
-~~ 

CIE 84 89 I 9006L45 0003935 T20 

ISBN 3 900 734 21 6 

COMMISSION INTERNATIONALE DE L’ÉCLAIR/ 
INTERNATIONAL COMMISSION ON ILLUMINAT 
1 NTERNATIONALE BELEUCHTUNGSKOM M ISS 

THE MEASUREMENT OF 
LUMINOUS FLUX 

Pub. No CIE 84 

iG E 
ON 
ON 

1 st Edition 1989 
UDC: 535.241.41 Descriptors: Luminous flux 

535.241.62 Ulbricht sphere 
628.981 Evaluation of light source 
681.786.3 Goniometer 

COPYRIGHT International Commission on Illumination
Licensed by Information Handling Services
COPYRIGHT International Commission on Illumination
Licensed by Information Handling ServicesFull document details: CIE 84-1989

http://www.avadocuments.com/doc/cie-84-1989
http://www.avadocuments.com/doc/cie-84-1989


CIE 84 89 m 900bL45 000393b 967 m 

This réchnical  Report has been prepared by C I E  Technical Committee 2-02 o f  
D i v i s i o n  2 'Physical  Measurement o f  L i g h t  and Radiat ion '  and has been approved 
by t h e  Council of t h e  Commission I n t e r n a t i o n a l e  de 1 'Ec la i rage f o r  study and 
a p p l i c a t i o n .  The document r e p o r t s  on c u r r e n t  knowledge and experience w i t h i n  
t h e  s p e c i f i c  f i e l d  o f  l i g h t  and l i g h t i n g  described, and i s  intended t o  be used 
by t h e  C I E  membership and other  i n t e r e s t e d  p a r t i e s .  I t  should be noted, how- 
ever, t h a t  t h e  s ta tus  o f  t h i s  document i s  adv isory and no t  mandatory. The 
l a t e s  C I E  Proceedings, o r  p u b l i c a t i o n  l i s t i n g s  should be consul ted 
regard ing poss ib le  subsequent amendments. 

C I E  News, 

Ce rappor t  technique a é t é  préparé par l e  Comité Technique C I E  2-02 de l a  
D i v i s i o n  2 'Mesures physiques de l a  lumière e t  des r a d i a t i o n s '  e t  a é t é  ap- 
prouvé par l e  Conseil  de l a  Commission I n t e r n a t i o n a l e  de l ' E c l a i r a g e ,  pour 
étude e t  app l i ca t ion .  Le document t r a i t e  des connaissances courantes e t  de 
1 'expér ience dans l e  domaine spéc i f ique  ind iqué de l a  lumière e t  de 
l ' é c l a i r a g e ,  e t  il e s t  é t a b l i  pour l ' usage des membres de l a  C I E  e t  aut res 
groupements intéressés. I 1  f a u t  cependant n o t e r  que ce document e s t  i n d i c a t i f  
e t  non o b l i g a t o i r e .  Pour conna i t re  d 'éventuels  amendements, consu l te r  l e s  p l u s  
récents  comptes rendus, C I E  News ou l i s t e  des p u b l i c a t i o n s  de l a  C I E .  

Dieser Technische B e r i c h t  i s t  vom C I E  Technischen Komitee 2-02 der D i v i s i o n  2 
'Phys ika l ische Messung von L i c h t  und Strahlung'  ausgearbei tet  und vom Rat der 
Commission I n t e r n a t i o n a l e  de 1 'Ec la i rage g e b i l l i g t  worden. Das Dokument be- 
r i c h t e t  über den d e r z e i t i g e n  Stand von Wissen und Erfahrung i n  dem behandelten 
Gebiet von L i c h t  und Beleuchtung; es i s t  zur  Verwendung durch CIE-Mi tg l ieder  
und durch andere I n t e r e s s i e r t e  bestimmt. Es s o l l t e  jedoch beachtet werden, daß 
das Dokument e ine  Empfehlung und ke ine V o r s c h r i f t  i s t .  Die neuesten C I E -  
Tagungsberichte, das CIE-News oder d i e  P u b l i k a t i o n s l i s t e  s o l l t e n  i m  H i n b l i c k  
auf mögliche spätere Änderungen zu Rate gezogen werden. 

Any mention o f  organisat ions o r  products does no t  imply  endorsement by t h e  
C I E .  up 
t o  t h e  t ime o f  going t o  press, these may no t  be comprehensive. 

