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SCOPE AND CONTENTS:

A description of the apparatus used in microwave
phase and diffraction measurements is contained in the first
chapter of this thesis. The field was investigated by a
phase technique and the point source of radiation reasonably
well established. Several diffraction patterns about a
dielectric and a conducting rod were taken at several dis-
tances behind the rod with the X vector of the field
parallel to the axis of the rod, These were gualitatively
analysed and compared with the patterns of one other worker

at 1.25 cn., Agreements and differences were noted.
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CHAPTER I

INTRODUCTION,
THE USE OF ELECTROMAGNETIC WAVES FOR THE STUDY OF DIFFRACe
TIOR

Electromagnetic waves are the phenomenon by which
energy may be transmitted {rom one point in space, occupied
by a suitable generator to another remote point where the
intervening distance may be occupied by various substances
called dielectrics or by "free space”. In "free space"
these waves travel with a constant velocity ¢, which is
usually called "the velocity of light"™ and which is another
one of the universal physical constants. However, when
this energy is being proporated through a material medium
other than "free space" the velocity of propogation v is
always smaller numerically than c¢. To describe accurately
the nature of the electromagnetic disturbance, both the
frequency of the oscillation, which is a property of the
source and the wave~length of the wave itself are used.
These are related by v:bk. When the whole spectrum of elec-
tromagnetic waves is considered, the wave~length has been
found to vary from the order of 10™'cm in the highly energe-
tic cosmic and pamma ray region down through the sections
denoted the Xe-ray, ultravielet, visible and infra-red to the
long radio wave regionas. Uiffraction affects in the visible

light region are familiar, but the actual dimensioas of the
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apparatus and the wave-length used incur limitations when
it comes to investigating the phenomenon of diffraction close
to the objects from which this diffraction arises since the
wave-length of the radiation is very small compared with the
dimensions of ordinary objects. Until recent years, the gap
between long light waves and short radiq%yuvos was large.
To arrange for measurements of diffractiocon of radio waves
would require apparatus and laboratories prohibitively large.
With the coming of ultra high frequency oscillators which
utilize the oscillations of electrons in a confined
macroscopic field space, it 1s possilile to obtain electro-
magnetic waves with wave-length between 10™' and 10" cm.
Thus the study of diffraction was extended to that close to
obstacles and also to obstacles with dimensions of the order
of the wave length.

It should be noted that electromagnetic waves in this
microwave region provide "one of the most perfect examples of
the application of Maxwell's equations" 1 which, when sub-
jected to the appropriate boundary conditions are sufficient
to describe the behavior of the radiation in the problem under
consideration., For a careful account of the nature of
electromagnetic waves, the reader is referred to Chapter 1
of the thesis submitted by D. B, Mclay for the degree of
Master of Sclence, 1951.

This worker is familiar with the limitations im-
posed by Mclay's set up and steps taken to improve them will
be outlined. Taking point te point readings as in the previous
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work consumed much time and when a complete diffraction run
was completed it was noted that the intensity of radiation
from the source had changed in the time interval between the
start and stop of the run., Particularly since the study of the
whole field could not be completed in the space of a day this
variation made it difficult teo relate the results of one day's
work to those of the next, And so, it was declded to use a
more rapid continuously recording setup which would provide a
meang of moving the energy measuring device at a uvhiform
speed in the desired direction.

The generator used was a klystron oscillator which
provided radiation with frequency between 7,000 and 10,000
me/s and the wave length chosen was 3.20 em. Since the output
of the generator was of the order of a few milliwatts as
opposed to the 40 watts continuous beamed power of Mclay's
radar source, (magnetron) it was necessary to build a stable
ac amplifier with a veltage zain of around 40,000, With
these changes it was possible to perform the whole diffraction
experiment in the space of 5 hours. Coupled with the fact
that the ocutput of the klystron generator was intrinsically
more stable than that of the radar source, this made it poss-
ible to relate the results of the whole field, not only from
the standpoint of maxima and minima positions, but also from
the point of view of the relative intensities of all the
diffraction patterns observed.

Experiments were begun in the Nuclear Research Builde
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ing in a room with dimensions about 10 x 10 meters, but inter-
ference caused by various equipment and limitations of space
led to the moving of the apparatus to a larger laboratory
with dimensions 10 x 18 meters where electrical interference

was considerably less.

Reference:

