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Chapter I
INTRODUCTION

In presenting this thesis in partial fulfillment of
the requlrements for the degree of Master of Science, it may
be helpful to the reader to have & brief statement as to the
background and conditions which made the departure from the
usual form of such a thesis necessary, |

Technical research and development in the field of
mlcrowaves has been greatly accelerated due to the importence
of this subject in the war effort,

The Covernment, recognizing the need for quslified
men in ultrahighefrequency techniques, orgenized a program
for the traelining of personnel for work in this fields &
speclel ultrahigh=frequency lecture and lsboretory course
with emphasis on microwaves was set up as an Engineering
Sclence Management War Treining progrem of the U, S. Office
of Educatioﬁ.

The Communiceticns Division of the Department of
Electricel Engineering at the Massachusetts Institute of
Technology, being one of the leaders in this field of ultrae
highnfrequency.techniques, wa3 chosen as a logicel meeting
plaece for representatives of some forty colleges from all over
the country. At thils meeting (November 1941) the ground work
was lald for the teaching of this subject during the academic
year 1941-1642 by the colleges represented.

In the Fall of 1942 a second "Teachers' Conference"
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took place at the Institute. Representatives of the first
"peachers! Conference" were asked to giﬁe their views based
on thelr past year's teaching experience. Twenty additlonal
colleges were selected and asked to teach thls same ultrahigh=
frequency course 8o as to assure a greater number of men
trained In this field.

It was decided by the ESMWT Committee for Equipment
thet slnce most of the microwave apparatus was not avallable
commercially it would be best to have the equipment for the
twenty new colleges constructed at one place. This would not
oniy save mechanics' time and simplify procurement of material
and priority procedurs, but would also insure a uniform con=-
structlion of the equipment.

The design and construction of this equipment was to be
based on a set which was developed by the Communicetions Divie
sion here at the Institute during 1942, The ESMWT Committee
asked that the Massachusetts Institute »f Technology supervise
thls constructlon work which, due to wartime conditions, they
assigned mainly to & newly organlized machine shop to construct
the so~called "microwave kit" and to a local instrument company
to construct the "harmonlc 10 centimeter oscillator".

Unfortunately, probably due to the pressure'of getting
this program under way, the construction contracts were entered
into by the ESMWT Equipment Committee without adequate check
as to the abllity of the companles chosen to do the work,
Delivery dates were far too optimistic., 1In addition, it turned

out that the machine shop was unfit to do the work. Almost
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constant supervision wés required and it was necessarj to
trensfer a large amount of the microwave-kit work to the

Electrical Engineering Shop of the Institute to complete

this "kit" as soon as possible. Construction was started
on October 15, 1942 and completed on May 15, 1943 = about
twice as long as had been originally anticipateds

Handicapped with the unfortunate choice of an inexw
perienced machine shop the Institute did everything possible
to speed up the construction of the necessary equipment since
the schools were badly in need of 1t, Therefore, an uncon=
scionable amount of time was put in by Institute‘personnel.
I, myself, beilng in charge of the technical supervision,
was asked by the Greduate Committee to interrupt my original
thesis work on "Signal Generator for 10 Centimeters" which,
naturally, I should like to have finished, and devote my
entire time to conclude the construction progrem of the micro=
wave klts,

It is unfortunate that the schools did not receive the
microwave equlipment 1n time fér their use as originally cone
templated. However, I feel that the equipment will be of use
in teaching future ultrahigh=frequency courses, and I do have

the gretification of knowing that I have contributed my time,

patlence, and energy to bring this undertaking to a satisfactory

completion « at least so far as the Institute i1s concerned,
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f This thesis, therefore, describes the development of

| the microwave laboratory equipment in the Communications
Division of the Department of Electrical Engineering at the
Massachusetts Institute of Technology as well as the design

and construction of selected microwave sets constructed for

the 20 additional colleges chosen to teach the ESMWT ultraw
highwfrequency courses. The experiments which can be performed
with thils equlpment are outlined; the characteristics and

the functioning of the different units are explained, thus
glving the reader the fundementals of microwave measuring

techniques,
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Chapter II
10 CENTIMETER TRANSMISSION

a———
—————

*
1, Fundamental Experiments

Laboratory exberiments were prepared by the staff
members of the Communications Division to familliarige the
student with the field of microwaves. The necessary labore-
tory equipmeht to enable the Communications Division to cone
duct these experiments was designed and built,

The experiments outlined in this chapter were set up
to investigate the propagation properties of these quasie
optical waves, In some respects microwaves behave similarly
to sound waves, since they have wavelengths of about the same
magnitude,

One of the first units the student comes in contact
with 1s a megaphone~like horn, = an excellent broad=band
mlcrowave radlator, This horn emits transverse electromagnetic

waves (TEM waves) a few wavelengths away from the mouth of the

- horn. The electric lines E and the magnetic lines H are at

right angles to each other and the TEM waves are in a plane
normal to the direction of propagation. The direction of

the electric lines can be determined with the help of a

smali E—liﬁe defector. The Concept of polarization of electro=

magnetlic waves ls introduced and explained.

d.-—--nw-----------ﬂ--——-‘-c—--

¥See Reference 13 in Che VII,



II-8

A half=-weve antenna detector can be callibreted on a
relative basis 1n & linearly polarized field, since the pickup
voltage is proportional to the cosine of the angle between
the entenna and the polarization direction,.

The energy of electromagnetlc waves 1s propagated
thrqugh free space in the form of travellng waves, Such
a traveling wave can be shown by movling the detector in the
direction of propagation. When & wave travels a dlstance
of several wevelengths no change in amplitude 1s obéerved.

However, i1f the radiation is directed toward a reflecting

object, then standing waves can be detected. A wooden plane
covered with thin copper foll 1s &n excelleht reflector
since the skin depth 1s extremely small at thgse frequenclese .
Here, for the first time, the experimenter comes in contact
y with boundery conditions along a good conducting metal surw
face., E tangential to the surface must be zero, as any
potential difference along an ideal conductor would create
en infinite surface current., This 1s physlcally imposslble.
The anelogous condition for the H lines is that H normal
must become zero, since the H lines must close and cgnnot
end on a surface.

The wave reflected from an obstruction adjusts itself
in phase and magnitude in such a way as to fulfill the boundary
conditions along the reflecting surface. Incoming and reflected

waves interfere 1n the space in front of the reflector. The
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ccncept of nodal surfaces is of value here; they are loci
of polnts where the resultant E vector becomes zero, The

locl are planes in the case of & plane reflector and are

spaced A/2 apart 1f the incident wave hits the reflecting
surface at right angles to it. This enables one to measure
the wavelength of an electromagnetic wave in front of a ree
flecting plane with the ald of a small E-=field detector,
The result can then be compared with a direct-reading co-

axial wavemeter. Thils experimental setup is shown on pages

II=2 and II=3, Furthermore, this same arrangement makes

the study of oscllletor operatlon possibles The oscillating
conditions of a 10 centimeter klystron or a 368=A oscillator
can be 1investigeated. The microwave sources are adjusted

and the operation date recorded. In addition, the effect

of matching the source to the radiator cen be studied.

