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CIRCUITS FOR PHOTOMETRY

G. R. PEIRCE
University of Illinois, Urbana

Two instruments that have been
used with considerable success for the
past few years in the University of
Illinois photometry laboratory are
here presented as an answer to two
rather common and vexing problems
of the photometry laboratory. The
first problem is that of measuring
the currents of barrier layer-type
photovoltaic cells. The currents can-
not be satisfactorily measured with
a galvanometer and ayrton shunt
because of the change in circuit re-
sistance as the range is changed. The
multirange microammeter recom-
mended here has as one of its fea-
tures constant resistance on all
ranges. The second problem is that
of comparing the intensity of light
sources. For years the photometer
heads used for this purpose have
been either of the visual type, such
as the Lummer-Brodhun, or extreme-
ly complicated photoelectric devices
using rotating mirrors and elaborate
circuits. The null balance photo-
electric photometer head presented
here is very simple to construet and
use.

A MULTIRANGE MICROAMMETER

The usefulness of this instrument
is not limited to the field of photo-
metry. It can be used in any labora-
tory where small d-¢ currents must
be measured. A large part of its
usefulness and versatility stems from
the faet that it can be quickly as-

sembled from parts to be found in-

almost any physics laboratory.

An instrument for measuring small
d-c voltages that has been used for
many years and is still one of the
best is the Poggendorff type 2 po-
tentiometer. This potentiometer in
the form used for measuring thermo-
couple voltages is often referred to
as a ‘“‘Lindeck and Rothe element,”’
after the men who developed it for
that purpose. This instrument used

“to measure the voltage drop across a

known resistance can, like any po-
tentiometer, be used for the measure-
ment of eurrents as well as voltages.

Figure 1 shows the cireunit of the
instrument as used for the measure-
ment of photocell currents. The
operation is as follows:

The current Iy produced by the
photocell passes through the 100
chm resistor R causing a voltage
drop across the resistor. The current
through the tapped resistor Ri is
adjusted until the galvanometer in-
dicates that the voltage drops across
the two resistors are equal. The cur-
rent I, is then read on the milliam-
meter and I, is obtained from the
relation Iy equals I, (R,/R).

The instrument has for the tapped
resistor Ry a single length of man-
ganin wire with taps soldered to it
at suitable points. The final adjust-
ment of this resistor was made by
seraping the wire to reduce its eross
section while its resistance was be-
ing measured with a Kelvin bridge.
The cireuit as shown has the follow-
ing features:
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F1e. 1.—Circuit of multirange potentiometer-type microammeter.

1. The instrument is multi-range.

2. The impedance inserted into
the measuring circuit is constant for
all ranges.

3. The sensitivity (using proper
eircuit components) is essentially
that of the galvanometer used,

4. The galvanometer ean be crit-
ically damped for all ranges, thus
speeding the instrument use.

5. The device is simple to con-
struct from parts that can be easily
obtained in most laboratories.

6. The potentiometer-type micro-
ammeter (fig. 1) has the further
limitation that readings cannot be
taken on the lower third of the scale.
The use is thus limited to the more
accurate portion of the scale.

7. The basic accuracy of the in-
strument is dependent on the ae-
curacy of the milliammeter and the
resistors used for R and Ri. Assum-
ing adequate galvanometer sensitiv-
ity and 0.1 percent resistors used
with a milliammeter that is accurate

to 0.5 percent of full scale, a full-
scale accuracy of 0.7 percent and an
aceuracy at »5 of scale of 1.7 percent
is obtained.

8. The.device is extremely stable.
The calibration of the instrument
will hold for long periods of time
since it is primarily dependent on
the stability of R and R, and on the
stability of the indicating instru-
ment.

Analyzing the cireuit to determine
its sensitivity gives the following re-
sult: If the current being measured
changes from the value for which the
cireuit is balanced by an amount
A Ty then the galvanometer current
I is equal to I,/ (1 + Re/R), where
R is the registor through which the
current I, passes and R, is the re-

“sistance of the galvanometer. From

this analysis it is evident that as R
becomes large in comparison to R,
then T, is approximately equal to I,.
For this condition of R large in
comparison to Ry, the change in the
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T1e. 2.—Relative sensitivity of potentiometer-type microammeter.

unknown current that can be ob-
served approaches the minimum de-
tectable calvanometer current. The
effect of the ratio of R to Ry on
the sensitivity is indicated by figure
9. The curve shows that for values
of R exeeeding four times Ry the
sensitivity is quite comparable to the
maximum  sensitivity —obtainable.
From figure 2 and the following
rules a circuit can be designed to
meet almost any requirement:

1. R should be small so that it will
not alter the current which is being
measured. For photocell currents R
should not exceed 300 ohms.

