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A BTUDY OF SOME GENETICALLY DETERMINED PEATURES IN
SWEDISH, SPANISH AXD NORTH ERGLISH POPULATIONS.

Juan J. Perndndes ABSTRACT

A survey has been conducted with the assistance of the
reflectophotometric technigues within the populations of
three different countriee - Sweden, Spain and England -
ip order to study the pigmentary differences between and
within them, and to what extent ‘they obey to envirommental
instead of genetic divereify.

In order to illustrate the differences between accu-
rately determining the colour of a skin agd looking at
its adaptive role, a detailed expoeition of the physics of

colour has been undertaken in the introductory chapter.

In recognition of the the effects of human behaviour
and the physical milieu in moulding the phenotypical
manifestations of the genetﬁcal structure of a popula-
tion, extensive information was gathered about the ethnic
origins of people and abput their leisure and working
habits. That information - together with other about non-
cutaneous pigmerntetion, stature, blood groups and their
reflectance readings - was codified and transformed into
variebles, in order to study their associations (if eny)
with each other

_ That task has been undertaken in chapters III to VII,
where the combined effect of the behavioural variables was
4n certain cases found capable of explaining as much as
%5 4 of the internal variability. Some significant differ-
ences were also found to perallel climatic factors such as
insolation and precipitation. In chapter VII a number of
significﬁnt espociations were found between pigmentation,
blood groups and stature - and were attempted to be put
in relation with certain racial strains.

Chapter VIII constitutes an enquiry into the subject of
mating preferences and its potential effect on the genetic
gtructure of the populations uvnder study. The author’s
gsamples have,. ir the lest ekapter, been compared to other
Csucasoid populatiors, arriving to the conclusion thet &

non-negligible part of the differences is probably due to

plein instrumental error.
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Ceneral remarks.

In order to avoid unnecessary worrying about the
‘correct transcription of toponimic designations into
English and, above all, to bypeass the usual clumsiness
of transcriptions into foreign languages, names of
places will be used in their original form in this work.
-Anvexception will be made in the case of the names of
countries, Some of these forms can, however, result un-
familiar to the English reader, for which reason these
presenting the maximal difficulties will be listed belouw
in their verhacular and English versions., Ffigure VII.1-
2 (page 286) shows Hoyos’ division of Spain in anthropo-
demographic regions (1952), and maps of the three lands

subdivided by provinces are included in page 252,

Sweden

Norrland (lit., "Northern Land"): includes all
provinces north of Dalarna and Uppland.

Skane (=Scania): the southernmost province of
Sweden.

Dalarna (=Dalecarlia): the northernmost
province of central Sweden.

Gétaland (ancient Gothia of Jordanes; the home-
land of the Gauts or Goths - later Gbtar).
Includes all provinces south of Dalsland,
Vistergdtland and Ostergdtland (incl).

Svealand (the Swiorice of the Beowulf sage;
ancient homeland of the Suehans of Jordanes
or the Suiones of Tacitus - later Svear).
Includes all provinces between Norrland and
Cétaland.

Spain

Castilla la Nueva (lit., New Castile): includes
Madrid, Toledo, Ciudad Real, Cuenca and Gua-
dala jara.

Casfilla la Vieja (lit., Old Castile): includes
administratively Santander, Burgos, Logrono,
Soria, Segovia and Avila - but geographically
and anthropologically, Santander belongs to
the northern seaboard.

Cantabria: Santander and Asturia, mainly. In Ho-
yos’ division {1952) it extendé as well along
the eastern highlands of Galicia.

The Basque Country: here meant toc comprise Vas-
congadas (Vizcaya, Guip(zcoa and Alava) and
Navarra, .

Vasconia: according to Hoyos, the anthropological
heart of the Basque country. It includes Gui-
plzcoa, Vizcaya, the northern part of Alava and
the highlands of Navarra. However, unless other-
wise is specified, both terms will be used as
interchangeable.

La Mancha: -the land of Don Quijote. It comprises
the lowlands in the southeastern corner of
New Castile and part of Albacete,




La Rioja: another natural region, centered around
the city of Logrono in the provznce oF the
same name,

Levante: part of the eastern seaboerd. It corres-
ponds to the provinces of Castelldn, Vazlencie,
Alicante and Murcia.

Castilla (Castile): both Castiles together.

An important distinction must be made between three
different acceptations of the term 'Cantabrian', The
- Cantabrian coast is the seaboard facing the Cantabrian
Sea - the whole northern coast. The aforementioned an-
thropo-demographic region, Cantabria, without adminis-
trative counterpart, is best illustrated in figure VII
«1=2. By the.name of Cantabri (Cantabrians), the most
powerful among the ancient inhabitants of the province
of Santander were known to the Romans.

The term Cromagn01d will come across in a couple of
chapters., Slnce 1£ has been used in somewhat leFerent

ways by a number oF 1nvestlgators, a clarlfylng remark

~ has been con91dered necessary. The word is usee_here to
- designate -all those Upper Palaeclithic forms in most
characters ressembling the so-called "01d Man of Cro-
Magnontclearly more than any other form. As most ‘common
traits may be named the possession of big and robust
crania displaying cranio-facial disharmony (short and
 broad faces allied to long, narrow skulls) and facial
disharmony (short, upper face combined with long sub-
‘nasal face), together with vertical, non-curved fore-
heads and well marked browridges; the nasal bones are
prominent and the nasal opening is normally of medium
sizey lou and broad, rectangular orbits; rather flat
skull vaults, flaring zygomata and broad, squarish
jaws, with absolutely great bjizygomatic and bigonic
diameters; massive skeletons, with broad shoulders and
powerful muscular impressions - oFtee allied to tall

" stature., This description excludes the Combe-Capelle
and 'Megroid' Grimaldi forms and some of the central

Zuropean Upper Palaeolithic finds.




