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The Theory of Exposure 
Silllply Explained 

2. THE SUBJECT AND CAMERA 
By G. B. Harrison, Ph.D., F.R.P.S. 

The exposure required in any given circumstances is governed by the 
amount of light per unit area falling on the plate. The sequence of events is 
as follows-(a) light illuminates a certain small portion of the subject (this 
was dealt with in the last article), (b) the portion of subject reflects light in 
general in all directions, ( c) some of the light reflected is collected by the 
camera lens, (d) the light is concentrated by the lens on to an area of the plate 
of size depending on the conditions. The factors a and b can be condensed by 
saying that the portion of subject considered has a certain brightness, when 
viewed from the camera lens, as a result of the light incident upon it and its 
reflecting characteristics. 

~ 

SUBJECT BRIGHTNESS known as specular reflection. The other 
extreme known as a perfect diffuser and 
exemplified by a piece of rough white 
blotting paper, instead of reflecting the 
light regularly scatters or diffuses it in all 
possible directions. A perfect diffuser 
looks equally bright from all directions 
however it is illuminated, but the actual 
brightness will of course vary with the 
direction and strength of the incident 
light. 

Common materials lie between these 

extremes and of them it can only be said 
in general that their brightness is usually 
greatest in the direction of specular reflec
tion and falls off the more the direction of 
viewing departs from the angle at which 
specular reflection takes place. The 
estimation of the brightness of a portion 
of a subject from a knowledge of the 
factors influencing brightness is almost 
impossible, but a knowledge of these 
factors nevertheless may prove valuable in 
practical photography, particularly in 
studio work where the lighting is in the 
control of the operator. 

Let us consider the effect of the surface 
texture of a ball on its appearance under 
different lighting conditions. First re
place the tennis ball by one of those 
silvered glass balls popular for Christmas 
decorations, and imagine it illuminated by 
the moon only. The ball will not scatter 
any of the light falling on it but will 
reflect it according to the laws of reflec
tion (see Fig. 2a). The directions of the 
moon and the camera are fixed so that there 
will be only one place on the ball where 
the laws are satisfied. The brightness of 
this point will be somewhat less than that 
of the moon itself and the rest of the ball 
will appear black. What we are really 
getting is a reduced image of the moon in 
the ball. If now we imagine the same ball 

The brightness of a given small por
tion of the subject depends on several 
factors-the amount and direction of the 
light falling per unit area on the portion 
in question, the nature of the surface, i.e., 
its texture and depth of tone, and the 
direction in which it is viewed or photo
graphed. The depth of tone and texture 
are intimately connected, for example, 
imagine a mirror and a piece of blotting 
paper lying on a table beneath a skylight, 
an overcast sky above. If these are viewed 
in such a way that the image of the sky
light is not seen in the mirror the blotting 
paper will be bright but the mirror will 
look almost black. If on the other hand the 
viewing angle is such that the image of the 
skylight is seen in the mirror the blotting 
paper will look quite dark by comparison. 
Thus the apparent depth of tone is com
pletely reversed by altering the angle of 
view in the case of materials of different 
surface texture. Depth of tone means 
something definite only when two surfaces 
of similar texture are compared. Thus a 
piece of white blotting paper will always 
look brighter than a piece of grey blotting 
paper (providing they are similarly 
illuminated) at all viewing angles. All 
normal surface textures lie between two 
extremes. At one end of the scale, ex
emplified by the mirror, all light incident 
in one direction is reflected in one direc
tion only, according to simple laws which 
need not concern us at the moment (see 
Fig. 2a). It is this property of the mirror 
that makes it possible to see clear reflec
tions. In a perfect mirror no light is 
scattered ; such regular reflection is 

Negative by STUART MARSH. Taken on an llford Double-X-Press Plate. Exposure : I /400 sec. 
Time : 4.30 p.m. Date : Oct. 15, 1938. 



Page 2 ILFORD NEWS FOR PHOTOGRAPHIC SOCIETIES 

(a) 

( b) 

WHITE SLOTTING PAPER 

Fig. 2 
(a) Specular Reflection . Light incident in a 

direction making an angle i with the normal 
is reflected in the same plane as the incident 
I ight and the normal and makes an angle 
r= i with the normal. 

(b) Diffuse Reflection . Light incident in any 
direction is scattered in all possible direc
tions. 

illuminated in daytime by the sun and sky 
which may contain some clouds we shall 
again obtain reduced images of the clouds 
and sun and in fact any objects within 
sight of the camera operator, including the 
operator himself. The images occurring 
near the edge of the ball as viewed from 
the camera will be badly distorted ; the 
reader may be familiar with the view 
obtained in the curved back of a chromium 
plated motor headlamp from the front 
seat of a car. 

Now imagine the ball covered with a 
white shiny paper like a high gloss note
paper. Such paper lies between a mirror 
and a perfect diffuser in texture. We 
shall still see in moonlight alone a bright 
spot where the image of the moon was 
seen in the last example, but it will be less 
bright and larger in area than before, be
cause some of the incident light is 
scattered, leaving less to be specularly re
flected, and at angles slightly different 
from the angle of specular reflection the 
amount of light reflected is still con
siderable. The change to daylight with the 
sun in a cloudy sky will not result in 
images of clouds because there is too 
much scattering, but if the lighting is 
changed to artificial there will be a bright 
spot for every lamp used to light the ball. 
The bright spot if not too pronounced 
may be very valuable in giving an idea of 
the shape or roundness of the object and a 
dodge sometimes used in photographing 
very highly reflecting objects is to convert 
them or parts of them into partially 
scattering objects so as to retain the bright 
spots but reduce them to such a degree 
that they no longer cause halation, etc., 
in the film. 

