below ooerating floor C 

ViSilor"s gallery e 
Water trealing area O 

Electrtc generatmg atatlona-uterlor (see Part IV, 
Oute1oor Facilities) 

Ehwato1 a (see Ser\llce •paces) 

ExptoalveG manuracturlng 
Hnno turnac~s. boiling tanks. stationary driers. 

stalionary anCI gravity crystallizers D 
Mechon1cal furnace. oeneralors and stil!s. me·. 

chanicat driars, evaporators, Wtralion, me~ 
ch.1.r.icP.I crystatlizers O 

Tanks lor cookinQ. extractor&. percolators. 
nitrators O 

Farma-dairy 
Milking oporation ares (milking parlar and stal1 

barn) 
General e 
Cow·s udder O 

Milk hanoting eQuipment and storage area (milk 
house or milk room) 

General e 
Washing area E 
Ou!k tanl.: interior [ 
Loading pialtorm C 

Feeding area (stall barn leed alley, pene, loase 
housing leea ares) e 

Foed storage area-lorage 
Haymow A 
Hay inspecfion area e 
Laddors and stairs e 
~ A 
Silo room e 

Feed storage area-gr:-tin and concentrate 
G~~~ A 
Concentrate storage area B 

Fe ea processing area B 
livestock houslng area (community, mate1nity, in~ 

dividua! calf oer.s. and loase housing hold~ 
ing and restino areas) B 

t..-! achine storaoe area (garage· and machine 
shedl B 

Farm shop area 
Active storage area e 

.Area/ ACU\'Ity 
llluml~l!nu, 

r~ni~>·J¡,; f 

' Genera: &hop areu (mochinor·~· rupau. rm:~¡L 

sawingl n 
Rough bench and machln(> work (painti:lQ. fin~ 

storage, ordinary sheet na:tal wotr .. wdU-
ing. medium benchwork) [; 

Medium bench and machina work (line W'JC{I · 

worl<ing, drill press. metal lathe, grindl'!r} E:. 
Miscellaneous areas 

Farm oftic:! (aee Readlng) 
Restrooms (see Service apacoll) 
Pumphouse C 

Farma-povltry (see Pouttry indualry) 

Flour milla 
Aolling. silting, purifying E 
Packing O 
Product control F 
Cteaning, screcns. fn"an lifls, aisteways and wall\. 

ways, bin checking o 
Forge ahopa 

Foundriea 
Anne311ng (furnaces) 
Clcaning 
Core ma.king 

Fine 
Medium 

Grinding and chipping 
lnspeclion 

Fine 
Medium 

Molding 
Medium 
Large 

Pouring 
Sortlng 
eupola 
Shakoout 

Ger,.gea-e•nlc• 
Rapairs 
Active trallic 11reas 
Wrile·UP 

Glas~~o work!l 
Mix and furnacn rooms, pre~sing and lehr. qta.s:;-

blowing machines 
Grind.ng. cull1ng, stlvering 
Fine griP- "'~Q. bevcling. polishing 
lnspectic, . etching and decorating 

Glove manufacturing 
Pressing 
Knilting 
Sorting 
Cutling 
Sewino and insoection 

Hangars (see Alrcraft manufacturlng) 

Hat manufacturtng 
Oyeing, sliffenino, braiding, c!eanino. refininu 

o 
o 

F 

F 

r 
r 
e 
F 

,
Li 

r 
e 
[j 

o 
F 
F 

G 
F 
F 
G 
G 

E 
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Flg. 2-2. Continuad 

111. Continuea 

A.rea 1 A.ct1vity 
llluminance 

CateQory 

Forminu. sizir.g, pouncing, tlanging, tinishing, 
ironing F 

Sewing G 

lntpectlon 
SimPle D 
Moderately ditficull E 
Oilficult F 
Very dit1icull G 
Exacling H 

lron and 1tMI manutacturing {see page 9- 63)11 

Jewelry and watch manufacturlng G 

L.aundrlea 
Washing O 
Flat work ironing, weighing, llsling, marklng O 
Macnine and presa linishing, sorting E 
Fine hand ironing · E 

l"ther manutacturlng 
Cleaning, tanning and stretchlng, vals O 
Cutting, fleshing and stutfing O 
Finishing and scarfing E 

laather worklng 
Pressing, winding, gtazing F 
Grading, matching, cuuing, acar1lng, aewlng a 

Loadlng and unloading platforma (see Part IV, Out-
door Facilities) 

Locker room• C 

Loeglng (aee Part.IV, Outdoor Facl\lties) 

Lumber yarda (see Part IV, Outdoor Facilities) 

Machlne ahopa 
Rough bench or machlne work O 
Medium bench or machine work. ordinary auto

matic machines, rough grinding, medlum 
buHinQ and po!ishing E 

Fine bench or machina work, line automatic ma
china&. medium grinding, fine buHing and 
potishing , . . . . . . . . . . . . . . . G 

Exlra-tine bench or machina work, grinding, fine 
work H 

Materlala handling 
Wrapping, packing, tabeling O 
Picking stock, classilying O 
Loading, in si de truck bodies and treight cars C 

Meat packlng 
Slaughtering O 
Cteaning. cunlng, cooklng, grinding, cannlng, 

packing O 

Nuclear power plants (see also Elecllic generatlng 
statlona) · 

Auxiliary building, uncontrolled access areaa C 
eontrolled access areas 

Counl room E23 

Laboratory E 
Heallh physics oHice : F 
Medica! aid room F 
Hot laundry O 

Area/ Actlvity lltum•nance 
Ci!.te.:crv 

Storage room 
Engineered satety teatures eQuipment 

Oioset generator building 
Fue! handling building 

Operatlng !loor 
8elow operalinQ tloor 

011 gas building 
Radwaste building 
Reactor building 

Operating tloor 
Below operating !loor 

Packlng and boxlng (see Material• handling) 

Pelnl menufacturlng 

e 
o 
o 

o 
e 
e 
o 

D 
e 

Processing O 
Mix compar~son F 

Pel~t ehopa 
DipoinQ, simple spraying, lirinQ O 
RuDbing, ordinary hand painting and linishing art, 

stencil and special spraying O 
Fine hand painting añd linishing E 
Extra-fine hand painting and linishing G 

Paper~box menutacturing E 

Paper manufacturlng 
Baeters, grinding calendering O 
Flnishlng, cuttln,, trimmlng. papermaking ma-

chin.:ts E 
Hand counting, wut end of papar mad ine E 
Paper ma.:hine reel, paper inspeclion, and 

!abo• atortes F 
Rewlnder F 

Parking era .. 

Petroleum en< chemlcal planta 

Plr.Ung 

(seepag~ 14-24) 

Cs1e page 9-51 )~' 

o 
Pollshlng and Jurnilhlng (see Machint~ shops) 

Power planta (~e Electrlc generatlng ltetlons) 

PO'Jitry lnduatry (aee elso Farm-dairy) 
arooding, produclion, and \aying houses 

Feeding, inspection, cteaning C 
Charts and records O 
Thermometers, lhermostats, time clocks O 

Hatcheries 
General area and loading platform e 
lnside incutoe.tors O 
Oubblng statlon F 
Sexing H 

Eoo handling. 'Ja<...'l(ing, and shipping 
General cleanliness E 
Egg Quality nspection , E 
Loading pla¡Mrm, egg storage ares, etc. C 

Egg processinc 
General \igtllin~ E 

Fowl processing ptanl 
General (excluding killing and unloading 

area) E 
Government it~spection atation and grading 

stations E 
Unloadino and killino area e 

fo'or foutnoln, .u ~1' 2-\g. F'or ill\lmmonce nn,:n for each 11\uminance Cal.t,ory, aee pa¡r;e 2·6 
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HISI AF'PLICATION VOlUioiE ILLUMINANCE CATEGORIES (INDUSTRIAL) 2-13 

Flg. 2-2. Continuad 

111. Continued ---------·------,,.......,-----,------------ ·--- -
Ulumlnanca Area/Acuvuy l!llJmlr1"'1r:n "'lln/Acllvlty 

CalltQOt)' Cnhl\/llry 

=eed storage 
Graln, teed rahons C 
Processlng C 
Chet1s and recorda O 

twtachine slorage area (garage and machina 
shed) B 

Prtntlng tnduatrlea 
Type loundries 

Matri• making, dressing type E 
Font assembty-sot1ing O 
Casling E 

Printing ptanls 
Color inspection and appraisal F 
Machine composilion E 
Composing room E 
Presses E 
tmposing sienes F 
Proofrcaaing F 

Eleclrotyping 
Motding, routing, tlnishing, levellng molds. 

trimming E 
Blocklng, tinning O 
Etectroptallng, waahing, backlng O 

Pholoengraving 
Etching, stagino. blocking O 
Rouling, finishmg, prooling E 
Tint laying, masking E 

Rocelvlng and lhipping (see Material• handling) 

Rallroad yardl (lee Part IV, Outdoor Facilities) 

Rubber goode-mechanleal 

Rubber tira manutacturlng 

Safaty 

Sawmllla 

' (see page 9-56)11 

(see page 9-56)11 

(a~e page 2-45) 

Secondary log deck B 
Head saw (cutling ares viewed by sawyer) E 
Head saw outfeed B 
M achine in·leeds (bull edger, reaaws. edgera, 

lrim. hule saws, planera) e 
Main mili !loor (base lighting) A 
Sot1ing tables O 
Rough lumbar grading O 
Finished lumber grading F 
Ory lumber warehouse (planer) C 
Dry kiln colling shed B 
Chipper lnteed 8 
Basement areas 
w~ A 
tnactive A 

Flling room (work areas) E 

S.rvlce apacea (sea elso Storage rooma) 
S!airwBys, corridors 8 
Elevetors, freighl and paasenger B 
Toilets and wash roome C 

BhMt metal work1 
Miacellaneous machines. ordinary bench work E · 
Preaaes, ahears, etamps, spinning, medlum bench 

work E 

Punches 
Tln plate bspection, galvanizad 
Scribing 

Shoe manufacturlng-leather 
Cutllng and slltching 

E 
F 
F 

CuHing tables G 
Marking, buttonholing, skiving, sorting. vamp-

lng, counting G 
Slllchlr:g, dark meteríais G 

Making and finishing, nailers, &Ole tayers, wcll 
bea1ers and acarfera. trimmers. welters. 
laslers. edge aellers, sluggers, randc1~. 

