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Perceptual transparency is the impression of selné’through

a medium or an object. It will be shown that this phenomenon d&pends
on special conditions; and these are not the conditions of physical
transparency, namely permeability by luminous radii. As a matter of
fagt, physical transparency is Weither a necessary nor a sufficient

condition of perceptual trahsparency. There are situations where thglt

, Y@ is physical but not perceptual transparency, and on the contrary,

";{ situations W%re there is perceptual but not physical trensparency,

JEn X S UhaT Ty fipuwer, fead Gerse—
ﬁ;ﬂ, ct\y(_@,(,bw_L Z; lu,x, L_Ld/_ u,rj,wz?bf_‘l h LLL(Q(_J/t oredfppate

"\L A_ Wil g ard _.
T i P@asy to show that there are two orders of perceptual

/

conditions of transparency, figural and 001&%—00nditions, becaucegh it
is possibile to abolish perceptual transparency either altering form
or colﬂf. (Fig.3,9,5)
i‘.-ﬂ.‘{;‘" /2::' &L

The subject of this lecture is a research abewt color condi-
tions in perceptual transparency: my pgurpose has been to find a
?qaaa$&$&%i¥e law about the 1nf1uence of uninmx colqm én the perception

. okt R Rl —

of transparency.| J%H—W&ll—audge-xﬁﬂan&—%iiitwheye T-have been—suc-
cassﬁ&}}

My first task has been to choose a quantitative expression of

colour.
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It is well known that for the definigtion of a color, not less

than 3 numbers are needed while for the definition of the different
shades of grey, from white to black (which are named achromatic co
1@?3) only one number is needed, namely the index of réflectance
or albedo, the amount of light reflected from a unit area divided
by the amount of light it receives (the formula being L = % ;
where L stands for the coefficient of reflection or albedo,

A malls _ ‘;,ga Se,
i/ stands ﬁor the intensity of reflected,ﬁ&ght and I for the inten
8ity of light falling into the area).ég;{an absolute white ri#flects

the whole amount of light that it receives, white the absolute black

absarbs the whole light falling on it, the absolute white @#x has

reflectance 1, the absolute black)reflectance Of em@ and the

various shades of grey have coefficients 6f‘reflectance between O
and 1,
For this reason - the achromatic colé}s being univocally de
fined by one number, the coefficient of reflectance-I found it
g
2%
suitable to begin%ﬁanfining my study to the field of acromatic co-
lours, which from now on will be named simply colours.
J" f e /I L C W/fz*'}"t
Let us start from a simple flgure where sub jects norm&ily per

ceive transparency. The figure has been chosen because it reprodu-

ces the situation of transparency obtained by an episcotister - a udégk%k
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rotating wheel with open sectors -; the following considerations
stand for both situations, but they are easier to follow if we

start with a medel where transparency is obtained with Metzger S
”71.\}/ AR . i
method of juxtappsition of opafue surfaces. g

In this figure - which can be considered ‘as a general moégf&*wgu‘

for perceptual transparency phenomena - we distinguish 4 different

]’Z( w 4,(;*’“/(
regioyys, with four different shades of grey; we name %hoﬁkA PQ B

(capital) and the respective reflectances a paqb kemaxkxkx (small).
+ The stimulation originated by the P reglon produces 2 different pe

\ Lurw 2ol tem Z—LtM}LZ, \«L/cuL e Mé’i&/ T ULAHA,
ceptual effects: we see an anterior layer—%Tcwhreh~isf%ranspanent,

L
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jand through this one, & second 1ayer the 1atter being of the same

/colour as the Gontiguous region A (The same observation can be
!made for the region Q, but for the moment, let us confine our ar-
gument to P.,)., Therefore the perceptual phenomenon of transparency
has been described as a case of perceptusl scission - one of the
much studied phenomena where one sort xm of stimulation produces

v l(fk—g (&P L,LL (/’{*/' 'LL«LL}? \.L"’W{ (rg, (*’//

two effects, as<£ﬁr~€iam§%§*éurface colour and illumination.
v{/\_ (l_

At this point x® it is natural to ask oneself whkieh is the

relation between stimulus colour and scission colours. In our

figure we can easily perceive them all: the stimulus colour if




we isolat@ the P region, and the scission colours when we percei
ve transparency.

It is well known that a simple solution to the above problem
is due to G. Heider and K. Koffka, wha@el# stated, and gave am
experimental proof that scission colours are such, that)mixted
together 'according -te-Talbot's 1a§‘ﬁ;e£;ggdéé;r;g§$a; the stlmu-
lus colour.