Whi ls t  every care has been taken i n  t h e  compi la t ion  o f  any l i s t s ,  

Toute mention d'organisme ou de p r o d u i t  n ' i m p l i q u e  pas une préférence de l a  
C I E .  Malgré l e  so in  apporté 6 l a  compi la t ion de tous l e s  documents jusqu 'à  
l a  mise sous presse, ce t r a v a i l  ne s a u r a i t  ê t r e  exhaust i f .  

D ie  Erwähnung von Organisationen oder Erzeugnissen bedeutet ke ine B i l l i g u n g  
durch d i e  C I E .  Obgleich große S o r g f a l t  b e i  der E r s t e l l u n g  von Verzeich- 
nissen b i s  zum Zei tpunkt  der Drucklegung angewendet wurde, i s t  es möglich, 
daß d iese n i c h t  v o l l s t ä n d i g  s ind. 
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MEASUREMENT OF LUMINOUS FLUX 

SU MM AR Y 
Thi s Techni cal Report defi nes the termi no1 ogy required for 1 umi nous f 1 ux 
measurements. It then deals with the principles of luminous flux measurements 
and describes methods for the evaluation o f  the illuminance distribution, the 
measurement o f  luminous flux by means o f  an integrating sphere photometer and 
the determination of luminous flux via luminance, luminous intensity and 
illuminance measurements. 

The report is based on and replaces CIE Publication No. 25, 1973 'Procedures 
for the measurement of luminous flux of discharge lamps and for their Cali- 
bration as working standards' [ l ]  and on the conclusions of the 'CIE- 
symposium on light and radiation measurement 81' [ 21. The terminology follows 
that in the 'International Lighting Vocabulary' [ 3 1 .  

MESURES DE FLUX LUMINEUX 

RESUME 
Ce rapport technique contient d'abord 1 a terminologie nécessaire pour les 
mesures de flux lumineux. Ensuite i l  traite des principes de mesure du flux 
lumineux et donne des détails sur l'évaluation de la distribution 
d'éclairement lumineux, la mesure du flux lumineux au moyen d'une sphère 
d'integration photométrique, et la détermination du flux lumineux par l'inter- 
médi ai re de mesure de 1 umi nance, d ' i ntensi té 1 umi neuse et d ' écl ai rement. 
Ce rapport remplace la publication CIE No. 25, 1973 'Procedures for the 
measurement of luminous flux of discharge lamps and for their calibration as 
working standards' [ 1 1  dont elle est issue et sur les conclusions du 
'CI E-Symposi um on Light and Radi ati on Measurement 81 ' [ 2 1 . La termi no1 ogi e 
est empruntée au vocabulaire international de 1 'éclairage [ 3 1 .  

LICHTSTROM-MESSUNGEN 

ZUSAMMENFASSUNG 
Dieser Techni sche Bericht enthält zunächst di e f Ür Li chtstrommessungen 
wichtigen Begriffsbestimmungen. Danach werden die Prinzipien der Lichtstrom- 
messung und Einzel heiten über die Auswertung der Lichtstärkeverteilung, die 
Auswertung der Beleuchtungss tärkever te i lung ,  die Lichtstrombestimmung iiber 
Leuchtdichte-, Lichtstärke- oder Beleuchtungsstärkemessungen behandelt. Die 
al 1 gemei nen Meßbedi ngungen werden genannt. 

Dieser Bericht ersetzt und stützt sich vor allem auf die Publikation CIE No. 
25, 1973 'Procedures for the Measurement o f  Luminous Flux of Discharge Lamps 
and for their Calibration as Working Standards' [ 1 1  und auf die Ergebnisse 
des 'CIE-Symposium on light and radiation measurement 81' [ Z ] .  Bei den 
Begriffsbestimmungen sind die Angaben des Internationalen Wörterbuchs der 
Lichttechnik [ 31 weitgehend zugrunde gelegt . 