1. Jo C. Slater and N, R, Frank, Electromagnetism,
(New York, McGraw-Hill Co. 1947)



CHAPTER II

THE EXPERIMENTAL BEQUIPMENT
(1) THE MICROWAVE GENERATOR

The microwave generator wasbuilt by D. B. Mclay and
D. C. Inch as a B.S¢. problem. The circuit diagram and oper-
ating information for it are covered in the reftrcnoos?
Basically, theldystron is a cavity oscillator which utilizes
the oscillations of alectrons in the space between the
cathede and the reflector of the tube snd the frequency of
oscillation of the electrons is governed by the dimensions of
the cavity itself, and by the voltages of the anode, grid and
particularly the reflector. Since the klystron is so veltage
dependent, a well regulated power supply is necessary. To
obtain this, the reflector voltage is controlled by a 6Y6G
regulator tube and 63J7 control tube, and may be varied from
15V to -210v with respect to ground. The klystron anode is
grounded and since the tip anode potential is 200v to 300v,
and the reflector voltage is «15v to «210v, a total drop
across the tube of 510v is obtained, while keeping the tube
case, and therefore, the waveguide assembly at ground poten-
tial. The modulator is a square wave generator whose output
is variably ooupled to either the reflector or the grid of the
klystron. For these experiments, reflector modulation was
used since it produced a minimum of frequency modulation,
The action of the modulator in this case may be seen by con-

sidering Fig. 15a. The same frequency of oscillation may be

‘5‘



Do
obtained at several reflector voltages when all other condi-
tions including the tuning of the resonator are kept fixed.
Raech of these corresponds to a different number of cycles of
drift of the electrons in the reflector space, and this
characteristic is illustrated irn Fig 16(a), which shows approxi-
mately the relative output as a function of the reflector
voltage, for various mean resonator frequencies obtained by
mechanically tuning the klystron. Operation for phase
measurements to be discussed later was chosen in mode A be-
cause it afforded greatest output, while for diffraction
measurements either mode B or C was chosen to reduce the field
intensity. This was found necessary because if the field in-
tensity were low, the contribution of stray effects to disturbe
ing the field was less than for larger fields. Suppose that
the oscillator is running at the operating poimt marked A in
Fig 16 (a). If the reflector voltage is varied along the line
A B by a superimposed square wave, the klystron may be
switched from an escillating to a non oscillating condition,

If A lies at the top of the "hump" or on the left side of it
for a negative going square wave, there is no frequency mod-
ulation, However, if A is on the right side of the "hump" or
if A B is not flat, and the top of the square wave not constant,
there will be frequency meodulation of as much as 20 to 30 me/s
on each cycle, and a corresponding shift in wave-length. HNow,
if the wave-length varies from 3,200 em to 3,215 cm due to this
30 me s shift, there is a shift of half a wave-length of the

end of a wave puide run, or path in free space of only 100
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wave~lengths, Obviously, this would be disastrous in phase
measurements, which will be described later where the total
distance travelled by the rf energy was of the order of 150
wave-lengths. And so, it can be seen that a klystron may be
amplitude modulated if A is on the left side of the "hump", by
applying a square wave to the reflector, and it is this square
wave envelope, obtained from a erystal detector, that is
amplified and recorded by the remainder of the apparatus.

It requires extreme care in adjustment of the controls
of this generator to obtain optimum results from it. First
of all, adjustment of the klystron frequency will be consid-
ered. As it has been pointed out before, the most important
factorsin deciding the klystron frequency are the physical
size of the resonator cavity and the value V, of the veoltage
on the roflactdr, and so, a definite tuning procedure must be
‘used. Some means of monitoring the output must be used also
and this is a erystal diode, held in an appropriate wave-
guide mounting, with output fed te an oscilloscope which is
swept to show the square wave pattern, The klystron is then
tuned mechanically to approximately the proper flrequency as
shown by an absorption wave meter used in conjunction with
the crystal diode (fig 1) and the bows of the klystron are
then flexed a number of times to relax the strain on the
cavity diaphram. Py decreasing the flexing successively from
a maximum of one full turn to sero in eight or ten flexes,
the desired frequency will be essentially stable from & mech-

anical standpoint. The next sten is to adjust Vp for maxi-
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mum output in the desired mode (determined by wave meter and
figz 16(a). This will change the frequency of oscillation
and 1t will have to be corrected by a slight adjustment of
the mechanical tuming. This procedure is repeated several
times until a maximum output at the desired frequency is ob-
tained. This combination of mechanical tuning shifts the posi-
tions of the "humps"™ in the various modés and this allows ad-
justment of the operating point to the peak of one of these
"humps”. Thus, when the klyston is modulated, it will be
done alonﬁ the line AB of fig 16(a) and frequency meodulation
will be a minimum. It should be noted that the penetration of
the klystron prebe in the wavegulde system changes the loading
of the oscillator and hence the output frequency, and so this
ad justment should be made with care. For lower cutput, one of
the other modes should be selected and in this case, tuning is
essentially the same. The greatest power output of the 723

A/B klystron is 20 milliwatts.

