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CHAPTER I

INTRODUCTION

Purpose of the Iastrument
Iaamutmﬂu:ymatmhmm

physies of the atmosphere, a need has arisen for s sensi-
tive differential photometer which would be adaptable to
balloon-borne operation. This paper deseribes u' proto-
type of such en instrument. The present photometer is
constructed for preliminary investigations to be ecarried
out in the laboratory, but with light-welght components
used in the design except for the power supply and the
mein structural frame. Consideration is given to these
latter features to the extent that the tnt!.z"o eqguipment
is designed for operation from power sources whiech can be
directly replaced by small light-weight battery paeks,
The optiecal compoments are all replaceable by equivalent
ones of smaller size, and the metal parts of the frame
can be replaced slmost entirely by fibre or plastie

materials.

Effect of Polariszation
The instrument ss designed is sensitive to n»olar-

ization of the light source used. Therefore care must bde
taken to neutralize the effects of polarization. However,
this same feature gives the photometer another use: the






determination of the orientation of the plane of
polarization of a light sourece. The reasons for this
will be made apparent in Chapter II where the detalls
of eonstruction of the photometer are described. This
feature is valuable in applications such as the study
of polarization of the light of the night sky.






CHAPTER I1I
DETAILS OF THE DIFFERENTIAL PHOTOMETER

Genersl Principles
The comparison of two sources of light is made by

combining beams of light from two apertures at different
losations into a simgle beawm whieh is then projected into
a multiplier phototude., By means of 2 shutter mechanism
the two apertures are slternstely opened and ¢losed 80
that the illumination on the photocathode has an alter-
nating ecmponent proportional to the difference in inten-
sity of the two light sources, it the saume time an
electronie switeh is operated synohronously with this
shutter mechanism to provide s standard reference for
phase detection of the signal from the multiplier
phototube.

iAn electronic system translates the fluctuation
{n illumination of the photocathode into & feed-back
surrent which moves an opaque vane to open or ¢lose omne
aperture, as is required to minimize the fiuotuation.
Phis same ocurreant also operates the indicator, which
allows a reading of the difference in intensity at the
phototube from the two beams,

The Opticsl Rescelving System
The front elevation of the receiver unit iz shown







Fig. |

Front Elevation of Optical

Receiving Unit







931A
Cothode
"
|
|
|
|
|
|
|
|

d

Fig. 2

Unit

Plon of Optical

Receiving







6
in Flgare 1. At A snd B are the two apertures through
which 1ight is admitted to reach the cathode of the mule
tiplier phototube Type 931A. In A there is a polaroid
aperture with ite trensmission axis fixed. In B there
is & similar polaroid aperture fixed with its transmission
axis perpendicular to that of A, One large polaroid
disk, D, is mounted on = cemtral shaft in such & way
that it overlaps both A and B. By means of a pulley and
belt drive from the motor at E, this large disk is ro=-
tated at a constant speed of aporoximately 1500 r.p.m.
This rotation produses a sinusoldal variation in the total
light transmitted through A end B separately. Noreover,
the two apertures are openmed and closed in this menner
alternately, due to the faet that their transnission axes
are mutually perpendicular. Thus, when the two beams of
1ight are superposed by the optical train shown in Figure
2, the resulting single beam has an alternating com-
ponent at a frequensy of approximstely 50 o.p.s8. and an
intensity equal to the difference betweean the varistions
of intensity of A and B separately.

The optical train in which the two beams are merged
into one is showa in plan im Pigure 2. It consists of
the 45° rhomboid prism a, the isosceles right-angle prism
b, and the cubieel besm-splitter ¢, The emergent beam
is then sollected by lens 4 omto the photocathode of the
23141 phototubds,







Ihe Fhase Reference
In order to provide a phase reference of fixed

relation to the signsl it is necessary to derive tho ref-
erence from the same motion thet governs the opening and
closing of 4 and B, To asccomplish this with = minimum |
of added weight for parts or power supply, further use

is made of the rotation of the transmission axis of the
disk, D. A third aperture is provided at C and fitted
with a polaroid which is fixed in position. In front of
this aperture there is mounted a 6 volt lamp bduld oper-
ated by the same battery that powers the motor. Behind
the same aperture is a Type 934 phototube, for which the
only power requirement is = source of anode potential
sapable of supplying = few miercamperes through the anode
ioad resistor,

The Elestronle System

Pigure 3 shows in bloek diagram the nine vecuum
tube stages, two erystal diodes, two resistence-
capacitance filter sections, feedback, and indilcatoer
units which comprise the electronic system. The cirouit
diagram corresponding to this system is shown in Figure 4.

The phase reference derived from the phototube
behind epsrture C is amplified in the one stage phase
reference amplifier, PRA, and then applied through a grid
limiting resistor to the grids Yo, 1 of both phase
detector, PD, stages in synchronism., This provides rapid







8
switehing of the plate cimﬁ of these stages at int-
ervals of one half the signel period. This completes
the requiremsnts for the synchromous switehing as men-
tioned in the first paragraph of this chapter.