(78]

The example given by Koffka in his treatise is followi{rs.
If the stimulus colour is gr€y, and the conditions require that
one of the scission colours be blue)then{_the other scission
colour must be yellow. Symbelicslly, if Y + B =?)E}L,C)lﬁthen ¢’Z B

Heider and Koffka's theory is the starting point of my re

search.

It is perhaps suitable to notice that Heider and Koffka's
formulation is not an algebraic formulation of the problem, be-
cause B,'Y and G gEmE dqnct symbolige numbers. But it is possible

(3 o (A—V(/b( Lb‘(,
to give em algebraic formulation to the problem if we confine

ourselves to acromatic colorg which can|be (each of them)univocally

Thein Al
defined by the measure of s reflectance.

My line of reasoning has been the following, If .according-
g

to—Heider and Koffks's-statements the same law (that is- - Telboet's —

/i
/

A il
ZI (b /;Z:Ljf io/z,z}L
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lawf) rules colour—-mlxture and colour scission, then it is possible
L.
to use _Eﬁﬁ:“@jjb/faw for an g_lgebraic descriptlon of colour«scission,
T'% Loty ] ) v e ca e u/ e Oy plhrlaiveS— ;/,(,uﬂ\,(/ 4 a Colpwir o /d_}a’,/.(’
Talbot's law,’6ays that if two acromatic colours, whose re-

oo £ oot [cgu) o ewd (i-2)
flectances are # and @ are mixted in itd

&
of @) the reflec

tance of the mixture Zﬁ@{ v )/«/mu G&f / ,éau(au\

oﬁvf(: - ) - = %

or, iW other words, the reflectance of
o s /’/

the mixture-colour is ,th’e weighted average of the components, the
s

weights being the _quantities of the components. g

The—f} ug;aqeanxbe—expre/ssed in-a more suita‘t}le formm

], y/ Wwe e ¢ l/.)/_'WL_.,L/A/E
i instead of the absolute quantitiesythe proportlons (sump

Q_

v

m:Ln up te 1) eof the components e f ”““‘W‘“\/‘”‘“ be ”/VZ”H
Lu\,u )AAV(,CL()-/Q_ /t-’7£ (RS

—=—oka———(I—g)t, h—and I —d being the proportions in
which—to—components are present-—in the mixture,
But if Talbot's law rules both phenomena, colour mixture

and colour scission, then the abowe equatlon, descrlblng colour

%” A e u /’;&Oé@/(ﬂ h VLLoolel-Ua (eotwpp P=2@H(i-4J) T, W/,
mixture, describes also colour nlss:Lon.)In—-th-l—s—ease P 1is the- qt

co-lon)y
reﬁecﬂb&nee—of— the stlmulus-colour, a the/ refleetance of the se-
= {4;14)1
cond layer, xkxx t the'%ﬂe@aﬂe& of the first and trasparent

wmeTe \—‘\ ‘—‘-(f

7
layer, and A and (1l-c) are the quantities or exsetder w{he Pro-




lu L."‘"}/‘ U-’lz('bt? 'v"v'i
poktitions into which the stimulus colour has been givided into
the two layersfﬁé
W Aot
But whieh meaning has to be given to quantities in this
L T/L« g caan C _,/u'f\,(y “L
case” Or bo##er haw exfgess:#heaaeazaa.perceptually dlfferent

Z

.\-‘ > ds g =
quanti 1es of colour dlstrlbuted to equal surfaces9 s a¢L ﬂ :W,iyLﬁbw

L

m&»ﬁ’lwféofﬁa%: QM/*LL_ ol T P rpron

)T reernd & “ﬂiﬁ { ‘Different quantities distributed to equal surfaces can give
as a result only a difference in colour density. And on the first
layer a difference in colour density can appear only ad a diffe-
rence in transparency, whifﬁ on the second layer it can revealg
itself only through a difference in intensity which is correlati
ve to the trampparency of the first layer, In other words, great
density on the first layer and little¢densitg on the second means
little transparency of the first and little intensity or little
vigibility of the second layer, while less colour on the first
layer means little de#qgity or great transparency, and more colour
on the second layer means grest—demsiby=anc great 1nten81ty64¢yjﬁxyv(

cheeld W . Wil
Let us eendred this interpretation em the equatlon.,What

colour ofi@? In this case p = %, and a, having no colour at all
+hidA
is not visible, this we gsee only the first layer t, which is

completely opaque, 78
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And what happens if ol = 17 In this case it is the second layer
which gets the whole colour (the solution of the equation being
p = a) and the first layer disappears completely. This means that
the firgt layer is perfectly xxa=yx transparent and therefore
wholly invisible,

In both these cases (ol = 0 and o/ = 1) there is no colour
scission: 0010 ¥ scission begins only in the intermediate cases,

iQ@E&L that isyel 1s between 0 and 1.