Coming now to the other extreme, that 
of a good diffuser, our tennis ball in its 
original state will be good enough. The 
brightness of this surface is the same in all 
directions when uniformly illuminated. 

In sunlight alone it is not uriiformly 
illuminated and its brightness depends on 
the amount of light incident per unit area 
of surface. The result has already been 
explained in the previous article. If on 
the other hand the ball is illuminated by a 
uniform cloudy sky and is supported over 
a large white ground of the same uniform 
brightness as the sky (a perfect mirror 
would do), we can now see why the photo
graph of the ball would be indistinguish
able from that of a flat disc. Under these 
conditions the ball is uniformly illuminated 
al.I over and we know that a perfect 
diffuser appears equally bright in all 
directions of viewing, so the brightness of 
the ball will be the same over its entire 
surface as seen from the camera (or any 
other position). A fiat disc uniformly 
illuminated would also be uniformly 
bright and therefore indistinguishable 
from the ball. 

A very instructive example of the 
variations in brightness of different sur
faces with angle of illumination and view
ing is afforded by certain kinds of ceiling 
papers. These papers, which are white, 
carry a pattern formed by a different sur
face texture. The ground may be a good 
diffusing surface whilst the pattern is 
composed of areas of surface exhibiting 
marked specular reflection. If such a 
paper is illuminated by a single lamp and 
viewed from a convenient position (a bed) 
it will be noticed that there is a nearly 
circular patch of ceiling with its centre 
lying on the line joining the point on the 
ceiling vertically above the observer and 
the point vertically above the lamp, which 
shows a light pattern on a darker ground. 
This patch is bounded by a narrow area 
where no pattern is visible at all and all 
over the rest of the ceiling the pattern is 
seen as dark on a light ground. The cen
tral circular area where the pattern ap
pears light on a dark ground is situated 
where the angle of incidence of the light 
is nearly equal to the angle of reflection, 
and specular reflection occurs from the 
pattern areas which therefore appear very 
bright. As the angles of reflection and 
incidence become less nearly equal there 
comes a point when the pattern and the 
ground appear equally bright so that no 
pattern is seen. When the two angles are 
very dissimilar the pattern reflects very 
little light to the eye and thus appears 
dark on a light ground. Although the 
ground appears darkest in the central 
circle this is only by contrast with the 
pattern, actually the ground is at its 
brightest in this region, but the pattern is 
so much brighter that the ground 
appears dark in comparison. 

It has already been said that depth of 
tone and surface texture are intimately 
connected and it can now be seen why this 
is so. The apparent depth of tone of some 
materials depends on the viewing and 

lighting conditions, as illustrated by the 
ceiling paper, therefore any statement re
garding the depth of tone of a material 
means nothing unless the conditions of 
viewing and lighting are stated. Depth of 
tone and surface texture therefore com
bine with the intensity of the incident 
light to endow the particular part of the 
object with a certain brightness. Different 
parts of the subject assume different 
brightnesses by virtue of (a) differing 
amounts of incident light per unit area of 
surface, (b) differing directions of viewing 
o~ p~otographing the surface and (c) 
differmg percentage reflections under the 
condition of (b) . It is the function of the 
camera and plate or film to record these 
variations in brightness. 

THE LENS AS LIGHT 
COLLECTOR 

If a camera is set up in front of the 
subject the lens forms an image of the 
subiect on the plate. The function of the 
l~ns is to c~llect a certain small propor
tion of the light leaving each minute area 
of the subject and so deflect the rays of 
li~ht that they join at the corresponding 
rm~ute area of the plate and so build up 
an image of the subject. Let us isolate a 
small portion of the surface of our tennis 
ba~l. It is il~uminated by the sun, sky and 
adiacent obiects and because the ball is 
rough it scatters the light in all directions. 
More light may be scattered in some 
directions than in others, but in one 
direction is our camera lens which is 
collecting as much of the scattered light 
as ea~ get through its opening (Fig"." 3a). 
Now if we were to draw a line from each 
point on the circumference of the lens 
aperture to the minute area of the tennis 
ball under consideration, we should ob
tain a cone having its apex on the ball and 

Fig. 3 
(a) A minute area of the ball is reflecting light 

in all possible d irections, a small amount is 
collected by the camera lens. The light 
collected is in the form of a cone and the 
amount of light is measured by the magni
tude of the sol id angle . 

