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PREFACE

The dlasertation on the following pages may read more
like & sonstruction article than an approach to a study of
physlical phenomena, If so, its purpose ia clearly defined.
This subject has been studled little from an experimental
viewpoint, sc one of the main objgotives of this writing is
to describe the instrument s& others may read the article
and reproduce this or an equivalent device withbub a areat
amount of readins and searaehing for information on just how
to fabrleﬁte and &ount the parth. No single book or arti-
¢le that I know of covers the iﬁoxpanaive gonstruction of
such miorowave equipment as transmlitters, recelvers, and
power supplles., It was gratifying to find that many ldeas
used here have prqynd practical as pudbligations under the
direction of the Office of Sulentific Resesrch and Develop~
ment of the National Defense Research Committee later showed,
Many of theae publisations were releassed or declassirfled
longs after my designs had been made. I do deplore, however,
the amount of time and labor that could have been saved 1if
this information had been avallable sooner, I must say that
the war surplus radio equipgent avallable at the present time
ocertainly expedliies work in the fleld of microwaves and ashould
be exploited fully by anyone working in this field.

Alfred E, Schwaneke

July 15, 1948
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A VICROWAVE POLARIVMETER
Introduction

In the field of optles, polarization of light waves
hag been studled extenslvely. Mueh knowledge has been
gained through study in the range of viaible and infra-
red light. JHowever, when wavelengtihs longer than thess,
i.e., radlo waves, are considered, the amount of informa-
tion is surprisingly small, In some cases, the equations
'applying to licht wavelenztha have been expanded into the
lengths of radio waves with no 111 effects, In the case of
polarization equations, some in the range of light have baﬁn
extended into the realm of radlo but no experimental proof
of the validity of these equations in the longer wavelengths
haa been shown,

The dearth of information and experimental study in the
field of radio wave polarization is perhaps due to several
reasons, some of whieh micht be:

8. Absence of a need for this study since communication
by radio, its most important phase, does not necessarily de~
pend upon a knowledge of polarization.

b. ?any obvious applications of optlical work to radio
waves that have been saslly proved correct extend, without
negesgary experimental proofl, the result of work with polar-
iged 1light.

¢. YNo apparatus has been extenalvely developed for ex~
perimental work in this fleld,

Although the above ideas ¢culd be supplemented with
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others, the first is, perhaps, most important, ¥With the de-
velopment of mierowave uses in the recent war the last reason
is fast dlisappesaring.

The purpose of this paper is to describe the development
of an instrument to study polarization of microwaves with an
eye Lo extending the results of optiocal experimenta aoross the
narrowing but 4iffiscult gap in the electromegnetic spectruam
between radio and light. With this instrument, essentislly a
polarimeter, s‘atudy of the orrocéi"ar polarigzed microwave
radio might be started. :

Ravie# of literature

In optics, Af two nicols of a polarisecope are initially
erossed to obtain extinction 1t is found that some substances,
vwhen placed between them, simply rotate the position of the
analyser needed to produce extinetion again. The resulting
light is still plane polarized, the only effest being noted
is the rotation of the plane of wvibration shown by the new po-
sition of the analyger, BSusch substances which produce this
rotation of the plane of polarization are called "optically
active." 3ome rotate the plane in one direction while oth~
ers potate the plane in the opposite direotion, This left
.and right rotation may oscur in substanoces of the same chem~
lcal compeosition, Quartz ls ons example of thias effeat. A
quartz plate out perpendigular tc the optical axis, to remove
the effest of double refraction, may show seither right or
left rotation, In many erystalline substances this rotation
may be due entirely to the peculiar erystal structure, as



the molten or dissolved structureless form may be inactive,
The amount of rotation by any active substance ls pro~
portional to the dlstance the light travels in the substance
and to 1its density, or soncentration in caée of solutions.
The constant of proportionality is oalled the "specific ro-
tatory power." In the omse of solids is is commonly ex~
pressed as desrees rotation per millimeter. The equation
for spesific rotatory power, as deternined experimentally by

Biot, ie
Of = ity
Y,
vhere B 1s a conatant for each substance, For quartz B =
7.52 when A, the wavelangth is in microna,

Other materials show rotation which doea not depend on
erystal form since it occurs even if the substance is dls~
gsolved or in the molten state, Thie seems to be the result
of unaymmetrical molecular structure, It occurs in organie
compounds such ag sugar.

Blot's equation was determined experimentally in the
range of optles, and seems to hold into infra-red and ultra«
viclet regions. However, Biot's equation shows no posaibil~
ity of a material having a right hand rotation ever riving a
left hand rotatlon at some wavelength.