2¢ Microwave Demonstration

The more advenced microwave transmisslion experiments
explelined in this section are best suited for microwave
demonstration. These experiments cen be carried through
in an 1llustrative way by modulating the microwave source
with an audio tones The 10 centimeter energy is picked up
by receiving antennas and fed to crystal detectors, where
it i1s demodulated., The crystal output is then amplified
and applied to a loud=speaker. The sound intensity of the
speaker 1s thus a qualitative measure of the field intensity
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picked up by the receiving antenna.

For this reason, the power supplies of the micro=-
wave sources were built in such a way as to allow grid
modulation. A word of precaution is necessary. To avoid
destruction of the fine grid structure of a klystron, due
to overcurrent, never allow a posltive grid potential with
respect to the cathode to take place when the beam voltage
1s turned off. Beam and grid fuses are mounted in the kly=-
stron chassls to protect the elements of the tube. Care
must also be taken in supplying the modulation voltage.
Well=-insulated modulation transformers are necessary as the
grid voltage 1is on high potential. The cavity 1s the element
of a klystron osclllator which 1s connected to ground, With
this in mind, and with some careful adjustments of the klyw
stron operatlion voltages it was possible to set up a 10
centimeter communicatlon system of good tone quality. Suc=
cessful microwave retransmission was made with the broadcast
signal of the FM station at Paxton.

This setup permits demonstration of the following
group of experiments in a very 1llustrative, qualitative way.

(a) Radiation? Investligating different

mlicrowave radiators such as paraboloilds
and horns, explaining fileld patterns,
power galn, directivity and so on,

(See pages II=4 and II=5),.

(b) Propagation and detection of waves:
Demonstrating polarization, reflection

————————— “---_-‘----‘_-‘---‘-‘—

*See Reference 14 in Ch., VII.
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from, and transmission through different
materials and parallel wire grids, In-

vestigation of different detectors, inw

troducing the reciprocity theoren,

(¢) Microwave circult elements: Indilcating
their use -and behavior, explaining resonant
effects, tuning, matching, and so on.

To improve the demonstration equlpment other special
units were built. One of them is a coaiial selector switch,
which made 1t possible to connect selectively an incoming
coaxlal line to any of elght different outgoing lines, (See
page V=-2). The unit 1is used to compare the characteristics
of different radiators,

A demonstration experiment, which is worth while
mentioning here, since 1t 1nvolves a great deal of microwave
technique, 1is the setup of a simultaneous two=way communicea-
tions system over one palr of paraboloids. The two modulated
carriers were operating on 9.9 and 10 centimeters. Good
Selectivity was achieved on the receiving and transmitting
end by uslng high Q resonant cavities tuned to their respective
frequency, thus actling as band=pass filters,

The students are urged to repeat the experiments out-
lined 1n this section iIn a quantitative manner in which case
the crystﬁl detectors are conﬁected to a direct~current

instrument, calibrated in electric field intensity.

3e Antennas
The antenna most used in this equipment i1s a halfwwave

dipole with quarter-wave balancing sleeve. This dipole is
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used as?! a) pickup for the simple hand-=detector; b) detector
in the reflecting-plane experiment; c) driver unit for para=-
boloids or d) coupling unit, used in pairs,

A twin half-wave antenna, or H antenna, 1is the
simplest form of an array. The coaxlal mounting makes
turning of the antenna around the axis of the balancing
sleeve possible.

The two half-wave radlators spaced half a wavelength
apart can thus be fed in phase or out of phase. The respective
figure 8 fleld patterns can be observed. Page 1I-8 shows such
an H antenna as well as a half-wave antenna with parasitic
elements adjustable in spacing and length, The latter was
used as a driver in a paraboloid to reflect the forward
radlation of the single dipole back into the reflector.

The other typlcal microwave radiator, the electro-
magnetic horn, 1s exclited by a circular driver unlt, explained
in the next chapter, |

The shortness of wavelength permits the study of

antennas on reduced scale (model antennas) inside a laboratory.*

Ses Reference 16 1n Ch. VII.
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Chapter III

HOLLOW=PIPE WAVE GUIDES

l, Propegation Through Hollow Pipes

The conventlonal parallel-wire and coaxial trans-
missicn llnes 1n the microwave region are generally ree-
placed by hollow=-pipe wave guides. The equipment was built
and experiments were prepared to demonstrate and study the
g propagation of eleclromagnetic waves through hollow pipes
of different cross sections. TEM waves are reflected on
a metal plane into a rectangular wave guide; the trans-
mission of wave energy through hollow pipes 1s demonstrated
wlth the help of a smell detector at the output end of the
pipe. The gulde is iIn this case excited by standing waves
in front of the reflector surface. The nodal planes of the
l standing waves must coincide with the narrow sides of the
rectangular pipe to fulflll the boundary conditions for wave-
gulde transmisslon. These planes are adjusted by varying the
) angle in which the TEM waves are directed toward the reflect=
Ing plane. It can be shown mathematically that the lowest
mode 1n a rectanguler pipe, that is the TEO,l mode, can be
made up of two TEM waves which travel down the pilpe at an
angle to the axis of the pipes This results in multiple reflec-
tlons at the smaller end of the rectangular pipe. (Crisse
Cross waves, )

Another way to exclte wave-guilde transmission is by
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means of radiating elements. Doublets, single wire antennas,
or loops are placed in the guide 1n such a way as to excite
the electric or magnetic field of the desired mode, kKeflect=
ing surfaces or plungers, are often placed on one end of the
guide to Intensify the transmisslion in the desired direction.
They are located at such a distance from the radlating element
that the reflected wave aids the one directly radiated. Such
a8 combined unit (that 1s a tunable electrostatic exciting rod
and reflecting plunger) 1s called a driver, samples of which
are shown on pages III~13 and III-14,

The cutoff wavelength of a guide 1s of importance.

This 1s a function of the geometric form and size of the cross

section. The computation of the cutoff wavelength of a
desired mode 1is a boundary condition problem and is solved

by satisfying Maxwell's equatlons for the gebmetry of the

pipe cross section. A certain mode can thus be transmitted
through a hollow pipe wave guide when the wavelength A is

ﬁ smaller than the cutoff wavelength A,. (Transmission region.)
The attenuation region on the other hand, is characterized

: by the condition thet A7 A . The wavelength inside the pipe,
# Ay, becomes imaginary in this case and the mode is exponen~

tlally attenuated. Thus a hollow pipe wave gulde acts much

like a high-pass filter. A special unit, the rectangular
variable width section, was constructed to demonstrate the
cutoff wavelength of a rectangular pipe in relation to the

width of the pipe. (See pages III=4 and III~8,)
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2 Pield Confipgurations in Hollow Pipes - Traveling Detector

Fleld configurstions in hollow-pipe wave guldes can
be studied with the help of traveling detector sectionsy ~ The
&
phase relations of a certaln transmission mode within a pipe

are given, provided the wevelength inside the pipe is known.