(b) The magnitude of a solid angle is measured 
by describing an imaginary sphere round 
the apex A. The magnitude is then the area 
a of the surface of the sphere cut out by the 
cone divided by the square of the sphere 's 
radius r . 
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its base on the camera lens. All the rays of 
light which travel inside this cone assist in 
forming the image, and all rays outside the 
cone are wasted from the photographic 
point of view. This cone encloses what is 
known as a solid angle, in the same way 
that two intersecting straight lines en
close a plane angle, and the quantity of 
light getting through the lens is propor
tional to this solid angle. If a sphere of 
any radius r is described with its centre 
at the apex of the cone (i.e., on the por
tion of subject being considered) the area 
of the surface of the sphere a cut out by 
the cone, divided by the square of the 
radius of the sphere is the measure of the 
magnitude of the solid angle s (Fig. 3b) . 
We may express this simply by writing 

a 
s = -

r 2 

For practical purposes when dealing with 
a camera lens of at most a few square 
inches in area situated many feet from the 
point on the subject under consideration, 
the plane area of the lens opening is so 
nearly equal to the area of the sphere of 
sevq_al feet radius bounded by the cir
cumference of the lens, that the plane 
area of the lens may be used. In practice 
then the solid angle is simply the area of 
the lens opening divided by the square of 
the distance between the lens and the 
portion of subject under consideration. 

THE LENS AS LIGHT 
CONDENSER 

The lens therefore collects an amount 
of light which depends on the brightness 
of the portion of the subject and the solid 
angle subtended by the lens. This light is 
spread over the image on the plate so that 
the area of the portion of the subject con
sidered and the area of the corresponding 
image bear a simple and well known rela
tion to one another. 
area of image on plate 
area of portion of subject 
(distance between lens and image)Z 
(distance between lens and portion of subject)2 

Suppose we have been able to measure 
the amount of light per unit area of the 
image of a portion of a subject using say a 
3! X 2t camera with a lens of 4" focal 
length and a distance between subject 
and camera lens of 10 feet. What will 
happen if this distance is increased to 
20 feet ? First of all the amount of light 
collected by the lens will be reduced. In 
the first instances we had 

from which 
s2 

St 

a 
s 1 = --, now it becomes 

roZ 

a 
s2 

202 

a 100 

L 
400 a 

or the amount of light collected by the 
Jens at 20 ft. is ± the amount collected at 
10 ft. The second point to consider is the 
size of the image of the portion of the 
subject with which we are concerned. In 
the formula the ''area of portion of sub
ject" obviously is constant and we can 
also regard as constant in these conditions 
the "distance between lens and image." 
The reader will be familiar with the very 
small movement of the lens necessary to 
change the focus from 10 ft. to 20 ft. We 
may now write :-
Area of image on plate = 

constant 
(distance between lens and portion of subj ect)2 . 

T he area of the image I 1 when the subject 
is at 10 ft . is therefore 

I1 

h 

l z 

11 

constant 

102 
constant 

202 
constant 

and at 20 ft. 

from which we get 

100 
{ . 

400 constant 
Combining the effect of the change in 

solid angle and the change in image area 
we find that at a distance of 20 ft. as com
pared with 10 ft . only ± of the light is 
collected by the lens, but it is concentrated 
into ± the area. The amount of light per 
unit area falling on the plate or film is 
therefore the same in each case so that no 
change in exposure is called for;* this 
rule only holds when the distance between 
the subject and lens is large compared 
with the focal length of the lens. In copy
ing work where subject distances may be 
comparable with the focal length it is no 
longer possible to call the distance be
tween lens and image constant. In such 
cases the exposures will depend on the 
magnification as well as other factors . 

The importance of the f /No. of a lens 
can now be readily seen. The amount of 
light per unit area on the plate we have 
seen is proportional to the solid angle s 
and inversely proportional to the image 
size I (this should be the magnification, 
image size /object size, but as we are re
garding the object size as constant it 
makes no difference). This may be 
expressed as follows :-

Amount of light per unit area of image = 

s a DZ a 
constant x - = constant x - x - = -

I D Z f 2 Jz 
where D is the object distance and f, the 
focal length of the lens is here taken as the 
distance between lens and plate. This 
will only be strictly true when the camera 
is focussed on " infinity," but the error 
introduced when focussed at distances 

* The fact that in exposure tables and 
calculators more exposure is recommended for 
close-ups, etc., is due to an entirely different 
reason which will be explained later in the 
series. 

large compared with the focal length is 
small. This means that whatever the 
focal length and effective area a the 
"strength" of the image is proportional to 

a 
- , or since the effective area is 2 7t x (the 
f 2 
effective diam eter)2, the image strength is 

d2 f 
proportional to - . The fraction - is 

f 2 d 
known as thef /No. and the reader will be 
familiar with the fact that the "strength" 
of the image is inversely proportional to 
the square of the f /No. 

The subject is made up of a pattern of 
different brightnesses and we have seen 
in a general way how these different 
brightnesses arise. It is the object of the 
photographic process to record these 
brightnesses and to interpret the record 
so that the various parts of the final 
photograph exhibit the same relative 
brightnesses as did the corresponding 
parts of the original scene when photo
graphed. We have seen how the camera 
transmits the brightnesses to the plate or 
film and we must next consider how 
photographic materials carry out their 
part in the sequence. 

Chiefly for 
Secretaries 

MINIATURE LECTURER FOR 
MIDLANDS 

A lecture on miniature matters will 
be available for the Midlands area (25 
miles radius of Birmingham) for 1939-40 
if the response to this intimation is suffi
cient to warrant the expense involved. 

Will Midlands secretaries kindly let us 
know immediately whether they will avail 
themselves of this service so that arrange
ments can be made. 