wheelers. treers, cleanlng, spraying. bult-
ing, polishing, embosaing F 

Shoe manutacturlng-rubbe. 
Washing, coating, mil/ run .·.::.mpoundlng O 
Varnishlng, vulcanizing, calendering, upper and 

sote cuttino o 
Sale rolling, lining, makino and linishing 

procea.sea E 

Soap manutscturtng 
Kettle houses, cutUng, soap chip and powder D 
Stamping, wrapping and packing, lilling and pack-

, ing aoap powder O 

Stalrwayl (see Servlce spacel) 

Steel (see lron and ateel) 

Storage battery manuflcturing 

Storage room• or warahouaea· 
lnactive 
Actlve 

Rough, bulky ltems 
Small items 

Storage yarda (see Part IV, Outdoor Facilities) 

o 

e 

e 
D 

Structural ateel tabrlcatlon E 

Suoar reflnlng 
Gradino E 
Color inspection r 

TeaUng 
General O 
Exacllng tests, edra-fine instrumenls, scales, 

~- F 

Textlle milla 
Staple fiber preparation 

Stock dyeing. tintino O 
Sorting and grading (wool and cotton) E' 8 

Yarn manufacturing 
Qpenino and picking (chute feed) O 
Carding (nonwoven web tormationl O;~ 
Orawin., (gilling, pin dratting) O 
Combino o:·· 
Roving (alubbing, rly frame) E 
Splnnir.g (cap sPinning, twisting, texturing) E 

Yarn preparalion 
Winding, auilling, twisting E 
Warping (beaming, sizlng) F' 8 

Warp tie-in or drawinQ-in (automatic) E 

Fur (outnolft, IH .,_,., 2-19. ; illuminance ran¡e1 lar uch Wuminance C1te¡ory, IH pqe 2-5. 

{._/0 
~ ~; •• ~ ·r.f'r.·\ ~. , . • • - .• , • ..• • .lt:.,. ,,,.~s:..· ,~ .. ~.,-~~ ......... ~ 
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2-14 LIGHTING SYSTEM OESIGN CONSIDERA TIONS lES LIQI<lli'jG .. Ao,¡Df\O(t" 
1¡¡)81 APPLICATIO"' liO\.U""t 

Flg. 2-2. Continued 

111. Continued 

Area/A.ctlvity 
Ulum•nance 
Cateoorv 

Fabric prOduction 
Weaving, knitting, tut1ing 
lnspecllon 

Finish•ng 
Fabric preparation (desizing. :.courin'J, bleach

ing, singeing, and mercerizalion) 
Fabric oyeing {printing) 
Fabric linishing (calendaring. sanlorizing, sued· 

ing, chemical treatmenl) 
lnspection 

Tobacco producta 
Orying, slrípping 
Grading and sorting 

Tollets end wash rooma (see Ser ... lce IPDces) 

F 
G" 

O 
O 

O 
F 

Area/Achvlly 1!1-.JnunRrcf! 
CateQor; 

Uph~llterlng 

Warehouee (see Storege rooma) 

Welc!lng 
Orientation 
P1 ecision manual arc-welding 

Woo-1working 
Rough sawing and bench work 
Sizing. planing, rough sanding, medium c:uality 

m achine and ben.::h worl<, gluing. vl:neerinQ. 
cooperage 

Fir.e bench and machina work. line sending anr! 
linishing 

F 

o 
H 

O 

O 

E 

IV. Ouldoor Facilities 

Are a/ Ac!lvll'l 

Building (conatructlon) 
General conslruction 
Excavation work 

Bulldln; uteriora 
Entrances 

Active (podcstrian and/or 
conveyance) 

In active (normally locked,. 
intreQuenlly used). 

Vital localions or structurPs 
Building surrounds 

Bulldlnga and monumenla, 
floodlighled 

Brighl surroundings 
Light surtaces 
Medium lighl surfaces 
Medium dark surtaces 
Dark aurfaces 

Dark surroundings 
Ugnt surtacea 
Medium lighl surtaces 
Medium dark surtaces 
Oark sur1aces 

Bullittin and poater boarde 
Bright surroundings 

light surfaces 
Oark surtaces 

Dark surroundings 
LiQht eurtaceo; 
Oark surfaces 

Central atation (see Electrlc 
generaUng ataUona
••tarior) 

Coal yarda (protective) 

Dredging 

Electric generatlng ataüon•
exteriet 

Boller areas 
Catwatks. genefal areas 

Lu• 

100 
20 

50 

10 
_so 

10 

150 
200 
300 
500 

50 
100 
150 
200 

500 
1000 

200 
500 

2 

20 

20 

Footcandtes 

10 
2 

5 

1 
5 

15 
20 
30 
50 

5 
10 
15 
20 

50 
100 

20 
50 

0.2 

2 

2 

Area/Actlvlty 

Stairs ana platlorms 
Ground le~el afeas includ

ing precipitators. FD 
and ID lans. bollom 
ash hoppers 

Coohng towers 
Fan deck. pla!lorms, 

stairs. valve arcas 
Pump areas 

Fuelhanaling 
Barge un:oading, car 

dumper, unloading 
hoppers, truc¡... unload
ing, pumps, gas 
meteri1g 

Convoyar; 
Stcrage 1 mks 
Coal stouge ~iles. ash 

dumps 
Hydroelectric 

Powerhou!.e reo!, stairs. 
platforr-1 and intake 
decks 

lnlet and d.scharge water 
are a 

lntake structur·~~ 
Oeck and la'(<.Jown area 
Value pits 
lnlet water area 

Par~üng areas 
Main plant pa.ddng 
Secondary pilr:"<ing 

Substation 
Horizontal general area 
Vertical taak& 

Tra-nstormer yards 
Horizontal gfneral area 
Vertical lasks 

Turbine areas 
Building surrc•und·,; 
Turbine and heate· decks, 

unloading bays 

Fur (uotoull'l', ~ pa¡¡:t' 'l- t!l. For illutHinancl!' r&llgl!'ló for l'll'h llluminanu• L't~Lc;:ory, &el!' pagl!' :!-~. 

'"' 
50 

50 

50 
20 

so 
20 
10 

2 

50 

2 

50 
20 

2 

20 
10 

20 
50 

20 
so 

20 

so 

Footcandles 

5 

5 

5 
2 

2 

0.2 

5 

0.2 

5 
2 
02 

2 

2 
5 

2 
S 

2 

5 

'11 

1 

1 

i 
1 
1 
1 

1 

1 

1 

1 
1 
1 

1 
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ILLUMINANCE VALUES (OUTOOOR) 
' 

Flg. 2-2. Ccl)tinued 

IV. Continuad -- ----------:----:-----:----.:..::.~~--- .. ···-- -··-··-·-·· 
A.rtou/A.clivlty Lu~ fooh:.IU'\d!o~; Armt/,I,Ctlvlly Lu• 

·--·------=------1--..:..::....~---- ---·----~·-
Entrances. stairs and Hump Dnd car ridcr clasalli-

platlorms so' 5' cation yard 

FlaQI, floodlighted (see Bu\1&- Aeceiving yard 
tln end poatar boafda) Swit:tr points 

80dy ot yard 
Gardena '' Hump area 

General lighling 5 0.5 Flat switcl'ling yards 
Pall'l, altPI, away lrom Side ol cara (vortical) 

Muse 1 O Switch points 
Backgrounds-tences, T railer-on-flatcars 

walts, trees, shrub- Horizontal surtace of 
bery 20 2 flatcar 

Flower beds. rack gardena 50 5 Hold-down points 
Traee, thrubbery, whan (vertical) 

emphaalzed 50 5 <;:ontainar-on-ftatcars 
Focal polnts, large 1 00 1 O 
Focal points, small 200 20 Roedwayt (see paga 1 4:-8) 

Gatollna atatlon (see Sarvlce Sawmllla (see a!so LQ9glng) .. 
atatlona in Part 11) Cut..off saw 

Log haul 
HighWIIYt (see page 1 4-8) Log hoist {sida lift) 

Loading and unloadlng Primery log deck 
plat1orms 200 20 Barker ln-teed 

Freight car interiors 100 10 Green chain 
Lumbar strapping 

Logglng (see BISO Sawmllls) Lumbar handling Breas 
Yarding 30 3 Lumber toedtng areas 
LOQ toading and untoading 50 5 Wood chip etoraga pitaa 
Log atowing {water) 5 0.5 
Active too storage area Sarvice ttatlon (al grade) 

(tand) G O. S Dark surround•ng 
Log booming area (water)- Approach 

too! trattic 1 o Oriveway 
A,.:,ve tog handling area Pump istand area 

(water) 20 2 Building faces (exclusive 

Lag grading-water ar tand so 5 of otassl 

Lag bins (land) 20 2 ~=:~a:~~ghlight& 
Lumber yarda 1 O lighl surrounding 

Parking areaa (see page 1 4- Approach . 
24¡ Orivews.v 

Piara 
Freight 
Passenger 
Active shipping aree 

surrounds 
Prison yarda 

Ouarries 

Rallroad yarda 
Retarder classification yarda 

Receiving yard 
Switch points 
BOdY of yard 

Hump area (vertical) 
Controttower and retardar 

area (vertical) 
Head end 
Boóy 
Pull-oul end 
Oispatch or forwarding 

yard 

For footnotu, aee pa¡ll' 2-1!1, 

200 
200 

50 
50 

50 

20 
10 

200 

100 
50 
10 
20 

10 

20 
20 

5 
5 

5 

2 
1 

20 

10 
5 
1 

2 

Pump island area 
Building taces (exclusive 

ot ylassl 
Servicc o.reas 
Landscapc hightights 

Shlp yarda 
General 
Ways 
Fabricalion areas 

Smokeetacks wlth advertlslng 
mnt.uges (see Bull• 
tln and postor boardl) 

Storage yarda 
Active 
lnactive 

StrHtl (sea page 1 4-6) 

Water tanka wlth advertising 
meaeagea (see Bull• 
ttn and poater boarda) 

20 
10 
50 

50 
20 

50 

50 
30 

100 
20 
20 

100 
300 

200 lo 30078 

150 lo 20016 

20 
50 

5 

15 
15 

200 

100,. 
30 
20 

30 
50 

300 

300'. 
70 
50 

50 
100 
300 

200 
10 

2-15 

2 
1 
5 

5 
2 

5 

5 
3 

10 
2 
2 

10 
30 

20 !o JO~'> 
1 5 to 20~6 

2 
5 
0.5 

1.5 
í.5 

20 

1 O'~ 
3 
2 

3 
S 

30 

30'' 
7 
S 

5 
10 
30 

20 

,. 

