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OPTICAL AND PHOTOGRAPHIC TECHNIQUES FOR THE
SMALL-SCHOOL LABORATORY

HOWARD C. ROBERTS
University of Illinois, Urbana

Most small schools and labora-
tories have more problems than
money ; this is often true of the
large universities as well, but the
small school is more handicapped
when some special problem comes
along because there is usually less
likelihood of procuring equipment
by interdepartmental exchange or
loan. It is for this reason that the
methods to be deseribed are direct-
ed principally at the small school or
laboratory.

It is rather remarkable that pure-
ly photographic measuring methods
have not been more widely applied
in research. Of course, there are
many applications of photography
in eommon use—to record images
with the ecamera, shadowgraphs
with the X-ray, spectrograms, and
the like. However, the use of the
photographiec emulsion as a meas-
uring element is still not extensive.
Yet it can measure light-intensity,
color, or any magnitude which can
be expressed as either of these. It
can measure things that the eye can-
not see; and it can be applied to
observe and record more closely,
more aceurately, and for longer
periods than any individual ob-
server.

The more flexible techniques of
photographic measurement have
been largely neglected; it is these
that T want to describe today. There
are a great many of them, and in the
time allotted to me 1 can mention
only a very few. I have chosen some
which are more than usually varied,

and which are especially susceptible
to modification to other uses.

The motion-picture camera is
often used to observe and to record
the deflections of instrument point-
ers during tests; it is especially con-
venient for such things as aireraft
tests, where the camera periodically
records the indications of the entire
instrument panel, and the films are
later read visually. Prosperous lab-
oratories often use recording oscillo-
graphiec cameras to take down the
data on electrical circuits. An early
method of recording quantities with
photographic means is shown in
ficure 1: a pointer-type instrument
(which might be an eleectrical in-
strument, a pressure gage, or any
instrument with an indieating
pointer) which has had an opaque
vane attached to its pointer and a
light source so placed that the band
of light passing through a slot in
the dial is obseured by the vane as
the pointer moves. The type of ree-
ord produced is indicated on the
slide—although of course the pat-
tern does not show until the photo-
graphic paper or film is developed.

A record of this kind, or any
variable-width record, is easily sub-
jected to frequency or harmonie
analysis. In many problems the
periodicity of the magnitude being
measured is important; the daily
variation in earth-currents, the be-
havior of the tides or waves, the
temperature variations in organ-
isms, and many other phenomena
are most interesting because of
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their time-rate of change. Such a
film record, taken over a period of
days or even weeks, can easily be
analyzed to determine what periodie
variations may be present. It is
only necessary to attach the strip
of record to the edge of a eylinder
which ean be rotated (see fig. 2)
while a light shines through the
record and upon a photoelectrie
cell. The output of the photocell is
then applied to some frequency-sen-
sitive device; a tuned vibration gal-
vanometer is ideal. When the speed
of rotation of the eylinder is such
that some component of the record
comes by at intervals corresponding
to the period of the galvanometer,
a deflection will oceur, and simple
arithmetic is enough to determine
the period of the phenomenon.
Then other speeds of rotation can
be tried until all frequency com-
ponents desired are measured. Vi-
bration galvanometers are mnot so
common as they once were, but good
results can be had with a simple
tuned eireuit and a vacuum-tube
voltmeter or a cathode-ray oscillo-

Fig. 3

scope, and these are becoming quite
common in our physies laboratories.

This simple system is capable of
many applications; there is a modi-
fication by which the periodie com-
ponents may be evaluated by purely
photographie means, but it is usual-
ly less convenient than the one men-
tioned. These systems, however,
are only simple forms; they do not
use the photographic materials in
their most favorable manner.

In the following figures, there
will be shown two sets of apparatus
for recording sunlight and its char-
acteristics ; one records the average
effective intensity, and the other
both the intensity and the spectral
composition or the color. The two
pieces of apparatus were originally
intended for use together, but ean
be used as individual items for their
OWN purposes.

The first of these units (fig. 3) is
for recording the effective intensity
of daylight, continuously. It em-
ploys a clock-motor which moves a
strip of 35 millimeter film at a rate
of about 2 inches per day. Light
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from the sky falls on the surface S,
which is of magnesium oxide, a neu-
tral reflector; this light is reflected
through the lens and through the
gray wedge P, to where it falls on
the film. The amount of light reach-
ing the optieal system depends of
course on the intensity of the day-
light, but the amount reaching the
photographie film depends not only
on that intensity but also on the
density of the gray wedge. The
over-all effect is that at some point
along the length of the wedge the
light intensity will be just enough
to cause the beginning of darkening
of the film. On one side of this
point there will be perceptible dark-
ening; on the other there will be no
darkening. If a high-contrast film
is used, this point is quite definite.
A time-scale may also be applied to
the film if that is desired.