If the demand exists, as we think it 
does, and you will confirm this, full details 
will be published in the next issue of 
llford News so that bookings can be 
made forthwith. 

EXHIBITION SCREENS 
Many secretaries are aware of the 

facilities provided by Ilford Limited for 
loaning Exhibition Screens, but as there 
may be some who are not we give below 
particulars of these screens, which we can 
loan to Societies for the display of 
exhibition pictures. 

The screens, which are double sided, 
have a display area of 42 sq. ft. and will 
accommodate sixteen 20 x 16 prints. They 
are quite attractive, soundly constructed 
and are very easy to erect. The number of 
screens is not, of course, unlimited and, 
therefore, applications should be sent in a 
month or two before they are required. 
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The winter evenings call for indoor 
photography by artificial light and the 
keen amateur will find much scope in the 
making of still-life studies at home. 

Besides what is commonly known as 
table-top photography, in which small 
models and figures are photographed by 
arranging them in suitable settings on a 
table, there is another method, which, for 
want of a better term, I have called glass
top photography. With this method, 
more than any other, the possibilities for 
original picture making are innumerable 
and the ingenuity and resourcefulness of 
the photographer will be taxed to the full. 
Given a lively imagination, a sense of 
humour and plenty of patience, there is 
no limit to what can be tackled, as even 
landscapes as well as under-water effects 
are possible. An impression of suspended 
action and a suggestion of movement
terms which may appear contradictory as 
we are discussing still-life studies-can be 
produced by the method I propose to 
describe. Movement and action in a 
photograph can be accentuated by the 
introduction of suitable lines into the 
background. These need not necessarily 
be clearly defined and if their direction is 
diagonally across the picture space, the 
sense of movement of any figure in the 
composition is considerably heightened. 

The method consists in placing the 
objects to be photographed on a large 
sheet of glass, which is supported only at 
the edges and at some distance from the 
background. The camera is pointed 
down at the models from above, so that 

By E. Heimann, A.R.P.S. 

the floor, covered with a sheet of paper, 
becomes the background. By working at 
say f / 4. 5 and focussing on the sheet of 
glass holding the models, only these will 
be sharp ; diagonals and curves can be 
introduced into the background by plac
ing on it sheets of paper suitably folded, 
strips of metal or any other materials 
which suggest themselves. The back
ground will naturally not be sharp, and a 
focussing screen is therefore essential to 
enable one to watch the effect and to use 
differential focussing to the best advan
tage. ''Ballerina" is a typical example of 
this kind of work and the suggestion of 
spheres in movement is strengthened by 
the sweeping diagonal lines in the back
ground as well as by the poise of the 
figure. This picture was exhibited at the 
London Salon, the Scottish National 
Salon, the Bristol Salon, the Monaco 
Salons, as well as at a number of 
American Salons and several other 
exhibitions in the British Isles. 

If possible, one's efforts should be 
confined to light and medium toned back
grounds, as a dark background will give 
rise to unpleasant reflections of the 
models on the glass sheet, which it is very 
difficult to overcome. In the case of the 
picture referred to above, the effect of 
movement has actually been increased by 
the reflection of the spheres, which, in 
this instance imparts a sort of spinning 
motion to them. 

As previously pointed out, even land
scape photography is possible and the 
peak in "Excelsior !" should satisfy the 

ambitions of the most intrepid moun
taineer. 

In this case several sheets of glass 
were used, each separated from the other 
by a few inches and the various layers 
supported the " scenery," i.e., foreground, 
middle distance and background ; the 
camera was focussed on the figure, leaving 
fore and background slightly out of ~cus . 
The success of this picture with regard to 
exhibitions has on the whole been dis
appointing, and though it was shown at 
Hammersmith Hampshire House Annual 
Exhibition, the Northern Salon and the 
Birkenhead Photographic Society's ex
hibition, I have a feeling that it is con
sidered heresy to create an artificial land
scape, when nature herself provides such 
a bountiful supply of material. However 
that may be, the creation of this type of 
picture seems well worth-while to me, as 
it enables one to let imagination take 
wings and bring to life a world of fancy 
and fun. In "The Huntress" we have 
another picture of movement and though 
perhaps not quite so successful, it is in
teresting to note that the foreground rock 
is simply a piece of black paper (such as is 
used for wrapping plates) folded and 
crinkled to assume the right shape. The 
streaks in the background are produced 
by a small spot-light, not properly 
focussed, standing on the floor and throw
ing a beam across a sheet of medium
coloured card. 