9. For maximum sensitivity the
galvanometer resistance should be
small compared to R.

3. The current sensitivity of the
galvanometer should be such that
the minimum observable deflection
is less than 1/250th of the Iy range
desired.

A NuLn Type PHOTOELECTRIC
PHOTOMETER

An ever-present problem of a
photometry laboratory is comparing
the intensity of two sources. The
usual equipment for this procedure
is a bar photometer plus some type
of optical photometer head such as
the Lummer-Brodhun. Experienced
observers using such equipment
usually can reproduce their results
within one percent. However, owing
to differences in vision and judg-
ment, it is often mnoted that two in-
dividuals, while consistent in repro-
ducing their own results, will get re-
sults that, differ by several percent.
Often the sources to be compared do
not have the same color, so the spec-
tral response of the observer adds
another unknown to increase the un-
certainty of such measurements.

Tn the University of Illinois photo-
metry laboratory the speeial photo-
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Fie, 3.—Photoelectric photometer head.

meter head and circuit (fig. 3) have
been used with considerable success.
This device uses a pair of selenium
photovoltaic cells with filters which
make their spectral response approxi-
mately that of the standard observer.
An increase in sensitivity can be ob-
tained when comparing similar
sources if unfiltered cells are used.

The problem of comparing two
sources using two cells is that even
though the cells are purchased as
“matched”’ they usually do mot
agree by better than 1 or 2 percent.
The potentiometer rheostat adjust-
ment of the cireuit shown eliminates
this problem. By adjusting the mov-
ing contact to the proper point the
eireuit is compensated for inequality
of the cells. The balance procedure
is as follows:

1. The two lamps are mounted on

the bar with the head between them.
The distance from lamp to cell is
altered to obtain approximately zero
galvanometer current.

2. The head is rotated 180 degrees
so each cell now looks at the other
lamp. The galvanometer will prob-
ably deflect because the cells are
still unmatched. The galvanometer
is then moved toward zero by moving
the eontact of the potentiometer.

3. The head is again rotated and
the distance adjusted.

4. The procedure of alternately
adjusting the distance and the cell
match is repeated until the galvano-
meter reads zero when the photo-
meter head is rotated. The ecell-to-
lamp distances are then determined
and the intensities computed.

This circuit is sufficiently sensitive
so that the control of the lamp volt-
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T6. 4.—Sensitivity of photoelectric photometer.
Assumed Conditions '
Galvanometer - L&N 2420b L&N 2430c
Minimum observable current 0.01 microampere 0.0007 microampere
Galvanometer resistance 25 ohms 25 ohms
CDRX 80 ohms 350 ohms
R (See figure 3) 40 ohms 175 ohms

Photocell sensitivity
Sengitivity to distance

ages becomes a major problem. If
the cireuit is used with incandescent
lamps, and the sensitivity is such
that distance changes of 1 part in
1000 can be detected, the lamp volt-
ages must be known and controlled
to 1 part in 4000 in order to justify
the sensitivity.

In this circuit, since much manipu-
lation is needed to achieve balance,
speed of galvanometer response is
important. It will be best to make R
equal to one half the CDRX of the
galvanometer so the galvanometer
will be eritically damped.

Tf a galvanometer whose eonstants
are known is used and its minimum
detectable change in current is deter-
mined, the value of cell eurrent cor-
responding to this galvanometer cur-
rent can be computed. This cell-
current value can be used to obtain
the cell illumination required to pro-
duce such a current, which in turn
gerves as a basis for computing the

0.5 microamp. /Ft-C
1 part per 1000

0.5 microamp. /Ft-C

1 part per 1000
intensity at any assumed distance.
This process has been done for two
galvanometers, and the resulting
curves are shown in figure 4. This
curve shows that with a moderately
high sensitivity galvanometer the
cirecuit will operate satisfactorily
even with weak sources.

One note is needed on the balance
procedure. The balance procedure
roughly resembles that for an a-c
bridge having a slow convergence.
Therefore considerable technique is
needed in order to achieve balances
in a minimum amount of time. This
technique can eome only with prae-
tice.
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