;.; 
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2-16 L/GHTlfYG S_Y§>TEM DESIGN. CONSIDERA TIONS · 

Atoo/ Actlvlty 

Archery (lndoor) 
Target, tournament 
Target, recreaUo11a1 
Shoolfng Une, tournament 
Shooting line, rec~eationat 

Archery (outdoor) 
Target, tournamenl 
Target, recreational 
Shooting line, lournament 
Shooling Une, recreational 

Badmlnton 
Tournament 
Club 
Recreatlonal 

Baaeball 
Mejor league 

lnfield 
Outfield 

AA and AAA Jeague 
lnfleid 
Outfield 

A and 8 league 
lnfield 
Outfield 

e and o league 
lnfield 
Outfield 

Semi.pro and municipal league 
lnfield 
Outfleld 

Recreational 
lnfield 
Outfield 

Junior league (Ciass 1 and Class 
11) 

lnfiotd 
Outfield 

On aeats during game . 
On aeats befare and aHer game 

Basketball 
Colleoe and proteasional 
College intramural and high 

school 
Aecreational (outdoor) 

Bathlng beachea 
On land 
1 SO teet trom ahora 

BUiiarde (on tat>¡e} 
Toumament 
Aecreational 

Bowllng 
Tournament 

Approachea 
Lanas 
Pina 

Recrealionat 
Approaches 
Lanas 
Pina 

Por footnotaa, aee pare 2-19. 

Lv• 

soo~· 
30014 
200 
100 

300 
200 
100 

1500 
1000 

700 
500 

500 
300 

300 
200 

200 
150 

150 
100 

300 
200 

20 
50 

500 

300 
100 

500 
300 

100 
200 
soo~· 

Flg. 2-2. Continued 

V. Sporta and Recreational Araaa 

FootC&rldtea 

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 u 

10 
10 
3014 

FtJCICIUldlú~ 

Bowling on the green 
Tournament 
Recreational 

Boxlng or wreaUing (ring) 
Championahip 
Professional 
Amateur 
Seats during boul 
Seats betore and aHer bout 

Cattlng-balt, dry-fly, wat-tly 
Pier or dock 
Target (al 24 meters {SO feet]lor 

bail caaling and 1 S melera 
rso feet) for wel or dry-fly 
casling) 

Comblnatlon (outdoor) 
Basebsll/football 

lnfield 
Outfietd and footbell 

Industrial soffball/football 
lnfietd 
Oulfiold and tootball 

Industrial softball/6-man foot
ball 

lnfield 
Outfield and tootbatl 

Croq,Jet or Roque 
Toumamenl 
Racrealional . 

Curllng 
Tournamenl 

Tees 
Rlnk 

Recreatlonat 
Teas 
Rink 

Fenelng 
Exhibillons 
Recreationat 

Foothall 
Oistence trom neerest s~l,..~line lo 

the farthest row of a . .,ecta
tors 

Clasa 1 Ovar 30 matera (t 00 

100 
50 

5000 
2000 
1000 

20 
50 

100 

50" 

200 
150 

200 
150 

200 
150 

100 
50 

500 
300 

200 
100 

500 
300 

10 
5 

500 
200 
100 

2 

10 

5'' 

20 
15 

20 
15 

20 
15 

10 
5 

50 
30 

20 
10 

50 
30 

teet] 1 coa , oo 
Ctas.s 11 15 lo 30 meten (50 lo 

1 oo teet) sao 50 
Class 111 9 10 t 5 meters [30 lo 50 

feet) 300 30 
Clan IV Under 9 melera [30 

teet) 200 20 
Clasa V No nxed 1-eeting 

facilities 1 oo 1 O 
lt is generally conceded that the distance be

tween the spectators and ,he play is the first 
coneic:'eration in determinl~ the ctass and light· 
lng reQuirementa. However, lhe potential aeatino 
capacity ot the atandl shouJ 1 also be conaidered 
and !he followlng ratio la 81Jggeated: Class 1 for 

i 
l 
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Flo. 2-2. Continued 

V. Contlnued 
--··----------::--::---r-:--~-:----------·-·---
Aroo/Acllvlly Lu11 Footcendle• Area/Actlvlly lull rCiolc.amllor. 

over 30,000 spectators; Claas 11 for 10,000 lo 
30,000; Ctoss 111 tor 5000 lo 1 0,000; ond Closs 
IV lor under 5000 spoctalors. 

Football, Canadlan-rugby (see 
Football) 

Football, alx-man 
Hioh school or college 
Jr. hlgh Bnd recreatlanal 

Golf 
Tee 
Fairwoy 
Green . 
Orlvlng range 

Al 180 matera (200 yards) 
Ovar lee ·area 

Miniatura 
Practica pultlng greon 

Gymnaoluma (refer to Individual 
spor1s Usted) 

General exerclalng and 

200 
100 

50 
10, 30' 4 

50 

5014 

100 
100 
100 

recrestion . . 300 

Handball 
T ournament 500 
Club 

lndoor-four·wall or aQuash 300 
Outdoor-two-court 200 

Recreational 
lndoor-tour·wall or &Quash 200 
Outdoor-twcrcourt 100 

Hockey, fleld 200 

Hockey, Ice (lndoor} 
College or protessionÍll 1 OOQ 
Amateur 500 
Rocreational 200 

Hockey, Ice (oUtdoor) 
College or profossional .. 
Amateu"r 

20 
10 

5" 
10 
10 
10 

30 

50 

30 
20 

20 
10 

20 

100 
50 
20 

50 
20 
10 

.. 

DragGirip 
Staglng areo . 
Acccleratlon, 400 motera. 
[1320 leel) 

Oecolen:tlion. tin;,t 200 meters 
(660 leet) 

Oeceloratlon, socond 200 
mctcrs {6CO feet) 

Shutdown, 250 melero (620 
loot) 

liorsil 
Motor (midget of motorcyclo) 

Racquelball (see Hondball) 

RUlo 45 II'ICI\~ra [&O yords]-out-
door) 

On tnruets 
Flrlno polnt 
Rango 

RUle and pletol rango (lndoor) 
On targols 
Flrlng polnt 
·Rnnge 

Rodeo 
Arena 

Prolesslonal 
Amateur 
Recroational 

PEins and chutes .. 

Roque (seo Croquet) 

Shutfleboard (lndoor) 
Tournament 
Recreatlonal 

Shuffleboard (outdoor) 
Tournamonl 
Rocroftlionul . 

100 

200 

150 

100 

50 
200 
200 

50014 

100 
50 

100014 

200 
100 

500 
300 
100 

50 

300 
200 

100 
50 

100 
100 

50 
10 

::J00u 
50 

3oo•• 
50 

10 

10 

20 

15 

10 

,, 
20 
20 

50" 
10 

5 

50 
30 
10 

5 

30 
20 

10 
5 

10 
10 

5 
1 

30u 
5 

50 
30 

30 
20 

:--
¡ . : 
;.-. 
''·· 
:·.' 
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At&a/AcUvHy 

lndusrrialleague 
lntield 
Oullield 

Recrealionat (6·pole) 
lnfield 
Oulfield 

Slow pllch, tournament-see in
dustrial Jeegue 

Slow pitch. recreational (6-
pole)-see recreallonal (6· 
pote) 

Squ .. h (aee Handball) 

Swlmmlng (lndoor) 
Exhibitions 
Recrealional 
Underwater-1 000 [1 OOJ lamp 

lumens per SQuare meter 
{loor) of surtace erea 

Swimmlng (ouldoor) 
Exhibltions 
Recrealional 
Underwater-600 {60) lamp lu

mens per SQuare meter 
(too!] ol surtace area 

Area/ Achv11y 

Alrc:rart 
Passenger compar1ment 

General 
Reading (at sea!) 

Airport• 
Hangar apron 
Terminal building apron 

Parking area 
Loading area 

Rail conveyanca• 
Boarding or exlting 
Fare box (rapid transit !rain) 
Vestibure (commuter and inter-

city trains) 
Aisles 
Advenising carda (rapid transit 

and commuter trains) 
Back-lighted adver1ising cards 

(rapid transit and com
muter trains)-860 
cd/m2 (250 fl) aver
age maximum. 

Reading 
Real room Cinter-cily train) 
lllnlng area Cinter-clty !rain) 
Food preparallon (inter-city 

train) . 
Lounge (inter-city !rain) 

General lighling 
Tabla gamas 

Sleeping cBT 
General lighting 
Normal reading 
Prolongad seeing 

For fo<nnolfto, AH pa¡.- 2-19. 

200 
150 

100 
70 

500 
300 

200 
100 

lu• 

50 
200 

10 

100 
150 

100 
100 

300 

300' 
200 
500 

700 

200 
300 

100 
300' 
700' 

Flg, 2-2. Continued 

V. Continuad 

Footcandloa 

20 
15 

10 
7 

50 
30 

20 
10 

Are e 1 ActlvJry 

Ter.nla (lndoor) 
Tournament 
Club 
Recreatlonal 

Ter.nla (outeloor) 
Tournament 
Club 
Recreatlonal 

T ennia, plat1orm 

Tennls,-tablt 
Tournamenl 
Club 
Recreational 

Trap 
Targets at 30 meters [100 leet] 
Firl.ng polnts . . . 1 

VOU4ty ball 
Tournament 
Recreational . . . . . . 