All these pictures were taken in an 
ordinary room with !-watt lighting : in 
some cases the room light-a 100 watt 
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lamp in a fabric covered shade-was 
used at about 8 feet from the set to act as 
a general illuminant. A small table-lamp 
with a tilting movement fitted with a 25 
or 40 watt Pearl lamp, as required, was 
used as an accent light. This should be 
about two to three feet from the models 
and slightly to one side, the exact direc
tion and height depending on the type of 
lighting desired. Great care must be 
taken that none of the lamps themselves 
are actually reflected on the glass sheets, 
which is sometimes by no means easy to 
arrange. For this reason the accent lamp 
should be encased in some form of shade, 
preferably white inside and dead-black on 
the outer surface. Whilst the room-light 
will do much to lift shadow detail, when 
contrasts are heavy, it is advisable to use a 
reflector of white card or silver-surfaced 
paper on the shadow side to pick up the 
beams from the accent light and throw 
them back where necessary. When 
several sheets of glass are used, more than 
one table-lamp may be needed, and a 
small spot-light is extremely useful, not 
only for throwing a pattern on the back
ground as previously described, but also 
for lighting the models. Variations can 
further be obtained by the use of trans
mitted light, whereby a number of 
different effects are possible. This is 
definitely a case for experimenting, for it 
is only in so doing that the full capabilities 
of this type of photography can be appre
ciated and realised. The best advice I can 
give, is to watch your focussing screen 
constantly and to note carefully the result 
of using different apertures and of shift
ing your point of focus backwards and 
forwards. It is surprising how all sorts 
of everyday articles, if regarded with the 
eye of the camera and especially if they are 
-out of focus, will assume unsuspected 
shapes and patterns capable of augment
ing and intensifying 
the effect you want to 
convey. One must, 
however, be careful 
tomakesuch patterns 
subsidiary to the main 
point in the com
position. When I 
have got an idea for a 
picture, I find it best 
to make a . rough 
sketch before setting 
up the camera, after 
which the most suit
able method of ap
proach is studied, 
and it is at this stage 
that the camera first 
makes its appearance. 
In some cases it will 
be found that not 
only has the original 
idea to be modified, 
but also that the 

materials one intended to use are not suit
able for the purpose. I remember trying 
to convey an under-water effect in a still
life, where I had considered using trans
parent glass beads to represent bubbles, 
but the result left much to be desired. 
After numerous experiments I used some 
sheets of shiny paper which, on being 
placed on the background, gave the right 
effect. This was by no means arrived at 
immediately, but by arranging and crink
ling the paper, altering the light and not
ing the result on the focussing screen, the 
picture finally materialized. 

With regard to apparatus, most of my 
still-life suidies are taken with a ! plate 
Soho Reflex, fitted with a f /4.5, 6-inch 
Ross Xpres in a sunk lens box with 
adjustable sky-shade. This camera has 
sufficient extension to enable me to get a 
large image of quite small objects. The 
tripod must be really solid and heavy : I 
use a wooden one, the centre column of 
which can be raised and lowered. It is 
further fitted with a tilting top, which is 
essential for this kind of work, and when 
the camera is pointed down at the floor, 
the back-focussing screen is of course 
employed. 

Mounting boards of various colours 
and surfaces, strawboards, patterned 
wallpaper, transparent and fancy paper, 
as well as cellophane should be zealously 
collected, so that you have a really good 
collection from which to choose and the 
value of plasticine, obtainable in a variety 
of colours, should not be overlooked. 

As regards models, there are a number 
of shops which specialize in miniature 
figures and, whilst glass figures are 
especially suitable, there is no reason why 
solid ones should not be used. For 
instance, the figure of the mountaineer in 
"Excelsior !" is a brooch carved in relief, 
the alpenstock actually being the pin. It 

THE HUNTRESS 

is as well to look around the toy and 
novelty shops from time to time, noting 
any article of a decorative, humorous or 
unusual nature. You will find that in this 
way ideas for pictures materialize, for a 
model seen in one shop will probably 
link up with another seen elsewhere. As the 
models are usually coloured, I prefer to use 
panchromatic material, as this is essential 
in order to get correct colour rendering 
in monochrome. Ilford Soft Gradation 
Panchromatic Plates (backed) as well as 
Ilford Flat Films are eminently suitable 
and have given me excellent results. Ex
posures vary considerably and are best 
ascertained by trial, as they depend on the 
stop used, power and distance of lights, 
predominant tones of the subject and 
colour of the background and foreground, 
whilst the colour of the surroundings 
must also be taken into account. A few 
trial exposures will soon give an indica
tion and it is as well to keep a notebook for 
jotting down exposure details and posi
tions of lights, reflectors and settings. As 
these subjects usually show strong con
trasts, it is advisable to cut development 
slightly, so as to avoid excessive contrast 
and blocking of highlights. I prefer to 
desensitize for a couple of minutes and 
continue development by occasional in
spection with the aid of an Ilford Bright 
Green Safelight (No. 909), but the dish is 
kept covered for the greater part of the 
time. 

D.P. 2 for all Cameras 
Selo H.P.2 which has achieved re

markable popularity among miniature 
camera users is now available in all roll 
film sizes, so that all photographers can 
now enjoy its extraordinary speed, full 
colour sensitivity and fine grain. The 
Editor of the British Journal Almanac in 
reviewing Selo H .P.2 writes: "The 
colour sensitivity is surprisingly good 
both in the green and in the red, resulting 
in high speed both to daylight and arti
ficial light. Grain is surprisingly fine for 
so fast a film." 

SELO H.P.2 in new type cassettes of 
moulded plastic material, in refills 
and in continuous lengths for 35 mm. 
cameras, and on spools for all roll 
film cameras. 
ILFORD H.P.2 Plates for all plate 
camera users. 

Literature for Selo H.P.2 film and 
Ilford H.P.2 plate is available and 
quantities will be sent on request. 

"'·····················································-~ 
Extract from Society Portfolio. 

This Picture really shows 
what PLASTIKA can do-a 
grand paper. It has im
proved our work 100%. 