Tables designated in the text by a capital letter
and a number are to be found in the appendix headed by
the corresponding letter; the rest are incorporated
within the text (at the end of a section when they are
too mar\y).

For the sake of simplicity, the violet-blue region
‘ (up to approximately 500 nm), the green-yellow region
(500 to 590 nm) and the orange-red region (590 nm and
beyond) will bé referred to in the text as the blue,

green and red regions respectively.




CHAPTER I




I.1.

The Physics and measurement of colour,

Visible light (VL) constitutes only a minute
portion of the electromagnetic spectrum capable of
impressing the part of the nervous system which is

-

linked to vision and which, for the average human

~eye, extends between vavelengths of roughly 380 and

770 nm. Although we do need not here be concerned

with the rest of the spectrum, the whole of it has

been reproduced in figure I.1-1 for purposes of

comparison,

Physically, light is nothing more than magnetic
and electric effects travelling in a common direc-
tion. Energy is stored in its magnetic and electric
fields., Before proceeding any further, three impor-

tant facts, of relevance for purposes of colorimetry,

" must be introduced whilst the pertinent physical

notions will be indicated in more detail elsewhere,

1) Since energy is assogiated with each wave, the
relative amounts of it attached to the wavelengths
in a ray of light define the spectral structure
of this light, its energy distribution which is a
function of the wavelength A, P =f(a),

2) Not all wavelengths are equally efficient in pro-
ducing light., Figure 1I.1-2 shows in the function
of wavelehgth (abscissas) the luminous flux (or-
dinates) produced by one watt of monochromatic
radiation, This curve, usually presented in per-
centual form, V,, defines the relative contribu-
tions which each wavelength makes in an equal-
energy spectrum to the total light flux.

3) The structure of a light beam can then be defined
by giving any of two spectra: either the radiant

" energy distribution, honochromatic radiant flux,
or its luminous distribution, monochromatic lumi-
nous flux. The second curve is simply the product
of the radiant flux curve by k_.V, -uwhere k_ re-

‘stores to V, its absolute dimension, since it
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(1)

(2)

corresponds to the luminous efficiency of the
monochromatic radiation for which V, is at a
maximum (which occurs at A =0.,555 p, the wave-
length at which cones -in the fovea- have their
maximum sensitivity).

The light which reaches a body is white during

(1)

position of all wavelengths of visible light coming

daytime and it is ideally a well balanced com-

from the suh, a so-called equal energy stimulus.

When that light impinges on a body s surface every

individual wavelength is reflected or transmitted
according to some distinctive reflection or trans-
mission factor which is not constant all throughout
the spectrum, but which depends on the magnitude

of A. The result of this selective peflection/trans-
mission is loss of balance, the light leaving the
surface (2) is no longer white. Its colour is the
result of the integration into a whole of all wave-
lengfhs of VL departing the surface, In other words,
a body absorbs most of those wavelengths which are
the least represented in its colour. What we see then
is the complement of what has been absorbed,

Once established that each colour can be repre-

"sented by a particular energy distribution curve,

the idea comes naturally that it should be possible
to decompose all existing colours into the same set

of standard stimuli (primaries), in such a way that

In practice, however, sxperiments on colour mix-
ture reveal that the sensation of whiteness is
neither exclusively nor normally associated with

. such a unique combination, as examination of the

enerqy distributions of three typical sources of
white light can attest (fig. I.1-3). -

Not all light reflected by a body actually comes
from its surface., A small part of the light refrac-
ted into it can, due .to further refraction inside,
be redirected backward and ultimately escape through
broadly the same area as it just travelled across.



any colour 'C' could be deFined’by reference to the
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Pig. I.1-3. Relative spectral irradiances from standard sources
4, B, and C. Source A is typical of the gas-filled incandescent
lampj source B, of noon sunlight: and source C, of average day
light, (After Judd and Wysceszki, 1952).

quantities, qi(k), of each primary, Fi(x), required
to match light (C) by adding together the standard
stimuli (fige. I.1-4). Where, by using the notation
qi(A) and'Fi(k), it is meant that the energy distri-
bution curve for each primary, i, and the 'amount of
stimulus' required vary - we presume so far - with
both component and wavelength. ’

Although the number of primaries should have to
be infinite, if they were to be combined additively,
three conveniently chosen stimuli can - as it will
be seen -in time - reproduce most real colours, for
convenience the standard stimuli are so elected that
their luminous fluxes together add up to that of an
equal-energy spectrum, and from there it is a matter
of simple proportionality to prove that qi(x):D « In
practice the energy distributions of the three stimuli

are so chosen that the chromatic sensations they




convey are red, green and blue respectlvely. The
quality of their colours is represented as 'R',
'‘G' and 'B'.