VI. Tranapor1ation Vehicles 

Footcandl•• 

5 
20 

0.5 
2" 

10 
15 

10 
10 

30 

30' 
20 
50 

70 

20 
30 

10 
30' 
70' 

Ar .. / Acllvlry 

Roed Conveyanees 
Slep well and adjacent ground 

are a 
Fare boll 
General/lghtlng (for sea! setec

tion and movemenl) 
Clty and inter-clty buses at 

cUy stop 
lnter-clty bus at country 

stop 
Schoot bua whila movlng 
School bus al stops 

Advertising cards 
Back-lighted advertising cards 

(see Rail conveyances) 
Reading 
Emergency exit (school bus) 

Shlpa 
Living Areas 

Stalerooms and Cabins 
Generar /ighting 
Reading and writing 
Prolongad see•ng . 
Baths (general Jighting) 
Mirrors (personal 

grooming) 
Barbar shop and beauty 

parlor 
On aubject 

Oay rooma 
General lighring 
Oeaks 

Oining rooms and 
messrooms 

lu• 

1000 
750 
500 

300 
200 
100 

500 

500 
300 
200 

200 
100 

Lu• 

100 
~50 

100 

20 
150 
300 
300 

100 
300'u 
700' 6 ·3 

100 

500 

500 
1000 

200' 6 

soo''·3 

200 

Footcandllle 

100 
75 
50 

30 
20 
10 

50 

50 
30 
20 

30 10 

5 

20 
10 

Footcandlos 

10 
15 

10 

15 
30 
30 

30' 
5 

10 
30 1U 

70' 0 

10 

50 

50 
100 

20 

·------~==~~~------~----------------;t 



lES LIGHTING MAND800M: 
ILLUMINANCE VALUES (TRANSPORTA TION) 2-19 1Q81 APf>l!CATION \IOt.Ut.l[ 

Flg. 2-2. Continuad 

VI. Continuad 
---------------·-· 

Alltil/ACti'IIIY '"' F'ootcandiOI Areíi/AC!IVI!y Lu• F OOIC!UU..tlal 

Enclosed promanadas Sarvice AreSII 
General lightinQ 100 10 Food preparalion 

Entrences and passageways General 200'' 20' 6 

General 100 10 Bulchar sMop 200 16 20 11 

Oaylime embarkation 300 30 Galley 300'' 30'' 

Gymnasiums Pantry 200'' 20' 6 

Thaw room 200' 1 20' 6 

General lighting 300 30 
Sculleries 200'' 20'' 

Hospital Food storage (nOn· 
Oiapensary (general retrigerated) 100 10 

Jighling) JOO'' Jo'• 
Relrigeraled apacea (ahip's 

Operaling room stores) 50 5 
General lighling ~00'' so•• 

Laundrles 
Ooctor's oflice 300" JO'' 

General 200'' 20'' 
Ooera!lng table 20000 2000 Machina and press tinish· 

wards ing, sorting 500 50 
General lighling 100 10 Lockers 50 5 
Aeading 300 30 Offices 
Toilets 200 20 General 200 20 

Librarles and Jounges Reading · soo"· 3 50"· 3 

General lighting 200 20 Passenger counter soo•e.J SO'' 3 

Reading JOO''·J JO"·J Storerooms 50 5 
Prolongad seeing 700 18

"
3 70''·' Telephone exchange 200 20 

Purser"s office 200'1 20 16 
Operating Areas 

Shopping areas 200 20 Access and casing 100 10 
Smoking rooms 150 15 Battery room 100 10 
Slaira and loyers 200 20 Boiter rooms 200' 8 20'' 

Racreation areas Cargo handling (weather 
Sal! rooma 150'~ 15' 5 deck) SO" S" 
Cocktail lounges 150' 6 15' 1 Control stations (excet>t nav. 
Swimming Pools igating areas) 

General 150'6 15' 5 Qeneral 

Underwater Control consolas 200 20 

Qutdoora-600 [60) lamp tumens/sQuare meter Gauge and control 300 30 

(lool] ot sunace area boarda 300 30 

tndoors-l 000 ( 1 00) lamp lumens/sQuare meter Switchboards 300 30 

{loo!] ol sur1ace area Engine rooma 200'1 20'' 

Theatre 
Generator and switchboard 

Audilorium 
rooms 200'e 20'' 

General 100'' 10' 5 Fan rooms (ventilalion & a·lr 

Ouring picture 1 0.1 conditioning) 100 10 
Motor rooms 200 20 

Navigating Areas Motor generator rooms 
Chart room (cargo handling) 100 10 

General 100 10 Pumo room 100 10 
dn chart tabla 500' 1"3 50''' 3 

Shatt alley 100 10 
Gyro room 200 20 Shaf1 allev escape 30 3 
Radar room 200 20 Steering gear room 200 20 
Radio room tOO'' 10 18 

Windlass rooms 100 10 
Radio room, passenger Workshopa 

foyer 100 10 General 300' 8 30 16 

Ship · s offices . On lop of work bench sao•• SO'' 
General 200' 8 20' 1 Taller shop 500' 8 50' 11 

On aesks and work Cargo holds 
lables 500 18

"3 so'u Permanent lumina/res 30'' 3'' 
Whe6Jhouse 100 10 Pasaaoew!lys and trunks 100 10 

' lncluCie provisions tor higher levels lor exhibitiona. 
J Specific limita are provided lo minimiza deterioration eHects. 
J Task subject lo Yeillng reflections. llluminance Usted is nol an ESI value. Currently. lnsufficient experience in the use al 

E Sllarget vatues prec/udes the direcl use ot EQuivalen! Sphere llluminalion in the present consensus approach te racommend 
llummance values. Equivalen! Sph8re 1/Jumination rnay be used as a too/ in delermining the ell·.:o,·tiveness of con!rolling Yeiling 
'•"echOns and as a part oltne evaluation ol lighting systems. 

• llluminance Yalues ara listad basad en experience and consensus. Va/ues relate to r¡,.,•:.Js during various refigious 
Cetemonies 

'Oegradalion faclors: OverJays-add 1 weighling factor lar each overlay; Used materi<~l· tornate additional factors. 
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Fig. 9-12. Cont1nued (see oage 9· 13 ter ms1ruc~1ons ano no res) 
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Fig. 9-12. Conr1nueC (see page 9-13 for rnstructrons anc notes) 
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Fig. 9-12. Contmued (see page 9-13 for 1nsrructJOr.s and notes) 
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Fig. 9-12. Contrnued (see oage 9- 13 lor mstrucrrons and no< es) 
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Fig. 9-12. Conr,nued (see oage 9-13 for mstruc:1cns ¿¡,-,.-::~ates) 
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Fig. 9-12. Connnued (see oage 9-13 for tnstrucrtons and no res) 
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ADMINISTRACION EFICIENTE DE LA ENERGJA ELECTRICA 

EN LA ILUMINACION DE EDIFICIOS DE 
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OFICINAS 
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LA ADMINISTRACION DE LA ENERGIA ELECTRICA EN LA ILUMINACIOt-. 

DE EDIFICIOS DE OFICINAS, SE APLICA SOLAMENTE 

A INSTALACI-ONES EXISTENTES Y COMPRENDE CINCO PASOS: 

·-=== 

1. REALIZAR UNA AUDITORIA AL SISTEMA DE ILUMINACION. 

2. IDENTIFICAR LAS OPCIONES PARA EL BUEtJ USO 
DE L~ IL'-;JMINACION. 

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. 

...... ·=---= JI 
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l. AUDITORIA AL SISTEMA DE ILüMINACION. 
1 

CON LA AUDITORIA AL SISTEMA DE ILUMINACION SE OBTIENE 
EL CONOCIMIENTO DE LA INSTALACION EXISTENTE. 

EQUIPO REQUERIDO PARA EFECTUARLA: 

- LUXOMETRO. 

- MULTIMETRO GRAFICO PARA MEDIR: 
POTENCIA, VOLTAJE Y CORRIENTE. 

- CAMARA FOTOGRAFICA DE REVELADO INSTANTANEO. 

- GRABADORA PORTATIL DE CINTA. 

-ESCALERA DE MANO. 

- TABLA PARA TOMAR NOTAS CON PAPEL MILIMETRICO. 

- CINTA METRICA. 

- FORMATOS PARA EL LEVANTAMIENTO. 

REFERENCIAS: MANUAL DE ILUMINACION DE LA "lES", RECOMENDACIONES SOBRE DENSIDAD 

DE CARGA E INFORUACION TECHICA. 
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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 
ELECTRONICOS .. 

- REFLtECT,ORES ESPECULARES. 

- REEMPLAZO DE LUMINAR!OS. 

- 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. 

============,========o======= ~~====-·=···= 

¡¡ 

- IJ 



111. DESARROLLAR UN PLAN PARA EL BUEN USO 
DE LA ILUMINACION. 

EL PLAN PARA EL BUEN USO DE LA ILUMINACION IDENTIFICA 
LAS OPCIONES QUE SERAN IMPLEMENTADAS, CADA RECOMENDACION 
DEBERA IDEtHIFICAR 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. 

- COSTOS DE ENERGIA Y MANTENIMIENTO ACTUALES Y 
AHORROS PROYECTADOS. 

- NATURALEZA DE LAS MODIFICACIONES PROPUESTAS. 

- BENEFICIOS GENERALES DE LA IMPLEMEtHACION 

DE LAS MODIFICACIONES (SEGURIDAD, PRECISION EN EL 
DESARROLLO DE LAS TAREAS, PRODUCTIVIDAD, CONFORT). 

=================== .......... . 
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111. DESARROLLAR UN PLAN PARA EL BUEN USO 
DE LA ILUMINACION. 

- COSTOS QUE IMPLIQUEN EL CAMBIO. 

- VALOR ESTIMADO DE LOS Bt:.NEFI.CIOS GENERALES DERIVADOS. 

- DENSIDAD DE .CARGA ACTUAL Y PROYECTADA. 

- TASA DE RETORNO DE LA INVERSION U OTRO INDICE FINANCIERO. 

ES IMPORTANTE TOMAR EN COSIDERACION LA~: INTERRELACIONES 

QUE TIENE EL SISTEMA DE ILUMINACION CON El 

AIRE ACONDICIONADO, LA DECORACION Y EL t,; OBILIARIO 
DEL EDIFICIO. 

[i 
1 

e==== J 
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IV. IMPLEMENTAR EL PLAN DE ACCION. 

LOS PLANES PARA LA ADMINISTRACION EFICIENTE DE LA ENERGIA 

ELECTRICA EN LA ILUMINACION DE LOS EDIFICIOS DE OFICINAS 

FRECUENTEMENTE SE DISE~AN PARA IMPLEMENTARSE EN ETAPAS. 

LA SELECCION DE LAS OPCIONES PARA INICIAR LA IMPLEMENTACION 

DE LAS ACCIONES, USUALMENTE SE SELECCIONAN LAS DE MAYOR 

RELACION BENEFICIO-COSTO GEI\'ERALMENTE 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 

QIE REQUIEREN UNA INVERSION SUBSTANCIAL DE CAPITAL. 
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IV. IMPLEMENTAR EL PLAN DE ACCION. 

ES APROPIADO INFORMAR A TODOS LOS EMPLE¡.OOS 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 ETM'A ES CONVENIENTE 

EFECTUAR MEDICIONES, CON EL FIN DE VERIFICI-R SI SE OBTIENEN 

LOS RESULTADOS PROYECTADOS, CON LOS AHORROS ESPERADOS. 

ll 

--====J 
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V. MONITOREAR LOS RESULTADOS OBTENIDOS 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 OBSERVACION Y EVALUACION 

DE LOS COMENTARIOS DE AQUE!..LOS QUIENES TRABAJAN EN EL AREA 

ILUMINADA, CAMBIOS EN LA PRODUCTIVIDAD, RANGO DE ERRORES 

Y OTROS FACTORES PUEDEN PROVEER INDICACIONES 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. 