······················································· 
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Sensitometry is concerned with the 
quantitive measurement of the response 
of photographic material to light or other 
form of radiation. As explained in the 
article on "The Testing of Photographic 
Materials" by Dr. S. 0. Rawling in a 
previous issue of I/ford News, sensito
metric methods have proved . essential to 
the photographic manufacturer for the 
control of uniformity of his products and 
for research purposes. In this article 
these sensitometric methods will be 
explained in greater detail and some of the 
precautions, which must be taken, if 
results are to be obtained within the re
quired degree of precision, are considered. 

The response of photographic material 
to light is usually represented by what is 
known as its "characteristic" or "H.&D." 
curve, obtained by plotting density or 
degrees of blackening against the log
arithm of the exposure. To obtain the 
characteristic curve of a material we 
require: 
(r) A Sensitometer or apparatus for 

exposing the material for a series of 
graduated exposures to a light source 
of known intensity and spectral 
composition. 

( 2) A means of developing and finishing 
the material under standardized 
conditions. 

(3) An instrument for measuring the 
density of the photographic deposit, 
known as a Photometer or Densito
meter. 

THE SENSITOMETER 
Since photographic emulsions differ 

considerably in their relative sensitivity to 
light of different colours the spectral 
quality of the light source is just as im
portant as its visual intensity. The rela
tive speeds of ordinary, orthochromatic, 
and panchromatic materials measured to 
half-watt light are quite different from 
their relative speeds to daylight and it is 
important, therefore, that we should ex
pose the materials in the sensitometer to a 
light source similar in quality to that in 
which they will be used in practice. 

For the testing of materials intended 
to be exposed in daylight, a light source is 
used consisting of a tungsten filament 
lamp run at a definite colour temperature 
which, when combined with a special 
liquid filter devised by Davis and Gibson 
of the U.S. Bureau of Standards, approxi
mates for all practical purposes to mean 
noon sunlight at Washington. This light 
source is an accurately reproducible 
standard and has been accepted as an 
international standard of daylight quality 
for the testing of photographic materials. 
Materials intended for use in half-watt 
light are exposed to tungsten filament 
lamps operated at a definite colour 
temperature. Since the intensity and 
colour temperature of the lamp depends 

SENSITOMETRY 
By 

G. S. MOORE, M.Sc., F.R.P.S. 

on the current flowing through the 
filament, it is necessary to maintain the 
voltage supplied to the lamp constant 
within narrow limits. 

In addition to a standard light source 
we require a method of impressing on the 
photographic material a series of accur
ately known graduated exposures. Since 
exposure is defined as the product of the 
intensity of the light and the time for 
which it acts (E= I x t), we can produce a 
series of exposures either by varying the 
intensity or by varying the time of ex
posure. An instrument which produces a 
scale of exposures by varying the time of 
exposure is known as a Time-scale 
Sensitometer and one in which the 
intensity is varied as an Intensity-scale 
Sensitometer. Both types of sensito
meters are in general use but it is im
portant to realise that the method of 
making the exposures affects not only the 
speed but the contrast of the material. 
This is because a certain amount of 
exposure (as measured by I x t) does not 
always produce the same photographic 
effect, independent of whether it is pro
duced by a weak intensity acting for a 
long time, or a high intensity acting for a 
correspondingly shorter time. This effect 
is usually referred to as 'Lt' failure and its 
magnitude is dependent on the type of 
material. Photographic materials are 
exposed in the camera to a series of in
tensities for a single time. If the charac
teristic curve obtained for the material, 
therefore, is to be representative of its 
behaviour in the camera, the material 
must be exposed in an intensity scale 
sensitometer for an exposure time equal 
to that used in practice. 

The most convenient method of 
obtaining an intensity-scale exposure is 
by reducing the intensity of the light 
reaching different portions of the material 
by exposing it behind a so-called ''neutral 
step-wedge" consisting of screens of 
known absorbing power. Wedges made 
from developed silver are the most satis
factory for this purpose since they can be 
made freer from selective absorption. An 
angular opening in a circular metal disc 
rotated at uniform speed by a synchronous 
electric motor provides a simple means of 
giving accurately timed exposures of a 
fraction of a second, an auxiliary shutter 
being provided to open and close during 
the blank portion of the disc so that the 
material receives a single exposure. 

PROCESSING 
The behaviour of a photographic 

emulsion depends upon the composition 

of the developer and also upon the condi
tions under which it is developed. 
Developers used for sensitometric work 
should be made up from pure chemicals 
which have been previously tested, and 
precautions taken to avoid aerial oxida
tion of the developing agents during pre
paration and storage of the solutions. 
Fresh developer must be used for each 
batch of tests and a sufficient quantity of 
developer employed so that the products 
of development do not materially change 
its composition. Since the degree of 
development is affected by the time of 
development and by the temperature and 
degree of agitation of the developer, all 
three factors must be accurately standard
ised. For material developed in a flat dish, 
brushing the surface of the emulsion at a 
constant rate with a wide camel hair 
brush, provides a useful method of ob
taining uniform development over a con
siderable area, but purely mechanical 
methods of agitating the developer provide 
the most satisfactory way of producing 
constant development from time to time. 