This wavelength can be measured with & traeveling detector by
i et fed N D

Q

2

setting up standing waves in the pipe. The measured velue c&n
then be compéred with the calculated valus, computed from the
free épace, and the cutoff wavelength of the mode propagated
’throuph,the pipe.

Metching conditions in a wave guide cen also be in-
vestigated with the help of a travellng detector. The ratio
of the stending weves can be found for different terminations
of the guide. (Horns, bends, irises, resistive disks, etc.).
Furthermore one can study the influence of obstruction or
irregularities in the hollow pipe upon the propagation along
the guide. The effect of a change ol cross section or dielec~

tric of longitudinal or transverse siots, traps, flanges or

irises

oy

nd of mode filters, such as the polarization pgrid
shown on page III-12, can be investigsated.

The traveling-detector section for the circuler wave
guide was built of telescoping tubing; it is rotatable around

e
A artar]

its axis, Thus this rotd ry detector permits, in addition

o
B

— - — R — - — - - — - - — - - — — — — — — -— - -— - — — — — — — —
Sl ————
':bee page II1I=Z2
**See pages 1II~5 and III-GC
seiden
)

ee page I1I-=9
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to measuring standing waves In a clrcular pipe, the deter=
mination of the field distributlons along the circumference
of a pipe. The TEl,l mode can therefore be investigated
more thoroughly; the polarization direction can be found,
and the mode can thus be distingulshed from the symmetrical
TMO,l modes The rotary detector is used in this case as

a mode detector,

For all these studies 1t 1s of great importance to
visualize the field distributlons of E and H 1lines for the
different modes, as well as of the surface currents in the
walls of the hollow pipe. The graph "TE and TM Modes in
Circular Wave Guides" on page III=7 1llustrates the proper—
tles of different transmission modes in a circular hollow
plpe. Wave guide and cutoff wavelength of a desired mode can

be read directly as a function of the free space wavelength

and of the inside diameter of the pipe.

3e Wave Gulde Sections as Cavity Resonstors,

The wave gulde equipment not only allows the study of
reflections in wave guldes but also that of cavity resonators
as outlined below. In a wave guide with closed termination,
strong standing waves can be observed. Nodal planes for the
eléctric vector parallel to the gulde cross section are located
n-e %} from the end. A transverse conducting sheet can be placed
at the nodal plane, without violating the boundary cbnditions.

Thus a section of the wave guide 1s cut off and completely
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enclosed forming a hollow pipe resonator. The field ins
the cavity 1s excited by means of probes, loops cr irises.

The detector, that is, the rescnetor ocutput, is coupled to

the cavity in an anslogous way. A resonent cavity can be
tuned to different‘frequencies by chenging its resonant length.

Such a variable length resonant chamber for e circular TE; |
» L

mode 1s shown on page III~6. It comprises a circulzr hollow

"1

), & fine adjustable plunger (terminat-

pipe (transfer section

L)
ing plunger section) and & coupling unit (iris™). “Vc transfer
A 1
seetion with 1ts bushings spaced e permits the study of
electric or megnetic coupling to cavities. Rods of dielectric

materials can be placed in the transfer section at a mexima
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&n important unit of the veriable length cavity 1s the termi-
neting plunger secticn, meking up the fine adjustable end of
the cavity. -liuch effort was spent in the design of this unit
in order to achileve &g perfect a reflecting plunger as possible.

The reflection properties of a plunger must e comstant and are

thus not “11 ed to vary with: the position of the plunger
along the cavity. This was accomplished by developing the
- - —_—}_—-- -— - - e e ) — e = m= e e an me sm A= e e - = - .

See page lII-lC
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quarter-wave plunger, The open end of the plunger is placed
at a level of infinite Impedance. The effect of the change
from wave gulde to plunger can thus be neglected. Insulated
plungers, as well as plungers with contact fingers were built.
The figure on page III=12 glves a rough idea of the develop=
ment of the plunger construction. It was possible to improve
the Q value of a variable length cavity by a factor of two

using a quarter=wave plunger, instead of an old short finger=

type plunger. The Q value, a measure of the resonant sharp-
ness of a variable length cavity can be computed by using

the following formula;

where a¢1s the change in cavity length required to move from

one half-power point of the resonance curve to the other,
The construction of high @ cavity resonators of fixed
resonant length, so-called wave standards, 1s explained in

detail in Chapter IV,
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Chapter IV

HIGH-Q CAVITY - WAVE STANDARD
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CAVITY DATAs Walls

Brass, silver-plated, polished.
A

CAVITY RESONATOR TM MODE Cavity
0,1,2 No. 13
O. .
coupling to klystron o f .'r | E lines
with two A/2 antennas 8 ‘) A
- / in,/ o P
’ l : J \\‘ ’,I \\~‘
—\\\\\ ”:’-—-‘\\\\ ,f‘ % ad‘pt.r
“ ,’ v 1 out
7O M
.y 2 )
f o ~~ orystal
'Q' cavity Dwg. #55 i
adapter ,?,7\ .:.ﬁ |
electrostatic probe
7// coupling to cavity
/14
2
32
NOTE: The Q of the cavity i1s a function of the coupling.

The coupling to the cavity may be adjusted by varying the
length (8s) of the electrostatic probes and may be increased
by matching the probes with variable-length sections.

-1/2
Ares calc = 11[14-(-:%)2] L=274 =16.580 om
md d= 9.59 cm
L°'r||¢,,1= To,1 } T0,1 = 24048 Ares = 10.002 om (calc)
cale 26,300
TEST RESULTS: ra
: Qecav =(Af)= 25,000 Ares = 10.600 cm (meas)
half-power point
pors el. probes 84n= 0 inches Bout = ~ 322‘ inches
matching @ input ® output
TEST MECHANICAL ELECTRICAL
Date Operator | 5/11/43 s 5/11/43 n

RCH 4/30/43
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Chapter IV

HIGH-Q CAVITY - WAVE STANDARD
—_—r ——=

l., Microwave Resonators

Circuit elements have different forms in the different
frequency bands. Let us conslider as &n example a parallel
resonant circuit. A tank circuit consisting of a coil and
a condenser at radio frequencies finds its equivalent resonant
circuit in the microwave region in the cavity resonator. Such
a cavity, with walls of high conductivity, is a completely
shielded resonator of great selectivity. High Q values up
to 50,000 may be obtained. The cavities can be built in
different shapes. Short sections of hollow pibe wave guldes
of reétangular end circular cross sections closed with two
plane end plates are treated here. These were previously
outlined in Chapter III. The resonant wa%elength and the Q
value of these geometrically simple resonators can be calcu-

lated.

The Resonant Wavelength,

The resonant wavelength can be computed, using

the following equation:
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where:
2e
‘A'i::_p-; p:l, 2’5--0-0
€ = length of cavity
and
A, = cutoff wavelength of cavity.