(2) THE AMPLIFIER AND ITS POWER SUPPLY

fSince the power output of the generator is small as
compared with the power used in the radar source in the preve
ious work at this university, b it was necessary to build a
high gain amplifier (fig 2) to amplify the energy picked up by
the probe so that the recording apparatus could be used. The
amplifier is a standard f-c coupled one with three tetrode
stares. It was found necessary to incorporate the decoupling

devices Cqy and Ry, Cg and R1) which effectively decrease the
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amplitude of the signal across the plate load resisters Ry
and Rg, so that motorboating or self oscillation could be
overcome. The amplifier was operated from a rebuilt IFF
(radar) power supply > which delivers 255 volts regulated,
200-300 volts variable regulated, and 6.3 volts a.c. for fila-
ments. Because of the high gain of the amplifier it was nec-
essary to add an additional condenser input filter with 80
mfd, 10 henries, and to keep the power supply remote from the
amplifier, feedingz the HT through a co-axial cable. To elim-
inate interstare coupling and ac filament plckup, each stage
was separated and shielded completely and the filaments
operated on 6,3 volts de. Fig 3 shows the dependence of the
amplifier on filament voltage and ac line voltare was oper-
ated at 115 volts, 60 ¢ s, and the filaments at 6.3 - 0.1
volts d. ¢. The voltage gain of the amplifier was nearliy
.constant at around 35,000 up te a signal input of 0.6 milli-
volts, when it dropped rather sharply te about 25,000. How~
ever, the signal input from the crystal detector was of the
erder of several microvelts and so any appreciable change in
gain would not occur. The amplifier itselfl was not entirely
ideal in this respect and much improvement can be made.
Some workers in this field have used narrow band amplifiers
but this wide band circuit was chosen because minimum dis-
tertion of the square wave output of the detector was de-
sired. Moreover, little is known in this laboratory about
the change in gain due to distertion of the square wave by a

narrow band amplifier,
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Since the recorder used was a d ¢ voltage instrument
with a full scale deflection of 5 millivolts, the output of
the amplifier was clamped by a 6H6 diode, sections connected
in parallel, to a d ¢ level set by a 45 volt battery across
Py, (1 meg). This d ¢ level was adjusted so that with zero in-
put from the probe in the field, the recorder would read
approximately zero, that is, the internal noise of the ampli-
fier was cancelled out, leaving only the desired signal from

the probe in the field.

(3) THE RECORDER BALANCE NETWORK

The resistor combination Pj, Ryp and Rj3in Fig 2 con-
stitutes the recorder balance and load network. The input
resistance to the recorder must not exceed 250 ohnuand-so
some means had both to provide a load across which the d ¢
output of the amplifier could be applied to the recorder, and
to allow the recorder to be balanced down to a reference zero.
The noise of the amplifier was nearly constant and when rectie
fied provided a steady but undesirable d ¢ level. This was
balanced out by a voltage applied across Pj in the proper
sense. A load is provided by Ryp and Rl3, the latter of which
is kept below 250 ohms.

(4) THE RECORDER
The recorder is a Brown flectronik instrument, manu-
factured by Minneapolis Honeywell Company. The chart was

divided by a O - 100 scale and was driven at 2" per minute
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for all records. One general drawback of the instrument was
the fact that the recorder had a 4} second maximum scale re-
sponse, and this imposed a2 limit on the maximum probe speed.
When the track was driven at 1l mm per second the recorder would
distort the low intensity minima near szsero.

It should be noted that the case of the instrument is
normally grounded and the centre input conductor is positive.
Now if it ie recalled that the amplifier output is fed to the
plates of the G6H6 clamp tube it is obvious that the output
acrose the racorder load resistor (R13, Fig 2) will be nega-
tive at the top end., It proved to be impossible to hold the
cathodes at the output potential with the plates grounded be~
cause the filaments would then transfer any pickup which large-
ly 25 ¢/ hum to the cathodes and thence to the recorder,

Thues it was necessary to run the recorder with the inside in-
put terminal grounded and the case at negative potential on
the 6H6 plate side of Ry)3. lHowever, this did not cause any
increase in the d ¢ noise level of the recorder because even
though pickup by the instrument might be rectified by the
diode and avplied across the recording circuit in the proper

sense, it would not be amplified and hence could be neglected.

(5) THE MICROWAVE RF CIRCUIT

This eircuit is the means by which the field could be
set up for phase and intensity measurements. Reference is
made to Fig 1 and Ref. 3, pg 915.

The microwave radiation originated in the 723 A/B
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klystron, which is coupled to the waveguide by a probe. This
radiation passed through the undirectional coupling, which
allows a small amount of energy to flow back from the verti-
cal components to the main waveguide run made up of the
oscillater, coupling and horn. A large part of the radiation
passed through the coupling on into the H-plane horn., The
horn is 90 em long, front edge to apex,‘and measures 28.2 cm
along the front edge. In other words, the horn is flared
with a flare angle of 52° in the plane of the wide dimension
of the wavepuide and concentrates the energy in horizontal
sense, with the electric vector vertical. The wave fronts,
therefere, resemble right circular cylinders, orientated
with the axis of the cylinder vertical. Falling a plane wave
front, this is the most ideal form of radiation for studying
diffraction about cylinders. In the microwave fleld, the
energy is picked up by a tuned crystal diode probe, Fig 4,
for intensity measurements and is then amplified and recorded
by the appropriate apparatus described previously.