To avoid sources of error due to 
development continuing after the sensi
tometric strips have been removed from 
the developer, a stop bath of dilute acetic 
acid should be used. No special pre
cautions are required in fixing and wash
ing but prolonged fixation should be 
avoided as the fixing bath has a slow 
solvent action on the developed silver. 

The temperature and humidity of the 
air used for drying affects the density of a 
photographic deposit and it is necessary to 
standardise these conditions withip fairly 
narrow limits. The standard drying 
condition frequently adopted in sensito
metric work is to immerse the plate or 
film for 5 minutes in an 80 per cent. solu
tion of industrial alcohol in water with 
subsequent drying in a current of air at 
normal temperature. This method of 
drying must not, however, be used for 
films on acetate base on account of the 
effect of the alcohol on the base. 

THE MEASUREMENT 
OF DENSITY . 

We must now consider the definition 
and measurement of the density of the 
sensitometric strip in order to obtain the 
response of the photographic material to 
the various exposures. The opacity of a 
photographic deposit is defined as the 
ratio of the incident intensity to the in
tensity of the light transmitted, and the 
density is defined as the logarithm of the 
opacity. According to this definition a 
uniformly tinted piece of negative is said 
to have unit density when it transmits one
tenth of the light falling on it, and reflects 
and absorbs the remainder, while a nega
tive of density 2 transmits one-hundredth 
of the incident light. 

There are a number of different types 
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of instrwnents used for the measurement 
of density but they are all fundamentally 
alike in that they measure the amount of 
light transmitted by the silver deposit by 
comparing it with the amount of incident 
light. There are also a number of densi
tometers of the comparator type, in which 
the density is measured by comparison 
with another density which has . been 
measured on an absolute type of instru
ment. Some of these comparator type 

densitometers employ a photo-electric 
cell for obtaining a photometric balance 
between the known and unknown densi
ties and these instruments have several 
advantages over the visual instruments for 
the routine measurement of density. The 
tiny particles of silver which constitute 
the developed image not only absorb light 
but scatter a portion of that which is 
transmitted. It is for this reason that the 
density is usually measured by placing 

the photographic deposit in contact with a 
diffusing medium, such as opal glass, be
cause the value of density so obtained is 
approximately equal to its effective 
density when used for contact printing. 

In the next article we shall deal further 
with the question of the measurement of 
density and with the characteristic curve 
which is obtained by linking the various 
densities with the exposures producing 
them. 

Difficult Subjects Photographed 
The Troll, a figure by the Danish 

sculptor Jerichau, is one of the most 
dynamic of the many fine pieces of 
statuary with which the gardens of the 
musewns and art galleries in Copenhagen 
are adorned. A bronze, rather larger than 
life size (I hope), he stands on a railed 
lawn at the North side of a gallery. 

One summer I decided to photograph 
him, and after visiting him at various 
times of day I found that the sun never 
reached )Um at a suitable angle. In 
the evenings he was lit from behind, 
at a midsummer dawn the light 
might have been better, but as I never 
caught him early enough by day I 
decided to photograph him at night. The 
details of my procedure are given because 
much public statuary is awkwardly placed 
for the camera, and the possibility of 
artificially lighting statues is rather 
neglected. 

I first tried with a Sanderson quarter
plate camera and tripod, on a mild 
autumn evening. As the nearest street
lamp did not give enough light for 
focussing I hailed a passing small boy, who 
seemed amused by my preparations for 
taking pictures in the dark. Producing a 
pocket torch from my pocket, I lifted him 
over the railing of the lawn and sent him 
to hold the torch pointing towards me, 

An Awkward Sitter 
By E. van Someren, B.Sc. 

Fig. 3 

alternately at the Troll's head and tail, so 
that I could check my field of view and 
focus. 

I have taken a time-exposure of 15 
mins. by a street-lamp which was hardly 

strong enough for focussing, but in this 
street tree-shadows made the light too 
patchy, so I was forced to use flashlight. 
Withllford Special Rapid Pan plates (r934 
type) at f /8 I used two flashes, one of 
r 5 grains held as high above my head as 
possible, and one of 25 grains held 
lower and further back to give a shadow 
on the wall. Outdoor exposures call for 
generous flashes as there is no useful 
reflection from walls-of course a Sasha
lite or two would have been much better, 
and would have saved me from scorching 
the hairs off the back of my hand. 

The resulting picture, Fig. 1, is dis
appointing because the red brick of the 
wall has so nearly the same tone-value as 
the bronze. Nothing was movable, and I 
could not produce a sheet to hang on the 
wall, so I decided to brighten its surface. 
Consequently on another night, towards 
midnight, I went out with a friend and 
some more flashpowder resolved to do 
better. This time I used a flash of about 
I 5 grains above the camera, then closed 
the shutter and looked round for police
men. As none were in sight I left my 
friend in charge of the shutter and climbed 
the railing, then crawled behind the base 
of the statue with the flash apparatus. 
When I was out of sight my friend opened 
the shutter and said "ready," and I let off 

Fig. 2 
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a flash of about 10 grains, this we 
did in three positions, each about 
a foot from the ground. The re
sult was a brilliantly lit wall 
behind the Troll as shown in 
Fig. 2. 

Even this does not do him 
justice, and after visiting the place 
again by daylight I found that by 
looking up from near ground 
level I could get the figure sil
houetted against the sky. For 
some weeks I waited for a suit
able sky, taking my miniature 
camera with me as often as 
possible when I was passing the 
site. 