VI I 
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1 ScoDe 

. .  
The p u r p o s e  o f  t h i s  r e p o r t  is t o  review t h e  main methods i n  use f o r  
luminous f l u x  measurements. One o f  t h e s e  methods is u s e d  p r i m a r i l y  by 

n a t i o n a l  s t a n d a r d s  l a b o r a t o r i e s  ( c a l c u l a t i o n  from i l l u m i n a n c e  or luminance 

d i s t r i b u t i o n ) ,  one is wide ly  used  i n  i n d u s t r y  (measurement w i t h  a n  

i n t e g r a t i n g  s p h e r e ) ,  w h i l e  yet  a n o t h e r  form of measurement c a n  be  carr ied 

o u t  i n  t h e  l i m i t e d  number o f  i n d u s t r i a l  l a b o r a t o r i e s  w i t h  access t o  a 

gon iopho tomete r  f o r  measuring luminous i n t e n s i t y  d i ' s t r i b u t i o n s .  While  e a c h  

o f  t h e  u s e r  g roups  w i l l  b e  p r i m a r i l y  i n t e r e s t e d  i n  t h e  method i n  u s e  i n  its 
f i e l d ,  it is n e c e s s a r y  f o r  a r e f e r e n c e  work on luminous f l u x  measurements 

t o  c o v e r  a l l  t h e  main methods u s e d  for t h i s  p u r p o s e  and t o  p u t  them i n  

p e r s p e c t i v e  r e l a t i v e  t o  e a c h  o t h e r .  

2 Terminology <3> 

2.1. P h o t o m e t r i c  q u a n t i t i e s  <3> 

2.1.1 Luminous f l u x  ( av ;  a) 

Q u a n t i t y  d e r i v e d  from r a d i a n t  f l u x  @e by e v a l u a t i n g  t h e  r a d i a t i o n  
a c c o r d i n g  t o  i t s  a c t i o n  upon t h e  CIE s t a n d a r d  p h o t o m e t r i c  o b s e r v e r .  For 

p h o t o p i c  v i s i o n  

where cWe(h)/dh is t h e  s p e c t r a l  d i s t r i b u t i o n  o f  t h e  r a d i a n t  f l u x  and  V ( A )  

t h e  s p e c t r a l  l u m i n i o u s  e f f i c i e n c y .  

U n i t :  l m  

2.1.2 Luminous i n t e n s i t y  ( o f  a source, i n  a g i v e n  d i r e c t i o n )  ( I v ; I )  

Q u o t i e n t  of t h e  luminous f l u x  ci@, l e a v i n g  t h e  s o u r c e  and  p r o p a g a t e d  i n  
t h e  e l e m e n t  o f  s o l i d  a n g l e  d61 c o n t a i n i n g  t h e  g i v e n  d i r e c t i o n ,  by t h e  
e l emen t  o f  s o l i d  angle. 

@V I = - .  
d8 

Unit:  c d  = lm-sr'l 
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2.1.3 I l luminance ( a t  a p o i n t  o f  a sur face)  (E ;E) 
V 

Quot ien t  of t h e  luminous f l u x  i n c i d e n t  on an element o f  t he  sur face  

con ta in ing  the  po in t ,  by t h e  area dA of t h a t  element. 

- @V 
E v - x  ( 3 )  

- 2  
Unit: l x  = 1m.m 

2.1.4 Luminance ( i n  a g iven d i r e c t i o n ,  a t  a g iven pont o f  a r e a l  o r  
imaginary surface) (Lv;L) 

Q u a n t i t y  def ined by the  formula 

V - 
dA cos 8 dQ L" - (4 )  

where ciCD" i s  the  luminous f l u x  t ransmi t ted  by an elementary beam pass ing 

through the  g iven p o i n t  and propagat ing i n  the  s o l i d  angle dn con ta in ing  

the  g iven d i r e c t i o n ;  dA is t he  area o f  a s e c t i o n  o f  t h a t  beam conta in ing  

the  g iven po in t ;  8 i s  t he  angle between the  normal t o  t h a t  s e c t i o n  and t h e  

d i r e c t i o n  o f  the beam. 

- 2  - 2  -1 Unit: cd*m = 1m.m sr 

2.2 Terms for measuring inst ruments 

2.2.1 Photometer <3> 

Instrument f o r  measuring photometr ic quan t i t i es .  
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2.2.2 i n t e g r a t i n g  photometer  <3> 

Photometer  f o r  measuring luminous f l u x ,  g e n e r a l l y  i n c o r p o r a t i n g  a n  

i n t e g r a t i n g  s p h e r e .  

