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A STUDY OP SOKE O E m i C A L L ? DETEHMIITED PKATOEES I N 
SWCTISH, SPANISH ATS NORTH ENGLISH POPULATIOirS. 

Juan J . PemAnaei ABSTRACT 

A s u r r e y has been conducted with the a s s l e t a n e e of the 
reflftctophotometric technlpuee w i t h i n the populations of 
three d i f f e r e n t countriee - Sweden, Spain and Bngland -
i n order to study the pigmentary d i f f e r e n c e s between and 
w i t h i n them, and to what extent they obey to e n r i r o n a e n t a l 
i n s t e a d of genetic d i v e r s i t y . 

I n order to i l l u s t r a t e the d i f f e r e n c e s between accu- • 
r a t e l y determining the colour of a s k i n and looking a t 
i t s adaptive r o l e , a detailed exposition of the p h y s i c s of 
colour has been undertaken i n the introductory chapter. 

I n r e c o g n i t i o n of the the e f f e c t s of human behaviour 
and the p h y s i c a l m i l i e u i n moulding the phenotypical 
m a n i f e s t a t i o n s of the g e n e t i c a l s t r u c t u r e of a popula
t i o n , e x t e n s i v e information was gathered about the e t h n i c 
o r i g i n s o f ceople and about t h e i r l e i s u r e and working 
h a b i t s . That information - together with other about non-
cutaneous plgmectetion, s t a t u r e , blood groups and t h e i r 
r e f l e c t a n c e readings - was c o d i f i e d and transformed into 
v a r i a b l e s , i n order to study t h e i r a s s o c i a t l o n a ( i f any) 
with each other 

That task has been undertaken i n chapters I I I to V I I , 
where the combined e f f e c t of the behavioural v a r i a b l e s was 
i n c e r t a i n cases found capable of explaining as much as 
55 % of the I n t e r n a l v a r i a b i l i t y . Some s i g n i f i c a n t d i f f e r 
ences were a l s o found to p a r a l l e l c l i m a t i c f a c t o r s such as 
i n s o l a t i o n and p r e c i p i t a t i o n . I n chapter 711 a number of 
s i g n i f i c a n t eesociationB were found between pigmentation, 
blood groups and s t a t u r e - and were attempted to be put 
i n r e l a t i o n with c e r t a i n r a c i a l s t r a i n s . 

Chapter V I I I c o n s t i t u t e s an enquiry into the s u b j e c t of 
mating preferences and i t s p o t e n t i a l e f f e c t on the genetic 
s t r u c t u r e of the populations under study. The author's 
samples have,, i r the l a s t chapter,.been compared to other 
Caucasoid populatione, a r r i v i n g to the conclusion t h a t a 
non-negligible part of the d i f f e r e n c e s i s probably due to 
p l a i n Instrumental e r r o r . 
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G e n e r a l r e m a r k s . 

I n o r d e r t o a v o i d u n n e c e s s a r y u j o r r y i n g about t h e 
c o r r e c t t r a n s c r i p t i o n oF t o p o n i m i c d e s i g n a t i o n s i n t o 
E n g l i s h and, above a l l , t o bypass t h e u s u a l c l u m s i n e s s 
o f t r a n s c r i p t i o n s i n t o f o r e i g n l a n g u a g e s , names o f 
p l a c e s u / i l l be used i n t h e i r o r i g i n a l f o r m i n t h i s u/ork. 
An e x c e p t i o n u j i l l be made i n t h e case o f t h e names o f 
c o u n t r i e s . Some o f t h e s e f o r m s c a n , hoiueuer, r e s u l t un
f a m i l i a r t o t h e E n g l i s h r e a d e r , f o r w h i c h r e a s o n t h e s e 
p r e s e n t i n g t h e m a x i m a l d i f f i c u l t i e s w i l l be l i s t e d belouj 
i n t h e i r v e r n a c u l a r and E n g l i s h v e r s i o n s . F i g u r e U I I . I -
2 (page 286) shows Hoyos' d i v i s i o n o f Sp a i n i n a n t h r o p o -
d e m o g r a p h i c r e g i o n s ( l 9 5 2 ) , and maps o f t h e t h r e e l a n d s 
s u b d i v i d e d by p r o v i n c e s a r e i n c l u d e d i n page 252. 

Suieden 
N o r r l a n d ( l i t . , " N o r t h e r n L a n d " ) : i n c l u d e s a l l 

p r o v i n c e s n o r t h o f O a l a r n a and U p p l a n d . 
SkSne ( = S c a n i a ) : t h e s o u t h e r n m o s t p r o v i n c e oF 

Su/eden. 
D a l a r n a ( = D a l e c a r l i a ) : t h e n o r t h e r n m o s t 

p r o v i n c e o f c e n t r a l Sweden. 
G o t a l a n d ( a n c i e n t G o t h i a o f 3 o r d a n e s ; t h e home

l a n d o f t h e G a u t s o r Goths - l a t e r G b t a r ) . 
I n c l u d e s a l l p r o v i n c e s s o u t h o f D a l s l a n d , 
U a s t e r g b t l a n d and O s t e r g o t l a n d (;m<:l.i . 

S u e a l a n d ( t h e S u i i o r i c e o f t h e B e o i u u l f s a g s ; . 
a n c i e n t h o m e l a n d o f t h e Suehans o f Oordanes 
o r t h e S u i o n e s o f T a c i t u s - l a t e r S v e a r ) . 
I n c l u d e s a l l p r o v i n c e s betuieen N o r r l a n d and 
G o t a l a n d . 

S p a i n 
C a s t i l l a l a Nueva ( l i t . , Hew C a s t i l e ) : i n c l u d e s 

M a d r i d , T o l e d o , C i u d a d R e a l , Cuenca and Gua
d a l a j a r a . 

Cas£illa l a U i e j a ( l i t . . D i d C a s t i l e ) : i n c l u d e s 
a d m i n i s t r a t i v e l y S a n t a n d e r , B u r g o s , L o g r o n o , 
S o r i a , S e g o v i a and A v i l a - b u t g e o g r a p h i c a l l y 
and a n t h r o p o l o g i c a l l y , S a n t a n d e r b e l o n g s t o 
t h e n o r t h e r n s e a b o a r d . 

C a n t a b r i a : S a n t a n d e r and A s t u r i a , m a i n l y . I n Ho
y o s ' d i v i s i o n ( 1 9 5 2 ) i t e x t e n d s as w e l l a l o n g 
t h e e a s t e r n h i g h l a n d s o f G a l i c i a , 

The Basque C o u n t r y : h e r e meant t o c o m p r i s e V/as-
c o n g a d a s ( U i z c a y a , Guipi3zcoa and A l a v a ) and 
N a v a r r a . 

U a s c o n i a ; a c c o r d i n g t o Hoyos, t h e a n t h r o p o l o g i c a l 
h e a r t o f t h e Basque c o u n t r y . I t i n c l u d e s C u i -
p f l z c o a , U i z c a y a , t h e n o r t h e r n p a r t o f A l a v a and 
t h e h i g h l a n d s o f N a v a r r a , However, u n l e s s o t h e r 
w i s e i s s p e c i f i e d , b o t h t e r m s w i l l be used as 
i n t e r c h a n g e a b l e . 

La M a n c h a : t h B l a n d o f Don Q u i j o t e . I t c o m p r i s e s 
t h e l o w l a n d s i n t h e s o u t h e a s t e r n c o r n e r o f 
Neo C a s t i l e and p a r t o f A l b a c e t e . 



La R i o j a : a n o t h e r n a t u r a l r e g i o n , c e n t e r e d a r o u n d 
t h e c i t y o f L o g r o n o i n t h e p r o v i n c e o f t h e 
same name. 

L e u a n t e : p a r t o f t h e e a s t e r n s e a b o a r d . I t c o r r e s 
p o n d s t o t h e p r o v i n c e s o f C a s t e l l i J n , V a l e n c i a , 
A l i c a n t e and M u r c i a . 

C a s t i l l a ( C a s t i l e ) : b o t h C a s t i l e s t o g e t h e r . 

An i m p o r t a n t d i s t i n c t i o n must be made betujeen t h r e e 
d i f f e r e n t a c c e p t a t i o n s o f t h e t e r m ' C a n t a b r i a n ' . The 
C a n t a b r i a n c o a s t i s t h e s e a b o a r d f a c i n g t h e C a n t a b r i a n 
Sea - t h e uihole n o r t h e r n c o a s t . The a f o r e m e n t i o n e d an-
t h r o p o - d e m o g r a p h i c r e g i o n , C a n t a b r i a , l u i t h o u t a d m i n i s 
t r a t i v e c o u n t e r p a r t , i s b e s t i l l u s t r a t e d i n f i g u r e U I I 
,1-2. By t h e name o f C a n t a b r i ( C a n t a b r i a n s ) , t h e most 
p o i u e r f u l among t h e a n c i e n t i n h a b i t a n t s o f t h e p r o v i n c e 
of S a n t a n d e r were known t o t h e Romans, 

The t e r m C r o m a g n o i d w i l l come a c r o s s i n a c o u p l e o f 
c h a p t e r s . S i n c e i t has been used i n somewhat d i f f e r e n t 
ways by a number o f i n v e s t i g a t o r s , a c l a r i f y i n g r emark 
has been c o n s i d e r i B d necessary.. The word i s used h e r e t o 
d e s i g n a t e a l l t h o s e Upper P a l a e o l i t h i c f o r m s i n most 
c h a r a c t e r s r e s s e m b l i n g t h e s o - c a l l e d "Old Man o f Cro-
m a g n o n ' c l e a r l y more t h a n any o t h e r f o r m . As most common 
t r a i t s may be named t h e p o s s e s s i o n o f b i g and r o b u s t 
c r a n i a d i s p l a y i n g c r a n i o - f a c i a l d i s h a r m o n y ( s h o r t and 
b r o a d f a c e s a l l i e d t o l o n g , n a r r o w s k u l l s ) and f a c i a l 
d i s h a r m o n y ( s h o r t , u p p e r f a c e combined w i t h l o n g s u b-
n a s a l f a c e ) , t o g e t h e r w i t h v e r t i c a l , n o n - c u r v e d f o r e 
heads and w e l l m a r k e d b r o w r i d g e s ; t h e n a s a l bones a r e 
p r o m i n e n t and t h e n a s a l o p e n i n g i s n o r m a l l y o f medium 
s i z e ; low and b r o a d , r e c t a n g u l a r o r b i t s ; r a t h e r f l a t 
s k u l l v a u l t s , f l a r i n g zygomata and b r o a d , s q u a r i s h 
j a w s , w i t h a b s o l u t e l y g r e a t b i z y g o m a t i c and b i g o n i c 
d i a m e t e r s ; m a s s i v e s k e l e t o n s , w i t h b r o a d s h o u l d e r s and 
p o w e r f u l m u s c u l a r i m p r e s s i o n s - o f t e n a l l i e d t o t a l l 
s t a t u r e . T h i s d e s c r i p t i o n e x c l u d e s t h e Combe-Capelle 
and ' f ' e g r o i d ' G r i m a l d i f o r m s and some o f the c e n t r a l 
European Upper P a l a e o l i t h i c f i n d s . 