H. E, Hollman‘lj desaoribes an experiment by K. F. Lind~-

(1) H. E. Hollpan, Physik und Technik der ultrakurzen Wellem,
Volume II, pp. 279-280

man in 1920 wherein artifiglal molegules and crystals come
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posed of reesonant helixes, to represent atoms, could give both
left and richt hand rotation of the polarizstion plane if the
wavelensth were varled over a certaln range around 25 centi~

méters. Trom Lindman's observations Bilot's eguation should

probably be 272 ?
- B AQ-EA"-QR— ;\o)
(7\:~Ro ) A}I ~+ Al?- ;[

where 1,,15 the wavelength of molecular rescnance (resonant

helixes), A, s the resonant wavelencth of the artificlal ery-
atel aystem, and A 1s the wavelength of the ineident radise
tion. This shows that at A = A, the rotation will be zerc
while the rotaticn will be right or left devendin: on whligh
slde of Rd ,R happens to be.

The instrument to be described is s result of attempts
to investigate further the above mentiocned work,

There are soms other rather interestins investigations
involving polarigation of radio waves, A&n experiment on the

polarization of down coming wavsa(a)w}w’ hag led to a the~

{2) E. V. Appelton and J. A. Rateliffe, A Method of Deter-
mining the State of Polarization of Down Coming Waves,
Pros. Roy. Soe. (London) Vol. 117A pp. 576-578 arsh
1926

(3) a. L, "reen, The Polarizat.i.on of 8ky Waves in the South=
ern Hemisphere, Pros. I, R, E., Vol. 22 pp. 324, ¥arch
1934 '

(4) w. 0, Baker and A, L. Green, The Limitins Polarization
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of Down Coming Redio Waves Traveling Obliquely to the
Zarth's Magnetio Field, Proo. I. R. E., Vol 21, pp.
1103, Auzust 1933

ory that the sarth's magnetic field causas the recalved waves
to be elliptically polarized, In this paper the mein inter~
88t 1z in measuring the polarization, 7The method of measure-
ment used in the above nofed experiments was to use thres
spacsd loop regeivers for diversity reception. The interfer~
ence fringes 6bta1naa from the three recelvers as the trans-
mitted frequency is varied decldes the polarization charag-~
teristics of the recelived wave, in thls case elliptically po-
larized. This aystem would be impractical st wavelenctha of
a few centimeters as would bz used in a microwsave polarimeter.

A method more applicable was used by J. D. Kraua(s)

(5} John\n. Kraus, Hellcal Beam Antenna, Lleotroniecs, Vol.
20, Number %, pp. 109, April 1947

wheres the plans polarized characteristics of aléipola recei~
;ving antenna waz unad to explore the polarization of a heli~-
cal heam antenna. A simple dipole with rectifier was rota-
ted in the field of ths transmitting antenna to show that,
ginae the rectifisd current reading d4id not vary, the fleld
of the antenna desoribed was ¢iroularly polarized.
Experiments were condusted with this syeten using a ten
gentimeter wavelength tranamitter feeding a dipole radlator
with a parabolie reflsator., The recelver was a 4dipols with

a rectifier crystal furnlshing current to a nieroammeter.
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The wavelengzth of ten centimeters proved to be too long for
accurate measurenents, The problems of shielding, stiray
fields, reflectlons, and phase diasturbances gave meaningless
results. Also, the eimple dipole was too esaslily influenced
hy adjacent materials. An array of phased dlpoles would
probably g}va gharper preedings of the polarization but at

ten centimetera wavelength sugh an array would have unreas-
onable dlmensions aonsiaarlng.the samples to be inveastigated,

The above disadvantezes preclude the use of shorter wave-

lengths, Oenerators of falr efficlency and output have been

developed as a result of radar investigationscs) during the

(6) 0. o. Montgomery, Technique of Miaroiave Neagurement,
Chapter 2, pp. 21-58

war, and the Informatlon associated with these generators is
beiny declagsified and published from time to time, The gene
erators avallable for this instrument consisted of several of
the T23A/3 serles reflex klystrons which generate about 25
milliwatts of 3.2 centimeter radlo frequency power, This
range was selected as belng applicable to the present problem.
In this range antennasg n¢ longer use wires but take the shape
of horne and apertures in sections of wavegulde, The oper-
ation of horn antennas is covered effectlvely by Terman(T)

o

(7)y r, E. Terman, Radio Engineers® Handbook, pp. 824-833

giving the necessary date to caleulate antennas for 3.2 een~
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timeter wavelengths.

A special horn radiating & circularly polarised wave has
been desoribed by G, Stavis and A. Dorne in their chapter on
horns and reflectors in the publication of the Harvard Radia~
tion Labaratcry,(a’ This horn makea use of a phasing seotion

(€) Harverd University, Radio Research Laboratory, Very High
Frequeney Techniques, Vol, I, Ch, 6, pp. 138-170

contalning a dlelectric sheet to retard one component of an
oblique plane polarized wsve to give a rotation of the phase
of the semitted wave thus radiating a oirocularly polarised
wave into spagce. Thla retardation of one somponent of a

wave 1s of special interest since it allows a means of dielec~
tric study. Also of extreme interest in this article was the
method of measuring the oircularity of the horn used by 3ta-
vis and Dorne. The horn under test was mounted rigid and
so~axial to another seatorial horn., The teated horn was used
as o source of radlc frequendy feedins into the sectorial
horn agtineg as a receiver, This ssgond horn was in a rota-
tinz mount and as it was rotated in angular steps the recelved
siznal strenzih was recorded, These figures when plotted

on polar goordinate paper give an idea of the polarization
charaoteristics of the emitting horn, The secterilal horn re-
'aponda only to a plane polarized wave and in the case cited
the g¢ircularity of polarisation is evidenced by no variation
of the received aignal strength, Thils mcﬁhad, with slight
variations, had previously been declded upon for the present
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instrument when the ten centimeter wavelength experiment
failed to produce readable results,