The merit factor Q of & cavity,

'In lumped circuit theory we have:

WL G . o -l _
Q="F+53 @ =-F (assume G =0)
1l - +2 1 2
q g ok I —(o§ LI _ 2T energy stored
=1 el T T &average power
5 RI® 5 RI? dissipatead

assume I = peak value of current in tank circuit.
Q values of cavities are computed using the last definition.
The power lost in such a resonator is dissipated in the cavity
walls. (T, # e but T, = 0)

1: dielectric of cavity

2: cavity wall

s = zm'P9ak value of magnetic energy stored

Q in cavitie energy dissipated per cycle

> J. M
2T | & HR .dv j 2
2 Jy 171 1y Hy dv

1 2
T Emj E2T X H2T « da Real 4(,02 f Hg da
a a

jQﬂb _ QTf}E i rfﬂé

: = +
?og U_z 6-2 J Cf'z
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for good conductor where wg V4 U;

2
e J B

. 2
/& o J; H2 da

figure of merit of cavity

For cavitiles made of nonmagnetic

material we have: /1 = /wz

i , | H® g
jv 1

% ‘ Q =2 “nff; v; Ao N j  da for/pl = /ﬁz
a 2

v ¢ volume of cavity

e

a ! iInside surface of cavity includes pipe &s

well as end plates,

Q = 2T« for M=

o~ >

CogREE R s s

s

- where:?

(= —L ___ = skin depth of cavity wall

[Top =,
g ‘ f/E Gé

; A = resonant wavelength

v .

i H:zL dv

i S = v = shape factor (dimensionless)
{ A+ | H? aa
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For 10 cm hand:

I
§=1.16 20 0« \| g \0_1_3 meter

10 T
or
§= 4,57 ¢ 1072 \l \A [ R2 s
. JlO a
with?
7 mhos
- M P—1 = " . O .
(Alo 10 cnmj OAg Tsilver ~ 0e8° 1 m )

To obtain a high Q=value for these resonators
the ratio of volume to surface of the cavity

mist be &s large as possible,

The microwave resonators are good units for use in
laboratory demonstrations since the theoreticél results can
be closely checked with the eiperimental ones. They also aid
in helping the student to visualize fileld configuratidns in
cavities,

The first cavity resonator built, was made up of rectan-
gular tubing. The mode in this resonator is called a TEO,l,l
mode;* the length of the cavity € is thus equal to Ai/?.

Calculations were made so that the cavity resonates at 10 cm.

The dlmensions of the parallelepiped are:

width = 5,938 cm
height = 3.399 cm
length = 9.267 cm.

#See Reference 11
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Q value for a cavity with brass walls:

Q calculated = 6,350
Q measured = 5,300.

A circular cavity, made up from a section of circular

hollow pipe, with a THM field configuration, as shown in

IV=2 and IV~4 was selected for construction a&s part of the

mlcrowave kit. With this unit the experimenter can study a

TM mode. The ¢ calculation of this resonator is given below:

1 ' The magnetic field intensity in the cavity can be

writtens:
- 2T

1. =1 = _:ﬁ. il
f hl- 2@ AJl (2"Ao) cos (}\i X)
H, = H0 putting f=1b
E where:?
] - As
? Ao = B, and Ay 0 as ¢ 5 D
? ¢ = resonant length of cavity.
] Thus:
= R
? He AJl(Qof) cos (Z X)e
] | j HZ av
: v
- The shape factor S = A i da can now be writtens:
" a 2

b ¢
l/ﬁj; A= Ji (Bof) 2Ffdfj; cos® (p74£ x) dx
Jﬁz A% T3 (B P) 2TPAf 442 2 (Bob)zTere cos® (BT x)ax

S =

o) O
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o 2
L 75 (B, f)f4f

8 (b . :
ﬁ.j—: J; Jl ('Bof)focf o Ji (‘Bob)

_x
T A

b 2 b ¥
j 1 (Bof)fdf {% [JZZL (Bof)= Jo(Bog’)‘Tz(Bof’)] B

(o}
o

b2
7 * 91 (B D)

I

Jo =0 (EQ' = 0 at the boundary P =Db)

introduce in S result in:

2

5 % (3.0

1
S =7 Z
A _8_ P__ 2 : 2 1
Bh, 2 J3 (B p) +b I3 (B b)
b __ 1 Shape factor of circ Tl -
=~ /g T ape factor of circular LMO 1 cavity.
2A (1 +A— 24y D
p.l\.i

= Numerlcal values:

A =10 cmy b =4,8 cmy J\i = 16.6 cm

Q.24

s=__—_.____.
1.15

-+
(1 +=5=)

 *See Reference 6 p 146
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Q =172 * 10 — S
YAg
Q = 21,3500 € value of a cilrcular TH
(1 +l'_lEl) 0,1,p
b cavity with silver walls and
A

a resonant length €= p —éi- .

This can also be written:

1 + 1
@ plpe & end plates

£ [

1, A .

41,300 35,900

The following table demonstrates the effect of the end plates

on the figure of merit @ for different cavity lengths:

p| 10 6 4 2 1

Q |41,5OO 37,100 34,700 32,100 26,300 19,200

The Q@ value of a circular cavity of given pipe diameter and
resonating én a fixed frequency, can be raised by increasing

the cavity length in steps of Ai/Q, thus reducing the effect

of the end plates. The cavity constructed for the microwave

kit has a length €= Ay (p=2). The brass walls of the resonator
were silver-plated and then polished, The Q value of a silver—

plated cavity 1s about twice as great &s one with brass wallse
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The thickness of the silver deposit was kept above 1/4 milj
since the skin depth at 10 cm for silver is about 5/100 of

a mil., For comparison of calculeted and measured cavity data

see test sheet IV=3,

2. 4 Measurements of Cavities

The figure of merit Q& of cavity resonators of fixed
length is measured Ly using the frequency change method. That

3 =Z%r=j%? where A 1is the resonant wavelength and 4A the

is,
wavelength change between the two half-power points. It is
essential that the oscillator output is constant over the fre-
quency band used. If the & value to be measured is lower than
10,000, then the measurements in the 10 cm band can be sucéessfully
carried through by changing the frequency with the mechanical
klystron tuner. The micrometer head of the tuner can be cali~
brated in frequency change by means of a coaxial wavemeter.
The calibration value for a single Sperry tuner used with the
10 cm klystron MIT=C3124X 1s: 1 turn of micrometer head = 0.008 cm
wavelength change., The output of the klystron is constant over
the tuner range used.

Difficulties arise, in using the mechanical tuning
method to vary the frequency, when the Q values are above

10,000. The necessary frequency changes are so small that

tuner adjustments are not accurate enough. Q values between

*See Reference 20
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10,000 and 30,000 were satisfactorily measured (eccuracy about
+ 10%) in verying the frequency by me&ans of changing the beam
voltage of the klystron. This can best be accomplished by
varying the grid bias of the voltage regulating tube in the
power supply, by means of an adjustable resistance (decade
resistance box). The resistance value thus determines the
beam voltage and hence the frequency. Hence wavelength change
i1s calibrated in resistance change:

AAM = KA&R .