2.2.3 I n t e g r a t i n g  s p h e r e ;  U l b r i c h t  s p h e r e  <3> 

Hollow s p h e r e  whose i n t e r n a l  surface is a d i f f u s e  r e f l e c t o r ,  a s  non- 

selective a s  p o s s i b l e .  

2.2.4 Box photometer  

A box photometer  is a n  i n t e g r a t i n g  photometer  employing a n  a r b i t r a r i l y  

shaped,  hol low box or cavi ty  i n s t e a d  of a n  i n t e g r a t i n g  s p h e r e .  

2.2.5 Photometer  head (4, 17> 

A photometer  head c o n s i s t s  o f  a l i g h t - s e n s i t i v e  d e t e c t o r  and  f a c i l i t i e s  for 
t h e  s p e c t r a l  we igh t ing  (e .g .  c o l o u r  f i l t e r s )  or f o r  t h e  s p e c t r a l  d i s p e r s i o n  

(e.9. g r a t i n g s )  o f  t h e  l i g h t .  I t  may a l s o  c o n t a i n  f a c i l i t i e s  f o r  d i r e c -  

t i o n a l  e v a l u a t i o n  o f  t h e  l i g h t ,  e.g. d i f f u s i n g  windows, l e n s e s ,  a p e r t u r e s .  

2.2.6 Acceptance a r e a  <17> 

The a c c e p t a n c e  area is t h e  area o f  t h e  photometer  head which is r e c e i v i n g  

and d i r e c t i o n a l l y  e v a l u a t i n g  t h e  i n c i d e n t  l i g h t .  

2.2.7 Goniophotometer  <3> 

Photometer  f o r  measuring t h e  d i r e c t i o n a l  l i g h t  d i s t r i b u t i o n  c h a r a c t e r i s t i c s  

of s o u r c e s ,  l u m i n a i r e s ,  media and s u r f a c e s .  
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3 Methods o f  measurement 

The luminous f l u x  o f  a l i g h t  source can be ca l cu la ted  or  measured by 

d i f f e r e n t  met hods: 

C a l c u l a t i o n  from t h e  luminous i n t e n s i t y  d i s t r i b u t i o n  ( s e c t i o n  4) 
Ca lcu la t i on  from t h e  i l l uminance d i s t r i b u t i o n  ( sec t i on  5) 

Measurement w i t h  a sphere photometer by photometr ic  or s p e c t r a l  mea- 

surements ( sec t i on  6) 

Measurement wi th a box photometer ( s e c t i o n  6.4) 

Re la t i ve  measurements v i a  i l luminance,  luminous i n t e n s i t y  o r  luminance 

( s e c t i o n  7) 

C a l c u l a t i o n  o f  t h e  luminous f l u x  from t h e  luminous i n t e n s i t y  d i s t r i b u t i o n  

i s  appropr ia te  where measurements o f  the  l a t t e r  a r e  a l ready being made 

(e.g. f o r  luminai res)  <5>. 

The d e r i v a t i o n  of t h e  luminous f l u x  from a measurement o f  t h e  i l l um inance  

d i s t r i b u t i o n  o f  a lamp i s  the  method used i n  many n a t i o n a l  standards labo- 

r a t o r i e s  t o  s e t  up t h e  b a s i c  standards o f  luminous f l u x .  The u n i t  o f  lumi- 

nous f l u x ,  the  lumen, i s  thus es tab l i shed i n  terms o f  t he  SI base uni t  o f  

luminous i n t e n s i t y ,  t h e  candela <6,7,12,13,14>.  An accurate measurement o f  

the  s p a t i a l  v a r i a t i o n  o f  t he  c o l o r i m e t r i c  p r o p e r t i e s  o f  l i g h t  sources <8> 

and of t h e i r  s p e c t r a l  power d i s t r i b u t i o n  <9> can a l s o  be made us ing  t h i s  

method. 

Luminous f l u x  measurements us ing  a sphere photometer a re  appropr ia te  for: 

- Measurements i n  i n d u s t r i a l  l a b o r a t o r i e s  f o r  p roduc t i on  c o n t r o l  

- Measurements by t e s t  houses and users 

- The c a l i b r a t i o n  o f  standard lamps (e.g. working standards) aga ins t  

h ighe r  o rder  standard lamps, making e x t r a  c o r r e c t i o n s  f o r  e r r o r s  due t o  

COPYRIGHT International Commission on Illumination
Licensed by Information Handling Services
COPYRIGHT International Commission on Illumination
Licensed by Information Handling ServicesFull document details: CIE 84-1989

http://www.avadocuments.com/doc/cie-84-1989
http://www.avadocuments.com/doc/cie-84-1989


CIE B Y  89 W 900bLLi5 0003946 806 m 

- 5 -  

geomet r i c ,  s p e c t r a l  and l i g h t  d i s t r i b u t i o n  d i f f e r e n c e s  between t h e  

lamps t o  be compared. 