Further search for experiments in this field produced
nothing of interest. As was stated, experiments in the fileld
of polarimetry in radic have been few, Only in the last five
years, since the widespread developrent of television, fre-
quency modulation, and radar, has radio wave polarization be~-
eome notlceable since only recently has the quasi-cptical

range of radlc waves been put to use,

General olrcuit of the polarimeter

The esssentlial features of the polarimeter are shown in
bloek disgram form in figure (1), page 14, The polarizer
portion consists of & type 723A/B-2K25 klystron generator
coupled to a short sectlion of wavegulde which radinﬁes ener-
gy into spsce through & pyramidal horn antenna., This antenna
radiatea a plane polarized wavacg) which is intercepted by

(3) The plane of polarization referred to throughout this
article is that of the electrostatic lines of force.
The magnetic lines are oonsidered to exist, accordinz to
Haxuall‘s equations, at right angle with the plane re-

ferred to.

another horn of 1like construction serving as the antenna of
the regeiver-anslyzer. A special oo-axial line rotating
Joint allows the analyser horn to be rotated to measure the

polarization charagteristics of the recelved energy. This
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gpecial Joint couples the energy to a semi-rescnant sgg@;qn
of wavegulde terninated in a sillieon orystal reatlfié;;ﬂ.The
ocutput of the polerizer la amplitude modulzted by & 1000 cyocle
per second square wave, This modulation appears as a 1000
eyole varying voltage across the crystal restifier alenzg with
the steady direct gurrent compcnent of the rectified carrier,
This complex current is passed throuch an impedance transfor-
mer, Ty of figure (11), and the resulting 1000 cyele per sec~
ond gquare wave 1s sent throuzh the émplirlor to the vacuum
tube voltmeter(V.T.V.M,) to indlocate the received signal
strenzth., Any ohange of amplitude at the receliver is recor-
ded by the vacuum tube voltmeter, ‘

Variations of the line voltage would cause varlations
both in frequency and ampllitude of cwrrents and voliasges ap-
pearinz in 211 gomponents of the above described system so
all power furnished to these components is elestronically
rezulated. Figure (2), page 16,and figure (3), pasé 17, are
photographs, front view and back view, of the gsomplete in-

strument set up for operation.

Power supplles

The power requirements of the 7234/B-2K25 klystron are
6.3 volts alternating current for the heater, 200 to 300
volts positive direot current for the beam voltage, 100 to
150 volts negative direct current for the repeller sap. All
direct current voltages here are referred to the sathode of
the klystron.



16

Mzure (2) TFront view of somplete polarimeter set
up for operation. At the far left is the receiver
amplifier followed by the vacuum tube voltmeter.

The rack e¢ontains the power supplies, modulator and
voltage controla, and meters for voltage and current.
The regeiver-~analyzer and transmitter-polerizer are

behind the above Iindlcated apparatus,.



Fizure (3) Rear view of complete polarimeter sget
up for operation. At the left forezround 1s the
transmitter<polarizer and the risht foresround the

receiver-analyger.

17
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The reflex klystron type of signal generator is very gen-
sltive to fluctuations of the beam or repeller voltages. A
change 1n either affects the frequency of operation and also
the ocutput power. These voltages must therefore be elsotron-
ically regulated.

A schematlc dlagram of the power supply for the trans-
mitter-polariser is shown in figure (4), page 19, The neces-
sary beam voltage is furnished by the sombination of T, and
the 5U4G vasuum tube rectifier followed by the usual pi fil-
ter network of 2 4 miorofarad capacitors and the filter choke,
Chy. The output here is regulated by an elesctronio resistor
oonsisting of two 6BAG triode vaouum tubes in parallel connec~
ted in series with thé supply voltage to the beam electrodesa,
The effeative resistance of yhuaa triodea presented to the
gircult is controlled by their grid potential, Thias poten~
tlal, in turn, is determined by the plate current flow of the
68J7 amplifier gontrol vasuum tube. Any fluetuation of the
output load voltage is felt on the zrid of the 63J7 through
the 25,000 ohm resistor in series with the 50,000 ohm poten-
tiometer. This change immedlately initlates a ohange in the
638J7 plate ourrent which affecta the 6B4CG grid potential,
This ghange in the 6B4G grid potential allows the electronic
resistor to compensate for the original flustuation in load
voltage., This produces a regulated voltage output,

The 63JT7 control amplifier must be aupplied a constant
negative grid blas voltage for proper operatlion, This ls
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furnished by the VR~150 gaseous regulator tube from a source
rectified by the 1lv half wave rectifier tube and 1e connescted
into the bottom side of the 63J7 grid potentiometer. The po-
gitlion of the potentlometer arm determines the voltsge level
at which the 63J7 takes control and thus allows a selection
of the output voltage of the supply. A regulation of better
than one péer cent over a range of 150 to 350 volts output is
thus obtalned,