The wave-length is monitored by the absorption
wavemeter mounted on one arm of the "magic T". The output
of this detector was fed to the monitor scepe through its pre-
amplifier. The wavemeter is a tuned resonant cavity that
absorbs energy when tuned to resonance at the incoming wave-
length and hence indication of its being tuned is a sharp
drop in the amplitude of the signal on the monitor screen.
The wavemeter reads directly in frequency and has a range
from 9285 to 9465 me/s (9375 me/8 = 3.2 em) and a sensitivity

of £1 me/s.
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For measurements of phase change in the field, the
same setup was used in a different sense. The probe in this
case is an rf one which picks up the microwave energy and feeds
it via a co-axial cable, fitted with low loss couplings to the
right hand arm of the "magic T". The amazing fact is that
10,000 m ¢/8 energy will pass through a co-axial cable, al-
though attenuation is quite high and this fact imposes a lim-
itation on the use of the apparatus. A far more suitable
arrangement would be a waveguide run with flexible couplings
from the track to the "magic T", a distance of approximately
L meters, but the distance made this arrangement impracticable
at the time. The amplifier and recorder are then fed from
the crystal detector in the wavegulide section immediately
above the "magic T" coupling.

To understand the function of the eircuit when used
for phase measurements, one must cousider radiation travell=-
ing by two paths, one of which is fixed and the other variable
in length. The fixed path 4is the one [rom the klystron, up
through the unidirectional coupling, the variable attenuator,
through the "magic T", past the crystal detector and thence on
up inte the infinite line where the radiation is "leost". This
path is fixed for a given setting of the klystron and pro-
vides the reference signal., The second is from the klystren,
on out through the coupling and horn te space where the signal
is picked up by the probe and fed back via the co-axial cable,
to the right hand arm of the "magic T" and mixes with the re-

ference signal, These twe signals will interfere construc-
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tively or destructively depending on the path length, or
change in path length of the second deaseribed signal, Thus,
variation of intensity is produced at the crystal detector
and this constitutes the phase signal which is amplified
and recorded, As mentioned before, the attenuation of the
silgnal by the co-axial cable, and further, the efficiency of
the rf probe are governing factors in the extent to which
the apparatus may be used. Care must be taken that the
reference signal and the rf probe output are nearly of the
same magnitude; the reference signal being slishtly larger.

This leads to a discussion of the probes themselves.
The rf probe (fig 5)6 is basically a matched half-wave
dipole, and careful experiments were performed teo provide
the best probe. The results of these experiments are given
by the curves in fig 6, and they show the relation between
the balancing slot length and the dipole length, as well as
the length of the matched dipole and the relative output of
the probe for constant fleld intensity. The experiment was
performed by varying the dipele length from 5.0 to 1.0 em,
and for each of these dipoles, varying the slot length from
1.0 to 0.0 em, recording the relative output for each setting.
All variations were made in mm steps. The curve Dipole
Length vs. Slot Length (fig 6) was obtained by plotting the
slot length for maximum output readings apgainst the corres-
ponding dipole length, This explains the seemingly step-
wise nature of the curve. The experiment was then performed

by varying the dipole length, adjusting the slot length
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according to the previous curve, and recording the relative
output of the probe, It was found that not only the slot and
dipole lengths are variables for a given setup, but also the
diameter of the cable used. These measurements hold for a
cable whose sheath diameter is 0.85 cm.

The erystal diode probelowaa a IN23A diode, turned
down to the dimensions shown in Fig L, For the field inten-
sities used, it is easentially a square law detector, and is
the same as described in ref 4, with the exception that the
crystal was cut to 0.98A /2 for greater signal output. It is
felt that reradiation from the crystal is negligible because
oscillations would be severely damped by the back to front
ratio of the crystal (approximately 100:1).

(6)  STABILITY TESTS

The frequency stability of the oscillator was of
prime concern, as has been mentioned before, and it was de~
cided to perform some tests to determine whether or not exter-
nal influences could be causing any "pulling™ of frequency.

In the phase measurements it was considered possible
that some of the reference signal could be re-radiated by the
probe and cause an interference pattern in the main wave-
guide run., It was also thought that some energy could be flow-
ing backwards through the unidirectional coupling. To detere
whether or not this was so the crystal detector was inserted
in the main waveguide run, and a phase experiment performed.

With the amplifier gains wide open, and recorder adjusted to
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maxisum sensitivity, no interference pattern was observed.
Hence this possibility was ruled out. Next the absorption
wavemeter and crystal detector were inserted in the main wave-
guide run and the wavemeter was adjusted Bo that the signal
on the amplifier monitor was midway between steady reading and
minimum indication. That is, the waveméter was adjusted so
that its resonant frequency was just to cne side of the
oscillator frequency. Any shift in oscillator frequency to-
wards the wavemeter resonant frequency would cause an increase
in the recorder indication, and conversely, any drift away
from the wavemeter frequency would cause a decrease in the
indication. This ig in effect a fequency detector and will
determine any drift of the oscillator frequency. First the
apparatus was held constant while the recorder was run over a
period of an hour, It was found that the frequency of
oscillation did not vary by more than one megacycle per
second. Next, by moving the probe in the direction of the
field, it was found that the frequency of oscillation was in-
dependent of the probe position, As a result of these stab-
ility tests it can be said that the frequency of the oscilla-
tor was independent of external influences to better than one
part in 10,000. It was found however, that air currents

across the klystron would cause drifts of the order of 20 me.