The signal derived from the 931i multipller
phototube is amplified in the two stage signal ampli-
fier, Sig. A=l and Sig. A-2, and then applied directly
to the grid of the phase inverter, PI-l, whieh is in
turn cathode-coupled to the other phase inverter stage,
PI-2, These two stages in cooperation divide the signal
into two equal signals of opposing phase. The thase
inverter output from PI-1 is applied direstly to grid
Ho. 3 ortmmammi,wummmm
T2 is applied similarly to PD-2. : |

By adjusting the oriemtation of the polarcid
aperture at C in Pigure 1 the phase reference applied
tosno‘mn«tmmmmuzmuu
precisely in phase with the comperiscon sigmal ia one of
these stages while opposing it in the other.

Since all the grids of the phase detectors are
usualiy greatly mﬂﬂm, the appiied signals are
equivalent to large sguere topped pulses. The two
pulses thus applied teo one tube are in eoliuncidence while
in the other tube they are in anticoincidence., In the
stage where the grid pulses are in coincidence, the
plate ocircuit has & signal in the form of sguare waves






9
of about 15 volts amplitude, In the other phase detector
augammmzmmuaemamwm
necause the pulses on grids one and three effectively
gancel each other at all times,

The position of the coincidence changes from
phase detector 1 to pvhese detector 2 when the signal at
the grid of the first signal amplifier, Si-1, is laver-
ted., Such an inversion takes place in operation when the
relative illuminations of the apertures i and B of Pigure
1 are interchenged, Thus at any time only one of the
phase detestor stages has an output. The cholce as to
whieh of the two stages this is depends on which of the
apertures A and B is more intensely 1lluminated.

The negative pulses from the plate of that phase
detector stage mu is conducting are transmitted m : ‘
the erystal dlede, either D-1 or D-2, into the corresvon-~
ding filter unit, ¥-1 or ¥-2. These filter units
convert the 50 0.D.8. signal iato direct current. They
are soupled direstly to the grids of the respestive
airect current amplifiers and slso to a sommon bias sourcs.

The two é&mﬁ eurrent amplifier stages, DOA«l and
DCA-2, have & common cathode resistor end a common plate
potential source., The two tubes are as nearly identical
as is ressonably practiceble, and the two icad resistors
in the plate circuit are nominally of the same value.

The plate eirouits termimate in opposite ends of a
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13
in such a way that derkening of aperture i results in a
rotation of the feedback meter movement which places the
flat vane more nearly pasrallel to the surface of the
polaroid in B, This automatically darkens B to compensate
for the darkening &t A, If the 1lluminations at A and B
are initially and always nearly enough alike so that the
difference between them can be compensated by rotating
the flat wvane in front of B, the photometer will auto-
matioally eompensate all changes and simultaneously
indicate the extent of the difference in terms of the
current reguired to rotate the flat vane to the proper
position. :

The entire photometer comprises s closed signal
cireuit with negative feedback resulting in nearly 100%
degeneration of the signal et the input. This feature
results in extreme stability of the system as & whole,






CHAPTER IIT
OPERATIONAL BEHAVIOR OF THE PHOTOMETER

Sensitivity

Several tests of sensitivity were made with the
photometer comparing the illumination of two white soreens
by a small light bulb placed between them. In these tests
the sereens were adjusted to make the difference in light
intensity at the apertures A and B come within the range
of control of the feedback system and the indiecator was
set to an arbitrarily chosen current reading. Then small
variations were iutruinnnt at aperture i by etns:unting
the light path through it.

The objeots used for the sensitivity test were
single pieces of wire placed horizontally across A. The
obstructed areas were approximately 2%, 1%, and 0.5%
with the three sizes of wire used.

In u typleal test of this kind the 0.5% change
caused a change in indicated ocurrent of 250 microamperes
with a response time of about one minute. Under the
same conditions the 1% change caused an increase of 500
mioroamperes and rotated the vane on the feedback meter
to the position of maximum shadow on B.

The sensitivity of this photometer is controlled
by several factors considered in the design of the

instrument.
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The rest position of the vane on the feedbask meter
influences the sensitivity due to the fact that for small
rotations the variation in the width of shadow projected
on aperture B is proportional to the sine of the angle
between the flat surface of the vane and the surface of
aperture B. This one factor is adjustable in three ways:
By removing the meter from its position (F in Figure 1)
and twisting the vane et the point where it is enchored
to the meter needle; by removing the meter movement from
its case and setting the position of the ccll by means
of the original meter merc adjustment; by adjusting the
Zoro AGjust control shown in Figure he

The ratios of vane width to thickness and vane
ares Lo aperturs ares also affect the sensitivity. In
the instrument constructed the vane is a strip of
aluminum foil of 1.25 mm. width end 0.11 mm, thickness.
The ratio of wvane area to sperture ares is about ome to
ten,

In view of these factors the vane ils set to rest
at an angle of about 20 degrees with the surface of the
polaroid inm order to afford maximum sensitivity together
with a range of operation sufficient for the expected
conditions of use,

Sensitivity and zero point reading are both found
to be essentially independent of opersting charascteristics
of the eleetronic system over a sufficiently large range
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to allow dependadble operation., TWowever, filament
voltages must be kept well adbove the minimum 1.25 volts
indicated for the tubes.