3ince 8 negative potential of 150 volts is avallable
from the VR-150 gaseous voltage regulator this is used to
supply the repeller potential of the klystron,

The square wave generator-modulator and the receiver-
amplifier are operated from two more identical power supplies
to insure freedom from llne voltage fluctuations, The hesater
supply of 6.3 volts alternating c¢urrent, also taken from the
power supplies, 1s not regulated since a varlation of one
volt in the 1line produces less than one~twentieth wolt varia-
tion in the hester potential and the time lag of heating the
cathodes of the various tubes used would eanly iron ocut
these emall variations,

All power supplies are built to mount in a standard re-~
lay rack for convenience and all connectlions to them ars in
the form of plugs and sockets with appropriate multi-wire

gcables,

Transmitter-polarizer

The trananitter-polarizer section of the polarimeter is
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relatively simple. A short sestion of waveguide 15 centime-~

ters long, terminated in a ohoke rlangaflo) on ong end 1a ter-

(10) For a deseription of the choke flanze and their use see:
Sperry Gyroseope Company, Inec., Mierowave Tranamission
Design Data, or C, 3. Montgomery, Technique of Microwave

Measurements, pp. 14-17.

minated on the other end with a ¢lose fitting rectangular ma=
ohined brass plug with an adjusting sorevw to vary the plug
position over a small range of abouﬁ one gentimeter, Approx-
Amately 1.0 centimeters (.4 inch) away from the oentral re-
gion of travel of the brass plug a hole is drilled to mount a
snall quarter-wave choke soupling to take the co-axial output
line from the klystron, The ohoke goupling for the co-axial
line from the klystron generator is used to insulate the wave~-
guide from the sleeve of the line since this sleeve is at the
bean potentlial of 250 %0 300 volts positive, On a small chas~-
#is placed above this hole 1s mounted a modified ocial socket
10 receive the klystron. A detall of the klyastron mount and
waveguide connection is shown in figure (5), page 22, A male
power plug is also mounted on this small chassis to furnish
the various voltages to the klystron. This 1s not shown on
the detail drawing but is an ordinary ootal plug mounted be-
side the klystron socket, The horn antenns is attached to
the choke flange at the cther end of the wavegulide seation.

A photograph of the complete transmitter-polarizer is shown
in figure (6), page 23.
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Figure (6) Close-up of Transmitter-polarizer with
the klystron generator plugmed in. The power socket

and multi-wire cable ia in the lower foreszround,
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Thls type of construction excites the waveguide 1in its
simplest mode, namely, the TE 1,0 mode, whish radiastes o
wave from the horn that is plane polarized parallal to the
short dimension of the guide or, in this case, vertically
peloarized,

The whole assembly 1s rigidly mounted on a wood base
which can be clamped to a laboratory bench to zive the ver-
tically polarigzed wave output.

If the reflector, or repeller, voltage of a klystron is
varied sinuaéidally or by & saw-toothed wave shape the re-
sulting radio frequency output will underge ordinary freguen~
oy modulation at the rate of the applied varying voltage.

If 2 square~wave variation 1a applied to the repeller potene
tial the result will be amplitude modulation of the klystron
output power, For simplifieation of the redgeiving system
the klystron here 1s amplitude modulated with & square-~wave
of approximately 1000 eycles per second.

The modulator consists of a multivibrator, which pro=-
duces essentially a square~wave voltaze, a positive peak
olipper tube circuit, to insure a flat-topped posltive peak,
and an amplifier, to produce the required power output for
beat modulation, The output of ths square-wave amplifier 1s
coupled to the klystron repsller throuzh a 0.5 miarofarad
capacitor, A detalled schematic diagram of the modulator
and assocliated controlls is shown in figure (7), page 25,
This unit is mounted on s standard relay rack panel and is

placed above the power supplies in the rack, Asscciated
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with the control panel is a meter panel with voltmeters to
read the beam potential and repeller potential and a milliam-
meter to read the beam current to thq klystron, These me~
_tors are gonnected in at appropriate points for monitoring

the necessary voltages and gurrents.

Receiver-analyser

The recelver-asnalyser portion of this polarimeter ia de-
oidedly unique in gonatruction, Thg requirement was & recel-
ver sensitive to.énly one plane of polarization that could
be rotated gontinuously on an axis in line with the trans-
mitted energy from the polarizer, Rotating joints for wave-
guide have been used extensively in radar work but a search
revealed no type suitable for this requirement, All previ-
ous designs were for joints that allow latoénl or asimuth
rotation without a change in the plane of polarigation but
none for axial rotation yithout the change in polarigation.
Figure (8) is a photograph of the receiver that was devel-
oped for this instrument, page 27,

A short length of wavegulide with its associated choke
flange, the same a8 1s used in the transmitter-polarizer,
is mounted in lubricated bearings c¢ast of lead with brass
sleeves, Thepe are mounted on a wood frame, Thia allows
free axial rotation of the waveguide with the regeiving horn
attached to the ohoke flange. The opposite end of the seq~
tion of waveguide supports the special rotating ooupling.