(7) TRACK AND PROBE ASSEMBLY
By means of the assembly shown in fig 7 the probes
are moved along the field in the desired direction. The
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driving power is obtained from a 3600 r.p.m. ac motor geared
down by means of a 9900:1 worm reduction box which turns a
1" diameter drum. A continuous stranded cable is wound three
times around this drum and passes over a pulley which is kept
under 14 lbs tension by a spring balance at the other end of
the track. The track is an optical bench which supports a
grooved block., This block, which carries the stand holding
the probe rod is fastened to the cable already described.

The probe rod is approximately 25A above the floor and 20A
in front of the track. The probe is driven along the track
at aporoximately 1 mm/sec in either direction., While the re-
corder chart wase operated by a synchronous motor and the
probe by an inductionmotor, it was found that their motioms
remained reasonably well locked to betier than one part in

five hundred.
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CHAPTER 3

DIFFRACTION OF 3.2 em WAVES
(1) PHASE MEASUREMENTS OF THE FIFLD

Since the interpretation of diffraction affects in-
volves a knowledge of the exact position of the source of rade
fation, it was necessary to determine axpirimentally the
effective source position in the horn. This was done by deter-
sining the phase changes in the field at various distances
from the horn, and computing the effective source position as
described below. The method of measuring phase shifts has al-
ready been described in Chapter 2, section 5.

Assume that the wave fronts are cylindrical. Consider
fig 9. Bach one of the curves, Wy, Wz, W3, *°*, Wy, represents
wave fronts differing in phase by one or more whole wave-
lengths. If one draws a line perpendicular to the axis of the
field 8X, denoted by YZ, the distances Xy, Xp, X3 +**s X,
represent the distances from the axis 88X to the intersections
of YZ with the wave fronts Wy, VW3, W, +eey Wp at A,B,C,D, *** ,
If the phase of the wave arriving at Wi is such that construc-
tive interference occurs at the crystal detector in the ver-
tical wzoreguide run (fig 1), the indication on the recorder will
be a maximum. As the probe moves along YZ, maximum indica-
tions will be obtained at A, B, C, and so on. The maximum at
B represents the distance of A from & plus one wave-length,
and the maximum at C represents the distance of A from S plus

two wave~lengths, and so on. By comparing triangles

\/(R + =X ) 2xp2 . \/;5:—2257
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and solving

Re  Xp2eXy®-(H-1)2 A% (1)
(n-1]
also
gt = \/ n2. 112
where n-1 * 1,2,3, *+¢ represents the number of the

maximum A,B,C, *** ,
Fig 16 (b) is a sumple curve for these measurements, and the

foot-note shows a sample calculation,

Footnote
Tample fielid caiculation.
X; = 18.7 em 5% = 352
Xz = 32,3 Xp% = 1043
X3 = 41.1 X352 = 1687
X, = k8.7 5,2 = 2565
From Equation (1)
R= 106.4 om 8"« 104.5 em
and 101.0 = 100.0 cm
and llé.D = 110.0
Since the field is assumed e¢ircular s is averaged.

$"av ®105.5 em
Probe distance from the front of the horm = 68.3 cnm
gt = 105,5-68.3 = 37.2 em,
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The results of the whole series of experiments are
illustrated by fig 8, where the distance of the source from
the front of the horn is pletted against the distance of the
probe in front of the same edge. The curve shows that the
apparent scurce position is a function of the distance of the
prebe from the apex of the horn (80 cn); For small distances
the source is considerably in front of the apex, but for dis-
tances greater than 300 em, such as were used in these experi-
ments, it appears to be essentially at the apex, The fact
that the apparent source changes may be due to two reasons.
First, the dipole may re-radiate energy and thus by its
presence, influence the virtusl source. However, this does
not seem lildy since it was found previously that the probe
had little influence on the conditions of the oscillator.
Secondly, the wave fronts in the field itselfl are not
eylindrical (circular) as assumed, but rather are more ellip-
tical in shape with the major axis along the axis of propoga-
tion. When the probe is close to the horn, a largernumber
of maxima are noted, than is the case when the probe is more
distant. For these short positions the assumption of cir-
cular cylindrical wave fronts is certainly not valid. On the
other hand, errors at greater distances are inereased because
energy arriving at the probe may travel by various other in-
direct paths, particularly by reflection from the floor, and
affect the phase at each point in the wave. This together
with the fact that the wave fronts are more tangential to the

probe path tends te increase the errors in phase determina-
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tionsg at large distances.

However, it would seem that the source is effectively
at the apex of the horn for the probe distance of 535 cm used
in the following experiments; that the wave fronts are nearly
c¢ircular and that they may be treated as plane over track

runs of the order of 10A.