Whichﬂ@&?igsgjthe meaning of the coefficient O , which

maximum value 1 when the transparency is perfect, & minimum
O when there is no transparency at all, and gx has a high
when a little quantity of the secission-colour comes to the
laye®, and therefore the transparency is great, and a low
if a great quantity of the scission colour comes to the
layer, and therefore the transparency is little?

The obvious inference seems to be that < measures the

degree of transparency end is +heref0re a coefflclent of transpa-

A fort

rency, and I must confess that ;;LJ#uL4§£ﬁnerﬂdraf%s~e£ﬁm§~Teqesrch-
Peparﬁfl yielded to this temptation. But quantitative experiments
show beyond every doubt that transparency dependsj also on the

chromatic quality of the first layer, and theredore o/ is only a




factor of trahsparency. The second factor is phenomenal colour,
that is colour measured by the logarwkm of the reflec sance,
Ty cnotex df’ peLCeh na
’Awd o, is a—coefficient -of phenomensd colour-scission; it acqui
res the function of a coefficient of transparency only if@%%lourﬁf/ZC
J _.-,’g"z / =
bmwrwa‘hﬂb:is held constant. And, phenomenal colour é&cission being a neces-
ot ,.’g:r,‘tuu;»‘v i :
sary condition of transparency, the latter ig/possible onily-.if. 0l
is less then 1 and more then O,
Wéit{the definition ofxi)the above equation should not contain
Leromil. . :
any unknown symbol, as a and t are the refleetance coefficients
which-measure—the |colours of the scission layers. There is, however
an important difference between a and t : a is the colour of the

contiguous region A, and is therefore a known quantity(@ne of the

known terms of the problem), while t, togetger with -L , are the

)
unknowns o%/the equation,

In fact the problem of phenomenal colour scission can be &
given the following formulation: starting from the knowledge of

the colours (or reflectances) of the regions A and P;is it possible
\‘/ LLnu WY,
to predict the proportlonVin which the colour p is divided/the two

layers, 'and the colour of the transparent layer 2




The amswer is of course a negative one, because the unknowns

are two, and therefore the equation is indeterminate.

—

mae da 2

th is perhaps interesting to look desfer into the question,

z/\/ Lv(’: w )
because it seems that, bedrg the quantity E/divided into a and t ,
)

if p and a are known, t be determined.

(d'// ﬂcij/‘
A way of clarifying the question is beginsdmg wibh putting

it into very simple terms. If p is divided into equal parts) ﬁhe

e

equation simplifics to p = 2%£ or p = %a + #t, and in this

case once a is chosen, t is determined. If p is a point on a segment

which represents the sequence of numbers from O to 1, a and E_have

own oL [n o
to be a#=$§€apposite sidespénd at the same distance Lf p. That is,

P splits into two colours, each of which is half the quantity
gnee g

of p, and which, mixped togetherYéive again p (the same colour in
the same quantity).

But following the above line of reasoning we have renounced
(/ i~
¥0 one dimension of change, ¥  fixing the proportion of splitting

as 0,5 to 0,5. If we choose another splitting ratiom, f. ex. 0,25
on
to 0,75, and consider again p af a point o the O-1 segment, a and
;‘u(/f):/ Tk
t have|to be ed=e at tkk®e apposite sides, but not at the same distan

ce from p: the distance of t from p has to be 1/3 the distance of
ey

AW
a from p. That means that if p and a are fixed, the colour of t

dfpends on the splitting ratio of P; and what is more interesting,
A The ‘
there is compensation between splitting ratio and colour of the tran

e




(k en
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7
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sparent 1ayer1

So-
But ag—t¥It—mew far we have used only one half of the A P Q B
HUwn e
model, and theis only one half of the data. As—mstter—ocf fact we
’V%"v\/
canV/write a second equation using b and q, that is

q =o'b + (1-)t!
: W.c"'o”%

and if we may put =o' and t = t', whet is not always, but often
right, the system of two equations with two unknowns is soluble.