The measurement of  l i g h t  s o u r c e s  w i t h  luminous f l u x e s  v a r y i n g  w i t h  time 
(e.g. a d j u s t a b l e  lamps, f l a s h l a m p s )  

- 

- The measurement o f  luminous f l u x  a s  a f u n c t i o n  o f  time. 

Measurements w i t h  a s p h e r e  o f  t h e  l i g h t - o u t p u t  r a t i o  of  a l u m i n a i r e  which 

is c a l c u l a t e d  from t h e  luminous f l u x  of t h e  lamp and t h e  luminous f l u x  of  
t h e  l u m i n a i r e ,  c a n n o t  be  recommended i f  t h e  luminous i n t e n s i t y  d i s t r i b u -  

t i o n s  of  lamp and l u m i n a i r e  d i f f e r  c o n s i d e r a b l y .  

A luminous f l u x  measurement w i t h  a box photometer only p r e s e n t s  a d i r e c t  

r e l a t i o n s h i p  between t h e  luminous f l u x  o f  t h e  l i g h t  s o u r c e  and  t h e  i n d i r e c t  

i l l u m i n a n c e  a t  a n  a r b i t r a r y  p o i n t  a t  an i n s i d e  s u r f a c e  of t h e  box, i f  t h e  

r e f e r e n c e  l i g h t  s o u r c e  and t h e  l i g h t  s o u r c e  t o  be  measured have t h e  same 

s p a t i a l  luminous i n t e n s i t y  d i s t r i b u t i o n ,  t h e  same s p e c t r a l  d i s t r i b u t i o n  and 

same dimensions.  

Measurements of  s p e c t r a l  r a d i a n t  f l u x  c a n  be made w i t h  a n  i n t e g r a t i n g  

s p h e r e  photometer ,  f o r  l i g h t  s o u r c e s  where t h e  s p e c t r a l  power d i s t r i b u t i o n  

varies w i t h  d i r e c t i o n  (e.g. metal h a l i d e  lamps) .  T h i s  method g i v e s  a l l  t h e  
i n f o r m a t i o n  n e c e s s a r y  f o r  t h e  c a l c u l a t i o n  o f :  

- S p e c t r a l  power d i s t r i b u t i o n  

- Luminous f l u x  

- Radiant f l u x  
- Colour  

- Colour  r e n d e r i n g  i n d i c e s  

The d e t e r m i n a t i o n  o f  t h e  luminous f l u x  of  l i g h t  s o u r c e s  via a measurement 

of i l l u m i n a n c e ,  luminous i n t e n s i t y  o r  luminance i s  o f t e n  c a r r i e d  o u t  i n  

practice t o  d e t e r m i n e  t h e  i n f l u e n c e  o f  s p e c i f i c  parameters (e .g .  age ing ,  

t e m p e r a t u r e ,  p o s i t i o n ) .  I t  u s u a l l y  takes t h e  form o f  a r e l a t i v e  measure- 

ment. The method can  a l s o  be used f o r  measuring t h e  luminous f l u x  of f l u o -  

r e s c e n t  lamps i n  l i g h t i n g  i n s t a l l a t i o n s  < l o > .  

The method u s e d  f o r  t h e  measurement of  luminous f l u x  depends on t h e  ava i l -  

a b l e  equipment .  Equipment and method used are i n f l u e n c e d  by: 
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- 
- Economy 

- Time consunption 

- Acceptable measurement unce r ta in t y .  