(2) DIFFRACTION BY A CONDUCTING AND NON-CONDUCTING ROD
Following the practice of Stratton and Chullit shall

be considered that the x axis is parallel to the E vector

(vertical) y parallel to the H vector and Z is along the axis

of propogation. The origin will be chosen at the position of

the centre of the rod., The track was situated at right

angles to the axis of the field (2 axis) so that the probe in

the centre of the track (y = 0) was located approximately

615 cm (192 A) from the apex of the horn. This distance from

the hern was kept constant and the distance of the rod in

front of the probe was adjusted for each diffraction run,

The hollow brass rod, 5/A long, 0.8 in diameter and with wall

thickness 0,0LA was cleaned, pelished and mounted vertically

in a wooden block on the floor. The dielectric hard rubber

rod, with the same outside dimensions, was cleaned so that a

uniform surface was exposed to the radiation, and then

mounted in a similar manner., Records of diffraction were

made in the plane of the conducting rod (2 = 0), immediately

behind it (2 = 0.629) and at distances 2, 5 and 10A behind the

back edge of the rod, (z = 2,4, 5.4 and 10.4A) (Fig 10, (1),
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(2), (3), (4}, (5). Measurements for the dielectric rod were

recorded in the plane (z = 0), immediately behind (g=0,629A )
and at distances of AL, %2, and 2) behind the back edge
of the rod (z = 0,65, 0.9, 1.4 and 2.LA). Fig 11 (1), (2},
(3), (&), (5), (6). The observations were more closely
spaced in the dielectric case than in the conducting one be-
cause, as will be seen, the interesting effects occur close
te the rod.

The following method of taking data was used because
the field from the horn at the 535 cm distance extended with-
out undue distortion te a distance of about one meter on each
side of the z axis. The variations of intensity of the field
were recorded by the Brown recorder from y= 50 e¢m to y= -10
¢m for all other values of z. The trolley was started
at y greater than 50 c¢m and the recorder chart set in
motion just as it passed the 50 cm mark. The trolley was
stopped as it passed the vy = 2.2 ¢m or -10 ¢m mark so that
the positions on the chart could be correlated directly with
the position of the trolley. The position of the first maxi-
mum at y = 3.0 ¢m was carefully checked and used as a
fiducial point for the rest of the pattern. In the cases
where the probe could pass behind the rod, the first few
peaks on both sides of the centre were obtained and the

centre point determined by dividing the distance separating
the inside pair by two. BEach chart was calibrated by intro-
ducing a pip on the pattern with a thump on the table jfust as
the trolley passed a chosen value of y (see Fig 12), After

a diffraction experiment with the rod was completed, the re
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corder chart was rewound to the starting point, the rod re-
moved, and the run repeated in the same way. Thus the dis-
turbed and undisturbed patterns were obtained on one record
(fig 12). It is a matter of interest to note by the irregular-
ities on this pattern the presence of stray electrical inter-
ference. :

The whole experiment, including runs on both rods
eonld be carried out in a period of 5 hours, and hence it was
possible to relate the intensities of patterns in the various
cases, When the charts were complete, the distance correspond-
ing te the peak, trough, and one to one points (intersection
of disturbed and undisturbed traces) were measured, converted
to distances on the track and then recorded on the chart it-
self.

Andrews calibrated his crystal detector {IN23A) and
found that "the rectified current through the crystal was
proportional to the square of the potential across it, and
therefore to the rectified power and to the intensgity in the
region of the dipolo."7 Since the amplifier is linear, the
amplitude on the chart at any point represents the intensity
I of the field at that point and the ratio I/Iy of the dis-
turbed to the undisturbed field was easily obtained., Bach
such value wae recorded opposite its appropriate peak. The
ecurves I/I, v8 y are shown in (fig 10 (1), (2), (3}, (&),

(5), for the conducting rod and in (fig 11 (1), (2), (3),
(), (5}, (6), for the dielectric rod. The displacements

recorded in the upper right hand corner of each diagram re-
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present the distances from the back edre of the rod. To
obtain the z displacement O.4LA , the radius of the rod, must

be added to each,

(3) INTERPRETATION OF DIFFRACTION RESULTS

Although a number of people have worked in this field,
Kodis, working with 1.25 cm waves is the only one whose
method is close enough of that described in this work to make
comparisons valid. Kodis used a half-plane method which em-
ployed reflection of the antenna and the diffracting rod in a
conducting plane sheet, He gives results of experiment for
both dielectric and conducting rods and the theory for the
latter case, Since, at the time of this writing, the theore-
tical curves applicable to the measurements described in this
thesis are not complete, the results of these experiments can
be compared only qualitatively with those of Kodis. For the
conducting case, the positions of peaks and troughs compare
quite favourably but their shapes differ because Kodis
plotted the amplitude ratio whereas here the intensity ratio
{amplitude 2) has been plotted. !owever, a few general re-
marks may be made. The peaks are regular and fall off in
intensity as displacement y increases. In the plane of the
rod, the peaks are uniformly spaced, about 1.07 A apart,
However, the first peak is located, not at ¥ = 1.07Abut at
y = 0.937A « As z increases, the amplitude of the first
peaks drops off rather quickly, while that of the more dis-
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tant peaks falls off more gradually. The separation of the
peaks becomes greater and at 2z = 10.4 )\, the first peak is
located at ¥ = 3.6A, and the spacing of successive peaks de-
creases. This curve also indicates the appearance of & small
gentral maximum in the shadow of the rod. This is shown in
the plot of 1,1, presented in Fig 13. This maximum has prac-
tically zerc intensity close behind the rod, but increases in
intensity steadily until it reaches full intensity of the une
disturbed field at @ approximately equal teo 30A. Only the
chief region of interest ofz is shown in Fig 13. These
measurements have been much more extensive as far as explore
ation in the vy direction is concerned (y up to 12.,5A ) than
that of other workers and those for large values of y have
provided very significant informaiion as will be shown below.