\

P/ (o) ")

o

&
)
I

o
-3

Relative energy
<
L

Luminance factor

0
ANID
0.2 02
&0 50 X -7 40 0.50 0.60 , G,
Wavelengih 0-70u & Wavelength op
0.5 H
& )

Lo

—
L
L. |
iy
L—1

i\

e
>

Tristimulus co:_!ﬂ:lem
Ly,
/

]
P
]
/
Tristimulus coeflicient
ol

e

AV

(] 050 0-60 0 T0u 340 050 060 070u
Wiavelength Wavelength

)
A
v
L

\

2]

Pig. 1.1-4. Grephicel illustration of the derivation of the
tristimulus specificacions of a coloured surface.

(e). The energy distribution of the illuminant.
(v). The product of (a) with the distribution curves of fig.
1,2-13,
Ec;. The spectral reflection curve of the surface,
da). The product of (b) and (c¢), from which the areas under
the three curves will give the tristimulus velues - X,
Y snd Z - of the surface, (After Wright, 1964).

Of paramount importance in the physics of colour
is tﬁe concept of radiant flux. This is defined as
the amount of energy (in watts) radiated or received
by a surface in a unit of time (in seconds). Here,
the radiant flux of any of the aforementioned sti-
muli, (C ), between wavelengths X and A+ AXis the

total anount of energy contributed by 1t, i.e.
ARF, = qi(x).fi(x).w\: D}.Fi(,\).Ax (1.1-1)
and. along the whole spectrum of visible light (VL),

RF, =zD>.fi(>).Ax (1.1-2)
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Since the luminous yield (efficiency) of a light
stimulus is not independent of wavelength, in order
to obtain the corresponding expression for the lumi-
nous flux, the radiant flux equation must be weighted

by the aforementioned factor km’Ux' The formula

The products p).fi(x) and Dk.Fi(x).kva, for each
of the components and the wavelength >, are known as
Pix‘and Fix respectively, radiant and luminous flux
per unit of wavelength (measured in watts and lumens
per nm respectively), also referred to as mono-
chromatic radiant and light fluxes.,.
It is practical to define a new system of units
(the chromatic system) by limiting the number of
- primaries to three and referring the light flux of
“each of the components (LFR, LF or LFB) to that of
the corresponding primary (LFRO* LFGD or LFBO), in a
match where the total amount of light 'C' is made

equal to one of the new units. Thus,

LF LF LF
Corer o= =R gy 2Bl g o 2Bl (141-4)
LFRD LFGD LFBO

When colour 'C' is referred to the luminous
fluxes of three other lights 'R', 'G' and 'B’',
I.1-4 is more commonly expressed as

C 'C'* =R 'R' + G 'G'" + B 'B' (1.1-5) °
where 'R', 'G', 'B' and 'C' have no numeral signifi-
cance but represent only the quality of the lights,
whilst C has the same function as R, G and B. The
sign = indicates that the colour-matching equation
above is not an algebraic equation, and it should be
read that the mixture R, G and B units of stimuli
(R), (G) and (B) 'corresponds to' or 'is matched by'
C units of stimulus 'C'. The guantities of these
three reference stimuli may be expressed in physical

units of power or energy, in formal psychophysical



units of lQminous flux or luminance or -more often,
as here- for practical reasons, in more arbitrary
units =such as the so-called T-units or the amounts
directly read in the scale of the instrument (Wright,
1964). 1.1-5a becomes a true algebraic equation by
writing

'C =R +G+ 8 (I.1-5b)

Dividing this equation both sides of I.1-5a, a
so-called unit-trichromatic equation is obtained,
where the amount of 'C' is measured as one trichro-

matic unit (or T-unit, for brevity).

“'C'=r 'R' + g 'G' + b 'B' (I.1-62)
1 =r +qg+ b (I.1-6b)
and
r = R/(R+G+B)
g = G/(R+G+B) (I.1=7)

b = 8/(R+G+B)

If the quantities R, G and B are represented as
vectors R, G and B, arbitrarily orientated, a neuw,
interesting, dimension is added. If a triangle (fig.
1.1-5, a and b) is drawn between points R, G and B,
so that the distances 0OR, 0OG and 0B fulfil the rela-
tionship OR = 0G = 0B = 1, point C, at the intersec-
tion of vector V with the plane of the triangle (unit
plane), will represent the position of colour 'C'
with respect to the others - 'R', 'G' and 'B’'. If
the orientations of the reference vectors are kept
constant, the position of any colour 'C' on the plane
depends solely on the numerical values of R, G and B.
It can be shown that if the triangle is equilateral
(fig. I.1-5c), the perpendicular segments intercepted
between C and each of the sides are proportional to
r, g and b, the chromaticity coordinates, and they
add up to a magnitud equal to the height of the tri-
angle, h. If distances are measured in units such

that h=1, the segments will exactly equal r, g and b.

11
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Pig. 1.1-5a. Unit plane and vectors.

Pig. J1.1-5b. Unit plane and peutral
colour K,
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These can, thus, be regarded as some sort of coordi-
nates, chromaticity coordinates, by means of uwhich
the position of a colour can graphically be defined,
In practice it is more convenient to represent r and
g, for instance, in a right-angle triangle (cartes-
ian system), where the perpendicular segments, hou-
ever, no longer add up to one. Since r+g+b still
will equal one unit, the point will be sufficiently
determined with two coordinates.