The mean frequency is adjusted with the help of the mechanical
tuner and the mean beam voltage is then set to obtain maximum
klystron output. At this operating point the ocutput 1s con=
stant over the narrow frequency band required. It was found
that the relation of AA with respect to AR is furthermore
linear in this region.

This method, Lowever, is not too good for measurements
of low Q values, as one must change the beam voltage by a con-
siderable amount to get the necessary/frequency change. The
output of the klystron does not stay constant over the whole
range, thus requiring additional output corrections. The Q
calculetions of the cavity on page IV=& only teke into account
the losses of the cavity walls. These calculeted values there-
fore can only be brought into agreement with the measured ones
if in the actual case all other energy losses can be neglected,
compared with the losses of the walls., The tests undertaken

with the circular wave gulde cavities proved the above statement
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to be true. The coupling of the detector of the cavity wes
decreased, and thus the energy absorbed by the crysta% unit
was reduced, with the effect that the @ value was increased
very close to the calculsted value. At tﬂis point the energy
absorbed by the crystal detector was negligible compared to
the energy dissipated in the cavity walls. A further decrease
in crystal coupling had no effect on the Q value; it remained
at its maximum. The fine adjustable coupling to the cavity
was accomplished by using a small electrostatic probe of

variable length connected to the coaxial feeding line by

means of a tapered csectione.

3e Construction of a 10 cm Wave Standard

The circuler TMO,l,z cavities were constructed to os-
cillate very close to 10 cm. EResides measuring the € value

of all ﬁhe cavities, the resonant wavelength was calibrated.
Thus the unit can be used as a 10 cm wave standard.

The inside diameter of the circular tubing was meas-
ured carefully with a micrometer., From this data the necessary
cavity length was computed, so that the resonant anelength was
close to 10.015 cm. An actual measurement of the resonant wave=
length was then made and from this a second length was computed
so that the cavity resonated at approximetely 10.000 cm. The
end plates were then soft-soldered to the pipe and a final

measurement of the resonant wavelength and of the Q value was

taken. The solder joint 1s of importance, as the surface
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currents are &t a meximum at the junction &nd et right angles
to it. leasurements shiowed that the ¢ value incressed by e
fector of ‘ehout five when the end plates were gsoldered on
instead of pressed on.

The mechanicasl dimensions of the cavity were computed

using the following genersl relations.

1 1 1 A
praialevald £=vg
4 "1 0
A= (29%an, + (2% 4 = €1

.{\.i i )\O O’ - Tr “O.
T}_— AI\.:‘L

1 equation A¢ = p —5—, for instance, wasg used to

determine thie necessary reduction of the cavity

v length
(mechenicsl cutting operztion) in order to decrease the

resonant wavelength by Ai, for a cevity of constant diameter

(AZ\O =0).

4 semple test sheet indicating

[se]

en average wave standard is given on p

e
P2
o
"
K
i
N
2
L
K
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Chapter V

'DESIGN, CONSTRUCTION AND MEASUREMENTS

s a—— ———— s
- - -

le Coaxial Elements and Cables

The microwave kit was designed in such a way that it
1s possible to set up several different experiments, Many
connectors, adaﬁters and cables are necessary .to connect the
various units, ‘The study of the actlion of a matching unit,
for instance, 1is most useful when this unit is designed so
that 1t can be inserted at different points in the system,
Furthermore, the various units must be Interchangeable. Deli-
cate small parts must be replaceable when defective, without
holding up the entire setup., Equipment to be-used for stue
dent experiments and laboratory demonstration must be con=
structed somewhat differently from a more permsnent setupe
For this reason, detailed attentlon was glven to the design of
these small parts. étandard endings and fittings were designed
and rigorous specifications set up., The use of these parts is
1l1lustrated in the various assembly drawings,

In the following some detalled Informetion concerning
the constructlon of the different connectors, adapters, etc.
(see page V=10) may be found; conductors of the following sizes

are convenlent for the construction of coaxlal fittings:
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ol b leterial

OQuter Conductor I 5/16 9/32 tubing coin silver
IT 9/32 1/4 tubing coln silver

Inner Conductor I 0,060 0.0580 tubing coin silver

ITI 0,049 No.18 stub zauge wire brass

Short=circuiting stubs and variable~length sections can
easily be made up using these two sizes of telescoping tubing.
Coaxiai cable fittings made up of these tubings are shown on
page V=9, Fine thread 3/8 = 32 1is used for ferrule and nut.

The use of coin=silver tubing 1s recommended, first, because
silver 1is a good conductor and, secondly, because such tubing
can easlly be spun or pressed to any desi;ed form, thus simpli-
fying thE'nanufacturing process of the parts, The assembly of
beaded coaxial cable with male and female fittings 1s a delicate
Jobe Much effort was spent until a satisfactory solution was
found. It 1s essential that the beads are tightly strung onto
the 1inner conductor, thus preventing the short circuiting of

the outer braid to the inner conductor, when the cable is bent,

Similar difficulties were encountered in the construction
of other coaxial elements. It 1is important to keep the polyw
styrene beads on the inner conductor from moving. Solvents
such as Toluol are not always sufficient to make the polystyrene
stick to the sllver tubing. Crimps on the inner conductor over

which the bead was forced and recesses In the outer conductor
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into which the polystyrene was bressed, were Successfully
applied to keep the beads in plece. The design and assembly
of the different elemehts can best be understood by studying
the construction drawings of Chapter VI

The general theory of the Gﬁarter—wave plungér out~
lined in section 5 of Chapter III on the design of weve
Ou.lde plungers, was also applied to the consfruction of

coaxial parts, 4djus steble, coaxial short—circuiting stubs
were Dullt so that the contact points (inner and outer con-
ductor), rega”dless of position, were a quarter anelength

away from the short-circuiting end. In this way they were on

an *n¢4n1te impedance level. Negligivle influence of contact

3

eslstance wes thus achieved, allowing electrically smooth
tuning of the plunger, |

The A/4 idea was also uséd in the design of coaxial
filters,

Another interesting des l1gn problem is that of a coaxial
line with.cylindrical supporting'beads; The'refT tion prop-
erties of such & line can clearly be inves tigeted with the
help of transmission-line charts, (See V-12.) The coaxial
antenna.rods of the mlcrowave kit were designed to give no

reflections at 10 em. Bead length and spacing of beads were

adjusted accordingly.