A machined brass plug fits snuggly into the end of the



Figure (8) Close-up of the receiver-analyzer, The
recelver amplifier may be seen in the lower right

foreground.
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wavegulde, Through this plug extends a brass tube, one-
eighth inch inside dlameter, whioh gerves as the outside
conductor of a co-axial line centered in this tube, A wire,
terminating at the inside of the brass pluzg in a small loop
+4 centimeters in dismeter, serves as the center conductor
of the line., The orientation of this loop determines the
response of the receiver to the plane of polarization of the
energy 1n the waveguide, In this case the response must be
limited to transverse electirostatic flelds (TE 1,0) only.

As all waves have asgsoclated magnetic flslds at right angle
to the electrostatic fleld the solution to obtaining a plane
polarized response in the end (plug) of the gulide is to mount
this loop to respond only to the sleotromagnetis lines which
are parallel to the lonz dimenslon of the zulde. The use of
this amall loop with 1ts axis parallel to the long dimension
of the gulde to link only the magnetlc lines of térce appear-
ing across the long dimension of the gulde allows a co-axial
line to pass out the geometric center of the pluz in the
guide, As far as gould be determined this type of coupling
has not here-to-fore bsen used. All gommercial line-to-wave-
gulde couplings make use of a quarter wave probe placed pars
allel to the elegtrostatic lines of force in the guide, Thils
requires a wire across the short dimension of the gulde which
necessltates a conneotion through the alde of the guide which
would, in this ¢ase, interfere with axlel rotation of the
regeiving horn, A detall of this aspesisl soupling is shown -

in figure (9), page 29. PFigure (10), page 30, 1s an "explo-
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Figure {(10) "Exploded" view of the specisl rota-
tinz Joint used on the receiver-analyzer, The
scale shown is a galvanometer scale and is cali-
brated in millimeters, The extra hexagon fitting
on the wave gulde ia a ghoke Jjoint for a klystron
looal oscillator in case super-hetrodyne reception

is desired.
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ded" view of the speeial rotating joint, The small loop sup-
ports the center wire of the co-axial tube by the side of
the loop soldered to the plug, This makes a rigid support
without the use of insulatins materials,

The other end of the co-axial tube rotates in a slip
ring arrangement to allow free mechanieal movement with good
eleotrical contact. A quarter-wave shoke hare would refleot
gero resiatance to the two eontacting surfases and would be
an addcd refinement, Coupling to the wavegulde semi-resone
ant cavity 1s usual through the use of the familiar guarter=
wavelength probe through the side of the guide, The probe
at this end of the go~axisl tube 1s supported by a thin film
of agetate glus placed at a point of low sleetrical imped-
ance, The moveable tuning plug shown assures the passage of
energy from the probe toward the orystal detector asross the
cavity at the other end, The corystal is placed alightly off
senter asross the short dimension of the waveguide savity to
afford a better impedance mateh of the orystal characteris-~
tios to the gulde or cavity impedance. The systems used
tune with surprising ease and stability.

A nioroammeter attaghed to the orystal could be used to
indicate the received signal. However, to increase sensi-~
tivity the amplitude modulation woltage appearing aoross the
erystal is amplified and then indlcated on a vasuum tube
voltmeter, The vacuum tubs voltmeter used in the measure~
ments subsequently made was a Silver "Vomax", model 900,

Any good instrument with a oconstant input impedance can be
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used, A circult of the receiver amplifier appears in figure
(11), page 33,

Horn antennas

The antennas used in this instrument are identical for
recelver and transmitter and are of standard pyramidal form.
Other types can be attached to the choke flanges whensever a
speclal wave, such as oircular polarization, is desired.

The pyramidal horns are gonstructed of copper sheet soldered
together and soldered to square flangss for attaching to the
standard ghoke flange furnished on the wavegulde sections
used,

An angle of flare in the horiszontal plmne is 40 degrees.
This. sngle was ghosen to give greatest attenuation of other
unwanted modes or planes of polarization while glving maxi~
mum gain to the transverse electrostatic plane of polariza-
%ion, The length,shosen mainly for constructional eame, is
five wavelengths or 16 centimeteras length, The flare in the
vertical plane ia also 40 degrees. The flare in thia plane
ig not abmolutely negessary but was lncorporated mainly to
glve a sharper beam of energy in the verticsl plane, The
angle usged was selegted for the same rcuadns as the other
40 degree angle, attenuation of unwantad modes and gain for
the preferred planes of vibration. The caloulated beam width
with the dimensions used 1s approximately 20 desrees.

Aggording to theory, the area of the opening of the
horn bdegomes a phantom array of phased dipolea, The greater
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the area, the larger the number of phased units. This ag~

aounts for the sharp responss of the horn antennsa.