Since the unit lengths of the three axes, which
correspond to the unit amounts of the three prima-
ries, may be chosen in an arbitrary way, a useful
. choice is such that equal amounts of 'R', 'G' and 'B'
result in a neutral (achromatic) colour =-one in
" which neither green nor red, nor blue predominates,
'N'e This corresponds to our idea of what a perfect
white should be, and its chromaticity coordinates
(r,g9,b) are (0.333,0,333,0.333) or more exactly
(1/3,1/3,1/3)s

Thus, all colours can be represented on the unit
plane, within the frame of a right-angle triangle,

In figure I.1-5d all saturated (monochromatic) col-
ours have been plotted in a chromaticity diagram in
which the primaries are unreal or imaginary, more of
which will be seen below. The result is the spectrum
locus. A number of features are to be noted: 1) wave-
lengths between 700 and 770 nm are represented by a
single point and this part of the spectrum is referred
to as a "long-wave and stretch", 2) there is no such
exact constancy of chromaticity near the short wave
extreme of the spectrum (430 to 380 nm), but there is
a certain approach to it, 3) between about 540 and
770 nm the spectrum comes close to a straight line,
4) between 380 and 540 nm, the remainder of the spec-
trum is significantly curved.

It is easy to prove (fig. I.1-5e) that if C, and

C., are the chromaticity points of two colours mixed

2
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in the proportions 4 units of 'C1' to o units of
'C2', the chromaticity point of the resulting colour
'C' will be situated on the line C1C2 at a position
such that C1C/C2C=02/c1 . That being so, it follouws
that 'C' may also be matched adding to the neutral
'N' the spectrum colour 'D'. 'D'’s wavelength, g
is called the dominant wavelength of colour 'C',
corresponding to the point where the straight line
CN intersects the spectrum locus. It represents the
monochromatic light which must be added to the neu-
tral 'N' in such a way that the combined action (ad-
dition) of their luminous fluxes equals 'C'’s lumi-
nous flux (1). See fig. I.1-5e. )

A1l colours represented by points along the seg-
ment ND have the sameAdominant wavelength Ay but
the ratio NC/ND accurately determines the position
of colour 'C' in t.e diagram. This ratio denotes
the proportion of spectral colour of wavelength Ad’
NC units, which should be added to the neutral white
'N' in order to produce a mixture, ND units, which
matches ¢olour 'C' and is known as purity ! . De-
pending on the position of C along the line ND, its
value varies between zero per cent (all neutral
white, no independent component D' at all) and
hundred per cent (only spectral component 'D'). The
colours situatéd along the spectrum locus are called
monochromatic or saturated by opposition to these

inside -between the spectrum curve and the line

Colours represented by points within the triangle
NKL (figure I.1-5d) are called purple and have no
dominant wavelength. Instead their complementary
wavelengths are given, Ao, by prolonging the line
PN (P is one of the purple colours) until it inter-
sects the spectrum locus. No purple colour can be
obtained by a mixture of white and a saturated col-
our, for which reason all of them are called non=-
spectral colours.

The purity of colour 'P' is defined as NP/NE,
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joihing its extremes- which are called non-saturated.
All, saturated and non-saturated, fill the area of
the real colours, Outside is the field of imaginary
(unreal) colours.

We have then arrived -from an original specifica-
tion of three values: R, G and B- at two different
modes of expression. The tri-chromatic mode specifies
the colour quality of a stimulus by means of a "unit
equation" (r + g + b = 1), from which the colour may
be represented on a chromaticity diagram as a point
(r,g). As soon as point (r,g) is plotted we are pro-
vided with the means for expressing that colour in
terms of its dominant wavelength and purity, which
constitute the foundation of the 'monochromatic-
plus—whitef mode. It is generally claimed that the
main advantage of the dominant wavelength/purity
specification, when contrasted with the coordinates
(r,g), is its closer association with the subjectiv-
ely perceived attributes of colour. A colour is not,
however, completely specified by any of these tuwo
modes, as presented so far. In the case of the light
reflected by a surface, for instance, the reflection
factor can be halved or doubled throughout the spec-
trum, or the wattage of .the lamp emitting the light
to be matched can be diminished or increased, and in
every case - although dominant wavelength and purity
values would remain constant (i.e., hue and satura-
tion) - the appearance of the colour would be dif-
ferent, its luminosity would be smaller or greater
(dimmer or brighter). In order to complete the speci-
fication, a new concept has to be introduced: lumi-
nance, the intensity of Llight transmitted per unit
area of surface, a physical notion directly depen-
dent on that of luminous flux, For practical reasons
a full introduction will be postponed until later.

Dominant wavelength, purity and luminance --the

. three characteristics of light in terms of which
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colour may be specified - correspond in a general way
to three attributes of colour sensation: hue (red,
green, etc.), saturation (vivid, weak, stroﬁg, etc,)
and brightness (bright, dim, etc.). The scheme in
figqure I.1-6 conveniently illustrates the correspon-
dances between the terminologies in the physicail,
psychophysical and psychological fields.