-

2. Coupling Units

These units were developed to couple one part of a cir-

cuilt to another. The coupling units are adjustable so that the
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mutual impedance between the two circuit.parts can be varied.
For illustration take the coupling of one cavity resonator to
ahother. The theory of coupled circuits can also be demonw
strated at these frequencies., Multlple resonance occurs for
closé coupling,

One type of coupling units used with this equipment
i1s shown on page V=2; it 1s made up of two A/2 antennas facing
each other. The unlt can be adjusted to the desired degree of
coupling by varying the distance between the two antennas, and
by rotating the antennas with respect to each other thus chang~
ing their polarization directions,

The flgure on page IV=2 sﬁows the coupling units which
are used 1n the setup for measuring values of a cavity resonatore
Cavity, monitor unit, and wave meter must be loosely coupled
to the klystron oscillatore These units are vefy easy to adjust,
They are, however, influenced somewhat by reflections from nearw
by objects. A completely shielded, adjustable, coupling unit
was developed which uses a small hollow pipe, operating in the
attenuation range. The waves in this tube are excited and
plcked up by means of loops connected to a coaxial input.and
output line respectively. The attenuation is determined by
the distance between the two loops and by the orientation of
the loops with'respect to each others Such a unit 1s shown on

page VeZ,
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3¢ Excltaetion and Detection

The coupling and detector arrangements on pages Vw3
and Ve4 illustrate in detall the varlous means of excitation
and detection encountered in previous chapters. Antennas
using straight electrostatic probes of A/2 radistors with
quarter-wave balancing sleeve as well as the coupling to wave
guldes are shown. In practice one distinguishes between
coupling to the electric fleld with probes or driver rods
end coupling to the magnetic field by meens of loops. The
diagrams on page Vw4 irndicate the connection of loops and probes
to source or crystal detector.

In crystal-detector units one dlstinguishes bLetween s
shunt crystal and & series crystal arrengement. The detectors
of the microwave kit use a coaxlal series crystal ss rectifyé
ing element. The indicator instrument is a sensitive d-c‘
mlcroarmeter. To provide a réturn path for the high«frequency
currents, & coaxisl condenser is placed in the detector unit
irn parasllel with the meter lesds. Thus stray pickup in the
leads does not influence the rectifjing action of the crystal,

In case the high-~lrequency energy 1s picked up by means
of electrostatic probes, & d=c return section must be inserted
in front of the crystal to close the d=c path of the series |
detector. Loop pickups provide their own d~c return path. A
very convenlent d-c return section for 10-cm work is a quarter=
wave stub which has, due to its high input impedance, = negli=

gible influence on the high=frequency line. Such a A/4 sectlon
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acts exactly like =& high-Trequency clioke; however, 1t is 1imited
for use on & definite frequency only. TIor work around 200 mc,

a coaxiael choke was designed, since a A/4 stub is inconvenilently
long &t these frequencies,.

It 1s of interest here, to explain the assembly of one
of the coaxial 10 cm A/4 stubs. One of the problems encountered
was where the short circuiting stub was to be placed. This was
solved wlth the help of e traveling detector. The stub of
the test sectien was moved to such a position -that the iﬁput
lmpedance of this test section connected to a certaln losd
waé the same as the input impedance. when the test section
wes replaced by an ideal section orf equal length, but without a
d=c return path. In other words the dec return path was ade
Justed 1in such a wsy that its influence on the 10 em 1ine
could no longer be detected,

A good meezsuring device, such as & detector, must have
a negligible influence on the circuit to be rneesured, Thus o
detector must consume as little power as possible, For de-
tectors 1n lines and plpes an additional error arises, because
of the physical size of the probes.s These probes which pick
up microwave energy disturb the field configurations to a
certelin extent and must therefore be made small. A resulting
decrease in crystsl power cean be recompensated by improving
the match of the crystal to the pickup; for Iinstance by

inserting veriable-=length sections. Fowever, the detector
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then becomes much more frequency sensitive; snd celibration
curves are thus valuable only for the calibration frequency.
To summarize: a good crystal detector causing the least dis-
turbances is operated on low-power level and matched, to allow
the smallest pilclkup probe possible. The construction of Crysw

tal detectors 1s explained in the next section.

4. Construction of Crystal Detectors”

Crystal detectors which were used in the first radio
recelvers are now being used in the field of microwaves, They
are an essential pert of the microwave laboratory equipment.
For lsvoratory uée, they must be sensitive, stable and mechan=
lcally rigide The crystels used in the Communications Laboraw
tories were bullt to a great extent in our own shop, &8s it was
difficulé to obtain commercial crystals, The most difficult
problem was to get a good crystal snd yet not a too delicate
one. Much effort was spent in trying out different crystal=cat
whiskers combinations, applying varidus assermbly and testing
methodse The best result was achieved by using silicon crystals
with cat whiskers made of fine steel wire. Such a unit was not
too difficult to adjust. The adjustment of this combination
wes investigated by observing forward and backward resilstance
with a low-current ohmmeter or by observing its behavior on

the screen of a cathode-ray osclllograph, The cat whiskers
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were fixed 1in position by imbedding them in beeswax., The ad=
Justed crystals were then gilven a final test at 10 cm to check
thelr microwave rectification action,

The relation between the d=c current in the indicating
microammeter, fed by the crystel detector, and the 10 cm input

voltage 1s glven by the equation:

T —_ 1 . 1:'n
.de - Iz ulOCL’}
As a first epproximation one can say the crystal acts
like a squsre-law detector (n=£2). For accurate calibration

1t is useful to plot I, versus E on log=log paper. The

de ~10cm

value of n can then be determined directly from the glope of
this plot. Measurements for different crystals showed that n
varied between 1.7 and 2, For most crystels n is near 1.8
and 1s rather constant for a 10 an input voltage change by a
factor of 10.

Measurements were made on the efficiency of the recti-
flcation action. 1In the test setup the microwave power, absorbed
by the crystal, was measured by means of & celibrated traveling-
detector sectlon and the available d-c power was computed from
measured direct current and known d-c lcad. The efficlency of
power transfer 1s a function of the microwave power level, on
which the detector operates, as well as of the proper matching

of the d=c load to the crystal, The results of & power transfer

test for an average crystal are given below:
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10 cm power 1nput to

crystal 100 microwatts

]

maximum rectifled dec

voltapge for approxi-

mately infinite load

reslistance = 0,55 volt

d=c lcoad resistance for
maximum d=-c power = 50 ohms

maximum d=c power adsorbed
by load resistance of 50
ohns

l.4 microwatts

efficlency of power
transfer = 1.4 %

The low efficiency shows that much work must still te done in
the develcpment of rood microwave crystal detectorse
Unfortunztely time did not permit the research work
to be carried further. Interesting questions on the behavior
of crystals are still cpen., For instance, does the rectifi=
catlon action change after subjecting the crystal to a direct
current in forwerd or bteckward direction? Can thus the backe
ward reslstence of a2 crystal detector be increased in the same
way as that of a selenium rectifiler?
&nother interesting investigation would be to determine
how the rectification action of a crystal changes as a function

of temperature,

5. Matching with Cosxlal Stub and Varisble Length Section®

An arbltrary load can be matched to a transmission

*See Reference 12
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line Dby meané of & sghort-circuiting stub and a varisble-
length section, as shown bn pages V-3 and V-5. The stub 1is
pleced at the point, where the real part of the terminating
impedance is equal to the charascteristic impsdance of the line.
In this way the length of the variable-length section is de-
termined. .The short-circuiting stub ltself is adjusted so
that its resctive component cancels the reactive component
of the terminating impedance. The input impedance of the
~whole unit is then real'and equal to the characteristic im=
pedance of the line. The losd thus is matched to the line.
. The metching units at éOO me are usually made up of

parallel lines, where at 10 cm, 1t is very convenient to.use

coaxlial parts. Page V=3 shows a metching
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stendard perts, & varleble-length section and a short-circuiting

g unit. The two sliding

p

stub, &s well &s one complete matchin
sections of this single unit are aligned on one axis to simplify
the mechanical constructione.