Operation qr the polarimeter

| In operstion the polariszer is oclamped to one end of a
table while the reauiv§r¢ann1yaar is olamped & short dis~
tance away faeing the transmitter, A compass rose, made of
gellulold protractors,is fixed to the base of the reseiver
with the rotating section of waveguide passing through its
center. A pointer on the rotating part indiostea the angu~
lar movement, These protractors are marked $0 one-half de
gree divinions;
| With the gcorrect voltages applied to all necessary u-
nits the receiver-analyser horn is rotated in small angular
ateps as readings indicated on the wvacuum tube voltmeter
are recorded for gravhing on polar goordinate paper, De-
vices and samples to influence the plane of polarization of
the reseived energy are placed between the polariszer and
analyser with the resulting date being recorded as above in
sach oase. |

The zraphs of the voltaze resdings are not true plo~

tures of the polarisation planes or polarization charasters
istias of the recelved waves but these gharsoteristics may
be deduced from them, If the resulting curvea do nof reach
trus nodes at two 180 degree separated settings of the horn
the analyszed wave is probably elliptically paiariao&. The
sharacter or shape of this ellipae may be shown graphioally
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by drawlng the normals to the angulsr lines at the points
representing the voltage for that angle, These normals will
be tangent to the elllpse of the received weve, If drawing
these normals does not produce an elipse and the voltazes
read do show true nulls the received wave ie plane polarized,
The plane of polarization indicated ss above is parallel to
2 line drawn through the nulls, Observation of the graph

of readinzs taken to salibrate the instrument, figure (12),
page 35, will eclarify this point,

A further refinement of this method of taking readings
is contenmplated. It is planned to rotate the enslyzer horn
continuousely asbout one-half revolution per sescond with a
selsyn motor. This motor will be synchronized with a oir-
ouler sweep applied to an osellloscope with a long persis-
tence screen, somewhalt on the order of a PPI radar system,
This way, the plane of polarization will appear instantanew
ously and any change in the polarizarion characteristics of

the received wave will be easlily recorded,

Veasurements and resuits

Preliminary calibration showed thisg lnstrument acour-
ate enouzh to read planes of polarigation to within 3 de-
greea, This ip2 shown on a graph taken with nothing placed
between the polariszer and analyzer, figure (12), paze 36,
The graph shown has been reduced in sige for reproduction,
In aptual practice a large soale graph, espeglally through
the range of the nulle, is drawn to determine the plane of
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polarization. A lerger grach shows the nulls to be very
sharp where the voltage at these points drops to the zero
reference, This referencs gero 1z determined by allowling
the recelver amplifler to operate with the transmitter and
nodulator turned off. The voltaze indicated under these
conditions reprssents the nolse output generated in the
gireult of the amplifier., In all the measurements made
this reference zero was 0,8 volt or less,

The graph shown in figure (12) is one of five drawn
using different amplifications to determine any variations
due to the amplifier characteristicse, Since all five
grapha differed only in scale, only one i1g reproduced here,
The shapes of the five curves obtained were practically 1-
dentioal.

Faraday effect

An attempi was made to determine if the Faraday mag-
neto-optic effect gould be meamwred by this instrument with
the limited facilitlies availadle., The resulte obtalned
were Ilnconclusive, It would not be gorrect, however, to
say the results were negative, With proper eguipment thils
effect would probably be within the measursble range of
this instrument.

The pole pleces of a 110 volt direct cuwrrent electro-

magnet, of & type similar to the Cenco number 79650§11)

(11) Mede by Central Solentific Company, Chlosgo, Illinois,
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were removed and replaced with iron tubing of 3.5 centimed~
oers inside diameter, 4.7 centimeters outside dlameter, The

inslde of the hollow pole pleces thus formed begomes & 360«

tion of giroular wuvoguide teo propagata & TE 1,1 or Hl waro‘la)

(12) See F, E, Tormaxx, Radio mgmoru asm:boax, pp. 258-260

in tha spaoe between the two hollow pole pileces was placed
& plastic sample, In the cagses tried, Bakelite, Tenite I,
and Tenite II samples, 2.6 centimeters thlok, were used,

Acsording to Faraday's optiscal experiments, the plane
of polarization of light rotates slightly when a refract~
ing material is plaoed in & strong magnetisc Iield and the
1ight is pessed through parallel to the magnetis lines of
foroe, The results of the above trial falled to produce
any meagurable rotation, Possible reasons for the failure
will include:

a. The magnetie field, though not measured, was rel-
atively weak wlith the hollow pole pleces,

b, Most of the energy probably did not propagate 4l-
reotly through the waveguide pole pisces though shields
wers used,

6. Thes distance through the dlelestric was not great
enough {less than one wavelsngth).

4. The wavegulde pole pleces werse not matched to
space for a traveling wave and gso most energy was refles-
ted at the disgontinuities in the pole pleges, Horn ter-
mingtions would probably aid impedance matching here.
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The graphs obtained showed no rotation within e limit
of about five Qegrees. The ghape of the two lobes repre-
senting the receiver response were slightly distorted due
to the presence of the magnet parts in the radio frequenay
fleld, The response of the analyser was broadened to the
above mentioned five degrees becsuse the siznal that dld
arrive at the analyszer was very wesk, The graphs are not
reproduced here singe they show nothing of interest and
were practically identical with, and without, the magnetic
Tielad,