Let us now return to the expressions in formulae
I1.17-2 and 1.1-3, With the introductiod of the summa-
tion term £ and multiplication by Ax, the functions
Pia
specific value of either radiant flux or luminous

and Fix miss their individuality, since for each

flux there will be an infinity of different spectral
distributions of energy, P, , which will satisfy
equations I.1-2 and I.1-3 for each of the components.
- All stimuli, within each of the family of P, curves,
giving rise for each component to the same radiant

- and luminous fluxes are said to exhibit metameric
colours, In the case of colour of physical objects,
which is the main concern of colorimetry, the situa-
tion is that of the beams of light leaving their
surfaces being alike in colour although different

in spectral composition, When dealing with non-self-
~luminous objects, the spectral composition of the
‘light reflected/transmitted, P,, depends on the
spectral composition of the illuminaht source 'I'

as well as on the object's‘spectral reflectance or
transmittance factors (which are in bart a function
of the illumination angle). And how any light sti-
mulus 'C' = P, will be perceived by an observer de-
pends not only on its spectral composition, but also
on the observer himself and on the background lights
which can temporarily modify the sensitivity of the
eye to see certain colours and even become a part of
P, itself. Two specimens or lights exhibiting meta-
meric colours will be deemed to have the same colour
under a certain illumination and judged by certain

observers; under other illumination and for other

17
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observers, the two will generally appear with dif-
ferent colours and are said to show a metameric dif-
ference, |

It follows then that any seriocus attempt to evolve
a methodology which objectively measures colours and
tells them apart, must first find a way to prevent
the occurrence of spurious metameric matches, A first
step goes through étandardizing the conditions of
illumination (illuminant, illumination angle and
background) to, as it will be seen later, standard-
izing even the observer himself. But even so, any
attempt completely to eliminate the possibility of
metameric matches to appear is doomed toc fail, be-
cause of the very nature of formulae I.1-2 and
I.17-3. The technique of defining a colour. by giving
its components’ radiant flux and luminous flux - or
any other physical measurements derived from these
two.- does not give rise to any unequivocal charac-
terization; This limitation has however never been
a sérious handicap in industrial colorimetry but it
has in fact become its strength, since the observer
will see two different stimuli as equivalent as long
as he sees as identical the radiant fluxes (and lumi-
nous fluxes) of each péir of homologous components,
In other words, the human eye cannot discriminate
beyond the L level of the formulae. The aim of in-
dustrial colorimetry being the measurement of col-
ours for the ultimate purpose of manufacturing
copies, it is really of little concern whether a
match is achieved by exactly reproducing a certain
spectral distribution of energy or any other giQing
rise to the same sensation, as long as the match
~holds under all normal conditions of viewing. Fortu-
nately experiments show that colour matches remain
valid over a wide range of adaptation levels and
conditions of contrast, at least for 2° fields (cor-
responding to the rod-free area of the visual field

in the retina), and that only when the eye is sub-
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jected to glaring Conditiéns of pre-adaptation does

a colour-match break doun.

| Concerning the problems dealing with illumination
conditions and standard surfaces, the 1931 C.I.E,.
recommends the use of standard sources - illuminants
" A, B or C (fig. I.1-3) - emitting light at 45° to
the surface of the object under study and being col-
lected normally, in order to avoid any eventual
speculaf reflection. As standard surfaces to which
the object’s reflection factor (reflected light/total
incident light) at each wavelength will be referred,
Mg CD3 has been found much more constant in whiteness
than Mg 0, for 'abridged' reflectophotometers, while
the use of three standard coloured charts has been
advised when providing the C.I.E. specifications,.

The problems dealing with the standardization of
~the observer proved to be more difficult to tackle.
Use was made of the principle underlying the exis-
tence of metameric colours, without any real (spec-
tral) identity being strived for. A capital aspect .
of each matching experiment is the election of the
reference stimuli. The impossibility of matching all
colours by additive combination of three lights of
fixed chromaticity has already been mentioned, but
it ié reasohable to strive -for a choice that will
reproduce as many colours as possible. A near max-
imum,bhromaticity gamut is attained by choosing two
of the stimuli (red and blue) near the ends of the
spectrum locus and the other heér the middle part of
it. A disadvantage is that the two primary stimuli
(red and blue) selected in the vicinity of the ex-
tremes must necessarily have low luminosity. The
problem is then finding the triad which will re-
present the'optimal compromise between high luminance
and wide chromaticity gamut., Once this was done, the
procedure implied determining once and for all the

amounts of the three stimuli required by the average




eye to match a standard quantity of T-units (or one

watt) of every colour throughout the spectrum. This

was done by letting several groups of observers =
with the aid of a visual colorimeter (fig. I.1-9) -
to make matches of colour at constant wavelength in-
tervals, &4Xx, along the whole spectrum., Their results
were averaged and adopted by the C.I.E. (Commission

Internationale de l1’Eclairage) as represantative for

the colour-matching characteristics of the standard

observer (1931)., A new set of variables has been de-
fined: the so called distribution coefficients, re-
presenting the number of T-units of each component
required at each wavelength to match the colour

(light) of the equal-energy spectrum (fig. I.1-8).