s
<%

6., Power liessurements

m

The originel work on this subject wes done by Mr S B Chosh
in the Communications Lsboratory. A& wsttmeter which is
capable of measuring power &t 10 cm can now be made up with

standard parts from the microwave kit. The setup 1s shown on

“See Reference 18, 17
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pages V=3 and V=5. The essential part of this wattmeter 1is
the Littelfuse fuse which acts as a 10 cm load. The d=c
reslstance of the fuse=-wire changes with the 10 cm power absorbed

- by the fuse. The equation

. « L4 —— -
PlOcm in mw = h°A}HMse in ohms

permits the computation of the approximste 10 cm power. The
indicating ohmmeter can be callbrated in milliwatts 10 em power,
The factor K is obtailned by calibrating the unit. The d=c
resistance change of the fuse wire is first determined as a

function of absorbed d=c powers

Ra in ohms = f (Pdc in mw).,

To effect the same d-c resistance change, more RF
power than d-c power is needed slnce the beads and the sleeve
of the fuse have some additionel RF losses, which must be ac-
counted for. The relation between the necessary RF and d=c
power In order to achieve the same resistance change was measured
by Mr. Ghosh. He compared the results obtained from a Littelfuse
detector with those obtained from a more lossless Thermistor
detector. For a Littelfuse, 1/32 Amp, Pl oo WBS approximately

equal to 1,4 P This relation, as well as the d=c calibration,

de*
differ for each fuse., For accurate measurements, careful
indivldual calibrations must be mede, taking Into account
temperature and humidity.

The ohmmeter used to measure the d-c resistance should
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be of the low-current type, such as a Weston liodel 763, so that
the d=c power, absorbed by the fuse due to the measuring cur-
rent, can be neglected, when its value is smell, compared with

that of the RF power to be measured..

7. Coaxial Traveling Detector

This 1s a detector arrangement to measure standing waves
along coaxial lines., #hen properly calibrated the unit can be
used as an impedance~measuring device or as a wattmeter,

The new coaxial traveling detectors developed in the
Communications Lsboratory are of the telescoping=tube=type
as shown on page V=8, The slot-type traveling-detector section
was found to be a very delicats unit, mechanically. For good
operation, 1t requires very accurate guldance of the probe
along the slot and a satisfactory shielding of the slot, Much
mechanical skill and tiie 1s required to construct such & unit,
The detector of the telescoping=tube~=type, on the other hand,
is simple and overcomes most of the difficulties of a slot
arrangement. The inner conductor is supported by polystyrene
beads A/2 long to avoid unwanted reflesctions. The character-
istic 1mpedance of the traveling detector can be calculated
from its dimensions: |

Inside diameter outer conductor = 25 = 9/32 inch
Qutside diameter lnner conductor = 2a = 0,065 inch
Zo = 138 1og10 (b/e) = 88 ohms.

The coupling of the detector to the coaxial line was

made as small as possible by means of a tapered coupling line
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penetrating the wall of the coaxial line 1n & small 1/8 inch
hole. The 1lnner conductor of the coupling line terminztes in
an adJustable, small, electrostatic probe. This final design
reduced to a negligible amount the influence of the detector
positlon upon the transmisslon through the travelingedetechor
section. The detector must be calibrated at the operating
frequency as the crystal 1s matched to the pickupe. A relative
voltage calibration is obtained by moving the probe along a
known sinusoidal field distribution. This 1s achieved by setting
up pure standing waves by terminating the traveling detector
with a short=circuiting stubes The unit can then be calibrated
in actual volts, between inner and outer conductor, by con=
necting a power-measuring device, such as 1s described in
section 6 of this chapter, to the output end of the traveling
detector. The following formula indicates the procedure:

The power flowing through the detector is given by:

o=k VIE-¥r® 1 (Vi-vr)® (Vi+Vrp)
22, 2T 7 (Vi=vr)

where? Vi = peak voltage of incldent wave
Vr = peak voltage of reflected wave

and with r denotling, furthermore, the standing-wave ratio®

Vi+Vr _ V nax

T E=¥Vi-Vr T aiin
thus
o _ 1 (Vi=vp)= r V nin®
L—-r)--—_———-—rz-(?__c—i_‘_'
<~ &~ o~
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Zo of the coaxilal detector 1s known; P-is measured by the
10 cm wattmeter, and r 1s computed by using the relative
crystal calibration. Thus the value for V min can be evale
uated, determining the level of the relative calibration
curve, A& check of this calibration is recommended, by re-
.peating the above measurements on different power levels
with various standing-wave ratios, r. Satisfactory results

can be obtailned,

8e Attenuation Measureménts on Coaxial Cables

This section describes a practical application of
some of the units previously described. Beaded cosxial cables
were electrically tested as & part of the construction program
(see page V=7), The test object (in this case a cable) is
connected between a celibrated traveling=detector section which
measures the input power and a 10 cm wattmeter which measures
the output power. These two measurements permit the computaw
tlon of the attenuatlon of the test cable in decibels per foot

at a frequency of 3000 mc.

! T A 2 in
¢ in db/ft = Zm it « 10779 (P é;t)

This test method, combined with a'megohmmeter check, proved to
be very useful in discovering faulty cables. The attenuation
of a cable depends on its make. The dislectric used in a cable
greatly influences the attenuation. Cables must also be pro-

tected from humidity. In addition, it was found that at 10 cm
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the radiation losses through the outer braid of the coaxial
cable must be taken into consideration. The losses thus vary
depending on the bends of the cable and can be reduced con~
siderably by the use of double shielded cables. The attenua~
tion 1s also a functlon of the standing waves on the line and
thus of the matching conditionse

Average attenuation values of test cables are given

below.
Description Attenuation
dielectric outer conductor in db/ft
polystyrene beads 1l braid (new) 0¢3

polystyrene beads 1 braid (in use 2 yrs) 1

polystyrene beads 2 bralds (new) 0415

rubber 2 braids (new) ' 1

With the measuring apparatus now avallable it is sug-

gested that further investigations be made of attenuation and
reflectlon phenomena 1n coaxlal lines, junctions etc., and
that further study be made of dielectric properties of new
materials, New, solld, dlelectric, copolene cables are availe
able, and 1t would be interesting to compare them with the
beaded coaxial cables. Solid, dielectric cables are definitely
of advantage, as4the construction of a good beaded coaxlal

cable with filttlngs is still rather complicated,

#* % % % %
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cirocular driver

A tj;fdfl___
[
1 177 tuning stub

oscillator unit 368A tube

3" pipe
N ama| / ™M
o 7 | =
tuning — éig - - - - = 13
stubs ———H——— T

IJ j ' ': ~~ plunger
I
~— c A B circular driver
rod
power supply “~\\\\ :
coaxlial cable
cable condenser cavity

section

l 10 cm output

Schematic Assembly of 368A 10 Cm Oscillator.