T a b l e s d e s i g n a t e d i n t h e t e x t by a c a p i t a l l e t t e r 
and a number a r e t o be f o u n d i n t h e a p p e n d i x headed by 
t h e c o r r e s p o n d i n g l e t t e r ; t h e r e s t a r e i n c o r p o r a t e d 
w i t h i n t h e t e x t ( a t t h e end o f a s e c t i o n when t h e y a r e 
t o o m a n y ) . 

For t h e sake o f s i m p l i c i t y , t h e v i o l e t - b l u e r e g i o n 
(up t o a p p r o x i m a t e l y 500 nm), t h e g r e e n - y e l l o w r e g i o n 
(500 t o 590 nm) and t h e o r a n g e - r e d r e g i o n (590 nm and 
b e y o n d ) l u i l l be r e f e r r e d t o i n t h e t e x t as t h e b l u e , 
g r e e n and r e d r e g i o n s r e s p e c t i v e l y . 



CHAPTER I 



1,1. The P h y s i c s and measurement o f c o l o u r . 

V i s i b l e l i g h t ( U L ) c o n s t i t u t e s o n l y a m i n u t e 
p o r t i o n o f t h e e l e c t r o m a g n e t i c s p e c t r u m c a p a b l e o f 
i m p r e s s i n g t h e p a r t o f t h e n e r v o u s system w h i c h i s 
l i n k e d t o v i s i o n and w h i c h , f o r t h e a v e r a g e human 
e y e , e x t e n d s between w a v e l e n g t h s o f r o u g h l y 380 and 
770 nm. A l t h o u g h we do need n o t h e r e be c o n c e r n e d 
w i t h t h e r e s t o f t h e s p e c t r u m , t h e whole o f i t has 
been r e p r o d u c e d i n f i g u r e 1,1-1 f o r p u r p o s e s o f 
c o m p a r i s o n . 

P h y s i c a l l y , l i g h t i s n o t h i n g more t h a n m a g n e t i c 
and e l e c t r i c e f f e c t s t r a v e l l i n g i n a common d i r e c 
t i o n . Energy i s s t o r e d i n i t s m a g n e t i c and e l e c t r i c 
f i e l d s . B e f o r e p r o c e e d i n g any f u r t h e r , t h r e e i m p o r 
t a n t f a c t s , o f r e l e v a n c e f o r p u r p o s e s o f c o l o r i m e t r y , 
must be i n t r o d u c e d w h i l s t t h e p e r t i n e n t p h y s i c a l 
n o t i o n s w i l l be i n d i c a t e d i n more d e t a i l e l s e w h e r e , 
1) S i n c e e n e r g y i s a s s o c i a t e d w i t h each wave, t h e 

r e l a t i v e amounts o f i t a t t a c h e d t o t h e w a v e l e n g t h s 
i n a r a y o f l i g h t d e f i n e t h e s p e c t r a l s t r u c t u r e 
o f t h i s l i g h t , i t s e n e r g y d i s t r i b u t i o n w h i c h i s a 
f u n c t i o n o f t h e w a v e l e n g t h X, P = f ( x ) , 

2) Not a l l w a v e l e n g t h s a r e e q u a l l y e f f i c i e n t i n p r o 
d u c i n g l i g h t . F i g u r e 1,1-2 shows i n t h e f u n c t i o n 
o f w a v e l e n g t h ( a b s c i s s a s ) t h e l u m i n o u s f l u x ( o r -
d i n a t e s ) p r o d u c e d by one w a t t o f m o n o c h r o m a t i c 
r a d i a t i o n . T h i s c u r v e , u s u a l l y p r e s e n t e d i n p e r -
c e n t u a l f o r m , V/,̂  , d e f i n e s t h e r e l a t i v e c o n t r i b u 
t i o n s w h i c h each w a v e l e n g t h makes i n an e q u a l -
e n e r g y s p e c t r u m t o t h e t o t a l l i g h t f l u x , 

3) The s t r u c t u r e o f a l i g h t beam can t h e n be d e f i n e d 
by g i v i n g any o f two s p e c t r a : e i t h e r t h e r a d i a n t 
e n e r g y d i s t r i b u t i o n , m o n o c h r o m a t i c r a d i a n t f l u x , 
or i t s l u m i n o u s d i s t r i b u t i o n , m o n o c h r o m a t i c l u m i 
nous f l u x . The second c u r v e i s s i m p l y t h e p r o d u c t 
o f t h e r a d i a n t f l u x c u r v e by k .M-. -where k„ r e -

^ m m 
s t o r e s t o i t s a b s o l u t e d i m e n s i o n , s i n c e i t 
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P i g . 1.1-1. The electromagnetic Bpectrum. A l l a c e l e s a re loga-
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F i g . 1.1-2. B e l a t i v e luminosity curree f o r the etandard obser-
T e r : acotoplc ( v ; ) , under subdued l i g h t i n g , and pbotopic ( V K ) . 
under good l i g h t i n g c o n d i t i o n s , v; correBponds to rod r i a i o n , 
aa measured i n the e x t r a - f o r e a l area of the r e t i n a l V,̂  c o r r e s 
ponds to cone T i s i o n , as measured at high I n t e n s i t i e s a t the 
foTea. ( A f t e r Wright, 1964). 



c o r r e s p o n d s t o t h e l u m i n o u s e f f i c i e n c y o f t h e 
m o n o c h r o m a t i c r a d i a t i o n f o r w h i c h \J-^ i s a t a 
maximum ( w h i c h o c c u r s a t X =0. 555 p, t h e wave
l e n g t h a t w h i c h cones - i n t h e f o v e a - have t h e i r 
maximum s e n s i t i v i t y ) . 
The l i g h t w h i c h r e a c h e s a body i s w h i t e d u r i n g 

( 1") 
d a y t i m e and i t i s i d e a l l y ^ ' a w e l l b a l a n c e d com
p o s i t i o n o f a l l w a v e l e n g t h s o f v i s i b l e l i g h t coming 
f r o m t h e s u n , a s o - c a l l e d e q u a l e n e r g y s t i m u l u s . 
When t h a t l i g h t i m p i n g e s on a body's s u r f a c e e v e r y 
i n d i v i d u a l w a v e l e n g t h i s r e f l e c t e d o r t r a n s m i t t e d 
a c c o r d i n g t o some d i s t i n c t i v e r e f l e c t i o n o r t r a n s 
m i s s i o n f a c t o r w h i c h i s n o t c o n s t a n t a l l t h r o u g h o u t 
t h e s p e c t r u m , b u t w h i c h depends on t h e m a g n i t u d e 
o f X, The r e s u l t o f t h i s s e l e c t i v e r e f l e c t i o n / t r a n s 
m i s s i o n i s l o s s o f b a l a n c e , t h e l i g h t l e a v i n g t h e 

( 2) 

s u r f a c e ^ i s no l o n g e r w h i t e . I t s c o l o u r i s t h e 
r e s u l t o f t h e i n t e g r a t i o n i n t o a whole o f a l l wave
l e n g t h s o f UL d e p a r t i n g t h e s u r f a c e . I n o t h e r w o r d s , 
a body a b s o r b s most o f t h o s e w a v e l e n g t h s w h i c h a r e 
t h e l e a s t r e p r e s e n t e d i n i t s c o l o u r . '^What we see t h e n 
i s t h e complement o f what has been a b s o r b e d . 

Once e s t a b l i s h e d t h a t each c o l o u r can be r e p r e 
s e n t e d by a p a r t i c u l a r e n e r g y d i s t r i b u t i o n c u r v e , 
t h e i d e a comes n a t u r a l l y t h a t i t s h o u l d be p o s s i b l e 
t o decompose a l l e x i s t i n g c o l o u r s i r i t o t h e same s e t 
o f s t a n d a r d s t i m u l i ( p r i m a r i e s ) , i n such a way t h a t 

( 1 ) I n p r a c t i c e , however, e x p e r i m e n t s on c o l o u r m i x 
t u r e r e v e a l t h a t t h e s e n s a t i o n o f w h i t e n e s s i s 
n e i t h e r e x c l u s i v e l y n o r n o r m a l l y a s s o c i a t e d w i t h 

. such a u n i q u e c o m b i n a t i o n , as e x a m i n a t i o n o f t h e 
e n e r g y d i s t r i b u t i o n s o f t h r e e t y p i c a l s o u r c e s o f 
w h i t e l i g h t can a t t e s t ( f i g . 1 . 1 - 3 ) , 

( 2 ) N o t a l l l i g h t r e f l e c t e d by a body a c t u a l l y comes 
f r o m i t s s u r f a c e , A s m a l l p a r t o f t h e l i g h t r e f r a c 
t e d i n t o i t c a n , due t o f u r t h e r r e f r a c t i o n i n s i d e , 
be r e d i r e c t e d b a c k w a r d and u l t i m a t e l y escape t h r o u g h 
b r o a d l y t h e same a r e a as i t j u s t t r a v e l l e d a c r o s s . 



any c o l o u r 'C c o u l d be d e f i n e d by r e f e r e n c e t o t h e 
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P i g . 1.1-3. R e l a t i v e s p e c t r a l i r r a d i a n c e s from standard sources 
A, E, and C. Source A i s t y p i c a l of the g a s - f i l l e d incandescent 
lamp) source B, of noon s u n l i g h t : and source C, of average day 
l i g h t . ( A f t e r Judd and Wysceiki, 1952). 

q u a n t i t i e s , q ^ ( > . ) , o f each p r i m a r y , f ^ ( > v ) , r e q u i r e d . 
t o m a t c h l i g h t ( C ) by a d d i n g t o g e t h e r t h e s t a n d a r d 
s t i m u l i ( f i g . 1 . 1 - 4 ) , Where,- by u s i n g t h e n o t a t i o n 
q^Cx) and f ^ ( x ) , i t i s meant t h a t t h e e n e r g y d i s t r i 
b u t i o n c u r v e f o r e a c h p r i m a r y , i , and t h e 'amount o f 
s t i m u l u s ' r e q u i r e d v a r y - lue presume so f a r - l u i t h 
b o t h component and l u a v e l e n g t h . 