The only conclusion to state is that further experi~
ment with more adequate facilities for producing a strong
magnetic field over a distance of dlelestric filled oipr-
cular wave gulde with better impedance matehing would prove

of 7&1“’.«

Rotation of the plane of polarization by sheet dielectrics

¥While calibration tests were being made an intereating
phenomenon sppesred which, at the present time, 1s unex-
plained in the light of present praotise. This effect was
& "pseudo” optieal activity showed by dielestric sheets
when plsced parallel to the direation of tranemission from
polariser to analyser and tilted at 45 degrees to the plane
of polarigation, A rotation of the plane of polarization
of many degrees can be measured,

Most data on dleleoatric sheets in miorowave applloa-

tions refeors to their use inslde wavegulides, There la some
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mentlon of measuwrement of dlelectrie constante of sheet di-

sleatrios in froe apaoa(la) but these are only concerned

(13) 0. 2. vontgomery, Teshnique of Mierowave “easurement,
Ch, 10, The Measurement of Disleetric Constants, by
R, M, Redheffer, pp. 561-872

with incldence of the wave on the face of the sheet, The
zeasurements made thls way involve the measurement of the
phage differences in transmigsion through the dleleetrics.
A thin sheet of dleleatric plased aocross a wave gulde per-
pendisular to the plane of polarization has no effest on
the propagsted wave, If a thin sheet of dlelectric is
plaged in & wave gulde parallel to the plane of polariza~
tion of the mode excited in the wavegulde the result ia
attenuation of the transmitted wave, The attenuation de~
pends upon the gharasteristio loss tangent of the dleleo~
tris involved, Actual sttenuators of this form are used
where the dieleatrie is purposely made "lossy” by appli-
sation of graphite or equivalent elither to the surfaces
or throughout the material. These above desoribed effeots
were natod'ta exist in the same manner when the dielec-~
trie was in free space, i.,e,, outsgide the wavegulde,
\ In every oaua; sbove, the polarization of the wave
wags unaffected by the presence of the dlelectrie,
Anothey use of dislecirias inside a waveguide sec~
tion has been previocusly desoribed where the dleleutrie

is used to ochange the polarization sharacteristics of the
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wave. This 1s the work of Stavis and Dorne with a oircu-
larly polarized horn sntenna described on page 12* Though
many factors enter,tha basic 1dea is that an elliptical
polarization of the emitted wave results from the phaae
retardation of one gomponent of the polarization vegtor
when the plane of polarization is obliguely ineident on
the edge of the sheet placed in the wavegulde, The circue
larly polarized wave is a special case of the elliptical
effect,

Ons would naturally expeat the above effect to hold
in the case of s wave whose plane of polarization 18 oblie
quely inelident on the edge of a sheet of dieleatric in
free spage, With the polarimeter desoribed, a msagurement
waz made but the elliptiocal effect was sbsent,

The results of observationa made are shown graphic-
ally in figures (13), (14), (18), (16), and (17) on pages
following.

Figure (13) is a graph of the effeot on the plane of
polarization of a sheet of Pyralin, cellulose nitrate,
0.22 centimeters thick and 15 centimeters wlde, when
plaged at an angle of 45 degrees with the emitted plane
of polarization from the transmitter-polaprizer, The sheet
faces were parallel to the direction of tranamission. The
length of the sheet was sufficient to extend well beyond
the edges of the beam transmitted from the horn antenna,
As is shown on the gravh, the plane of polarization 1s roe

tated 31 degrees away from the plane of the sheet &t 45 de-
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grees., A check for the elliptical effect shows none pre-
sent. The nulls drop direetly to the reference szerc.

Since 15 centimeters is olose to 5 wavelengths in
free spase (3,2 gentimeiers wavelength, 5 wavelengths e-

. quals 16 centimetera)sheets of the same material 12 gentie-
meters &n\langth (4 wavelengths) and 9 centimeters in length
(3 wavelengths) were tried with the results shown in fig-
ures (14) and (15) respectively, Sheets of one and two
wavelengths wide were tried with an extension of the re-
sults, The 3 centimeter width gave practicslly no rota-
tion, OGraphs of the one and two wavelength widths are not
included as they show nothing extra. The question of re-
oeived amplitudes was checked and shows there is little
attenuation of the received signal from normal sonditions
when nothing 1s inserted between the polariser and analy-
ser, Though all the graphs shown are drawn to the same
scale, the extent of the lobes is not representative of
the reseived amplitudes sinoce they were made with 4iffer~
ent settings of the receiver amplifier gain sontrol,