The diffraction curves for the dielectric hard rubber
rod differ markedly I'rom those of the conducting case except
in the plane (2 = 0) and at large y. The curves obtained
here for 2 » 2,4 ) can be compared with one obtained by Kodis
for o = 2,0k and there is a definite difference in the re-
sults., lHowever this curve (fig 11, (6)) is no doubt quali-
tatively correct since it is the last of one of a family
which exhibit a rapid but regular change with small z (Fig 11,
(1), (2), (3), (&), (5), (6), in the vieinity of the vicinity
of the rod., Oince Kodis obtained patterns only at y = 2 and
5A, he missed the rapid changes in structure which are shown

in Fig 11 (1), (2}, (3}, (&), (5), (6], for small values of
z. There is as yet no adequate theory to explain the pattern
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of the dielectric rods,

The diffraction in the plane of the dielectric rod
for y greater than A is nearly the same as that for the con-
ducting rod as regards peak positions. llowever, the inten-
sity of the first peak is less than that of the first peak in
the conducting case, and the intensities of successive peaks
drop off more gradually. The first peak is located at y =
0.937 A exactly as in the condueting case, and the peak separa-
tion is 1.08 A, nearly the same as of the conducting case.
However, at y less thanA for all patterns behind the rod, the
similarity ceases. In the first place, the intensity immedi-
ately behind the rod is a pronounced maximum (Fig 11 (2))
with I/I, = 0.7 and this drops off to zero near z = 2] and
then increases as z increases (Fig 13). Further, as shown in
Fig 11 (2) there is a small partially resclved maximum which
increases sharply, becomes resolved and moves out to greater
y (Pig 11 (3), (&), (5), (6), as 2 increases. When 3 = 2,44,
it is much higher than the other peaks in the pattern and is
located at v = 1,650, The original first peak of Fig 11 (2)
has been decreasing, and as 2z increases, the second peak is
also decreasing. At z = 2.4A, these have all but disappeared.
These are the main differences in the two patterns. In all
cases that can be compared, the patterns for the conducting
and dielectric rods are very similar for large y. Fig 14
(1), (2), shows the patterns for z = 0.625 Aof both the dielec-
tric and conducting rods, plotted on the same sheet for pur-

poses of comparison. The theory for the dielectric rod is not
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well known and hence, on the basies of theory these anomolies
cannot be explained readily. However, on the basis of geo-
metrical optics it would seem that the centre peak, immed-
iately behind the rod is duve to some focusing effect of the
cylinder, acting as a cylindrical lens, which, if the
dielectric constant of hard rubber for the wave-length of
this radiation is in the correct range, would place the focal
point inside the cylinder itself. Further experiments using
dielectrics with various values of refractive index might
substantiate this idea, Of course, for a lens such as this
with aperture of the order of a wave-length, diffraction
effects will predominate. This is seen in the whole set of

patterns,

(&) RESULTS OF PHASE MEASUREMENTS

To understand the patterns of phase shown in Fig 1
(3), (4), it is necessary to show the components of the phase
of the total field.

If the original cylindrical wave front amplitude is

represented by
Az = Cei (ys) . C (covdei sing )

where ¢ is a constant and ¢ = 2WR
A

The amplitude squared is
A2 = cos 2p+sin 2¢

and
tan = gind

cos @

Hence ¢ represents the phase of the field relative
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to the ideal plane wave C A V (Fig 15), VWhen an obstacle is
located at D, the field consists of two parts

Ay, the indicent field and
Ap, the re-radiated field.
The point of discussion is y, z.
gelolva)

Ag = Ajvhp = + (terms due te

re-radiation)
Ay = (C tosd+Zreal terms)
i (C sin¢+¢real terms)
and

tanA = sind~- 3§ real terms - 3
cos - 3 real terms

where A is the phase of the combined fields at the point (y,z)
Call the phase of the re-radiated component ¥, Then if the
sums given in 3 above can be evaluated, the magnitude and
direction of the resultant and re-radiated components may be
obtained experimentally. Thus the problem is known.
Then

—

Ay « i +1Rp,

Then, with reference to Fig 15 (b)

A = Ag?e 852 - Aghg cos 01,
Therefore Cos @1 = A2+ Ag? a2
24y A,
or Aiz - Arz«s- Azz ~2ApAg cOS Op
and Cos 0, = A0+ A2 -Ay?