A l t h o u g h t h e number o f p r i m a r i e s s h o u l d have t o 
be i n f i n i t e , i f t h e y luere t o be combined a d d i t i v e l y , 
t h r e e c o n v e n i e n t l y c h o s e n s t i m u l i can - as i t u i i l l 
be seen - i n t i m e - r e p r o d u c e most r e a l c o l o u r s . For 
c o n v e n i e n c e t h e s t a n d a r d s t i m u l i a r e so e l e c t e d t h a t 
t h e i r l u m i n o u s f l u x e s t o g e t h e r add up t o t h a t o f an 
e q u a l - e n e r g y s p e c t r u m , and f r o m t h e r e i t i s a m a t t e r 
o f s i m p l e p r o p o r t i o n a l i t y t o p r o v e t h a t q ^ ( x ) = P , I n 
p r a c t i c e t h e e n e r g y d i s t r i b u t i o n s o f t h e t h r e e s t i m u l i 
a r e so c h o s e n t h a t t h e c h r o m a t i c s e n s a t i o n s t h e y 



c o n v e y a r e r e d , g r e e n and b l u e r e s p e c t i v e l y . The 
q u a l i t y o f t h e i r c o l o u r s i s r e p r e s e n t e d as 'R', 
'G' and 'B'. 

(0) 

W ^ . t l ^ n { • . ^ 

W . v r l e n j t h 
O-TOfi 

CO 

Wirrlrni t l i 

F i g . 1.1-4. G r a p h i c a l l l l u B t r a t l o r . of the d e r i v a t i o n of the 
t r i s t i m u l u B s p e c i f I c a c l o n s of a coloured s u r f a c e . 
( a ) . The energy d i e t r i b u t i o n of the i l l u m i n a n t . 
(b) . The product of ( a ) with the d i s t r i b u t i o n c u r r e s of f i g . 

1.2-15. 
The s p e c t r a l r e f l e c t i o n curve of the s u r f a c e . 
The product of (b) and ( c ) , from which the areas undey 
the three curves w i l ] give the t r i B t i m u l u s values - X, 
Y and Z - of the e u r f a e c . ( A f t e r Wright, 1964). 

i s ! : 

Of p a r a m o u n t i m p o r t a n c e i n t h e p h y s i c s o f c o l o u r 
i s t h e c o n c e p t o f r a d i a n t f l u x . T h i s i s d e f i n e d as 
t h e amount o f e n e r g y ( i n w a t t s ) r a d i a t e d o r r e c e i v e d 
by a s u r f a c e i n a u n i t o f t i m e ( i n s e c o n d s ) . Here, 
t h e r a d i a n t f l u x o f any o f t h e a f o r e m e n t i o n e d s t i 
m u l i , ( C ^ ) , between w a v e l e n g t h s >v and A + AX i s t h e 
t o t a l amount o f e n e r g y c o n t r i b u t e d by i t , i . e . 

ARF. = q. ( x ) . f . ( A ) . A X = P, . f , ( A ) . AX ( l . l - l ) 
1 1 1 ' • I 

and, a l o n g t h e w h ole s p e c t r u m o f v i s i b l e l i g h t ( V / L ) , 

RF. = I P - f . ( > ) . A x ( 1 . 1 - 2 ) 
1 ^ 1 
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Since the luminous y i e l d ( e f f i c i e n c y ) of a l i g h t 
s t i m u l u s i s not independent of wavelength, i n order 
t o o b t a i n the c o r r e s p o n d i n g e x p r e s s i o n f o r the l u m i 
nous f l u x , the r a d i a n t f l u x e q u a t i o n must be weighted 
by the aforementioned f a c t o r k . , The formula 

m A 
LP. = k ^ I P ^ . f . ( x ) . U ^ . AX ( 1 . 1 - 3 ) 

The p r o d u c t s P ^ . f ^ ( x ) and . f ^ ( x ) . k ^ i y ^ , f o r each 
of the components and the ujauelength X , are knoiun as 
P.. and F. r e s p e c t i v e l y , r a d i a n t and luminous f l u x 

1 A- X A 

per u n i t of mavelength (measured i n u/atts and lumens 
per nm r e s p e c t i v e l y ) , a l s o r e f e r r e d t o as mono
chromatic r a d i a n t and l i g h t f l u x e s . 

I t i s p r a c t i c a l t o d e f i n e a neuu system of u n i t s 
( t h e c h r o m a t i c system) by l i m i t i n g the number of 
p r i m a r i e s t o t h r e e and r e f e r r i n g the l i g h t f l u x of 
each of the components (l-F"pj» I-PQ or LFg) t o t h a t of 
the c o r r e s p o n d i n g p r i m a r y (LF^^, LF|^^ or LFg^), i n a 
match where the t o t a l amount of l i g h t 'C i s made 
equal t o one of the neu) u n i t s . Thus, 

LF„ LF LF 
C 'C' = — ' R ' + — ' G ' + — 2 . 'B' (1,1-4) 

^'RO L F ^ ^ L F ^ ^ 

When c o l o u r 'C i s r e f e r r e d t o the luminous 
f l u x e s of t h r e e o t h e r l i g h t s 'R', 'G' and 'B', 
1.1-4 i s more commonly expressed as 

C 'C' = R 'R' + G 'G' + B 'B' (1.1-5) 

where 'R', 'G', 'B' and 'C' have no numeral s i g n i f i 
cance but r e p r e s e n t o n l y the q u a l i t y of the l i g h t s , 
w h i l s t C has the same f u n c t i o n as R, G and B, The 
s i g n = i n d i c a t e s t h a t the c o l o u r - m a t c h i n g e q u a t i o n 
above i s not an a l g e b r a i c e q u a t i o n , and i t should be 
read t h a t the m i x t u r e R, G and B u n i t s of s t i m u l i 
( R ) , (G) and (B) 'corresponds t o ' or ' i s matched by' 
C u n i t s of s t i m u l u s 'C', The q u a n t i t i e s of these 
t h r e e r e f e r e n c e s t i m u l i may be expressed i n p h y s i c a l 
u n i t s of power or energy, i n f o r m a l psychophysical 
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u n i t s of luminous f l u x or luminance or -more o f t e n , 
as here- f o r p r a c t i c a l reasons, i n more a r b i t r a r y 
u n i t s -such as the s o - c a l l e d T - u n i t s or the amounts 
d i r e c t l y read i n the scale of the i n s t r u m e n t ( W r i g h t , 
196A), I,1-5a becomes a t r u e a l g e b r a i c e q u a t i o n by 
w r i t i n g 

C = R + G + B ( I . 1 - 5 b ) 
D i v i d i n g t h i s e q u a t i o n both s i d e s of I.1-5a, a 

s o - c a l l e d u n i t - t r i c h r o m a t i c e q u a t i o n i s o b t a i n e d , 
Duhere the amount of 'C' i s measured as one t r i c h r o 
m a t i c u n i t ( o r T - u n i t , f o r b r e v i t y ) , 

•C s r 'R' + 9 'G' + b 'B' ( I . 1 - 6 a ) ' 

1 = r + g + b ( I . 1 - 6 b ) 
and 

r = R/(R+G+B) 
g = G/(R+G+B) (1.1-7) 
b = B/(R+G+B) 

I f the q u a n t i t i e s R, G and B are repres e n t e d as 
v e c t o r s R, G and B, a r b i t r a r i l y o r i e n t a t e d , a neiu, 
i n t e r e s t i n g , dimension is.added. I f a t r i a n g l e ( f i g . 
1,1-5, a and b) i s draujn betujeen p o i n t s R, G and B, 
so t h a t the d i s t a n c e s OR, GG and OB f u l f i l the r e l a 
t i o n s h i p OR = OG = OB = 1, p o i n t C, at the i n t e r s e c 
t i o n of v e c t o r \J with the plane of the t r i a n g l e ( u n i t 
p l a n e ) , l u i l l r e p r e s e n t the p o s i t i o n of c o l o u r 'C' 
u i i t h r e s p e c t t o the o t h e r s - 'R', 'G' and 'B', I f 
the o r i e n t a t i o n s of the r e f e r e n c e v e c t o r s are kept 
c o n s t a n t , the p o s i t i o n of any c o l o u r 'C on the plane 
depends s o l e l y on the n u m e r i c a l v a l u e s of R̂, Ĝ  and B. 
I t can be shown t h a t i f the t r i a n g l e i s e q u i l a t e r a l 
( f i g , I , 1 - 5 c ) , the p e r p e n d i c u l a r segments i n t e r c e p t e d 
between C and each of the s i d e s are p r o p o r t i o n a l to 
r , g and b, the c h r o m a t i c i t y c o o r d i n a t e s , and they 
add up t o a magnitud equal t o the h e i g h t of the t r i 
a n g l e , h. I f d i s t a n c e s are measured i n u n i t s such 
t h a t h=1, the segments w i l l e x a c t l y equal r , g and b. 
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Pig. 1.1-5*. Unit plane and Tectora. 

ftf. I . 1 - 5 e . 
The r e l a t i o n a h i p r+g+bd can 
be repreaented g r a p M c a l l y 
by iiaWn^ uae of • g e o m e t r i 
c a l property of the e q u i l a 
t e r a l t r i a c f l e : Indepenflent-
l y on P'B p o B i t i o n , the Bu= 
of t h e p c r p e n d i c u l a r B t o the 
a i d e s 1B equal to a c o n a t a c t 
( a r t l t r a r i l y regarded as one 
u n i t ) , l a a n o n - e o u i l a t e r a l 
t r i a n g l e , only two (any p a i r 
o f t h e c h r o m a t i c i t y c o o r d i -
n a t e e ) can be represented , 
BlDce - although r+g+b B t i l ] 
e q u a l s 1 - t h e a BE of t h e 
p e r p e n d i c u l a r s does not any 
l o n g e r do. 

P i g . I . 1 - 5 b . Unit plane and neutral 
c o l o u r B. 