Thus, the standard cbserver, as specified in 1939 by

the C.I.E., involved first:

1) tabulation of r, g and b, spectral chromaticity
coordinates (called at that time trichromatic
coefficients), from 380 nm to 780 nm at every
‘5 nm in terms of stimuli selected as

,2)1700'nm-'R', 546,71 nm 'G' and 435.8 nm 'R' which

indefine a system 'R,G,B8' whose units have been
‘adjusted to be equal in a match on an equal-
energy white; h
3}. tabulation of T,, g, and b,, distribution coeffi-

", cients or tri-stimulus values for the equal-energy

spabtrum, at the same wavelength intervals and

% Por identical stimuli and units;

4f§setting up the relative luminous efficiencies
(then known as relative luminosities) of the

) T=unit of 'R',"G' and 'B'; their values wsere

77 'found to be V,p,=1.00, V,¢,=4.5907 and V,g,=0.0601.
These tables are valid for colour matching under

conditions or‘_2o faoveal vision, which corresponds

- to seeing with the rod-free, central area of the

fovea, as measured by its angular subtense in the

visual field, When considering the varying struc-
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ture of the retina, from fovea to periphery and
from one individual to the other, the role of eye

- pigment and the importance of nre-adaptation and
conditions of illumination, the need for standards
is readily appreciated, and it is hardly surprising
to find that the colour match eventually'agreed
on by a group of observers does not hold as soon
as the visual field is enlarged beyond the 2%-sub-
tense, the illumination conditions changed or the
observers substituted by another group.

Thus, if in order to match the colour of an equal-
energy spectrum at poéition A, one T=-unit of each
standard stimulus (r,/g,/b,) is required, P, units
of each will be necessary in order to match a colour
of spectral composition P, (Py.Tp/P, 3, /P, «By). After
the 1931 corngress in Colorimetry it was agreed that,
since the stimuli 'R', 'G' and 'B' often require neg-
ative coefficients if absolutely every real colour
is to be matched, and since the meaning of a negative
amount of colour could result in misunaerstandings

 and: miscalculations by some of the users of the sys-

' tem, an all pdsitive reference system (X,Y,Z) -based
dn:iméginary colours~- was to be used, whiles the sys-
témf'R,G,B' was kept as the appropriate framework
within which to define the colour-mixing character-
~istics of the standard observer, and as working ref-

 A'a:aﬁcéfstimuli (1). The faormulas for X, Y and Z are

sfhilar to thoss for R, G and B, It is custemary,
howaver, to introduce a normalizing factor kn in
gach of the three expressions with a value such that
Y is clamped down to somse practical figure, in the

" ‘casd of the standard surface, while proportions

(1) 1In the chromaticity diagram the nsw points -X, Y and
Z- must determine a triangle which sncloses all real
colours, so that trichromatic and distribution coef-
ficients ars positive (fig. I.1-7).




X/Y/Z are laft unaltered. Thus, ks value is:.

chasen as

K= oe--oo-200_ L (1.1-8)
n L¥5- Pa.O

In the“case of object colours - a situation of

special bioclogical concern - a surface has the

Pig. I.1-7. [(XYZ)-tristimulus space in odlique projection
showing location of [x,y)-chromaticity diagram (unit plane,
X +Y+ 3w 1) (After Judd & Wyssecki, 1963).

colour of the light reflected by it, for which reason
a reflection factor p, has to be introduced in the
formula, Kesping the stbol P, for the ensrgy distri-
'bution of the illuminant, normally a B‘or C source,
the light reflected by the object is p F and the

formulae became

X = knzig.pxp}.Ax
Y o=k L Yyep, Py A (1.1-9)
7 = an zk.pxpxglﬁk
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. where p is the reflection factor of the sampls (un-
der standard conditions of illumination and viewing)
referred to that of the standard surface, which thus
has a reflection factor equal to one adimensional
unit,

Electromechanical devices have been designed and
built which accomplish these multiplications and in-
‘tegrations and, in some cases, can be adapted as an
attachment to a recording spectrophotometer. A modern
variety has digital tristimulus integrators and dig-
ital readout devices which are used in combination
with tape-punch or card-punch equipment and digital
computers, .

The coefficients given in thé tables for the 1931
standard observer are thus not referred to stimuli
'R', 'G' and 'B' but, normally to stimuli (X), (Y)

and (Z). As an additional practical normalization,

’

Z.;x.Px.zskis often made equal to 1003 then K_“s
value is 1. Since the products x,.P,, yx.Px and
z,+P, are assiduous ingredients in the calculation
of X, Y and Z, it has also been practicable to pro-
.duce tables for them -not only for the C.I.E. stan-
dard illuminants but for other non-standard sources
as well.

The election of these particular stimuli, among
all non-real colours, is by no means arbitrary, Apart
from determining an all-positive system, it can be
shown (Wright, 1944) that -. for the particular set
selected - the luminous flux (and luminance) contri-
buted by the imaginary components (X) and (Z) is
null, Under those conditions, in virtue of all the
mathematical accommodations performed, the luminance
of an object can be made equal to its Y-tristimulus
value, within a scale whose maximum value corres-
ponds to the Y-value of the standard surface (ar-
bitrarily chosen as YS=1OD). By doing so a scale
has been created for the tristimulus values as well,