Sensitivity is most reliably changed over large
ranges by substitution of different shunts across the
feedback device, The indicator sensitivity varies
inversely to the value of the feedback shunt. The num-
bers given above for sensitivity test were obtained with
a seven-chm shunt. A similar test with a ten-chm shunt
showed an indicator sensitivity apyproximately half as
great.,

Finally the sensitivity 1s dependent on the size
of the signal applied. Por small signals such as should
ordinarily be encountered this effect is completely
unimportant, but Iif there is a possibility of sudden
large changes in 1llumination 1¢ should be noted that
the response of the electroanic system is not linear.

Stability

As a test of stability, the photometer was put
into operation, set to a particuler indieation, and left
on for several hours. It was observed that ss long as
there was no change in relative 1llumination nor
appreciable loss of terminal voltage by the filament
batteries, the zerc point did not wary by more than 20
microamperes over a period of several hours.
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Response Time

The response time is determined primarily by the
circuit constants involved in the filter units. In all
tests it was observed that the time required for notice~-
able drifting to stop after producing a sudden definite
change in the illumination of the photometer apertures
was approximately one minute. This time was nearly
independent of the size of the dlﬂm« provided that
it lay within the range of the linear feedback character-
istic. The single element that most effectively con-
trolled the response time was the capacitor connected
directly between the grids of the d.c. amplifier tubes.
#hen this was seuplctﬂ.y m the nm was
almost immediate, but the indication became uncertain
due to bhunting and néiit uw« om a ungo of
about 50 mierocamperes. With the 0.5 microfarsd
capacitor shown, this fluctuation disappeared entirely.
The indicated uncertainty was then the long temm
variation of about 20 microamperes in zero point as

mentiocned above.

Rough Adjustment
Due to the faet that beam-splitiing cubes were

not available whiech transmit and reflest equally at the
interface, it was necessary to provide some means of
compensating for the difference in the loss of light
from A and B at this point in the optieal path. In the
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beam-splitter used in the present photometer the ratio
of transmission to reflection is nearly two to one.
Consequently B appears much brighter than A es geen from
the multiplier phototube vhem the two apertures are
equally illuminated, . To compensate for this difference
a manually adjustable stop was provided. This is shown
in Pigure 1 as the channeled slide @ with a vane
projecting over part of the aperture at B. This was set
for zero signal in the signal amplifier -_-luo tm_' feed-
back vane was somewhere near its nommal operating
position and disconnected from the d.e. ;-mlirim.’:

Operastion as s Polariscope

If the photometer is directed at a single source
of plane polarized light of uniform intensity instead of
two separete sources, the transmission at A will in
zeneral be different from that at B because of the dif-
ference in the angles which the trensmission axes of
these polaroids make with the polarization veector of the
source. Squal transmission will be obtained at the two
windows only when the polarization wvector of the source
1ight bisects the angle between the transmission axes of
the two apertures, As shown in the dlagram of Figure 5
eoual transmission at the two apertures identifies the
polarizetion vector as either P or P', A slight clogk~
wise rotation will then result in more light through A
if P 18 the true source polarization vector, but in more
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light through B if P' is the true vector. Since the
instrument detects variations of legs then 0.5% in
relative transmission through A and B it should afford
reliable measurement of the polarization direction

within 0,1 degrees. .







Fig- 2

Polarizotion







CHAPTER IV
SUMMARY

An instrument has been designed and constructed
for the detection of small differences in the intensity
of light sources. The design has been made with con-
sideration of compactness of volume and weight so that
no essential features need be modified to adapt the
instrument for automatic operation on hlgh altitude
balloon flights.

In addition to its use as a differential
photometer the instrument is readily adaptable for use
&8 a polarisoope.

In either use the instrument provides an output
for either direct seale reading, recording, or sutomatic
signal transmission.

A high degree of stability in operation is
assured through the use of complete degenerative feed-
back over the entlire system, comprising dboth the optical
and slectronic components together.

The instrument has been tested successfully for
clear detection and reproducibility with changes of less
than 0.5% in relative intensity of two sources. This
corresponds to an angular precision of approximately 0.1
degrees of are in the determination of the polarization

veotor of a light source uniform over a larse area,
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