». - « i O J •> »i n M ,5 M « 

P i g . I . 1 - 5 d . The 19Jl C . I . E . ehro-
• a t l c i t y c a r t p l c t t e c " i n terms of 
the r e f e r e n c e s t i m u l i ( X ) , ( T ; and 
( Z ) with u n i t s based on ar equal-
energy white E. The l o c a t i o n of the 
l l l u m i n a n t s S , S and S I s ehown 

P i g . 1 . 1 - 5 . The u n i t plane and the c h r o m a t i c i t y c h a r t , (b and 
a, a f t e r Judd and l y e c e t k i , 1952i d, a f t e r Wright, 1964) . 
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These can, t h u s , be regarded as some s o r t of c o o r d i 
n a t e s , c h r o m a t i c i t y c o o r d i n a t e s , by means of which 
the p o s i t i o n of a c o l o u r can g r a p h i c a l l y be d e f i n e d . 
I n p r a c t i c e i t i s more convenient t o r e p r e s e n t r and 
g, f o r i n s t a n c e , i n a r i g h t - a n g l e t r i a n g l e ( c a r t e s 
i a n system), where the p e r p e n d i c u l a r segments, how
e v e r , no l o n g e r add up t o one. Since r+g+b s t i l l 
w i l l equal one u n i t , the p o i n t w i l l be s u f f i c i e n t l y 
d e termined w i t h two c o o r d i n a t e s . 

Since the u n i t l e n g t h s of the t h r e e axes, which 
correspond t o the u n i t amounts of the t h r e e prima
r i e s , may be chosen i n an a r b i t r a r y way, a u s e f u l 
c h o i c e i s such t h a t equal amounts of 'R', 'G' and 'B' 
r e s u l t i n a n e u t r a l ( a c h r o m a t i c ) c o l o u r -one i n 
which n e i t h e r green nor r e d , nor blue predominates, 
'N', This corresponds t o our idea of what a p e r f e c t 
w h i t e should be, and i t s c h r o m a t i c i t y c o o r d i n a t e s 
( r , g , b ) are (0.333,0,333,0.333) or more e x a c t l y 
( 1 / 3,1/3,1/3). . 

Thus, a l l c o l o u r s can be r e p r e s e n t e d on the u n i t 
p l a n e , w i t h i n the frame of a r i g h t - a n g l e t r i a n g l e . 
I n f i g u r e I.1-5d a l l s a t u r a t e d (monochromatic) c o l 
o urs have been p l a t t e d i n a c h r o m a t i c i t y diagram i n 
which the p r i m a r i e s are u n r e a l or i m a g i n a r y , more of 
which w i l l be seen below. The r e s u l t i s the spectrum 
l o c u s . A number of f e a t u r e s are t o be noted: 1) wave
l e n g t h s between 700 and 770 nm are r e p r e s e n t e d by a 
s i n g l e p o i n t and t h i s p a r t of the spectrum i s r e f e r r e d 
t o as a "long-wave and s t r e t c h " , 2) t h e r e i s no such 
e x a c t constancy of c h r o m a t i c i t y near the s h o r t wave 
extreme of the spectrum (430 t o 380 nm), but t h e r e i s 
a c e r t a i n approach t o i t , 3) between about 540 and 
770 nm the spectrum comes close t o a s t r a i g h t l i n e , 
4) between 380 and 540 nm, the remainder of the spec
trum i s s i g n i f i c a n t l y curved. 

I t i s easy t o prove ( f i g . I.1-5e) t h a t i f and 
C 2 are the c h r o m a t i c i t y p o i n t s of two c o l o u r s mixed 



i n t he p r o p o r t i o n s c^ u n i t s of '0^' t o C2 u n i t s of 
' C 2 ' , the c h r o m a t i c i t y p o i n t of the r e s u l t i n g c o l o u r 
'C' w i l l be s i t u a t e d on the l i n e C^C2 at a p o s i t i o n 
such t h a t C/C2C=C2/c^ . That being so, i t f o l l o w s 
t h a t 'C' may a l s o be matched adding to the n e u t r a l 
'N' the spectrum c o l o u r 'D', 'D''s wavelength, x^, 
i s c a l l e d the dominant wavelength of c o l o u r 'C', 
c o r r e s p o n d i n g t o the p o i n t where the s t r a i g h t l i n e 
CM i n t e r s e c t s the spectrum l o c u s . I t r e p r e s e n t s the 
monochromatic l i g h t which must be' added t o the neu
t r a l 'N' i n such a way t h a t the combined a c t i o n (ad
d i t i o n ) of t h e i r luminous f l u x e s equals 'C's l u m i 
nous f l u x See f i g , I,1-5e, 

A l l c o l o u r s r e p r e s e n t e d by p o i n t s along the seg
ment ND have the same dominant wavelength A^, but 
the r a t i o NC/NO a c c u r a t e i y determines the p o s i t i o n 
of c o l o u r 'C i n ti.e diagram. This r a t i o denotes 
the p r o p o r t i o n of s p e c t r a l c o l o u r of wavelength X^, 
NC u n i t s , which should be added t o the n e u t r a l white 
'N' i n o r d e r t o produce a m i x t u r e , ND u n i t s , which 

( 1) 
matches c o l o u r 'C' and i s known as p u r i t y ^ . De
pending on the p o s i t i o n of C along the l i n e ND, i t s 
v a l u e v a r i e s between zero per cent ( a l l n e u t r a l 
w h i t e , no independent component 'D' at a l l ) and 
hundred per cent ( o n l y s p e c t r a l component 'D'). The 
c o l o u r s s i t u a t e d along the spectrum locus are c a l l e d 
monochromatic or s a t u r a t e d by o p p o s i t i o n t o these 
i n s i d e -between the spectrum curve and the l i n e 

(1) Colours r e p r e s e n t e d by p o i n t s w i t h i n the t r i a n g l e 
NKL ( f i g u r e I.1-5d) are c a l l e d p u r p l e and have no 
dominant wavelength. I n s t e a d t h e i r complementary 
wavelengths are g i v e n , AQ, by p r o l o n g i n g the l i n e 
Pl\l (P i s one of the p u r p l e c o l o u r s ) u n t i l i t i n t e r 
s e c t s the spectrum l o c u s . No p u r p l e c o l o u r can be 
o b t a i n e d by a m i x t u r e of w h i t e and a s a t u r a t e d c o l 
o ur, f o r which reason a l l of them are c a l l e d non
s p e c t r a l c o l o u r s . 
The p u r i t y of c o l o u r 'P' i s d e f i n e d as NP/NE. 
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j o i n i n g i t s extremes- which are c a l l e d non-saturated. 
A l l , s a t u r a t e d and n o n - s a t u r a t e d , f i l l the area of 
the r e a l c o l o u r s . Outside i s the f i e l d of imaginary 
( u n r e a l ) c o l o u r s . 

We have then a r r i v e d -from an o r i g i n a l s p e c i f i c a 
t i o n of t h r e e v a l u e s : R, G and B- a t two d i f f e r e n t 
modes of e x p r e s s i o n . The t r i - c h r o m a t i c mode s p e c i f i e s 
the c o l o u r q u a l i t y of a s t i m u l u s by means of a " u n i t 
e q u a t i o n " ( r + g + b = 1 ) , from which the c o l o u r may 
be r e p r e s e n t e d on a c h r o m a t i c i t y diagram as a p o i n t 
( r , g ) . As soon as p o i n t ( r , g ) i s p l o t t e d we are pro
v i d e d w i t h the means f o r e x p r e s s i n g t h a t c o l o u r i n 
terms of i t s dominant wavelength and p u r i t y , which 
c o n s t i t u t e the f o u n d a t i o n of the 'monochromatic-
p l u s - w h i t e ' mode. I t i s g e n e r a l l y claimed t h a t the 
main advantage of the dominant w a v e l e n g t h / p u r i t y 
s p e c i f i c a t i o n , when c o n t r a s t e d w i t h the c o o r d i n a t e s 
( r , g ) , i s i t s c l o s e r a s s o c i a t i o n w i t h the s u b j e c t i v 
e l y p e r c e i v e d a t t r - i b u t e s o f c o l o u r , A c o l o u r i s n o t , 
however, c o m p l e t e l y s p e c i f i e d by any of these two 
modes, as presente d so f a r . I n the case of the l i g h t 
r e f l e c t e d by a s u r f a c e , f o r i n s t a n c e , the r e f l e c t i o n 
f a c t o r can be halved or doubled throughout the spec
t r u m , or the wattage o f . t h e lamp e m i t t i n g the l i g h t 
t o be matched can be d i m i n i s h e d or in c r e a s e d , and i n 
every case - a l t h o u g h dominant wavelength and p u r i t y 
v a l u e s would remain c o n s t a n t ( i , e , , hue and s a t u r a 
t i o n ) - the appearance of the c o l o u r would be d i f 
f e r e n t , i t s l u m i n o s i t y would be s m a l l e r or g r e a t e r 
(dimmer or b r i g h t e r ) . I n order t o complete the s p e c i 
f i c a t i o n , a new concept has t o be i n t r o d u c e d : l u m i 
nance, the i n t e n s i t y of L i g h t t r a n s m i t t e d per u n i t 
area of s u r f a c e , a p h y s i c a l n o t i o n d i r e c t l y depen
dent on t h a t of luminous f l u x . For p r a c t i c a l reasons 
a f u l l i n t r o d u c t i o n w i l l be postponed u n t i l l a t e r . 

Dominant wavelength, p u r i t y and luminance - -the 
t h r e e c h a r a c t e r i s t i c s of l i g h t i n terms of which 
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c o l o u r may be s p e c i f i e d ' - correspond i n a general way 
t o t h r e e a t t r i b u t e s of c o l o u r s e n s a t i o n : hue ( r e d , 
green, e t c . ) , s a t u r a t i o n ( v i v i d , weak, s t r o n g , e t c . ) 
and b r i g h t n e s s ( b r i g h t , dim, e t c . ) . The scheme i n 
f i g u r e 1.1-6 c o n v e n i e n t l y i l l u s t r a t e s the correspon-
dances between the t e r m i n o l o g i e s i n the p h y s i c a l , 
p s y c h o p h y s i c a l and p s y c h o l o g i c a l f i e l d s . 