. .. ~0=1 ·-

1 
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V. MONITOREAR LOS RESULTADOS OBTENIDOS Y 
MANTENERLOS ACTUALIZADOS. 

LA INDUSTRIA DE ILUMINACION REALIZA PROGRESOS TECNOLOGICOS 

. MUY RAPIDAMENTE, POR ESTA RAZON, LAS PERSONAS A CARGO 

DEL PLAN OEBERAN HACER UN ESFUERZO PARA ESTAR AL OlA 

DE LOS ULTIMOS ADELANTOS EN LA TECNOLOGlA DE LA ILUMINACION. 

-------



' 1 

FACUL TAO DE INGENIERIA U.N.A.M. 
DIVISION DE EDUCACION CONTINUA 

CURSOS ABIERTOS 
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A QUITECTURA 

La luz, fenómeno físico que nos 
asombra y conmueve, es sin duda 
fuente de vida y de creación. No en 
balde ha sido motivo de adoración 
en las diferentes culturas que con
forman la historia de la humani
dad. En la Europa medieval, los 
Siglos Oscuros están definitiva
mente marcados con un sello de 
miedo y superchería, mismos que 
se dejan ver en todas y cada una de 
las actividades que realizaba el ser 
humano en aquella época. , 

Sin embargo, se han superado 
estas etapas, y es así como en la 
actualidad todo el fulgor y esplen
dor de esta manifestación se en
cuentra al servicio de la especie 
humana, para maravillarnos aún 
más y permitirnos. continuar con 
nuestras actividades ya sean. de 
ocio o de trabajo. 

En el campo de la arquitectura, 
el papel de la luz es preponderan
te, si tomamos en cuenta que los 
movimientos del hombre, si bien 
están directamente relacionados 
con el día y el exterior, se dirigen 

... el papel de la luz es preponderante 
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también hacia 
espacios cubier
tos y tiempos 
nocturnos. Es por 
ello, que surge, 
cada vez con más 
fuerza la necesi
dad de especia
listas que vincu
len la magia de la 
luz con la versa
tilidad de nues
tros espacios. 

Por esta razón 
consideramos 
oportuno presen
tar las 'reflexiones 
que sóbre el tema 
nos hizo el arqui
tecto Enrique 

Quintero: "'La utilización de la luz solar en la arquitectura tiene 
anrecedentes muy importantes en nuestra cultura'" 

Quintero L.,· 
quien a través de Blitz, ilumina
ción Corporativa, S.A. de C.V., se 
dedica exclusivamente a la ilumi
nación, ya sea en el rubro del dise
i'lo, del cálculo o de la capacita' 
ción. 

Llamamos arquitectura de la luz, 

al arte y la técnica de la ilumina
ción aplicada a la arquitectura. 
Esta sigue los métodos utilizados 
en el proyecto arquitectónico y los 
resultados que se pueden obtener 
son realmente sorprendentes. 

"El proyecto de iluminación en 
la arquitectura frecuentemente se 
vincula con el proyecto eléctrico 
-explica Quintero-. Sin embar
go, el primero va más allá de la 
simple colocación de luminarias, 
dado que los efectos de luz y su 
función están relacionados ínti
mamente con la actividad estricta
mente arquitectónica". 

luz diurna y luz nocturna. El pro
yecto de iluminación se considera 
como tal, cuando engloba tanto 
al alumbramiento diurno como al 
nocturno o artificial, agrupando un 
todo interdisciplinario, el cual tie
ne metas tales como ahorrar ener
gía, enfatizar el diseno arquitectó
nico, adecuar la actividad en el 
espacio y, sobre todo, dar el carác
ter propio del estilo. 

"la iluminación de día -expli-
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una referencia confiable en este 
rubro se toman promedios con los 
que se puede· satisfacer la media. 

Una techumbre suspendida en el 
aire. En Francia. existe una obra 
arquitectónica. que se puede con
siderar como un excelente ejem
plo de la utilización de la luz: la 
Capilla de Ronchamp. Proyectada 
y construida por el arquitecto sui
zo-francés Le Corbusier hacia 
1955, esta maravillosa obra _arqui
tectónica, basada eri. temas mari
nos, fue conceptual izada con base 
en los efectos de la .luz sobre su 
estructura. 

El prefacio que acompañaba a la 
publicación sobre Ronchamp, 

La cubierta de la capilla de 
Ronchamp, construida a partir 
de un· cascarón de concreto, está 
soportada por medio de pilastras 
del mismo material que dejan una 
separación entre el muro y la te
chumbre para que penetre luz 
natural, dando la impresión de que 
esta última está suspendida en el 
aire. 

Esta técnica iue utilizada en 
Santa Sofía de Constantinopla. Al 
perforarse la base de la bóveda con 
ventanas, la luz "anula" los sopor
tes y la techumbre parece .estar 
suspendida en el aire. 

En esta obra de Le Corbusier la 
luz acaricia los muros exteriores. 
La textura que se le imprimió 

. "ObServad el juego de las sombras, entrad en.el juego ... "' 

realizada por el propio Le Corbu
sier, reza así: 

La clave 
· es la luz, 
y la luz 
ilumina formas. 
Y estas formas tienen 
una potencia emotiva ... 

La idea se redondeaba en la 
página siguiente, donde le Corbu
sier escribía con convicción: 

"Observad el juego de !as som
bras, entrad en el juego ... " y acto 
seguido, decididamente invitaba 
al observador a invertir el libro 
para mirar las imágenes del revés y 
descubrir el juego de la aquitectu
ra, es decir, redescubrir la luz y el 
juego. 
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motiva el juego de brillo y sombra 
en su superficie. La luz penetra a 
través de ventanas con vidrios 
de colores y da una sensación de 
espiritualidad en el interior que es 
complementado por la ilumina
ción primitiva de las velas prendi
das en racimos. 

"Le Curbosier podía ser critica
do de barroquismo o de sentir un 
fanatismo por las máquinas-fina
liza Quintero-, pero siempre 
quedaba aquello que al principio 
de su carrera había definido como 
la arquitectura de la manera más 
bella: 'La arquitectura es el sabio 
juego, correcto y magnífico, de los 
volúmenes compuestos bajo la 
luz'." • 

1 j 

SISTEMA¡ 
Dos compont•nres b .. 

R . . ilSIC05 
llp1do armado 

Modulas standard 
Para cubrir cil.lros m d. e 1anos 
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En el diseño de ilumina- r- -----· ----------

ción de día y en la artifi-

--., 

cial se tienen considera-
ciones distintas; para la 
luz del Sol, es necesario 
tener conocimientos de la 1 

posición de éste en las ! 
diferentes horas del día y 1 

considerar también las 1 

distintas estaciones del 

1 
año porque las cantida
des de luz est,jn determi- 1 

' 
/ 

Gráfica No. 1 . nadas por las condiciones · 
del tiempo y de los ele- ¡' j . , . 
mentas de control. Res- ~·========'======:!J 
pecto a la ilumináción 
artificial ésta requiere de técnicas 

· · matem,jticas. de c,jlculo para de
terminar cantidades de luz .. 

Nos referiremos primeramente 
al diseño de:ilúminación con luz 

-·natural (DILNl.'Existen cartas· de la 
·"posición del Sol en los diferentes 

puntos de la' Tierra y estaciones 
· .. del año. Estos datos son esenciales 

para el DILN, y es posible obte
nerla en la oficina geogrMica de la 
localidad. 

Sin embargo, la utilización prác
tica de la ubicación de la cons-

trucción por medio de maquetas 
permite observar directamente 
los efectos de luz solar sobre los 
vol.úmenes. Las profundidades 

· logradas y los claro-obscuros ob
tenidos sobre estas maquetas, se 
repr9ducirán en la obra arquitec
tónica "una vez terminada. ,. 

La i.luminación de día está.vin
culada con el ahorro de energía y 
es importante aprovecharla para 
dar 'iluminación en el interior. 

Aprovechar al máximo la luz 
del Sol no es sencillo, la cantidad 
que se requiere para un ,jrea de 
trabajo, por ejemplo, debe ser 
constante, y las condiciones del 
tiempo pueden variar; de mane
ra que es necesario establecer 
mecanismos de control, para 
contrarrestar. los cambios climá
ticos. 

Controles de luz. Los controles de 
luz los podemos clasificar de la si-
guiente forma: . 
• Persianas y cortinas. La persia
na es una de las formas más anti
guas y comunes de controlar la 
cantidad de luz. Este mecanismo . 
nos ayuda a transformar la ilumi
nación. que penetra a través de la 
ventana en efecto indirecto, como 
lo indica la gráfica 1. 
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ÓIUANISMO, A.C: 
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Tienen el agrad~'·d~ .:~; 

invitar a usted a participar.·. 
en el curso sobre:: .. 

¡, : ' ·y •¡ ,· 

.' .'~~-

DISEÑO y'.'. 
CONSTRUCCION 

CON 

,. 

MADERA 
Del 3 al 7 de Diciembre de 

1991, de 17:00 a 2o:oo horas. 

Lugar del evento: 

CENTRO DE EXPOSICIONES DE 
LA CIUDAD DE MEXICO :·. 

Esq. Antonio M. Anza y Ramón· 
López Velarde Coi.Roma, · 

México, D.F. (M. CENTRO MEDICO) 
Tels.: 564-50-07 1553-98-74 

., 

Si llegó la' hora 
del cambio ... 
Ya sea de ca-;a o de 
empresa, su nueva 

residencia o centro de 
trabajo nos interesa. 

Su nueva dirección nos 
permitirá enviarle al sitio 

'.. correcto nuestra revista y 
seguir en contacto con · 

usted como suscriptor de 

••• expans1on 
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Llámenos por favor a los 
teléfonos 207-20-66, 

207-21-76 }"208-92-01 
para servirle conio usted 

se merece. 

Las persianas construidas en 
obra tienen el mismo propósito 
y pueden ser fijas o móviles. En 
el caso de estar en una sola po
·~ición, ésta debe definirse por 
el deslumbre que moleste y 
para aprovechar al máximo la 
posición del Sol con respecto 
al espacio interno. 