The solutions are

N
D= g aq - bp ;‘
a-b .  (a+q) = (b+p) | é |
A _,vv'l/tb’v"vt,r C \/LL[-& L ke
At this point it seems sa&%a%%e to subm&$ the deduced formulas &

a=eonberel, that is to see if there is correspondence between theoreti

Tha
cally deduced formulas and facts.

'Let us ‘begin with the equation of the phenomenal scission

index .. The equation defines the field of transparency, because

transparency is possible only for the values of 2( between O and 1;;
hawe Aein

. beemmse as weyalready saw ol = O,(perfect opacity) and ol = 1 (perfect

transparency) are the limiting cases where phenomenal scission is

lacking, and therefore not to be considered among transparency pheno

mena, ol >1 and ol < O would mean that one or_the other layer

° oM Lv% bt W /\,uL t
would receive a negative quantity of colour, waest is devoided of




meaning.

Therefore two necessary conditions follow from the formula
a) ]a-bl > ]p—ql (otherwise o > 1)

b) (a > b) ~— (P > Q) (O‘therWise -]L < O) f Mo-ei-lr L'{'-‘;{I l rt( /
¢ =t

(a<b) &= (p<a) | “)

The first condition says that the difference between the reflectan
ces of the regions A and B has to be greater thgn the difference
between the reflectances of the splitting regioms P and Q. Negati
vely expressed it becomes a sufficient condition: if the difference
between the splitting regions P and Q is greater than the difference
between the non splitting regions A and B, there cannot be transpa
rency.
checlleal T s
This condition can be easily comtroiied. Fig. F ana § VAo
two identical models with the only difference, that in Fig. F  the
difference in reflectance between the internal semicircular regions is
clearly less than the difference in reflectance between the external
regions, while in Fig. 8  +the contrary is true. The result ixg
that in Fig. }* and not in Fig. 8 transparency is perceived.

z_;' “dAM [\ ftf—
It is interesting to see what happens in another xeuple of figures (2,6 /¢/

#

which are constructed following the same princéples. In this xxx

case both figures can be percieved as transparent ﬁut different

)




oatho

regions are transparent in emsxy figure; that is, the contiguous
regions where the splitting plienomenon takes place are always the
regions between which there is less difference in reflectance. In
this case the relation fa—b)'> ip—q[ has decided which regions
take the functions of p and q, and which the functionfof a and E;

— oy
Therefore,qgg%gfzgfggzgﬂz;g%%the above necessary condition has

been respected.

8
U
The second condition can be espressed saying that the bright~

ness gradient (or the fall of brightness-level) between p and q

ot T one hamd, on Vo oher hormol
ope—gides and betweenAE and b ethers¥des nmust have the same direction.

T froethrn=
The formulation can be simplified (p=>q) 4= (a>b) ery=yetsim-
Py, to=Jp==q if we define a>b, or, in other words, the brighter
of the two shades of grey*,which form the ground is named a. ¥8—

this*case7~$he—nccessaxy_cgndi%ion“i§”~pﬁrq;
abre checkeol,
Aéae'¥hig condition/may be submitted—bo—a—=controil. On Fig.ii

where transparency is generally perceived this condition is re-
A Mg, L (menmady T The (rejmbent 'lLLﬂG““);)

spected, because theyregion which is contiguous to A} the P region,
iohlen

is cieé;&r than the other splitting region, Q. If we reverse the

brightness gradient between P and Q (Fig. 712 ) it is not possible

to perceive trahsparency.
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Besides other, less interesting necessary conditions it—deri
oleoluce
ves from the splitting-index equation that if the colour of the
when: = o e
transparent 1ayer Ty is held constant-ltknx the difference between

a and b is much greater then the difference between p and q, there
V4 "vl)?z&z A Bz

is little transparency, whide when the difference between a and b

is hardly greater than the difference between p and q, transparency

is great. Also this prediction may be controlled (Fig. (3 and /%4 ).

( aq)_?g ) is more complicated and does
S e o cheel VI
;uqu¢%}pw{;n°t offer the opportunity of deriving simple predictions. Fer-a

one mwawlt
eentr0i~i$ﬂseams—neeeaaayy_$e have recourse to measurements, adé

Vl’l LVI{,ML.‘_ (,(\L l‘
we are doing at present &t our Laboratory. Nevertheless a way has

oleoludle
been found to dexiwve qualitative pxExd&x predictions about the co

The other formula, t =

[" :2 wa oo

KK

__/<L o ¢ ( e

lour of the transparent layer, JZ;;zZ:LT fm{xsx

The original equation p = & + (1-2 )t can be given the

. p-t

form O\ = L A€ it has already been said, injcése of transpa
A=
~

rency A is O and < 1,

Let us consider first the disequation  » 0.