L e t us now r e t u r n t o the expr e s s i o n s i n formulae 
1.1-2 and 1.1-3, With the i n t r o d u c t i o n of the summa
t i o n term I and m u l t i p l i c a t i o n by A'A, the f u n c t i o n s 
P. and F. miss t h e i r i n d i v i d u a l i t y , since f o r each 

1 A 1A 
s p e c i f i c value of e i t h e r r a d i a n t f l u x or luminous 
f l u x t h e r e w i l l be an i n f i n i t y o f d i f f e r e n t s p e c t r a l 
d i s t r i b u t i o n s of energy, P-̂  , which w i l l s a t i s f y 
e q u a t i o n s 1,1-2 and 1,1-3 f o r each of the components. 
A l l s t i m u l i , w i t h i n each of the f a m i l y of curv e s , 
g i v i n g r i s e f o r each component t o the same r a d i a n t 
and luminous f l u x e s are s a i d t o e x h i b i t metameric 
c o l o u r s . I n the case of c o l o u r of p h y s i c a l o b j e c t s , 
which i s the main concern of c o l o r i m e t r y , the s i t u a 
t i o n i s t h a t of the beams of l i g h t l e a v i n g t h e i r 
s u r f a c e s being a l i k e i n c o l o u r a l t h o u g h d i f f e r e n t 
i n s p e c t r a l c o m p o s i t i o n . When d e a l i n g w i t h n o n - s e l f -
luminous o b j e c t s , the s p e c t r a l composition of the 
l i g h t r e f l e c t e d / t r a n s m i t t e d , P^, depends on the 
s p e c t r a l c o m p o s i t i o n of the i l l u m i n a n t source ' I ' 
as w e l l as on the o b j e c t ' s s p e c t r a l r e f l e c t a n c e or 
t r a n s m i t t a n c e f a c t o r s (which are i n p a r t a f u n c t i o n 
of the i l l u m i n a t i o n a n g l e ) . And how any l i g h t s t i 
mulus 'C' = Pj^ w i l l be p e r c e i v e d by an observer de
pends not o n l y on i t s s p e c t r a l c o m p o s i t i o n , but also 
on the observer h i m s e l f and on the background l i g h t s 
which can t e m p o r a r i l y modify the s e n s i t i v i t y of the 
eye t o see c e r t a i n c o l o u r s and even become a p a r t of 
P-y^ i t s e l f . Two specimens or l i g h t s e x h i b i t i n g meta
meric c o l o u r s w i l l be deemed t o have the same c o l o u r 
under a c e r t a i n i l l u m i n a t i o n and judged by c e r t a i n 
o b s e r v e r s ; under o t h e r i l l u m i n a t i o n and f o r o t h e r 
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o b s e r v e r s , the two w i l l g e n e r a l l y appear w i t h d i f 
f e r e n t c o l o u r s and are s a i d to show a metameric d i f 
f e r e n c e . 

I t f o l l o w s then t h a t any s e r i o u s attempt t o evolve 
a methodology which o b j e c t i v e l y measures c o l o u r s and 
t e l l s them a p a r t , must f i r s t f i n d a way to prevent 
the occurrence of s p u r i o u s metameric matches. A f i r s t 
step goes t h r o u g h s t a n d a r d i z i n g the c o n d i t i o n s of 
i l l u m i n a t i o n ( i l l u m i n a n t , i l l u m i n a t i o n angle and 
background) t o , as i t w i l l be seen l a t e r , s t a n d a r d 
i z i n g even the observer h i m s e l f . But even so, any 
att e m p t c o m p l e t e l y t o e l i m i n a t e the p o s s i b i l i t y of 
metameric matches t o appear i s doomed t o f a i l , be
cause of the very n a t u r e of formulae 1.1-2 and 
1.1-3. The te c h n i q u e of d e f i n i n g a colour.by g i v i n g 
i t s components' r a d i a n t f l u x and luminous f l u x - or 
any o t h e r p h y s i c a l measurements d e r i v e d from these 
two - does not g i v e r i s e t o any unequivocal charac
t e r i z a t i o n . T his l i m i t a t i o n has however never been 
a s e r i o u s handicap i n i n d u s t r i a l c o l o r i m e t r y but i t 
has i n f a c t become i t s s t r e n g t h , since the observer 
w i l l see two d i f f e r e n t s t i m u l i as e q u i v a l e n t as long 
as he sees as i d e n t i c a l the r a d i a n t f l u x e s (and l u m i 
nous f l u x e s ) of each p a i r of homologous components. 
I n o t h e r words, the human eye cannot d i s c r i m i n a t e 
beyond the E l e v e l of the f o r m u l a e . The aim of i n 
d u s t r i a l c o l o r i m e t r y being the measurement of c o l 
ours f o r the u l t i m a t e purpose of manufacturing 
c o p i e s , i t i s r e a l l y of l i t t l e concern whether a 
match i s achieved by e x a c t l y r e p r o d u c i n g a c e r t a i n 
s p e c t r a l d i s t r i b u t i o n of energy or any other g i v i n g 
r i s e t o the same s e n s a t i o n , as long as the match 
ho l d s under a l l normal c o n d i t i o n s of v i e w i n g . F o r t u 
n a t e l y e x periments show t h a t c o l o u r matches remain 
v a l i d over a wide range of a d a p t a t i o n l e v e l s and 
c o n d i t i o n s of c o n t r a s t , a t l e a s t f o r 2° f i e l d s ( c o r 
responding t o the r o d - f r e e area of the v i s u a l f i e l d 
i n the r e t i n a ) , and t h a t only when the eye i s sub-
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j e c t e d to g l a r i n g c o n d i t i o n s of p r e - a d a p t a t i o n does 
a colour-match break down. 

Concerning the problems d e a l i n g w i t h i l l u m i n a t i o n 
c o n d i t i o n s and stan d a r d s u r f a c e s , the 1931 C.I.E. 
recommends the use of standard sources - i l l u m i n a n t s 
A, B or C ( f i g . 1.1-3) - e m i t t i n g l i g h t at 45° t o 
the s u r f a c e of the o b j e c t under study and being c o l 
l e c t e d n o r m a l l y , i n order to avoid any e v e n t u a l 
specular r e f l e c t i o n . As standard s u r f a c e s to which 
the o b j e c t ' s r e f l e c t i o n f a c t o r ( r e f l e c t e d l i g h t / t o t a l 
i n c i d e n t l i g h t ) a t each wavelength w i l l be r e f e r r e d , 
Mg CO^ has been found much more c o n s t a n t i n whiteness 
than [Aq 0, f o r 'abridged' r e f l e c t o p h o t o m e t e r s , while 
the use of t h r e e s t a n d a r d c o l o u r e d c h a r t s has been 
advised when p r o v i d i n g the C.I.E. s p e c i f i c a t i o n s . 

The problems d e a l i n g w i t h the s t a n d a r d i z a t i o n of 
the observer proved t o be more d i f f i c u l t t o t a c k l e . 
Use was made of the p r i n c i p l e u n d e r l y i n g the e x i s 
tence of metameric' c o l o u r s , w i t h o u t any r e a l (spec
t r a l ) i d e n t i t y being s t r i v e d f o r . A c a p i t a l aspect 
of each matching experiment i s the e l e c t i o n of the 
r e f e r e n c e s t i m u l i . The i m p o s s i b i l i t y of matching a l l 
c o l o u r s by a d d i t i v e c o m b i n a t i o n of t h r e e l i g h t s of 
f i x e d c h r o m a t i c i t y has a l r e a d y been mentioned, but 
i t i s reasonable t o s t r i v e f o r a choice t h a t w i l l 
reproduce as many c o l o u r s as p o s s i b l e , A near max
imum, c h r o m a t i c i t y gamut i s a t t a i n e d by choosing two 
of the s t i m u l i ( r e d and b l u e ) near the ends of the 
spectrum l o c u s and the o t h e r near the middle p a r t of 
i t . A disadvantage i s t h a t the two primary s t i m u l i 
( r e d and b l u e ) s e l e c t e d i n t h e - v i c i n i t y of the ex
tremes must n e c e s s a r i l y have low l u m i n o s i t y . The 
problem i s then f i n d i n g the t r i a d which w i l l r e 
pr e s e n t the o p t i m a l compromise between high luminance 
and wide c t i r o m a t i c i t y gamut. Once t h i s was done, the 
procedure i m p l i e d d e t e r m i n i n g once and f o r a l l the 
amounts of the t h r e e s t i m u l i r e q u i r e d by the average 
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eye t o match a s t a n d a r d q u a n t i t y of T - u n i t s (or one 
w a t t ) of every c o l o u r throughout the spectrum. This 
was done by l e t t i n g s e v e r a l groups of observers -
w i t h the a i d of a v i s u a l c o l o r i m e t e r ( f i g . 1 . 1 - 9 ) -
t o make matches of c o l o u r at c o n s t a n t wavelength i n 
t e r v a l s , AA, along the whole spectrum. Their r e s u l t s 
were averaged and adopted by the C.I.E. (Commission 
I n t e r n a t i o n a l e de I ' E c l a i r a g e ) as r e p r e s e n t a t i v e f o r 
the c o l o u r - m a t c h i n g c h a r a c t e r i s t i c s of the standard 
o b s e r v e r (1931). A new set of v a r i a b l e s has been de
f i n e d : t he so c a l l e d d i s t r i b u t i o n c o e f f i c i e n t s , r e 
p r e s e n t i n g the number of T - u n i t s of each component 
r e q u i r e d a t each wavelength t o match the c o l o u r 
( l i g h t ) o f the equal-energy spectrum ( f i g , 1.1-8), 
Thus, the standard o b s e r v e r , as s p e c i f i e d i n 1939 by 
t h e C . I . E . , i n v o l v e d f i r s t : 
1) t a b u l a t i o n of r , g and b, s p e c t r a l c h r o m a t i c i t y 

c o o r d i n a t e s ( c a l l e d at t h a t time t r i c h r o m a t i c 
c o e f f i c i e n t s ) , from 380 nm t o 780 nm a t every 
5 nm i n terms of s t i m u l i s e l e c t e d as 

2)> 70Q nnr- 'R', 546.1 nm 'G' and 435,8 nm 'R' which 
d e f i n e a system 'R,G,B' whose u n i t s have been 
a d j u s t e d t o be e q u a l i n a match on an e q u a l -
energy w h i t e ; 

3);, t a b u l a t i o n of F,̂  , and b^, d i s t r i b u t i o n c o e f f i -
i V c i e n t s or t r i - s t i m u l u s v a l u e s f o r the equal-energy 

. ::i^:^vspectrum, a t the same wavelength i n t e r v a l s and 
"•^for i d e n t i c a l s t i m u l i and u n i t s ; 

s e t t i n g up the r e l a t i v e luminous e f f i c i e n c i e s 
( t h e n known as r e l a t i v e l u m i n o s i t i e s ) of the 
T - u n i t of 'R', 'G' and 'B'; t h e i r values ware 

' f o u n d t o be \1,^,=1.Q0, V,^,=4,5907 and V,g,=0,0601, 
These t a b l e s are v a l i d f o r c o l o u r matching under 

c o n d i t i o n s of 2*̂  f o v e a l v i s i o n , which corresponds 
t o s e e ing w i t h the r o d - f r e e , c e n t r a l area of the 
f o v e a , as measured by i t s angular subtense i n the 
v i s u a l f i e l d . When c o n s i d e r i n g the v a r y i n g s t r u c -
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t u r e of the r e t i n a , from fovea to p e r i p h e r y and 
from one i n d i v i d u a l to the o t h e r , the r o l e of eye 

• pigment and the importance of p r e - a d a p t a t i o n and 
c o n d i t i o n s of i l l u m i n a t i o n , the need f o r standards 
i s r e a d i l y a p p r e c i a t e d , and i t i s h a r d l y s u r p r i s i n g 
t o f i n d t h a t the c o l o u r match e v e n t u a l l y agreed 
on by a group of observers does not h o l d as soon 
as the v i s u a l f i e l d i s enlarged beyond the 2°-sub-
t e n s e , the i l l u m i n a t i o n c o n d i t i o n s changed or the 
o b s e r v e r s s u b s t i t u t e d by another group. 