El efecto de luz indirecta se 
acentúa cuando el canto de la 
persiana es de color claro, o 
bien podemos dar un efedo 
más directo, que esté dirigido 
conforme cambie la inclin;J
ción del Sol. Gráfica 2. 
• Cortinas. En cuanto a las cor
tinas pueden ser de diferentes 
densidades, que dejan pasar de
terminadas cantidades de luz, 
siempre difuminadas por el fl)ate
rial, bien sea de plástico, tela o 
metálico. · 

• Domos y tragaluces. En algu
nas ocasiones es difícil dar una 
entrada de luz a través de venta
nas y es necesario introducirla por 
la cubierta, llegándose al extre
mo de tener un gran espacio 
que aparenta estar en el exte
rior, con ambientación de plan
tas y elementos que normal
mente encontramos afuera de 
la construcción. De hecho, el 
mobiliario y los acabados 
dentro de esta área tendrán que 
resistir la fuerte radiación del 
Sol y es conveniente que estén 
preparados para esto. 

El corte transversal de la 
gráfica 3 indica un gran atrio 
central que está expuesto a la 
luz solar por medio de un tra-

galuz. Este diseño permite que se 
distribuya en la parte interna del 

. edificio y que pueda aprovechar 
· la fuente de luz natural. 

En la ciudad de Hong Kong, en 
China, existe una gran construc

ción dedicada a oficinas ban
cadas que tiene un espejo gi
gantesco en la parte superior y 
que coordinado con el movi
miento del Sol por medio de 
motores, refleja la luz en el 
interior del edificio en una 
forma constante. 

En la gráfica 4 tenemos un 
ejemplo de tragaluz que fue di· 
señado para fines religiosos, el 
haz de luz que se proyecta 
incide en el lugar de culto a la 
hora precisa que se realiza. 
Este efecto es posible gracias 

a la utilización de com
putadoras en su diseño, sin em
bargo, nos preguntamos ¡cómo 

realizaban los mayas con tanta 
precisión efectos de luz sobre las 
pirámides? 

Es importante tomar conciencia 
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de que tenemos la técnica para 1 

aprovechar la iluminación natural ! 
y no la uti inclusi 

r-estudio sencil 'li 
des de ahorrar energía utilizando i 

luz solar, nos permitirá· diseñar ! 

arquitectura con volúmenes y es-· 
tructuras novedosas. 

Los tragaluces que son muy uti
lizados en las áreas fabriles es 
posible incorporarlos a otros espa
cios, pues su buen funcionamien
to nos invita a utilizarlos en mu
seos como el e¡emplo de la gráfica i 
5 y foto que permite la entrada de 1 

luz en forma muy general, con el 
diseño de plafón que podemos 1 

apreciar en forma de' reflector. 1 

En todas las superficies cerca- 1 

nas al. tragaluz se recomienda tener ) 
colores claros para que la reflec-

1
· 

ción sea la más alta posible, en 1 

algunos casos es posible utillizar. 
un recubrimiento basándonos en 1 

el vidrio y yeso que aumenta aún . 
más este efecto. La gráfica 6 .nos , 
da un ejemplo sencillo 'de la utili
zación de un domo combinado 
con un murete. Otras' varia.ntes 
constructivas que permiten el. 
aprovechami•:nto de.la luz': las·· 
podemos encontrar en la gráfi
ca. 
• Cristales y vitrales. La utiliza
ción de crist ·'S con diferentes 1 
transparencias es una técnica que 
floreció en los vitrales de las cons
trucciones góticas, la combina
ción de colores, su mezcla para el 
control y mejoramiento de los 
tonos cálidos del Sol resultó en 
esta época un trabajo cuya perfec
ción es difícil igualar en nuestros 
tiempos. 

Sin embargo, nos dejan plasma
das en su composición fórmulas 
consideradas secretas, pues por 
medio de aparatos sensibles al 
color lkelvinómetros) se puede 
lograr descifrar las cantidades de 
cada color utilizando en los dife
rentes vitrales, que dependía de la 
orientación, de la altura y recinto 
a iluminar. 

Una de las primeras reglas en 
esta técnica consiste en colocar 
en la parte superior los colores 
más obscuros, los de menor trans
parencia y bajar con degradados 
de tonos hasta tener en la parte in-
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UN PASO ADE'LANTE 
EN LA IN ULD.E-'LA--

CONSTRUCCION 
. .··" 

., 
• LAMINA GALVANIZADA. 

• LAMINA PINTADA. 

• UNA GRAN VARIEDAD 

DE ACANALADOS. · 

• FABRICACION A LA MEDIDA. 

·· • DECK-LOSA. 

LA UNICA LAMINA CON CALIDAD DE 
PRIMERA INTERNACICfNAL EN 

~-,.-;~~,_;#· 
1L,;;;; :..-;. ' 
~-

rolar-~:e·/~ 

·:,:• 

'/ 

OFICINAS GENERALES Y PLANTA: CENTRO DE DISTRIBUCION Y VENTAS: 
AV. PERIFERICO SUR No. 7500 
TELS. 45·15•15 Y 45·17·93 
FAX: (36)46•64•95 
C P. 45600 GUADALAJARA. JAL 

ANT. CAMINO A CULHUACAN No. 89-A 
COL. STA. ISABEL INDUSTRIAL 
C.P. 09820 MEXICO,D.F. 
TELS. 670•45• 78, 670•48• 77, 670•49•30, 
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Gráfica No. 6 

;"• 

Pél'gola O!l'llnO\'imienlo -' .. ' .. 
Sensor de luz 

" !h.,! 1 

.... ~-~~41 ~-,:..· 1 
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Gráfica No. 7 ··,;,é / 
' 

feriar un 90% de peneiración de · cogerán los del:lado.derecho del_' ·re del problema. 
luz.· '' · 

Respecto a los colores, para 
restar tonos cálidos a la luz·del Sol 
se-utilizarán colores m'orados, azu
les, tonos que encontramos· en el 
lado izquierdo del espectro visible 
de energía electromagnética del 
Soi, y por el contrario, si se de
seá elevar el_ color cálido, se es-
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espectro, rójo_s;_ raranj~s; amari- . • P~rgolas. Mucho se ha hablado 
!los.' '--. · · '· ' de ia inutilidad de las pérgolas, sin 

. En ·cuarllo a~ los· Cristales, ac- embargo su utilización como per
. túalmente tenemos u·f!a gran va- sianas . horizontales es muy efi
'riedad con diíere'ntés carai:terísti~· · ciente. Existe un paseo en el Par
cas: con filtros a la iadiación ul- que México en la colonia Roma 
travioleta e infrarroja, y también que utiliza una pérgola, que junto 

· con diferentes grados de transpa- con enredaderas atenúan la luz 
rencia. · del Sol, provocando con som-

Cuando los interio- bras y manchas de luz un a m
res tienen materiales biente muy agradable; dan fres
muy .. sensibles, ya cura al paseo y enmarcan el espa
sean tapices, muebles cio desde el punto de vista arqui
o pintura, obras de tectónico. 
arte muy finas, es con- La pérgola se puede extender al 
veniente utilizar cris- espacio interior alternada con 
tales con filtros. En al- domos corridos y teniendo la po
gunas orientaciones sibilidad de funcionar con movi
de la construcción en miento a través de motores y rieles 
donde no es posible para dar diferentes niveles de ilu
evitar la entrada di- minación. 
recta del Sol, y reque- Es posible conectar sensores a 
rimos de vista pano- este sistema móvil de pérgola y 
rámica, la utilización mantener cantidades de luz, uni
de cristales que ate- formemente. • 
núan la luz natural 
resuelven buena par- Arq. Enrique Quintero tóp,z 

! ·,19 
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Las fuentes de luz artificial tienen ciar el proyecto ·de ·i.lurilinaciÓn, ral, ·interior y exterior de la arqui-
la posibilidad de lograr .mayor son los siguientes: · tectura. 
control de la luz natural, pues para . Aspecto funcional. Son las cdnsi: Lós colores que emiten las fu en-
esta función no dependen de las deraciones que deben tomarse en • tes¡ ;luminosas también estarán 
condiciones climáticas. · cuenta desde el punto de vistá · coosiderados para concordar con 

Para hacer posible la ilumina-. "actividad del hombre". Para cada la a'rquitectura. La-iluminación de 
ción artificial, actualmente canta- una se requiere una.-cantidad de lbs· ,c'allejones de Guanajuato, 
mas con una gran variedad de luzyuntratamientoespecífico. El)' están· resueltos· con· faroles 
fuentes luminosas, que nos permi- Estados Unidos dé; Norteamérica acordes con esta arquitectura y la 
ten iluminar a diferen¡,~s altu_[as y ·existe una socied~d dedicada. al fuente luminosa; sodio en alta 
lograr efectos muy 'pr,eci~_os• de estudio de la iluminación, la mis- . ;presiÓn, da a ambientación en 
acentos. Contamos fambl'én con ma emite tablas con.cantidades de · .tonos aniarilosque destaca a pie
unidades de control de luz ·.(ate- luz y detalles específic'os para t6,dcis ' dr'a de las fachadas. 
nuadores o dimmer)que, coneéta- los espacios. donde tie'ne actil(ida- •Aspeétos sicológicos. Es difícil 
dos a una unidad computarizada, des el hombre; ésta informi\ción es. m'édir este punto, sin embargo sa
controla con programas de tiempo considerada básica para el inicio' bemos que existe e influye en el 
e intensidad toda la iluminación del proyecto de iluminación.·, diseñó, ''éon la iluminación po-
de un gran complejo'.'arguitectóni- En México existe la Sociedad de demos eílfaiizar el aspecto sicoló-
co. ·· ·· Ingenieros en Iluminación que gico y reafirmar al espacio en su 

Toda esta tecnología de ilumi- tiene ,tablas y estudios acerca de actividad. Daremos algunos ejem
nación artificial es necesario coor- 'los niveles de iluminación para plos: en el pasillo de un hotel, se 
dinarla con la iluminación natural· ias diferentes ·actividades; estos requiere· iluminación de baja in
para poder integrar este proye<;to , datqs están actualizadosyadapta- tensidad,y este efecto provoca que 
en un todo congruente, y es t,mpor- ·. 'aos.p'áraéste,p~ís. :. · ·: ..... · las- personas transiten haciendo el 
tan te dar a este estudio unenfoque ·. Aspecto formal. Se refiere a las meno¡ ruido posible; la ·ilumina-
de ahorro de energía. .' .·. c.aracterísticas d~ disei'\ó'del siste- ción, bá.sicamentedepuntos,esta-

. :,ma de, il~mi.nació~; .. ~ste: debe blece comportamientos de euforia 
Aspectos del proyecto. Lo's aspec~ .'adaptarseal,éstiloarqi:!it~ctqnicoy e(l las personas; la luz mdireda 
tos _básicos a considerar pa¡a ini- cq~J.ribuir,á)a am.~ientaci_ón gene- . relaja, etcétera. 