Therefore wa can write

This condition implies that numerator and denominator of the

fraction are either both positive or both negative, We have therefo

re to take into consideration two cases,




Case 1 A Cage 1 B

As numerator and denominator As numerator and denominator
are positive, we have are negative, we have

(p=t)E>a" (a=t) > O (p-t) < 0, (a=t)< O
therefore p >t and a 5 ¢ therefore + > p and t > a
or or
if p>t then a >t and viceversa if t>p then + > a
or 3 or
(p>t) &= (axt) (t>p) == (t>a)

(double implication) (implies and is implied Dby)

Now let uf consider the second disequation, namely ol < 1 and

therefore

e o

a-t

<l
Wik A

With reference to both axx cases A and B.

Case 2 A Case 2 B

As (a-t) is positive,multiplying As (a-t) is negative,multiplying
both members of the disequation both members of the disequation
by (a-t), the direction of the by (a-t), the direction of the
disequation remains unchanged disequation changes

p-t -t [
;.»?M < 1 (a=t) e (a<t) > 1 (a-t)

that is (p-t) < (a-t) that is (p-t) ~ (a=t)

and therefore [g:gjil s thererere [Hﬁ_ﬁfgj




From 1A and 2A From 1N and 2B
(nemely from the hypothesis (that is from the hypothesis that
that numerator and denominator numerator and denominator are
are positive) that is negative) that is
from 1A (p>t) <=3 (a> t) from 1A (t>p) &> (t>a)
and 2A as p and 1B P>a

it Bollewa lheh it follows led

asp>t 1 j t;yp_?a%

Till now the consequences which followed from the above formula
om o{wren) ¢ﬁ¢f°¢(&£;5@‘
prog§ve only what was a—nrebturel—exspectancy, namely that when & phe-
nomenal scission occurs, if one of the scission colours a or t is
brighter than the stimulus colour ) then the other scission colours
(E_ or .E) is necessarily darker,

But so far we obtained the above inferences only about the
areas A and P, Obvious£§, following the same line of thought, the
seme elgebraic relations are obtainegd about the areas B and Q.

The conditions are, therefore, for the areas A and P

A, a>p>t% or B, t>p >a
and for the areas B and Q
C. b>aqa>t or D. EAd >D

QP
butting together each of the alternative conditions for the areas A

and P with each of the alternative conditions for the areas Q and B,




following combinations are obtained.

AC AD BC BD

a>p>t as>p>t t>p>a t>p>a
bze >t t>a>b b>q >t t>q>b

)

(1
by
The meaning of this operation is thatfghoosing a given brightness
order fo't mkmxxx the regions A P Q B, we can predict the place of %,

the colour of the transparent layer on the above sequence, or

brightness scalé.

Of course, the occurrence of phenomenal transparency is not
guaranteed by these combinations, because transparency conditions
were ki taken into account for every half figure separately and

not for the figure a§ a whole. Therefore, if the previously infer

red necessary q&omatic conditions of transparency are lacking,

transparency wx cannot be perceivedzihe-meaning of the combined
brightness sequences is, therefore, that if transparency occurs, then,
from the brightness relations between the areas, the brightness degree
of the transparent layer can be predicted.

Thus, in the case AC that is, if a is brighter than p, and

1 buellon
Bis hiéhter than 9, the prediction is that the transparent layer T
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is mewe darker than each of the regions A P Q B; in the case AD, that
is when a is brighter than p, and q is brighter than b, the brightness
sequence is exactly defined by a>p>t>q>Db and the transparent
layer T is brighter than the regions Q and B, and darker than A and
Be

In the case BD, which is the contrary of the case AC, the tran-
sparent layer T is the brightest. The BC combination repeats the case
AD, where the transparent layer T has a midway position in the bright
ness sequence; only in this case b is brighter than a, and q is brighter
than P, a brightness relation which had been excluded }ixing as>hb

in order to avoid useless repetitions,

The theory has been applied alsolén special cases, when the dif-

ferent shades of grey are 3 i@%ead of 4 (if a=p or a=q; a=b and

p=q being excluded because in this case ol trespasses the field of

validity); and also to the cases of more then 4 different felds of

gréy).
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