Thus, i f i n o r d e r t o match the c o l o u r of an e q u a l -
energy spectrum a t p o s i t i o n \, one T - u n i t of each 
s t a n d a r d s t i m u l u s ( r ^ / g ^ / b ^ ) i s r e q u i r e d , P̂  u n i t s 
o f each w i l l be necessary i n order t o match a c o l o u r 
o f s p e c t r a l c o m p o s i t i o n P̂  (P^ . r^^/P^ , g^/P^ , b ^ ) , A f t e r 
t h e 1931 congress i n C o l o r i m e t r y i t was agreed t h a t , 
s i n c e the s t i m u l i 'R', 'G' and 'B' o f t e n r e q u i r e neg
a t i v e c o e f f i c i e n t s i f a b s o l u t e l y every r e a l c o l o u r 
i s t o be matched, and since the meaning of a n e g a t i v e 
amount o f c o l o u r c o u l d r e s u l t i n misunderstandings 

* and: m i s c a l c u l a t i o n s by gome of the users of the sys
tem, an a l l p o s i t i v e r e f e r e n c e system (X,Y,Z) -based 
on; i m a g i n a r y c o l o u r s - was t o be used, w h i l e the sys
tem 'R,G,B' was k e p t as the a p p r o p r i a t e framework 
l u i t h i n which t o d e f i n e the c o l o u r - m i x i n g c h a r a c t e r 
i s t i c s o f the s t a n d a r d observer, and as working r e f 
erence' s t i m u l i \ The formulae f o r X, Y and Z are 
s i m i l a r t a those f o r R, G and B. I t i s customary, 
however, t o i n t r o d u c e a n o r m a l i z i n g f a c t o r k^ i n 
each of t h e t h r e e e x p r e s s i o n s w i t h a value such t h a t 
Y i s clamped down t o some p r a c t i c a l f i g u r e , i n the 

" C 2 i s # o f t h e s t a n d a r d s u r f a c e , w h i l e p r o p o r t i o n s 

( 1 ) I n t h e c h r o m a t i c i t y diagram the new p o i n t s -X, Y and 
Z- must determine a t r i a n g l e which encloses a l l r e a l 
c o l o u r s , so t h a t t r i c h r o m a t i c and d i s t r i b u t i o n c o e f 
f i c i e n t s are p o s i t i v e ( f i g . 1.1-7). 



22 

X/Y/Z are l e f t u n a l t e r e d . Thus, k^'s value i s : 
chosen as 

k n 
(1.1-8) ______10Q 

I y^ . P^. AX 
I n the case of o b j e c t c o l o u r s - a s i t u a t i o n of 
s p e c i a l b i o l o g i c a l concern - a surface has the 

700 mn 

P i g . 1 . 1 - 7 . [ i T Z l - t r l a t l a u l u a space i n o b l i q u e p r o j e c t i o n 
ahowlng l o c a t i o n o f [x,y]-«hromatlcity diagram ( u n i t plane, 
Z -•• T Z - l ) . ( A f t e r Judd * D^aseckl, 1963) . 

c o l o u r o f t h e l i g h t r e f l e c t e d by i t , f o r which reason 
a r e f l e c t i o n f a c t o r has t o be i n t r o d u c e d i n the 
f o r m u l a . Keeping the symbol P^ f o r the energy d i s t r i 
b u t i o n o f the i l l u m i n a n t , n o r m a l l y a B or C source, 
the l i g h t r e f l e c t e d by the o b j e c t i s p P and the 
formulae become 

Y = ^ n i y ^ - p > p > - ^ ^ (1.1-9) 
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where p i s the r e f l e c t i o n f a c t o r of the sample (un
der s t a n d a r d c o n d i t i o n s of i l l u m i n a t i o n and v i e w i n g ) 
r e f e r r e d t o t h a t of the standard s u r f a c e , which thus 
has a r e f l e c t i o n f a c t o r equal t o one adimensional 
u n i t , 

E l e c t r o m e c h a n i c a l devices have been designed and 
b u i l t which accomplish these m u l t i p l i c a t i o n s and i n 
t e g r a t i o n s and, i n some cases, can be adapted as an 
attachment t o a r e c o r d i n g spectrophotometer, A modern 
v a r i e t y has d i g i t a l t r i s t i m u l u s i n t e g r a t o r s and d i g 
i t a l r eadout devices which are used i n combination 
w i t h tape-punch or card-punch equipment and d i g i t a l 
computers. 

The c o e f f i c i e n t s g i v e n i n the t a b l e s f o r the 1931 
st a n d a r d observer are thus not r e f e r r e d t o s t i m u l i 
•R', 'G' and 'B' b u t , n o r m a l l y t o s t i m u l i ( X ) , ( Y ) 
and ( Z ) , As an a d d i t i o n a l p r a c t i c a l n o r m a l i z a t i o n , 
L y - , P ^ , A X i s o f t e n made equal t o 100; then K 's A A n 
va l u e i s 1, Since the p r o d u c t s x^,P^, y^.P^^ and 
z^,P^ are assiduous i n g r e d i e n t s i n the c a l c u l a t i o n 
of X, Y and Z, i t has a l s o been p r a c t i c a b l e t o p r o 
duce t a b l e s f o r them -not only f o r the C.I.E. s t a n 
dard i l l u m i n a n t s but f o r ot h e r non-standard sources 
as w e l l . 

The e l e c t i o n of these p a r t i c u l a r s t i m u l i , among 
a l l n o n - r e a l c o l o u r s , i s by no means a r b i t r a r y . Apart 
from d e t e r m i n i n g an a l l - p o s i t i v e system, i t can be 
shown ( W r i g h t , 1944) t h a t - f o r the p a r t i c u l a r set 
sel e c t e d - -. the luminous f l u x (and luminance) c o n t r i 
buted by the imaginary components (X) and ( Z ) i s 
n u l l . Under those c o n d i t i o n s , i n v i r t u e of a l l the 
ma t h e m a t i c a l accommodations performed, the luminance 
of an o b j e c t can be made equal t o i t s Y - t r i s t i m u l u s 
v a l u e , w i t h i n a scale whose maximum value c o r r e s 
ponds t o the Y-value of the standard s u r f a c e ( a r 
b i t r a r i l y chosen as Y =100). By doing so a scale 
has been c r e a t e d f o r the t r i s t i m u l u s v a l u e s as w e l l . 
The Y v a l u e s are clamped up t o a maximum of Y =100, 
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w h i l e the r e s p e c t i v e maximum f o r the X and Z va l u e s 
are determined by the maximum Y and the p r o p o r t i o n s 
between the c h r o m a t i c i t y c o o r d i n a t e s of the i l l u m i 
nant source. I f these are X j , y^ and Z j , the s t a n 
dard s u r f a c e ' s t r i s t i m u l u s v a l u e s must keep the same 
r e l a t i o n s h i p . T h e r e f o r e 

X j Yj Z j 

X ~ Y ~ Z s s s 

and since Y^ i s made equal t o 100, 

X j Z j 
X = - . i _ . i 0 0 Z = --i-.100 

Yj s y j 

The problem which an a n t h r o p o l o g i s t i s thus going 
t o f i n d i n p r a c t i c a l f i e l d w o r k , i f t r y i n g t o d e t e r 
mine the c o l o u r of a s k i n , i s t h a t of o b t a i n i n g the 
amounts of (x), ( Y ) and ( Z ) needed t o equal the sen
s a t i o n of c o l o u r produced by the l i g h t r e f l e c t e d from 
a s u r f a c e w i t h r e l a t i v e r e f l e c t i o n f a c t o r p̂ ^ when i l 
l u m i n a t e d by a s t a n d a r d source of s p e c t r a l composi
t i o n P̂  under an angle of 45 degrees. The l i g h t i s 
a f t e r r e f l e c t i o n c o l l e c t e d n o r m a l l y by one or th r e e 
p h o t o c e l l s and, i f p h o t o c e l l - f i l t e r combinations p r o 
v i d i n g at l e a s t the same o v e r a l l s p e c t r a l responses 
as the x^ y^ z ^ f u n c t i o n s are a v a i l a b l e ( f i g , 1.1-8), 
the t r i s t i m u l u s v a l u e s can be o b t a i n e d d i r e c t l y . I f 
the p h o t o c e l l - f i l t e r c o m b i n a t i o n s p r o v i d e i n s t e a d 
responses r^ g^ b ^ t r i s t i m u l u s v a l u e s R, G and B w i l l 
be o b t a i n e d which can be c o n v e r t e d t o X, Y, Z values 
( C l u l o w , 1972). I f not i n possession of a c o l o r i m e t e r , 
the X,Y,Z t r i s t i m u l u s v a l u e s can s t i l l be prod_uced 
from a knowledge of the p r o d u c t s i n 1.1-9, according 
t o the method d e s c r i b e d above. I n p r a c t i c e , however, 
many modern spec t o p h o t o m e t e r s , a p a r t from p r o v i d i n g 
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a f u l l graph o f t h e r e f l e c t i o n c u r v e , are a l s o 

Cll ttindjrt obscivei 
ooooo nitff photwl! oitorimetw 

MO 500 
Wavelength, 

71g. 1.1-6. Sxample of curreB ehowlnc t h e degree t o which 
t r l B t l B u l u B f i l t e r s coitblnea with a b a r r i e r - l a y e r c e l l du
p l i c a t e the C . I . E . eolour-matehing curree i ^ , fx'*x • '*>e 
t r i a t l i D u l u e f i l t e r e a re oafle up of e o B b i n a t i o n e of c o l o u r e i 
glaBsee arranged i n e e r i e e and Bide by Bide. ( A f t e r Judd t 
• y e t e c k i , 1965). 

a t t a c h e d t o a t r i s t i m u l u s i n t e g r a t o r which automat
i c a l l y computes the r e q u i r e d v a l u e s . 
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No p r e s e n t a t i o n of the tec h n i q u e s f o r the meas
urement of c o l o u r t h r o u g h an e x p o s i t i o n of t h e i r 
t h e o r e t i c a l f o u n d a t i o n s i s complete l u i t h o u t an 
i n t r o d u c t i o n t o the v a r i o u s types of in s t r u m e n t s 
among which they have found t h e i r a p p l i c a t i o n . The 
methods f o r measuring and r e c o r d i n g c o l o u r can be 
c l a s s i f i e d i n t o two main groups: matching methods 
and s p e c t r o p h o t o m e t r i c methods. The f i r s t group's 
working p r i n c i p l e i s the matching of c o l o u r s , 
f i r s t achieved v i s u a l l y by using standard c o l 
oured cards or c h a r t s and l a t e r by means of e i t h e r 
v i s u a l or p h o t o e l e c t r i c c o l o r i m e t e r s . The second • 
method i n v o l v e s measurement of s p e c t r a l wave
l e n g t h s and p h o t o m e t r i c b r i g h t n e s s ( o r luminance) 
of c o l o u r s . 