The Y values are clamped up to a maximum of YS=1UD,




while the respective maximum for the X and Z values
are determined by the maximum Y and the proportions
between the chromaticity coordinates of the illumi-
nant source, If these are Xy, yg and 21y the stan-

dard surface’s tristimulus values must keep the same

‘-relationship. Therefore

and since YS is made equal to 100,

X1
X = -==-,100 Z_ = -==-,100
S Y1 s Y1

The problem which an anthropologist is Ehus going
to find in practical fieldwork, if trying to deter-
mine the colour-of a skin, is that of obtaining the
amounts of (X), (Y) and (Z) needed to equal the sen-
sation of colour produced by the light reflected from
‘a surface with relative reflection factor p, when il-
luminated by a standard source of spectral composi-
tion P, under an angle of 45 degrees., The light is
after reflection collected normally by one or three
photocells and, if photocell-filter combinations pro-
viding at least the same overall spectral responses
as the x, y, z,functions are available (fig. I1.1-8),
the tristimulus values can be obtained directly., If
the photocell-filter combinations provide instead
responses T, g, b, tristimulus values R, G and B will
be obtained which can be converted to X, Y, Z values
(Clulow, 1972). If not in possession of a colorimeter,
the X,Y,Z tristimulus values can still be produced
from a knowledge of the products in I.1-9, according
to the method described above. In practice, however,

many modern spectophotometers, apart from providing
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a full graph of the reflection curve, are also
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Pig. 1.1-8, Example of curves showing the degree to which
tristimulus filters comdbined with a bdbarrier-layer cell du-
plicate the C.I.E. ecolour-matehing curves X,y §,+8, . The
¢ristimulus filters are maede up of combdinatione of coloured
glasees arranged in series and side by side. (After Judd &

Wyssecki, 1963).

attached to & tristimulus integrator which automat-

ically computes the requirec values,




No presentation of the techniques for the meas-
urement of colour through an exposition of their
theoretical foundations is complete without an
introduction to the various types of instruments
among which they have found their application. The
methods for measuring and recording colour can be
classified into two main groups: matching methods
and spectrophotometric methods. The first group’s
working principle is the matching of colours,
first achieved visually by using standard col-
oured cards or charts and later by means of either
visual or photoelectric colorimeters. The second -
method involves measurement of spectral wave-
lengths and photometric brightness (or luminance)
of colours. .

The first visuwal matching methods are basi-
cally means of classifying and comparing colours.
The Ostwald system, the -pioneering work on which
the more modern Colour Harmony Manual (Granv;lle
& Jacobson, 1944) is based, the Munsell system
(1929, 1943) and the most extensive Villalobos
system (1947) are about the most representative
here. Their aim is to find, among the possibi-
bilities provided by the system, one which is
judged to be identical to the sample’s colour,
which in turn means that the system’s effective-
ness is a priory severely restricted by the com-
prehensiveness of the set of cards or charts used.
In addition, all visual methods of colour matching
are by their very nature subjective,

The instruments utilised for matching colours
are called colorimeters and belong to either the
one or the other of two different types: visual and

photoelectric colorimeters., Within- the last group,
| the human eye’s role is performed by one or several
photoelectric cells, Both types’ operational phil=-

osophy rests on two fundamental principles:

26
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1) most colours can be matched (with the exceptions
seen before) by mixture in suitable proportions of
three standard radiations, usually red, green and
blue; A

_2) blending of any twe colours can be matched by
mixture of their respective matching combinations.
These two principles, in combination, especially,
with two of the laws already formulated by Grassman
in the 19th century (1853), provided the theoretical

foundation of what was to become later the C.I.E.

~system of colour specification. These two laws are:

1) The human eye can only distinguish three kinds

of variation related to colour: variations in domi-
nant wavelength, purity and luminance.

2) The luminance resulting from the additive mixture
of a.number of lights equals the sum of the lumi-
nances produced separately by each of the lights.

In an additive (1) visual colorimeter the eye

receives the light resulting from the mixture of the
three primaries, whose relative proportions can be

ad justed until its addition is judged to equal the

~colour to be measured (fig. I.7- 2 ). The readings

can afterwards be converted to C.I.E. values. The
various types of visual colorimeters differ chiefly

in the means devised to achieve the additive mixture

The so called substractive colorimeters, although
based on the same principles, work in the opposite
way. Instead of finding the amounts of red, green
and blue required to match the specimen’s colour,

a beam of white light (assumed to possess an equal
energy distribution through the spectrum) is, by
stepwise absorption whken passing through three
filters -in for instance the sequence yellow, ma-
genta and cyan- deprived of its blue, green and red
components in that order. The density of the filters
can be varied in order to control the absorption of
the three primaries, until the resulting light
equals the colour of the sample. The Lovibond Tinto-
meter (made by the Tintometer Limited, Salisbury,
Wiltshire, U.K.) is probably the most representative.




of the three primaries, The colorimeter contrived by
Donaldson (1935) has perhaps been most widely used

in industry.
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Pig. I1.1-9. N

The principle of trichromatic matching colorimeters The light reflected
from the upper screen is sdTéIy that of the specimen and from the lower screen only the mixture
of red, green and blue ight. By adjusting the amounts of red, green and blue fight, for example,
by varying the operative areas of the primary filters. the mixture in the lower half of the field
of view can be made identical in appearance to the colour of the specimen in the upper half
of the field of view. ’

In the photoelectric colorimeter either the re-
flections of the three primary lights .are in succes-
sion collected by a single photoelectric cell or an
originally-white beam of light is, after reflection,
" divided in three and each portion passed through one
of the three primary filters before collection by
one of three photocells. In each case, the weak
electric currents generated in the photocell or
photocells by the intercepted iights are amplified
and measured in a galvanometer, as a direct indica-
tion of the amounts of primaries required. The
measurements are made in a scale which normally
supplies readings (tristimulus values) convertible
or related to the C.I.E., units, It is even possible,
although problematic, to design colorimeters giving

direct readings in C.I.E. units. Prior to making

-
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measurements it is generally necessary to calibrate
or balance the photoelectric cells against the light
reflected by a good white reference surface. Typical
photoelectric colorimeters are the Colormaster (made
by Manufacturers Engineering and Equipment Corpora-
tion, Pennsylvania, U.S.A.) and the Color Eye (made
by Instrument Development Laboratories, Massachus-
sets, U.S.A,).