Some of these things should per-
haps be amplified before we go on
to the next item. As most of us
know already, the density of a
photographic film (within its nor-
mal working range) is roughly pro-
portional to the logarithm of the
exposure. Below the working range

Filg 4+

there is an area where not enough
light has fallen to produce a useful
image. Actually, a certain amount
of light must be received before any
effect at all is produeed ; above this
value the effeet is proportional.
This is called the ‘‘inertia effect’’ of
the film, and it is this inertia or
threshold point which is seen on the
variably exposed film.

In figure 4 there is a curve showing
the general shape of a density-ver-
sus-exposure curve for a film. What
this means on the record is that the
threshold point wanders across the
film as the light intensity changes,
and the boundary between clear
film and gray film shows by its po-
sition the light intensity. It would
be possible, of course, to permit the
film to darken uniformly across its
width, and to read its density with
a microphotometer, except that
most of us cannot afford a miero-
photometer. This system, in any
case, makes a longer range of meas-
urement possible.

The gray filter wedge used here
is usually a piece of photographic
film which has been partially ex-
posed and developed; the exposure
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is varied so that at one edge the
wedge is clear and at the other edge
quite dark. A density range of 0
te 3 eorresponds to a range of 1000
to 1 in the amount of light trans-
mitted. These filters can be made
of gelatin, by squeezing a wedge of
dyed gelatin between two thin
glass plates, if neutral dyes are
available. It isnot difficult to make
rhotographiec wedges, but it is
necessary first to prepare a curve
like that in fig. 4, and then take
data from it to calculate the expos-
ures for the wedge. In all these
procedures, conditions of exposure
and of development must be con-
trolled with some care.

The equipment for recording the
color of sunlight is a little more
complex. Again a cloeck-motor is
used to drive the film, at about 2
inches per hour, but here a prism is
used to spread a spectrum aecross
the film, which must be panchro-
matic—approximately equally sen-
sitive to all colors. The density of
the various parts of the resulting
band indicates the spectral compo-
sition.

To read this record, some device
for measuring film density is re-

Hlinois Academy of Science Transactions

Sloving Film

Correction

Fig. &

quired. The wedge method can be
applied here; an easy way is to
place a circular wedge over the lens,
and rotate it about 10 revolutions
per hour. This causes a uniform
variation of intensity from very low
to high, repeated every 6 minutes.
The result is a series -of repeated
patterns along the film; the length
along the film of the various ele-
ments of the pattern indicates the
various intensities. The kind of
pattern produced is shown in the
figure; the actual films are easily
read, but do not project well.

For ease in reading these records,
it is desirable to equalize the fre-
quency response, or the color sen-
sitivity, of the film used. In figure
5 there is indicated a ‘‘correction
plate’” near the film plane. This
plate equalizes the color response
of the film. It can be made to match
almost any commercially available
film.

The actual response of a film to
color is seldom uniform. Figure 6
shows a typical response curve; it is
more sensitive to blue than the nor-
mal eye, and is also more sensitive
to red. But within this range, the
response may vary as much as 40
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percent. This variation in response
can be equalized by preparing a
neutral density plate which matehes
the color curve for the film—that
is, in the green, where the film is
least sensitive, the correction plate
permits most light to pass, but in
the red range where the film is most
sensitive, it cuts down the intensity.
At any point, the sum of the two
curves should equal the sum at any
other point. The correction plate
is placed close to the film; it is a
neutral density filter, and its den-
sities are adjusted according to the
position of the color in the spee-
trum produced by the prism.

The optieal quality required in
these instruments is not very high ;
good results may be had with sur-
prisingly crude optical systems.
Reasonable care is required to avoid
diffraction and reflection in wun-
wanted places. The diagrams shown
in the figures do not contain all the
desirable operating details, such as
the eylindrical lens just in front of
the film in every case, but these de-
tails are obvious when construction

is attempted.

The final aceuraey to be expected
from an instrument of this kind is
not especially high, perhaps 5 10 10
pereent. This is adequate for many
purposes, particularly biological
and agricultural studies. The range
of intensities which can be recorded
is extremely large; it is easy to
handle a ratio of 10,000 to 1 because
of the logarithmic scale. The actual
method must of course be matched
tc the problem.

There are many other methods
which might be described, such as
force measurement either by New-
ton’s rings or by the total-reflection
method ; the use of the Dove prism
tc extend the time range for record-
ing with the eathode-ray oscillo-
secope; the photographic record
from liquid-filled thermometers or
manometers; and other types and
classes of measurement. But these
cannot be discussed in this paper:
the few which have been selected
will have to serve as examples of
instances flexible enough to be ap-
plied in many other problems.