The f i r s t v i s u a l matching methods are b a s i 
c a l l y means of c l a s s i f y i n g and comparing c o l o u r s . 
The Ostwald system, t he p i o n e e r i n g work on which 
the more modern Colour Harmony Manual ( G r a n v i l l e 
& Jacobson,1944) i s based, the Mu n s e l l system 
(1929, 1943) and the most e x t e n s i v e V i l l a l o b o s 
system (1947) are about the most r e p r e s e n t a t i v e 
here. T h e i r aim i s t o f i n d , among the p o s s i b i -
b i l i t i e s p r o v i d e d by the system, one which i s 
judged t o be i d e n t i c a l t o the sample's c o l o u r , 
which i n t u r n means t h a t the system's e f f e c t i v e 
ness i s a p r i o r y s e v e r e l y r e s t r i c t e d by the com
prehensiveness of the set of cards or c h a r t s used. 
I n a d d i t i o n , a l l v i s u a l methods of c o l o u r matching 
are by t h e i r very n a t u r e s u b j e c t i v e . 

The i n s t r u m e n t s u t i l i s e d f o r matching c o l o u r s 
are c a l l e d c o l o r i m e t e r s and belong t o e i t h e r the 
one or the o t h e r of two d i f f e r e n t t y p e s : v i s u a l and 
p h o t o e l e c t r i c c o l o r i m e t e r s . W i t h i n the l a s t group, 
the human eye's r o l e i s performed by one or s e v e r a l 
p h o t o e l e c t r i c c e l l s . Both t y p e s ' o p e r a t i o n a l p h i l 
osophy r e s t s on two fundamental p r i n c i p l e s : 
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1) most c o l o u r s can be matched ( u / i t h the e x c e p t i o n s 
seen b e f o r e ) by m i x t u r e i n s u i t a b l e p r o p o r t i o n s of 
t h r e e s t a n d a r d r a d i a t i o n s , u s u a l l y r e d , green and 
b l u e ; 
2) b l e n d i n g of any tmo c o l o u r s can be matched by 
m i x t u r e o f t h e i r r e s p e c t i v e matching c o m b i n a t i o n s . 
These two p r i n c i p l e s , i n c o m b i n a t i o n , e s p e c i a l l y , 
w i t h tu)o of the laujs a l r e a d y f o r m u l a t e d by Grassman 
i n t h e 19th c e n t u r y ( 1 8 5 3 ) , p r o v i d e d the t h e o r e t i c a l 
f o u n d a t i o n of what was t o become l a t e r the C.I.E. 
system of c o l o u r s p e c i f i c a t i o n . These two laws are: 
1) The human eye can o n l y d i s t i n g u i s h t h r e e k i n d s 
o f v a r i a t i o n r e l a t e d t o c o l o u r : v a r i a t i o n s i n domi
n a n t w a v e l e n g t h , p u r i t y and luminance. 
2) The luminance r e s u l t i n g from the a d d i t i v e m i x t u r e 
o f a number of l i g h t s equals the sum of the l u m i 
nances produced s e p a r a t e l y by each of the l i g h t s . 

I n an a d d i t i v e (1) v i s u a l c o l o r i m e t e r the eye 
r e c e i v e s the l i g h t r e s u l t i n g from the m i x t u r e of the 
t h r e e p r i m a r i e s , whose r e l a t i v e p r o p o r t i o n s can be 
a d j u s t e d u n t i l i t s a d d i t i o n i s judged t o e q u a l the 
c o l o u r t o be measured ( f i g . 1.1- 9 ) . The r e a d i n g s 
can a f t e r w a r d s be c o n v e r t e d t o C.I.E. v a l u e s . The 
v a r i o u s t y p e s of v i s u a l c o l o r i m e t e r s d i f f e r c h i e f l y 
i n t h e means devised t o achieve the a d d i t i v e m i x t u r e 

( l ) The so c a l l e d s u b s t r a c t i v e c o l o r i m e t e r s , a l t h o u g h 
based on the same p r i n c i p l e s , work i n the o p p o s i t e 
way. I n s t e a d of f i n d i n g the amounts of r e d , green 
and blue r e q u i r e d t o match the specimen's c o l o u r , 
a beam of w h i t e l i g h t (assumed t o possess an equal 
energy d i s t r i b u t i o n t h r o u g h the spectrum) i s , by 
s t e p w i s e a b s o r p t i o n when passing t h r o u g h t h r e e 
f i l t e r s - i n f o r i n s t a n c e the sequence y e l l o w , ma
g e n t a and cyan- d e p r i v e d of i t s b l u e , green and red 
components i n t h a t o r d e r . The d e n s i t y of the f i l t e r s 
can be v a r i e d i n order t o c o n t r o l the a b s o r p t i o n of 
t h e t h r e e p r i m a r i e s , u n t i l the r e s u l t i n g l i g h t 
e q u a l s the c o l o u r of the sample. The Lovibond T i n t o 
meter (made by the T i n t o m e t e r L i m i t e d , S a l i s b u r y , 
V J i l t s h i r e , U.K.) i s p r o b a b l y the most r e p r e s e n t a t i v e , 
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of the t h r e e p r i m a r i e s . The c o l o r i m e t e r c o n t r i v e d by 
Donaldson (1935) has perhaps been most wi d e l y used 
i n i n d u s t r y . 

STAHDAIO WMITI 
ILLUMINATION LAMP 
OK SHCIHEH SOUtCl 
or COLTjultD LIGHT C OLOUt 

SPEQIMEN 

APEITUIE WHITI 
SOBIN 

O t S E I v E l ' S 
111 

STANDAIO 
LAMP WITH THfEE ' 

PtlHAlY FIITEIS 

?ig. 1.1-9. 
T h e principle of t r ichromat ic matching co lor imeters The light reflected 
from the upper screen is solely that of the specimen and from the lower screen only the mixture 
of red, green and blue light. By adjusting the amounts ol red. green and blue light, for example, 
by varyin;) the operative areas of the primary filters, the mixture in the lower half of the field 
of view pan be made identical in appearance to the colour of the specimen in the upper half 
of the field of view. 

I n the p h o t o e l e c t r i c c o l o r i m e t e r e i t h e r the r e 
f l e c t i o n s of the t h r e e p r i m a r y l i g h t s are i n succes
s i o n c o l l e c t e d by a s i n g l e p h o t o e l e c t r i c c e l l or an 
o r i g i n a l l y - w h i t e beam of l i g h t i s , a f t e r r e f l e c t i o n , 
d i v i d e d i n t h r e e and each p o r t i o n passed through one 
of the t h r e e p r i m a r y f i l t e r s b e f o r e c o l l e c t i o n by 
one of t h r e e p h o t o c e l l s . I n each case, the weak 
e l e c t r i c c u r r e n t s generated i n the p h o t o c e l l or 
p h o t o c e l l s by the i n t e r c e p t e d l i g h t s are a m p l i f i e d 
and measured i n a galvanometer, as a d i r e c t i n d i c a 
t i o n of the amounts of p r i m a r i e s r e q u i r e d . The 
measurements are made i n a scale which n o r m a l l y 
s u p p l i e s r e a d i n g s ( t r i s t i m u l u s v a l u e s ) c o n v e r t i b l e 
or r e l a t e d t o the C,I,E, u n i t s . I t i s even p o s s i b l e , 
a l t h o u g h p r o b l e m a t i c , t o design c o l o r i m e t e r s g i v i n g 
d i r e c t r e a d i n g s i n C L E . u n i t s . P r i o r t o making 
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measurements i t i s g e n e r a l l y necessary t o c a l i b r a t e 
or balance the p h o t o e l e c t r i c c e l l s a g a i n s t the l i g h t 
r e f l e c t e d by a good w h i t e r e f e r e n c e s u r f a c e . T y p i c a l 
p h o t o e l e c t r i c c o l o r i m e t e r s are the Colormaster (made 
by M a n u f a c t u r e r s E n g i n e e r i n g and Equipment Corpora
t i o n , P e n n s y l v a n i a , U.S.A.) and the Color Eye (made 
by I n s t r u m e n t Development L a b o r a t o r i e s , Massachus-
s e t s , U.S.A.). 