The thieck sheets of Tenite I and II, which were used
in the attempt 10 measure the Faraday effect, being availe
ables the effect of 8 thiok sheet of material was investi~
gated, The 2.6 gentimeter thick sheets of Tenite had no
effeat on the signal exvept a slight attenuation, The
effect of thickness in the same material as trled before,
Pyralin, was investigated by doubling the thickness of the
15 oqntiuotor sheet to 0,44 asentimeter, The graph obtained
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is shown in figure (16), page 45, Comparing this to fig-
ure (13), page 42, shows a reduction in the rotation due
to the ingreased thickness. A paper thin (0,008 centime~
ter) sheet of gellulose nitrate material was tried with no
rotation of the plane of polarisation, Twice the thiok~
ness (0,016 centimeter) produced no measurable rotation
also. The 0,22 centimeter thick sheet seems to be near an
optimum for the material used,

Other dielectric materials were tried. Figure {17),
page 46, is a graph of the effect of a sheet of ordinary
window zlass 0,231 centimeters thick and 20 aentimeters
wide, The rotation, though aifferent in amount, is pres-
ent with the absence of any elliptioal polerisation chare
asteristios. A thick sheet of plate glass 0.62 centime-
’tera thick gave a small rotation of the plane of polari-
jsdtlan. S8ince it had a d&fferent aomposition from the
#hovo glass a graph is not inoluded., The rotation meas-
uro& was about elight degrees. Other materials, such as
Polystyrene and oelluloid, were tried as avallable and
showed similar results to those above.

A summary shows the following:

a, The maximum effect ia measured when the plane of
incidence is at 45 degrees to the plane of the sheet.

b. The rotation is proportional to some function of
the width of material used inareasing with an increase in
width,

6, The rotation 1s maximum st some intermedlate
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thiskness between 0,1 to 0.05 free apace wavelength (for
the materisls tried).

4. The resulting rotated wave is stil) plane polar-
ized,

e, The rotatlion varies for different dlelectric ma-
terials.

f. -Conduotors of the same general dimensions have

no effect on the plane of polarization,

Conalusions

The instrument desoribed will measure the polarisa~
tion planes as effostsd by various objects and flelds
within less than five degreea, 4 possible limit might dbe
set at thrid degrees sovuracy as measurements so far indle
gate, Slnoe this 1z a 4ifferent approach %0 the study of
microwave radioc and radlo wave polarigsation and the first
model of such a device, further improvements in both con=
struction and appllcations will, no doudt, inorsase the
asouracy and limiting angle of measwrement, Further re-
gearch along these linea is oontemplated,

In the case of the meamwenent of optical effects in
this wavelength region, such as the Faraday effeaot and
the Xerr effect, improvements in technlque and facilitles
wxli produse results, 3Some have been indicated in the
discussion of the attempted measurement of the Faraday
effeoct.

The plane polarized response of the dlelsctric sheets
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may be likened to the optically sotive materials that have
been studled in opticas, Attempts have been made to tie
the observed effest to praviaua work in optics and radic
waves but as yet, no key to this result has been found,
There might be a possibility of measuring dleleotric cone
stants of sheet materials with this effeot though s&ll prea-
ent equations for this make use of the elliptioal polari-

(14)

gation results as & dleleotrio retards the passage of

{14) See appendix, page 51,

an electromagnetic wave.

It 18 too early {0 make any definite statements sone
sorninz the possibilities of the above effects and possible
future appllioations of a study of miorowave polarimetry.

An investigation of transmission polarization effects has
only been started while the fleld of refleotions in this
view has not even been touched,

The qunlangth here is emall enough to allow use of
aingle ¢rystals of substances whiosh may be cobtained of
large sise. An instrument of this ssme type can be built
for even shorter wavelengths for which supplles are readily
avallable, 1.25 centimeter wavelengths should be easily
obtained.

Further work in this line should prove interesting and
perhaps fraitful,

AU S >
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APPENDIX

An elliptioally polarized wave may be obtalned I two
sinultaneous fields are radiated in which the E vestors
are at right angles to each other and are out of phase,

If the fields are squal in intensity and 90 degrees out of
phape the resulting wave is gonsidered to bBe giroularly
polarised, In general, this case is not realized and the
phase angle has any arbitrary value,

Let Ej sin 0t express the value of the eslesirie veo~
tor in the horigzontal plane or X~-direction and Ep sin {wt~
£) represent the vertiscal or Y-direction electris vector
where S representa any srbitrary value of the phase angle,
The instantanecus value of the fleld will be the veator
sum of these two quantities, The loous ol the resultant,
r, can be found as follows:

X®B) BINWL o o 2 4 s v+ s s ¢ o+ +f8)

Y=gy ein( gt « B8) s s o0 v v v ib)

2 E, (sln ot cosB =« cost sinad) (o)

From (a): alnwt*“%i-'....‘.....‘....(d)
Substituting (4) in (¢) gives:

B e

-%5# "%icﬂeé'“(jl*g;)'in/d
%,W.;.—{\é = en?8 ... (08)

This ia the equation of an ellipse with its genter at the
origin, Itﬁ $ 90 degrees and E, * E, then squation (e)
begomes the equation of a oircle with senter at the origin

and:
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and radius E,. E; and E, may be ocomponents of an originsl
wave where E, ie caused to lag by a phase angle @ behind
El by causing Ey %o pass through & dlelestric while Ey 18
unaffected in its welooclity.
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