The task  o f  t h e  photometr ic  l abo ra to ry  

4 Ca lcu la t i on  o f  luminous f l u x  f rom luminous i n t e n s i t y  d i s t r i b u t i o n  

4.1 Measurement o r i n c i D l e  

According t o  the  d e f i n i t i o n ,  t he  luminous f l u x  Q can be der ived  from t h e  

s p a t i a l  d i s t r i b u t i o n  o f  t h e  luminous i n t e n s i t y  I by t h e  r e l a t i o n  

where Q = 4x sr  T o t a l  s o l i d  ang le  

The luminous i n t e n s i t y  d i s t r i b u t i o n  can be measured w i t h  a goniophotometer 

a l >  b 

4.2 Measurement o f  luminous i n t e n s i t y  d i s t r i b u t i o n  

The measurement o f  luminous i n t e n s i t y  d i s t r i b u t i o n  i s  descr ibed i n  a sepa- 

r a t e  Technical Report o f  t h e  C I E  <U>. That r e p o r t  con ta ins  i n f o r m a t i o n  

about goniophotorneters used f o r  t h e  measurement o f  luminous i n t e n s i t y  dis- 

t r i b u t i o n  as w e l l  as data about the  execut ion o f  t he  measurements. 

4.3 Method o f  c a l c u l a t i o n  

I n  order  t o  evaluate the luminous f l u x ,  the luminous i n t e n s i t y  should be 

i n t e g r a t e d  over t h e  f u l l  s o l i d  angle as shown i n  equat ion ( 5 ) .  The element 

o f  s o l i d  angle dQ can be expressed t r i g o n o m e t r i c a l l y  as 

d W s i n  ~d E d  r) 

with 

dO Element o f  solid ang le  

E >  Angles depending on t h e  chosen coord ina te  system; 

E e l e v a t i o n  angle w i t h  E = O a t  z e n i t h  and 7) azimuth angle 
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The angles E and r) should be s u b s t i t u t e d  t o  accord w i th  the  coord ina te  

system used du r ing  the  measurement o f  luminous i n t e n s i t y  d i s t r i b u t i o n .  

I n  a p r a c t i c a l  eva lua t ion  t h e  i n t e g r a l s  a re  rep laced by sums. I n  t h a t  case 

t h e  luminous f l u x  can f o r  example be c a l c u l a t e d  accord ing t o  t h e  f o l l o w i n g  

formulae: 

For measurements i n  

M N  
A-planes: @ AA 1 I(a,A) { sin(nAa) - s i n [ ( n  - 1)Aal )  (7a) 

m = l  n=-N+l 

M 4  
B-planes: Q = AB 1 I ( ß , B )  { sin(nAß) - s i n [ ( n  - i ) A P ] }  (7b) 

m = 1  n=-N+l 

M N  

m = l  n=l 
C-planes: @ = AC 1 1 I(y ,C)  { cos[ (n- l )Ay]  - cos(nAy)} 

Aar and Aß represent  angular s tep  s izes  o f  n/2N and Ay corresponds t o  n/N, 

w h i l e  A A ,  AB and AC a r e  g i ven  by 2n/M (see appendix and reference <li>). 

The smal ler  t h e  angular  s teps t h a t  a r e  chosen, t h e  more accurate w i l l  be 

the  r e s u l t i n g  determinat ion o f  luminous f l u x .  Steep luminous i n t e n s i t y  

d i s t r i b u t i o n s  r e q u i r e  smal le r  angular  steps. 

4.4 Sources o f  e r r o r  

S p e c i f i c  e r r o r s  i n  t h e  de terminat ion  o f  t h e  luminous f l u x  through an evalu- 

a t i o n  o f  the  luminous i n t e n s i t y  d i s t r i b u t i o n  can be caused by: 

- 
- Too l a r g e  s tep  angles 

- Shading o f  the  l i g h t  source by mechanical p a r t s  of the  goniophotometer 

Errors i n  the  measurement o f  luminous i n t e n s i t y  <Il> 

and t h e  ho lde r  f o r  t h e  l i g h t  source (see s e c t i o n  4.8) 

- I n s t a b i l i t y  o f  the  l i g h t  source du r ing  measurement 

- I n s t a b i l i t y  o f  t h e  mechanical arrangement o f  t h e  photometer. 

5 Ca lcu la t i on  o f  luminous f l u x  from the  i l l um inance  

d i s t r i b u t i o n  

5.1 Measurement p r i n c i p l e  

By d e f i n i t i o n ,  the  luminous f l u x  Q can be de r i ved  from t he  d i s t r i b u t i o n  o f  

i l l uminance E over  a c losed sur face  A around t h e  l i g h t  source us ing  t h e  re -  
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l a t i o n  

The i l luminance d i s t r i b u t i o n  can be measured by means o f  a goniophotometer 

over a s p h e r i c a l  sur face  around t h e  l i g h t  source. It i s  n o t  necessary f o r  

the  l i g h t  source t o  be exac t l y  a t  t he  cent re  o f  t he  imaginary sphere. I t  

i s ,  however, recommended t h a t  i t  should be p o s i t i o n e d  as c lose  t o  t h e  cen- 

t r e  o f  the sphere as poss ib le .  