W i t h i n the second main group, s p e c t r o p h o t o m e t r i c 
methods, the s e r v i c e s of a p h o t o e l e c t r i c s p e c t r o 
photometer are today u t i l i z e d i n or d e r t o e s t a b l i s h 
how the p r o p o r t i o n o f r e f l e c t e d or t r a n s m i t t e d l i g h t 
v a r i e s t h r o u g h o u t the spectrum f o r each specimen. 
From t h i s knowledge the i n t e r n a t i o n a l C.I.E, s p e c i f i 
c a t i o n s can be d e r i v e d i n a l a t e r s t e p . The graph 
o b t a i n e d from these measurements p r o v i d e s i n f o r m a 
t i o n about t he s p e c t r a l c o m p o s i t i o n of the l i g h t 
r e f l e c t e d or t r a n s m i t t e d by an o b j e c t when i l l u m i 
n a t e d by some st a n d a r d source. Such a graph can be a 
co n t i n u o u s curve ( a u t o m a t i c r e c o r d i n g or ' f u l l ' spec
t r o p h o t o m e t e r ) or an approximate s p e c t r o p h o t o m e t r i c 
c u r v e , r e s u l t i n g from j o i n i n g t o g e t h e r a c e r t a i n 
number of p o i n t s (between e i g h t and s i x t e e n ) ob
t a i n e d i n the same manner as b e f o r e , ('abridged' 
s p e c t r o p h o t o m e t e r s ) . F i g . 1.1-10, a and b, i l l u s 
t r a t e s the working p r i n c i p l e s of bo t h s p e c t r o p h o t o 
meters f o r an opaque specimen. I n both methods the 
l i g h t from the stand a r d i l l u m i n a n t i s d i v i d e d i n 
narrow wavelength bands which, a f t e r p a r t i a l r e f l e c 
t i o n -by the specimen, are c o l l e c t e d by the p h o t o c e l l 
where p r o p o r t i o n a l amounts of e l e c t r i c c u r r e n t w i l l 
be g e n e r a t e d ; these w i l l i n t u r n be a m p l i f i e d and 
t r a n s f e r r e d t o a m i l l i a m m e t e r or galvanometer, where 
they are measured as d i r e c t i n d i c a t i o n of the r e l a t i v e 
c o m p o s i t i o n of l i g h t a long,the spectrum. Before oper
a t i o n the apparatus must be c a l i b r a t e d by a d j u s t i n g 
t o a s p e c i f i e d q u a n t i t y the l i g h t r e f l e c t e d by a 
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s t a n d a r d w h i t e s u r f a c e . The same beam of l i g h t i s i n 
each case e i t h e r d i v i d e d i n two and each h a l f focused 
on r e s p e c t i v e l y the specimen and the white standard 

(.) 
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P i g . 1.1-10, I h e p r i n e l p l * of a f u l l speetrophotoae-ter, 
arranged p r i m a r i l y f o r aeaaureaecta on opaqne r e f l e c t i n g 
Burfacea ( a ) . The p r i n c i p l e of abrlged (pectrophotoBetera 
f o r r e f l e c t i o n ( h ) . 
( A f t e r Olulow, 1972). 

( ' f u l l ' s p e c t r o p h o t o m e t e r s ) , or focused i n succession 
on the whi t e s t a n d a r d and the specimen d u r i n g the 
c a l i b r a t i o n process (some ' f u l l ' spectrophotometers 
and a l l 'abridged' s p e c t r o p h o t o m e t e r s ) . Due to. the 
c a l i b r a t i n g o p e r a t i o n , measurements on l i g h t r e f l e c t e d 
from the sample are r e f e r r e d t o those from the white 
s u r f a c e , which i n f a c t p r o v i d e s us w i t h the r e f l e c t i o n 
f a c t o r of the specimen a t the p a r t i c u l a r waveband 
s e l e c t e d . The main d i f f e r e n c e between both k i n d s of 
spect r o p h o t o m e t e r s l i e s i n the procedure f o l l o w e d t o 
produce those wavelength bands, as seen i n f i g . J,1-10. 
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R e p r e s e n t a t i v e of the f i r s t type are the Hardy r e 
c o r d i n g spectrophotometer (now manufactured by the 
Diano C o r p o r a t i o n , Foxboro, Massachussets, U.S.A.) 
or t h e L e r e s ' T r i l a c (made by Lores S.A. of P a r i s , 
F r a n c e ) , the l a s t one l i n k e d t o a t r i s t i m u l u s i n t e 
g r a t o r and thus capable of d i r e c t l y producing the 
t h r e e C.I.E. t r i s t i m u l u s v a l u e s . Among the many 
'ab r i d g e d ' s p e c t r o p h o t o m e t e r s a v a i l a b l e i n the 
market are the Pretema FS-3A Spectromat f i l t e r 
s p e ctrophotometer (made by Pretema AG, Z u r i c h , 
S w i t z e r l a n d ) w i t h 33 narrow wavebands spread a t 
i n t e r v a l s of 10 nm between 390 and 710 nm. The 
i n s t r u m e n t a l s o has a b u i l t - i n a u t o m a t i c computer 
f o r c a l c u l a t i o n of C,I,E, t r i s t i m u l u s values and can, 
i n a d d i t i o n , be connected t o another computer f o r 
s t o r i n g measurements and s o l v i n g c o l o u r problems. 

Summary . Some aspects o f t h e ^ p h y s i c s of c o l o u r have been 
i n t r o d u c e d i n some d e t a i l i n order t o place the C.I, 
E.. s p e c i f i c a t i o n s f o r t h e e x p r e s s i o n o f co l o u r i n a 
wid e r t h e o r e t i c a l c o n t e x t . I t i s g e n e r a l l y held t h a t , 
w i t h i n t h e i r frame, t he 'monochromatic-plus-white' 
mode (dominant wavelength, p u r i t y , luminance) i s more 
c l o s e l y a s s o c i a t e d t o the s u b j e c t i v e l y perceived 
a t t r i b u t e s of c o l o u r (hue, s a t u r a t i o n , b r i g h t n e s s ) 
than the ' t r i - c h r o m a t i c ' mode ( x , y, luminance), 

; The i n d u s t r i a l a p p l i c a t i o n s -. i n , the manufacturing-
' bit • c o l o r i m e t e r s - of the ' i n d e t e r m i n a t i o n . brought 
.abouf/.by . metamerism and the most i m p o r t a n t types of 
c o l o r i m e t e r s and spect r o p h o t o m e t e r s have been r e 
viewed. 
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1,2, The n a t u r e of melanin p i g m e n t a t i o n . 

The s k i n c o n s t i t u t e s the boundary between an organ
ism and the o u t s i d e w o r l d and i t s main f u n c t i o n s 
are i n accordance w i t h t h a t . The s k i n , p a r t i c u l a r l y 
t h e e p i d e r m i s , p r o t e c t s the body a g a i n s t mechanimal 
pr e s s u r e and p r o v i d e s a b a r r i e r a g a i n s t UV r a d i a t i o n 
and t h e organisms of disease. I n a d d i t i o n , i t s im
p e r m e a b i l i t y p r o v i d e s r e s i s t a n c e a g a i n s t p e n e t r a t i o n 
by water and r e s t r i c t s water l o s s , h e l p i n g t o con-

( 1 ) 
serve the m o i s t u r e of u n d e r l y i n g t i s s u e s , The 
lower l a y e r s of the s k i n , dermis and i n f e r i o r e p i 
dermis , perform a sensory r o l e by means of nervous 
r e c e p t o r s of t o u c h , p a i n , heat and c o l d . R e g u l a t i o n 
o f body temperature i s c a r r i e d out by c o o l i n g 
t h r o u g h i n c r e a s e d blood f l o w i n t h e v e s s e l s of t h e 
s k i n and by evaporation- of the watery s e c r e t i o n of 
t h e sweat glands. Another i m p o r t a n t f u n c t i o n i s 
m e t a b o l i c , i , e , c o n t r i b u t i n g t o t h e e l e c t r o l y t e 
balance (balance of sodium and potasium s a l t s i n 
t h e body f l u i d s ) , or f o r m i n g v i t a m i n D from c h o l e s 
t e r o l when i r r a d i a t e d w i t h U\l l i g h t . But apart from 
a l l these f u n c t i o n s , the s k i n i s - i n i t s upper 
l a y e r - the seat of the substances ( g e n e r a l l y c a l l e d 
p igments) which are the main r e s p o n s i b l e f o r the 
c o l o u r of humans, which i n t u r n i s d i r e c t l y r e l a t e d 
t o t h r e e o f t h e aforementioned f u n c t i o n s - t h a t of 
p r o t e c t i o n a g a i n s t UV r a d i a t i o n , t h e t h e r m o r e g u l a t o r y 
and t h a t of s y n t h e s i s of v i t a m i n D - as w i l l be shown. 

The t o t a l t h i c k n e s s of the s k i n presents wide r e 
g i o n a l v a r i a b i l i t y (from l e s s t h a n 0,1 mm up t o 3 or 
even 4 mm). I t i s g e n e r a l l y t h i c k e r on extensor than 
on f l e x o r s u r f a c e s , but i s t h i c k e s t on the soles of 
t h e f e e t and the palms of the hands, where the wear 

( l ) The e p i d e r m i s i s i n g e n e r a l impermeable t o e l e c t r o 
l y t e s , but most gases and l i q u i d s pass t h r o u g h i t 
e a s i l y . E s p e c i a l l y i m p o r t a n t i s t h e d i f u s s i o n of oxy
gen and carbon d i o x i d e inwards and outwards r e s p e c t 
i v e l y . 
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and t e a r i s maximal. Of the tiuo main l a y e r s which • 
c o n s t i t u t e t h e s k i n ( f i g . 1.2-1), t he most super
f i c i a l - t h e ep i d e r m i s - c o n s i s t s of a s t r a t i f i e d 
e p i t h e l i u m which, a f t e r s u p r e s s i o n or d e c o l o u r a t i o n 
of i t s brown pigment ( m e l a n i n ) , i s r e p o r t e d t o ap
pear as a t r a n s p a r e n t , g r a y i s h - w h i t e membrane 
(Duchon e t a l , , 1968), The epidermis may be sub
d i v i d e d i n t o two main groups of l a y e r s , of uihich 
the upper ( c o n s i s t i n g of t h r e e d i f f e r e n t s t r a t a ) i s 
c o n t i n u a l l y being worn away by usage at the s u r f a c e , 
w h i l e t h e lower one ( c o n s i s t i n g of two d i s t i n c t 
s t r a t a ) has t h e r o l e of c r e a t i n g - by m i t o t i c p r o 
l i f e r a t i o n - t h e c e l l s necessary f o r the maintenance 
of t h e upper s t r a t a . I t i s t r a v e r s e d by the ducts of 
sweat and sebaceous glands and by h a i r f o l l i c l e s , 
where these are pr e s e n t . I n acco u n t i n g f o r the wide 
range of hues and c o l o u r s i n t h e s k i n of the v a r i o u s 
races o f man t h e d i s t r i b u t i o n t h r o u g h t he epidermis 
of t h e brown chr o m o p r o t e i n pigment known as mel^^nin 
i s o f v i t a l i m portance. I t i s manufactured and as
sembled i n s p e c i a l i z e d o r g a n e l l e s w i t h i n t h e G o l g i 
area o f t h e cytoplasm i n some of the d e n d r i t i c c e l l s 
of t h e lower l a y e r of the e p i d e r m i s . These c e l l s are 
th e melanocytes. 
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Pig. 1.2-1. Layers or the s k i n ; a diagrammatic representa
t i o n . ( A l t e r Wright, 1977). 






















































































































































































































































































































































































































































































































































































































































































































































































































































































