Dos maneras distintas de concebir la iluminación de un mismo objeto 
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En '·las fuentes "luminosas los. de lámparas a 
e'' colores utilizados provocan dife- un'· mismo tfem- (Í 

rentesestadosdeánimó.Enhospi- po, según la 
tales de Houston en Estádos Uni- duración real 

'1'dos,'se han hecho;experimenfos .'-irÍd_iéa'(la, poÚL.: 
con diferentes colores para distin-'. . fabricante.· .. -para ' 

'tos tipos de pacienies. En algunos~''mahténer ·•nive' • · 
· éon padecimiehioscaidiacos, por'' les' de 'ilurriina
ejemplci. los i:olore5'ver'de pasiel ;ción-estables:,.,, ~ 
proyedados 'eri' forma 'indire-::ta · :c.· El· á horro- de· 

· ayudan al· restablecim~ento. En ~nergía ~tá, li,
enfermedades ·mentales' sé com- gado también ál 
probó que colores Hulés•y liaran-.- mantenimiento, 

· ' jas contribuyen á li{m-éjó'ría. ' un sistema que 
.t·::.- · se encuenirEh!n 

Consideraciones ·del ·j¡~oyedo~ .. Óptimas .i:ondi
·Existen consideraCiones ··que f el ciones consumi-

. proyeqo.de'iluminación "contem- rá m"Emos erier- Hotei-Nikko de la ciudad de"México, salón de convenciones 

pla, como: .. _... .-- ... , <; 'gía. En, el hotel . . ' . '·.· ''':-;.' ' · '" . 
~an(enimientó._ Para que el p~o' _Ni~k'()/d~;és!a ~iudad, en-~~ sal~r:) pastOs :elégricos; de esta forma el 

. yecii:i de iluminación, una vez · de convenciones, se encuentra candil baja a 20 centímetros del 
· ejecútado~ sea eficiente sé requi_~- '.' instala'do un sistema de candileS· suelo y:puede real izarse el m ante-

. re de unprógrama i:le manteni- . mómímentales de forma helicoi-' nimiento adecuado .. 
,miento que co~iemple el_!eE!mpla', dal, que por su disei'lo dificultaba · • Ahorro de energía. Adualmen
zo de lámparas y de limpiéza de la limpieza y el reemplazo de ·te este tema, por el costo real de la 

··luminar"ia·~. 'Este·:.prógra'ma pue~ '_lámpáras,· de manera que para ., energía eléCtrica es muy importan
de estar éstrudurado·_de: manera 'dalles mantenimiento fue necesa- ' te.• En países europeos donde el 
que se 'puedan reemplazar lotes rio doiarlos de un sistema de poli-·: costo de la eledricidad es muy 
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ITAL MEXICANA es una empresa dedicada a prOducir 
máquinas relacionadas con kl construcción.-Es por eso 

'_'que cihora también represento a · 
fabricanteS qe máquinas para 1 • 

. tabique .extuido. 
Uór('lei)ós: '~ ,. .. 

,Estamps: ; ,1 
. -para servi~f.l, r ,, 

·.<:. 



· 2. Luminaria, óptima. Nos referimos 
a un buen·. disei1o. de, luminaria 

1 ·~,,;d~.o~.n~d~e;i~e~l~re~·fl~e~c1t~o~r~-~~-~· ~-~-.~f~o~:~----1~ - -
_.,,avaladas ,por. 

especializado. . 
·, .· En México ·contamos con un 

labqratorjo de, este tipo en el De
partamel)to del Distrito .FederaL 

El difu,soi, ·es igualmente im
port,ante,.aquéllos geométricamen-

, te: cJi~e~ado:s nos el~van la can-
tidacJ;,d~; lu~:.emitiqa. y d,an un 
con,trol de ella pa~a ca (la uso espe-
cífico. · · · 
3.0/cu./o de iluminación. Para 
ubicar' correctameníe:las lumi

', narias y elegir la.l ámp~'r'a 'á~ecua
da, el éálculo de iluminaCión es 
.muy necesario; no's da la can
tidad de:equipos ci~e se! van a re
qu~rir sin excedernos, esto. contri-

J~~~~~~~rsm~~~~~~~~~~~~~~~~~u. buye,? log;ar"un a~oiro e~¡ra . . . · . . .. , , .·· .JI . ,proyecto de· iluminación 
_ •. .: , .· , .... ; _, ,. . _dernro de li!arquit~cturq,Y lá inge-

elevado, se han desarroliad~ siste- 1. Fuentes de iluminación eficien- !)iéría ¡;s muy. iinpórtante, existen 
mas de iluminación, luminaria Y: .tes. Con las técnic~s actuales po,< ,algt,Jn·as ~O!)Strucc_iones de. arqui
lámpara con un alto grado de efi, demos eleg~r ,de_una._ga111a muy, tectos,,far:noso,s, de ,reconocido 
ciencia. En México el costo de la amplia de lámparas de alta eiicien; prestigio,· qué déscuidaron este 
energía está en un punto tal que va . cia, de muy buen rendimiento de aspecto. . . 
a ser impOSible sostener el subsidio .. color, semejante-a la· luz solar, y Como ejemplo podríamos citar 
gubernamental por mucho tiem' ·-son lámparas .. de muchas horas de el· museo -Guggenhgeim en la 
po, por lo que es de vital importan- vida. ciudad de Nueva York, edificio 
cia que en los proyectos de ilur;ili- .• · Pará conocer estos avances que proyectado y construido por:el ar
nación, se tengan consider~c¡r,:nes ,f!ftuiJime,nte.tenerT)oS/eq; f1éxico qui,tecto Frank Lloyd Wright; con
de ahorro de energía. .J ,J. ¡~cc:mvel)i~[!J7 CO_!ltá~ar(iJ algunas .~iq~~.]do como el mejor en Estados 

·, ' ,• ,d!'! la~;fábnca~- e~tablecl(;las ·en el l:Jmdos. Tiene grandes errores en 
Ahorro de energía. Para el ahorro 'país;· en sUs catálogos enconhare- s'lJ concepto de iluminación, re
de energía en iluminación. se púe' .. 'rnos fq!!ntes.de lqz·¡;¡uepos,ayuden ilectores .que provocan molesios 
den considerar los siguientes puri- .!con eLáhórro defenergía ,en nues,- desl~fnbres directos, luz fluores-
tos importantes. tras proyectos. cente con distorsión en el color, 

'(::•_ ·: "" :·¡ ... _. ·· etcétera. La luz en espacio museo

La tecnología de iluminación artificial se. debe cOOrdinar con fa iluminación . . ·. ...:.· ... 
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gráfico es-vital, de manera que la 
• carencia .. dé· un. buen di seo o de 
;j,Jur:nirJ'!Cipri,eh este museo e's muy 
notorio'.. .. ·- -. . : 

· Et' prdie~cto dé iluminación ar
quitectóni.ca·er~su realización uti
liza el mismo método que usa el 
arquitecto,' la:. investigaci<ln de 
entorno y el tipo de actividad, 

·etcétera. \ 
. del proyecto de 

arquitectura da 
carácter y funcio-

ia¡b,drii~·¿:~-.~''' ~'- de tener una 
h.i ica en el resultado 

delidisef1o arquitectónico.ll 

Arq. Enrique Quintero López 
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' _L,., ·--· ---- . >;·. .,; .. ,¡ 

iNS;AL~CIONES ·, .·· ·'· 

,~ló 'Ju~:.en la··hot~fería 
''~.-· :·/,y, ,. _, . .. :'' -: . ·• ' 

: ~ :_,;) ;; '~i:,·\-.,;,_::, :~1 ~~ 

.. " .. ';'}¡~;)~<,;'; :'\ ' . ' 
La arquitectura• ele \a.: luz en·':¡lós'i;'.'.(~A cantid;iciE;s de. luz oscilan tro(~s com,putarizaclos con 

• servicios turísticos, hoteles, re~t¡¡u- ,ef!.tr~;io? 'SO'O~f:>og lX y ~n.!'ste lugar atenliaclores. · '. 
· rantes y d1scotecas t1éné un rªQgo·'· e~con,\ramos.J,ogo!lpos·del j;lote,Ly En .el salón constelaciones del 
muy ampl io'de creati\;1dad, ap~sar s'éña'l;inii en tos liliportant~~'·qué.fla. ·: Hotel N ikko se encuentra un buen 
'de estar cohsideradó·co"mo un:tra •. ,IQz'p'Dede<;iestacar con'·r~ilectofes' ején1plo de l'o que se pu,ede lograr 
bajo rnuftécnico. '• ·· · ·· .t. •.;- ·de a·cénl'd.:;., ;· ·. ·en salones de convenciones. 

·El huésped· desea encontrá,r:,~n · .'. '-.:. ~ .. · 
·un hotel un·"segundo hogai':,'i:on :SaÍóri: 'de/.convenciari~s. El ~estaur'antes.Existene~'ioshoteles 
la. ambienta'ciórirque 'se tiene:. en 'acondicion~rniento y elequi po.de dos' tipos d itér'entes d~i'restauran
cás'a, teniendo acceso·· además a iluminación en un sal.ól!. de COl)-. tes .. En el,primero.'po'rlógeneralla 
una serie de ai:tividadeside recrea- venciones resulta uno de los traba- iluminación es natural para los 
·ciÓn cerca·nas fa la m·ano. l:a ·IJz• jos·más· atractivos en el diseño: de ';.-desayur¡¡os y cuenta con algunos 

··''o en uri hotel es.iil'ás importante de 10' ·i luminación;•pues requiere de una refuerzos de luz artiiicial, para co
que se piensa' y' iinal mente repri"• ··grm'l' variedad de. eiectos con• luz. ·n1ida y ,cena, que se resuelven con 
senta' úno de- sus rnayores ·atr1acti'•· ·par.a satisiacer. todas las activida- ,dos"sistemas.de iluminación. En el 
vos.· ··: ' '··' .,.. ó; . .'cles•.y ;eventos ·que··se realizan,'eo :,segundo, restaurante de especiali
,:·. Si -bién'·cada' cadena hotelera "éste: espacio:' · ; .· . · ·· .. , clades donde la gastronomía es su-