The m i n i m u m  d is tance between the  cent re  o f  the sphere and the  photometer 

head depends on t h e  l a r g e s t  dimension o f  t h e  l i g h t  source t o  be measured, 

for pure l y  mechanical reasons. It may be smal ler  than the  l i m i t i n g  photo- 

m e t r i c  d is tance as l ong  as t h e  i l l um inance  meter s t i l l  eva luates i l l u m i -  

nance c o r r e c t l y  i n  terms o f  d i r e c t i o n  (cos ine response), e tc .  <4>. 

5.2 TvDes o f  aonioDhotometer 

It i s  poss ib le  t o  d i s t i n g u i s h  between the  d i f f e r e n t  types of goniophotome- 

t e r  used f o r  t h e  measurement o f  i l l um inance  d i s t r i b u t i o n .  I n  a l l  o f  them 

t h e  l i g h t  source t o  be measured i s  operated i n  the  prescr ibed burn ing  pos i -  

t i on .  

5.2.1 Goniophotometer w i th  l i g h t  source i n  a f i x e d  p o s i t i o n  

I n  these goniophotometers t h e  l i g h t  source i s  operated i n  t h e  prescr ibed 

burn ing p o s i t i o n  w i thout  be ing moved. The photometer head o f  t he  

i l l um inance  meter used f o r  t h e  measurement i s  r o t a t e d  about two axes, which 

i n t e r s e c t  one another a t  r i g h t  angles, around the  l i g h t  source. 

I n  the  example depic ted i n  F ig.  l a  t o  IC these two axes can be o r i e n t e d  

a r b i t r a r i l y  i n  space by means o f  t h e  ou te r  frame, which remains s ta t i one ry  

dur ing  a measurement. 

I n  the  terminology defined i n  the  Appendix, t he  measurements a r e  c a r r i e d  

o u t  i n  C-planes, w i th  t h e  innermost frame p o s i t i o n  charac ter ised  by t h e  

angle y and the  p o s i t i o n  o f  the  middle Frame by the  angle C. 
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F i g .  1: Photograph of a model of a goniophotometer  w i t h  a l i g h t  
source, which  s tays  immobile i n  a f i x e d  p o s i t i o n  

Fig.  1 a )  For t h e  luminous f l u x  i n t e g r a t i o n  a compact l i g h t  s o u r c e  L 
(e .g .  a n  i n c a n d e s c e n t  lamp) is s u p p o r t e d  on a h o l d e r  H e i t h e r  
from t h e  t o p  or t h e  bot tom o f  t h e  frame. The h o l d e r  i s  f i x e d  
r i g i d l y  t o  t h e  e x t e r n a l  f rame,  which can  be  t u r n e d  i n t o  any 
p o s i t i o n ,  b u t  is k e p t  s t a t i o n a r y  d u r i n g  t h e  measurement. The 
two i n n e r  f rames  move t h e  photometer  E ove r  t h e  s u r f a c e  of a 
s p h e r e  by r o t a t i n g  s i m u l t a n e o u s l y .  
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Fig .  1 b) With t h e  e x t e r n a l  frame i n  a h o r i z o n t a l  p o s i t i o n  t h e  t u b u l a r  
lamp L is measured i n  a h o r i z o n t a l  p o s i t i o n .  Mechanical  
s u p p o r t  and electrical  power are s u p p l i e d  v i a  two lamp 

holders H. Two pho tomete r s  E are  moved o v e r  t h e  s u r f a c e  of a 

sphe re .  
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Fig.  1 c )  To c a l i b r a t e  the  photometer, the p a r t  o f  the icner  frame 
carrying the photometer E i s  turned outwards by 180 . One of 
the bearings o f  the outer  frame i s  hollow. Through i t  the 
luminous in tens i ty  standard lamp N, which i s  placed outside 
the system o f  r o t a t i n g  frames, i l luminates the detector E wi th  
a known illuminance. 
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