At last on a November after
noon the clouds were right on a 
day when I had my camera at 
hand, and with a small clamp 
I fixed it to the railings. Standing with my 
back to the railing I could stoop and focus 
between my legs, on an erect image, rather 
to the surprise of passing pedestrians. 
With an Alpha filter and an Ilford 

Fig. 4 

Process Pan plate I gave 1 /25th at f /4.5, 
and careful development with Tabloid 
Rytol gave a suitable plate for enlarge
ment. In those days I sometimes used 
Process Pan plates for the sake of the finer 

ILFORD BROMIDE SURFACES 
Some readers have pointed out that 

the designations of Bromide paper sur
faces are not sufficiently descriptive to 
enable one to visualise with any degree of 
accuracy the appearance of the paper 
surface. The difficulty of choosing a 
name for a paper will be appreciated, and 
we were of the opinion that as far as it was 
possible within the limits imposed by the 
necessity for brevity we had described the 
surfaces well enough not to have left too 
much to the imagination. However, we 
gladly comply with the requests of our 
readers and give below short descriptions 
of the more popular surfaces. The 
designations Matt, Smooth, Rough are, of 
course, self-explanatory. 

"Lustre" - This is the key-word for a 
whole series of Ilford Bromide 
papers, of which the distinguishing 
feature is that whether the paper is 
smooth, rough, or given some special 
grain, the image (especially in the 
shadows) has a decided sheen or 
lustre. Those who have made 
Carbon or Carbro prints will recog
nise it at once, as this effect has 
always been one of the beauties of the 
Carbon process. 

"Rayon"-An attractive surface, made by 
impressing the emulsion with a very 
fine embossed pattern of circles
about 70 to the inch. The paper has a 
lustre or sheen and the appearance is 
very much that of the very finest 
art silk surfaces. 

"Linen" - This surface also has an em
bossed pattern ; but this time it is 
very much bolder and a little irregu
lar. It looks very much like the sur
face of an oil painting on canvas. 

"Porcelain"-This is a surface which is 
smooth and has no surface grain, 
but which is at the same time free 
from sheen. It is, in fact, very like the 
surface of unglazed fine porcelain. 

''Satin" -Satin has a surface between a 
glossy and a matt possessing very 
little or no surface grain, but having 
a decided sheen. 

"Velvet"-Velvet has a similar amount of 
sheen to the satin surface but this is 
broken up with a surface grain giving 
a very pleasing velvety effect. 

If the brief descriptions above have 
whetted the appetite of any reader we 
shall welcome the opportunity to send 
him specimen prints on any surface. 

ALBUMS FOR SOCIETIES 
We should like all societies to have a 

new album of Ilford Papers before the 
opening of the next photographic season 
and we should be glad if those secretaries 
who wish to take advantage of this offer 
would send in a post card to this effect. 
Just write I.A.16 on the post card, sign 
your name and append the name of your 
society and the album will be sent well 
before your members start making their 
exhibition pictures for next season. 

grain, since then improvements in 
plate manufacture have made this 
unnecessaryfor all magnifications 
used by the average miniaturist. I 
now only use them for photo-mi
crographic work when the strong 
contrast is useful. The result in 
Fig. 3 was worth waiting for. 

A final exposure was made 
in daylight using a tricolour red 
filter (Ilford x4) and an Ilford 
Hypersensitive Pan plate, this 
combination again transformed 
the red brick background into a 
light one as shown in Fig. 4. 
Although this is a better record 
of the sculptor's work than Fig. 2 

I consider it less effective. 
Many statues are so placed 

that in a photograph their back-
ground competes for the interest, 

or removes all the contrast, and it will 
usually be found that one or other of the 
methods enumerated here will help in 
making a striking photograph of an 
awkward subject. 

The Editor, /!ford News. 
Sir,-The suggestion in the /!ford 

News that we photographers should pay a 
tribute to the Great Unpaid-the Lec
turers who for years have instructed and 
entertained us at Club meetings-is 
welcome. But the list with which your 
contributor sets the ball rolling is but a 
modest beginning. Here are som~ names 
that should surely be included in such a 
Roll of Honour for Service Rendered :-

J. Dudley Johnston (London). 
Alex. Keighley (Yorkshire). 
Robert Chalmers (Sunderland). 
T. H. B. Scott (London). 
J. A. Speed (Preston). 
W. A. Clark (Birmingham). 
G. E.W. Herbert (London). 
Ralph Chislett (Rotherham). 
A. H. Redman (London). 

Two names that should certainly have 
appeared in any photographer's first list 
are:-
(1) James Shaw, of Manchester, whose 

lectures and slides have been out
standing, to my personal knowledge, 
for 2 5 years and more. 

(2) H . W. Fincham, of the North 
Middlesex Photographic Society, who 
must come near to holding the 
record for the greatest number of 
lectures to photographers in the last 
25 years. 

I have confined my list to those who 
are still alive and taking part in photo
graphic affairs. 

Yours truly, 
J . E. SAUNDERS. 

Pl{ INTED IN ENG LAND AND P UBLI SH ED BY I L FORD LIM IT ED IL FORD, LONDUl'i 
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