. ostenta característica·; ·."especiales· · _-, tos'. distintos :sistemas derilúr:ni-. · perior,.la i \u mi nación es más am
'de diseño arquitéetón ico, cói11e·n:"; nación abarcan eiectos• ambi;enta-. bien tal con eiectos de 1 uz de mayor 
taremos en téin1inc\s 'generales .\as · les; fuz generai.'eiectos de acento y .. -.contraste. Entre más iino es un w 

. ··_-·'''áreas más importantes' y cómo,· se '·' conio, parte·.deLdiseño de!interio.' · taurante el nivel de i \u mi nación. 
·. · ·: resúelveh' desde'el· pu'óto de·.vistai "res,candilesyarbotan\es. decir la cantidad deluz es menor y 
' · ·' a e· calidad y cántidad ae luz. La mayoría de estos··salones de los acentos luminosos sobre las 

<· ·' .:e- ·' '· ·, ··· · .. ; ·convencionesdivide·nsusespacios mesas es más recomendado. 
·· •.. ''Lobby de acceso'' Esta área, a ·la:. 'en'.iül'ma ·modular y temporal y l. a 

cual accede en primeia'i nstánciia el· .,,i ltJJi1inación se adapta a,este.requ.e- Discoteca. Es una de las zonas más 
"··' cliEÚltt~.debereilejarla imagerl'del 'rimíentb. Para·la:correcta-combi- creativas en cuanto .a trabajo de 

.,. ; ·:: .. ,·note! y la' calidad de· lbs sérviCiós !nación de circuitos~ logrando gran!_ iluminación, pues.Qehechosetra
- • .. • ' · ' · · que ¡:\úedé· encontrar el huésped.· variedad deeiectos se u ti \izan con-· ta ele un espacio d. e luz y son ido, 

·' · ' 'con' ·iiecuencia encontramos en 

.. · .. · "éste'espac·io.diseños monumen' 
,, tá'lés' de'pl~io'nes lúminosos o ean' ' 

''· · '' diíes·:· destácándos·e el del hotel 
; Ayatt SingapLirconsiderado el más 

·'" .• ¿ ·i ' grande cl~l'i1iur\do:'Esfa luminaria 
está com~uesúi de tUbos d'e eristal 
·de tonos agua y azules con bombi
. llá's incandt:'scente's de Cinco y diez 
watts. -- ~:.¡ .. _.-, 

., '' ,.,, ., "'"'"tÍl 'cu~·n'to' a··la's'6intidades o'' 
'o ,.,. ,_ .. ' ''f\i~-etes' a e 'frurninación, la'•Soide- : . 
. ·.-.. ,,., ·······- aad Mexicana de lngenieibs' éri •··. 
''"'· ., ''·'- :¡lümi'naci6iYnos·indita qu'edeb·erá 
·,· · ., ·:·estái .en 'promedió entre 'los •4'so: •· 

... :· ... ,l. , '660'LX'' ''· . ·. ., .. , ·. .:.T · :• . 

'•,:.'• < ;¡'' ,·C 'ta re'c~pCiÓri 'requiere de Í\l.u'niC ~ 
.... '•, "naciór1Cfe tr'ab~jo·en'~l mús\r¡lél{Jr" 
· · (4oo:~oü'tXY')i'enTa_parte 'p6síe' · 

ri'ór, dÜO'de c6mliiin1erlte se-'uOi(an·· ~ .L1. iuz ricn~ un r.~ngo muy amplio de cre<Hividad a pesar de estar considerada como algo 
1 os casill eros·:dé' 1!-¡ '.'es y recadOs. •nuy /~cnico. Rr:presc:nta U/lO de los /11,1 yo res illractil(_DS . .en un hotel 

122 . OBRAS JUN 1992 



1) 
puede indicar la proximidad de un 
vestíbulo de elevadores con un ni
vel más intenso de luz. 

Jardinería y áreas exteriores. Los 
espacios exteriores en un hotel sig
nifican la carta de presentación 
externa de la cadena hotelera. Los 
jardines se enfatizan con unidades 
de iluminación fabricadas con 

.materiales especiales para la 
corrosión y podemos, actualmen
te dar efectos con lámparas de bajo 
voltaje en MR-16 o bien Par 36. 
,Estas.,unidad.es que se integran al 
follaje y los árb.oles, deben consi
derar un aspecto; la seguridad . 

. P0r S<!guridad en las albercas se 
requiere.instalar unidades de bajo 

hotél significan una ca'rta de p'resentáción voltaje que estén deqidamente se-
; ·· '' .,_,,, ·:. ··' · · .. liadas para, evitar filtraciones. Un 

aunque de mayor 'Complejidad téc- :• los hoteles; ... incluyendo aJos· de recurso novedoso esJa utilización 
ni ca a resolver. -, .,_,_ .. " .:; ,,·,gran turismo, una -·iluminación .:de·íiqra ópiica que .es un elemento 

La pistade baile,como un labo- ·'fluorescente colocada en un gabi- ,que.transmite únicamente luz, por 
ratorio completo· de ·iluminación nete en la• parte superior que apa-., lo tanto.resl.Jita muy segura en su 
contiene elementos móviles de Par • rentemente es .la .adecuada; sin instalación y uso y tiene la posibi-
36, luces estroboscópicas, fibra embargo el color o .tipo de tubo lidad <:le .. cambiar de colores y de 
óptica y rayo laser: El.control 'de. fluorescente instalado es, .en: la,. ·.estar.sumergida en !=1 agua. 
efectos de luz, realizado mediante· mayoría de los. casos detlciente, .. El ;proyecto. de· ilúminación en 
sofisticados elementos de «dimeo»,- · Las mujeres que se maquillan en . hoteles <!S, considerado como el 
se coordina con el sonido·.y. el·,.estos lugar.es se quejan de la luz, .más-com¡:¡leto,:pues además exis
video. ;·,pues no·reileja fielmente loscolo- ·.ten á.reas de ofi~inas, bodegas y 

•:·.•'P.>,•res. :· .. ,.;_ •. , . ..lavandeda, que compl~tan un ran-
Habitaciones. En la habitación de'· · ... -Otro aspecto negativo de esta go muy amplio de aplicaciones de 
hotel, ya sea sencilla o mastEir suite¡: i lumina'ción · eS• que--sea . cenital, Huminación arquitectónica y téc-
se refleja el confort y la calidad de pues· los rostros muestran sombras nica. , · · · · 
servicio y dependiendo de éste se-: .desagradables. La· mejor forma de·· .·Finalmente, siendo las conside
rári'las «estrellas» con que sea ca",..;Juininar.el rostro en un espejo es .. raciones de ahorrÓ y energía una 
talogado el hotel. La iluminación • · lateralmente, en a[Tlbos lad0s y con -~e las priori da des actuales, las nue
r~p,.rt;~~enta un gran porc~ntaj~ de ,un~·:;(uep,te )..t¿rl).i!\?.~~~ 8Ue· refleje ,-vas fuentes_lumin,osas ahorradoras 
es~ Cpntort. _.· /:· : • '•: [COrt~Ct~mente:;·l.t)f;¡'~'fiJores, que -de energ1a.;.:C!'Jmb1nadas con 

~a Juz de lectura debe pr~sentar'· .. pueqe,ser. ftuor~SC\!.GVll,•sea t~;~bular lummanas et1oentes y un proyec-· 
se en c_irc4itos sepaf,ados y ~ba~ca¡Y; o (o_mpa:G,lo con•~y6).Ruen rendí- to adecuado' de Humi~ación per
exclusivamenje el' área r:¡eces,ar(ill; ;;fn¡e.~t~-~~.;~J:>Iol;ji)NÍ$ : , :. :· .. mi ten optin:iz.ar la energía sin sa-
En'algunoscasosseutill;;,af}P!;S!Ue:: '\·,·., .:·:.<;>•",,.. .:'.;i).:l1: . : .· , , cn(1car,la cal_1i:lad n1la cant1dad de 
i'ios ~éileclores1en bajo vi:iltaj~ airi:¡,'· Pasillos. Los ef~c¡>~j~~ luzadúan . ilumirJación.lll .. ,, .. 
g1dos, o b1en, lámparas, con pan¡a•i¡:.en el hombre d~.'n;J<}!:I'era 1ncons- · 
lla. i' · ·.. · ,_::, · '· 1-'fief)te, mqdificafi'dó'i~'¡;¡ comporta- Arq. Enrique Quintero Lóp~z 

. ~a.mesita que se usa para comer ·,· mi¡:nto:1 ,l~>lui'Miú'Ié\[e indirecta 
d.trábajar requiere de una,can}i.da,d,'. hace)'r~á~¡tlooart_~~iCentitu_d,a l_as ,El arquile~to Enrique Quinl~ro López Ira
de _luz que permita 'más~d~,}Jos person_!l~':'Y,h-~blar¡,~fli~Z bajª' Este b¡ja como ase~or ·~~~i~,lizado en pro
actiVIdades y ~uede esta~·en 459: . tratam_1ento ~e·lu_~ic~s,;¡,ecomenda,, , yeclos de ilu_minación. Asimismo imparle 
500 LX. . . , ,;: . · , · > { ble,,para .Jos p~glJ.,?S;~ ya ,sea,, en. .cursos.en ·d:iier:~~;,. u~iversidades e insti-

Es conven1ente: en caso de u,sar:' ~arbotant.~~-;lnd1re1~~~~'?. en castl)os -,lucrones d,e la cr~dagd~Méx~co. Enlre los 
lámpara suspend1da, que. ésta.• se)'ij'¡con dumtn.acró,n q.~·I.HZ rebotada. reconocrmrenlos de,qu7 ha,srdo ob¡elo se 

ubique a una~.Jturá que riodeslum- .>:' En'' el 'í:lise.~O:(d!'~J9~ pasillos ~!' . -I'DC:"~~~ra71 d~ _Ljg!)_t\of!~' por el diseño de 
bre directamente. . , '· marcan· «r.ttmOS» ,:para ev1tar que. ·su. sala :de: exhibición _en.Polanco y el 

~,,._ !< • ,,-_,,, • ···-:.r:: ',. ,., ... ·._: ·. ~'-- ;_,,_ ··t: . - ": 

· · .. ·· éstos se si·en)an'.la_f;gps y-aburrí-., f'~!"folnte(nacíqñald~ llimiinación~dwin 
Baños. En los bai'ios encontramos, dos. La luz en distintas intensi- F._.Cuth, por la -cibrá. ·Tienda Hermanos 

. . .•} .. ·'. '' ' 

para los lavabos, en la mayoría de da des es un excelente recurso y se . Vásquez•¡en la ciudad de México. 
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