Within the second main group, spectrophotometric
methods, the services of a photoelectric spectro-
photometer are today utilized in order to establish
how the proportion of reflected or transmitted light
varies throughout the spectrum for each specimen.,
From this knowledge the international C.I.E. specifi-
cations can be derived in a later step. The graph
obtained from these measurements provides informa-
tion about the spectral composition of the light
reflected or transmitted by an object when illumi-
nated by some stamdard source. Such a graph can be a
continuous curve (automatic recording or 'full' spec-
trophotometer) or an approximate spectrophotometric
curve, resulting from joining together a certain
number of points (between eight and sixteen) ob-
tained in the same manner as before, ('abridged'
spectrophotometers). Fig. I.1-10, a and b, illus-
trates the working principles of both spectrophoto-
‘meters for an opaque specimen. In both methods the
light from the standard illuminant is divided in
narrow wavelength bands which, after partial reflec-
tion.by the specimen, are collected by the photocell
where proportional amounts of electric current will
be generated; these will in turn be amplified and
transferred to a milliammeter or galvanometer, where
they are measured as direct indication of the relative
composition of light along.the spectrum, Before oper-
ation the apparatus must be calibrated by adjusting

to a specified quantity the light reflected by a
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standard white surface. The same beam of light is in
each case either divided in two and each half focused

on respectively the specimen and the white standard
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Pig. 1,1-10, The principle of a full spectrophotomster,
arranged primarily for measurements on opaque reflecting
surfaces (a). The principle of abriged spscirophotometers
: for reflection (b).
- (After Clulow, 1972).

(*full' spectrophoctometers), or focused in succession
on the white standard and the specimen during the
calibration process (some 'full' spectrophotometers
and all 'abridged' spectrophotometers). Due to. the

. calibrating operation, measurements on light reflected
from the éample are referred to those from the white
surface, which in fact provides us with the reflection
factor of the specimen at the particular waveband
selected., The main difference between both kinds of

. spectrophotometers lies in the procedure followed to

produce those wavelength bands, as seen in fig. I.1-10.




Summary

Representative of the first type are the Hardy re-
cording spectrophotometer (now manufactured by the
Diano Corporation, Foxboro, Massachussets, U.S.A.)
or the Leres’ Trilac (made by Leres S.A. of Paris,
France), the last one linked to a tristimulus inte-

grator and thus capable of directly producing the

‘three C.I.E. tristimulus values. Among the many
‘'abridged' spectrophotometers available in the

'market are the Pretema FS5-3A Spectromat filter

spectrophotometer (made by Pretema AG, Zurich,
Switzerland) with 33 narrow wavebands spread at
intervals of 10 nm between 390 and 710 nm, The

instrument also has a built-in automatic computer

for calculation of C,I.E. tristimulus values and can,.

in’addition, be connected to another computer for

storing measurements and solving colour problems.

Some aspects of therphysics of colour have been
introduced in some detail in order to place the C.I.
E. specifications for the expression of colour in a

wider theoretical context. It . is generally held that,

':within their frame, the 'monochromatic-plus-white'

mode (dominant wavelength, purity, luminance) is more

closely associated to the subjectively perceived

‘attributes of colour (hue, saturation, brightness)
,fhan-the 'tri-chromatic' mode (x, y, luminance).

. f,The-industrial applications =. in. the manufacturing
‘of.’Golorimeters - of the indetermination. brought

" ab
.délofimeters and spectrophotometers have been re-

6ut by metamerism and the most important types of

out

viewed,
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The nature of melanin pigmentation.

The skin constitutes the boundary between an organ-
ism and the outside world and its main functions
are in accordance with that. The skin, particularly

the epidermis, protects the body against mechanimal

. pressure and provides a barrier against UV radiation

and the orgamisms of disease. In addition, its im-
permeability provides resistance against penetration
by water and restricts water loss, helping to con-
serve the moisture of underlying tissues(1 . The
lower layers of the skin, dermis and inferior epi-
dermis,perform a sensory role by means of nervous
receptors of touch, pain, heat and cold. Regulation
of body temperature is carried out by cooling
through increased blood flow in the vessels of the
skin and'by evaporation of the watery secrétion of
the sweat glands. Another important function is
metabolic, i.e. contributing to the electrolyte
balance (balance of sodium and potasium salts in
the body fluids), or forming vitamin D from choles-
terol when irradiated with UV light. But apart from
all these functions, the skin is - in its upper
layer - the seat of the substances (generally called
pigments) which are the main responsible for the
colour of humans, which in turn is directly related
to three of the aforementioned functions - that of
protection against UV radiation, the thermoregulatory
and that of synthesis of vitamin D - as will be shoun.
The total thickness of the skin presents wide re-
gional variability (from less than 0.1 mm up to 3 or

even'&_mm). It is generally thicker on extensor than

on flexor surfaces, but is thickest on the soles of

(1)

the feet and the palms of the hands, where the wear

The epidermis is in general impermeable to electro-
lytes, but most gases and liquids pass through it
easily. Especially important is the difussion of oxy-

‘gen and carbon dioxide inwards and outwards respect-

ively.





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