28pAy
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Thus, from Fig 15 (b)

A =2¢- cos -1 i 3 f
2 Aq Az
2 2
or Oz Y, cos -1 . -
2 Ap As
where

& is the phase of the total combined pattern relative to CAB,
¢ is the phase of the incident field relative te CAB,

Y is the phase of the re-radiated field relative to CAB,

Q is the difference in phase of Ay and Ap,

Qualitatively the piéturo looks like this. The

phase ¢ represents the distance 21X through which the wave
mist travel, from the wave front J; the line CAB, which re-
presents the plane through which the probe moves. In other
wordse, each ray from the source must travel over a longer
path length as the displacement of the probe from A increases.
Thus the phase of the wave at any given point on CAB lags in
phase with respect te a point lying closer to A. This phase
is shown by the dotted curve in Fig 14 (4), (5). The vector
Ay on Fig 15 (a) defines ¢ from the zero reference line

(phase at A} and as Y increases from O te 15\ say,dwill in-
crease from O to 1809 lag. The vector Ag represents the
radiated field and its phase is given by ¢y. As ¢ increases,y
increases rapidly and will complete one cycle of phase

(360° lag) in approximately one wave-length of path travelled
by the probe. Now, the resultant field, Az, will be a maxi-
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mum when & = ¢ R (9= 0) and hence when A; and Ay are directed
in the same direction, and Az will be a minimum when‘Ai and
Ap are directed in the opposite sense, that is, whend= - ¥
(S = 120°), This fact is shown in Fig 14 (3) (4). (conduct-
ing and dielectric phases respectively)f The argument holds
for both rods and only the conducting rod will be considered.

Point A on Fig 14 (1) represents a maximum in the
diffraction pattern. Corresponding to that point, A on Fig
14 (3) represents a point where the resultant phase inter-
sects the dcurve, thus indicating § = 0. The points B, for
the minimum on the diffraction curve are given when the
resultant phase goes thr&ugh one cycle and intersects again
the  curve. Hence 9 = 180° and this corresponds to a minimum
on the intensity curve (Fig 16 (1)).

However, the phases for y less than 1.6 A do not obey
this argument, and each case must be treated separately. Con-
sider the cﬁntribution to Apr as a series of rays arriving
from the source along the plane F D E and proceeding from
there by further Huyghens' wavelets to the point under consid-
eration on C A B, These rays travelling through the points
on F D E more remote from D will lag more in phase than those
rays travelling by a more direct route. Also the more direct
rays contribute more to the resultant intensity because they
are larger in amplitude. If these direct rays are cut out as
in the case for points on CAB immediately behind the rod, the

net result will be a phase which lags the zero phase of the
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incident field. This is shown by the central hump on Fig 14
(3). In the dielectric case, energy is obtained through the
rod and this argument no longer holds. It is observed from
Fig 14 (4) that the radiation arriving at points immediately be-
hind the dielectric rod arc lagging in phase with respect to
the incident field., The energy suffers, as it were, a phase
shift in passing through the rod.

Quantitative measurements of phase are difficult. The
apparatus is so arranged that the phase indication at A is a
minimum and the probe is run over a sufficiently large dis-
tance so that a maximum which gives an indication of ¢= 180°
will appear. Thus the® = 0 and ¢= 180° points are known and
the scale of relative phase is established. However, limita-
tion of track length in the Y direction for such large dis-
tances from the source did not allow for more than those shown,
Estimates only of the phase limits can be made by extrapola~
tion. For the conducting case, = 0 corresponds to a scale
reading of 62 and ¢= 1200 corresponds to 85 units of scale.

For the dielectric casesd= 0 is given by a scale reading 59

and = 130° is given by scale reading 82. On the whole these
phase results are of qualitative interest only, the measure-

ments of intensities and positions of peaks, being of much

greater importance in the diffraction problem.
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CONCLUSION

The study of diffraction about the rods described in
this thesis agree with those of Kodis for the conducting case.
The dielectric diffraction results, however, differ from
Kodis. They show interesting properties of the dielectric rod
which may be considered as a épecial case of an infinitely
long cylindrical lens with aperture of the order of one wave-
length. The outstanding difference betwsen these two cases
of diffraction occur at small (2 or 3 wave-lengths) lateral
displacements at right angles to both E and H vectors. The
similarity of the "dielectric" and "conducting" patterns is
shown by the respective peak and trough positions for large
lateral displacements.

These studies have been made with the field polarized
so that the E vector was parallel to the axis of the rod. A
complete set should be carried out with the E vector perpen-
dicular to the axis of the rod since the theory for this case
is unknown.,

One weakness in this experimental setup occurred in
the uncertainty in lecating the track in the field at various
distances along and at right angles to the axis of the field.
Improvement could be made by placing the track on graduated
rails, parallel to the axis of propagation, so that each
point in the field could be determined exactly.

The radiation scattered from the boundaries of the
room contributed irregular disturbances to the so called

undisturbed pattern. Careful attempts should be made to
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reduce this standing wave ratio, which imposed a limitation
on the range of the lateral displacements., This limitation
was obvious from the same relative sizes of the variations of
the "disturbed” and "undisturbed" traces for displacements
from the rod greater than about 14 wave-~lengths,

It is recommended that the linohrity of the amplifier
be investipated. Good linearity is necessary to allow more

exact measurements of I/Io ’
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