/
-l--S\;;_T_ﬂ//
minimum 1/32 ———— ‘tube prong

mounting supporting wire
fixture

Mounting of Tube.
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Oscillator
368A 10 CM OSCILLATOR TEST SHEET No.. 5
NOTE:s The data on this sheet do not necessarily represent the
maximum operating conditions, but they may be helpful in
tuning up the oscillator.
Test Test
Operating Data Symbol 1 2 Max. | Dimen.
ELECTRICAL
Plate Voltage E, 300 300 300 volts
Plate Current Ib 52 64 75 ma
Grid Current Ig 9.2 9.3 10 na
Filament Current IF L5 4o5 4.5 amps
Wavelength A 9.95 10.80 - cm
Power Output P 25 25 - mw
TUNING OF OSCILLATOR )
Plate Grid Condenser d 7/8 7/8 - in
Grid Stub IG 2-5/16 3-7/16 - in
Filament Stub 1 lFl 3 4-1/16 - in
Filament Stub 2 le 1-3/4 2-3/8 - in
SYMBOLS
Condenser Mounting Stubs Length
[—\ d I 1 _J'
] = T el S SO
' | '
BN {1 A s I O 4\’;} /
|V L . AT | P,
368A tube In front plate ‘_L_/
TEST MECHANICAL ELECTRICAL
Date Operator 4/11/43 RBA 4/11/43 ] RBA

3/30/43
RCH
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Chapter VI

JARMONIC 10 CENTIMETER OSCILLATOR

———— ==
E—1 ——

l. Description of Oscillator”

This oscillator, using a Western Electric 368& tube,
was manufactured primarily for laboratory instruction. It is
to be used in connection with the microwave kit. As a 10=-cm
source the oscillator can serve as a substitute for a klystrone.
It is, however, more delicate and not as powerful. The elec-
tricel principles ol the oscillator are explained in the as-
sembly drawlng on page VI~3. Tlils 10=-cm generetor 1s a nega=
tive=grid harmonic oscillator which 1s tuned so as to emit
strong harmonics in addilition to 1its fundamentai frequencye.
The fundamental frequency in the 20-cm band i1s eliminated in
transmitting the radio-frequency energy through & hollow pipg
which acts as a high-pass filter. Thus one obtalns a source

of microwave energy in the 10-cm band.

2. Tube lounting

(a) To mount the doorknob tube it is necessary to
slide the entire condenser section out of its
mounting pilpe, after unscrewing the three fil--
lister~head screws on the top platé (not the

capstan screws) as well as the Jones plug screw

- at e ae G M e e W as W T aE e M8 T e s MR e WE R em M ws  ma  wm ew e s

#See References 3, 5 and page VI=2
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on the side of the pipe. ilount the tube carefully
on the supporting wires of the condenser sectione
Page VI~5 shows a tube prong with mounting fixture.
It is desirable to leave at least 1/32 inch clear-
ance between Ifixture and glass to avoid any strain
on the glass seal especlally during the heating-up
process,

(b) Adjust the sleeves of the grﬁd-plate coupling con-
denser to the proper distance of the grid and plate
prongs, and then mount the condenser on the tube
taking the same precautions mentioned above,.

(c) Test electrically and make sure thaet the grid of
the tube 1is insulated from the plate before putting
the oscillator in operation (no short circuit in
adjustable plate-grid condenser). The condenser
section with 1ts tube i; then brought back into
the protecting mounting pipe thus making up the

oscillator unite.

3. Operation of Oscillator”

Slide the complete oscillator unit into the three-inch
pipe and adjust the coaxial tuning stubs to the values given on
the test sheet. Before putting the oscillator into operation

ground the case of the oscillator (grid) and set plate voltage

- T M m S s e o e e e ™ s o e oam m w e e mm e e e e e = e

#See Reference 4 and page VI-4
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and filament controls of power supply to a minimum. The grid
bias resistance is set to a maximum. Switch on filament cur-
rént and increase sléwly up to 4.5 amps. The filament current
strongly influences the power output. Turn on the plate voltage
and increase up to 300 volts. A flow of grid current indicates
oscillation; this oscillation can be regulated by adjusting
the grid resistance., If no grid current flows, change setting

of tunlng stubs until the tube 1is brought to oscillation.

4. Tuning of Oscillator for MMaximum 10 cm OQutput

In order to receive meximum 1l0-cm output the oscillator
must be tuned to produce strong hermonics. This is achieved by
carefully adjusting the three coaxlial tuning stubs. As shown on
page VI=-5, 10-cm output can be obtained either from the coaxial
cable connected to the circular driver unit or directly from
the circular pipe (cross-section 4A). A sensitive crystal de-
tector 1s used as an indicator for maximum power outpute. The
oscillator unit, the three-inch pipe, and the circular driver
unilt comprise a cavity which has to be tuned to the TEl,l mode
of the desired harmonic. Turning the oscillator unit in the
cavity has an effect on the polarization. The longitudinal
movement of the oscillator unit, together with a readjustment
of the plunger in the circular driver unit, in effect changes
the position of the circular driver rod in the cavity field.
Thls gives an additional adjustment to match the cavity to the

coaxial output line.
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NOTE: The l1lO-cm output of these laboratory oscilletors is small
compared to the output of klystrons. Thus it is important

that especlal care be taken in the delicate tuning=up

process.

Oe Design and Construction Tests

The high-frequency oscillator described in this chapter
is a modification of one which has been recommended for use
with Western Electric 368A tubes. It was adapted for use with
the microwave kit. XExtensive tests were made on a model which
was constructed at the Communications Laboratory. The oroper
tube mounting and tuning conditions were carefully investigated,
to éssure stable oscillation and to obtain as much 10-cm power
output as possible, ‘

Several plate-grid coupling-condenser designs have been
tested in this way. The position of the condenser with respect
to the tube determines the oscillator frequency. An increase
of the distance between condznser and tube end raises the oscil-
lating wavelength slightly, and generally increases the power
outpute

The mounting of the tube 1tself in the cavity has an
influence on the excitation of the desired TEl,l mode. The
position of the tube with respect to the end plate of the cavity
had some effect on the coupling to the cavity and thus on the
power output. Also the mounting of the connecting filament,

plate and grid leads seem to have some influence on the excitation.
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Chapter VIII

CONSTRUCTION DRAWINGS

Attached is a set of working drawings of microwave
demonstration equipment, showing the construction of all perts
of the microwave kit and the harmonic 10 cm oscillator, con-
structed for the colleges giving UHF laboratory courses. The
drawings may be useful for instruction purposes, for new design
and construction work, or for eventual repalr work. The col=
leges were supplied with an extra set of drawings on map-bond
paper so that any additional coples, which they may desire,
can be obtained directly by any standard printing process.

You will note that, while these drawings are fully
dimensioned and detailed, they are not to scale. This has
mede possible the exaggeration of smell details which mightv
otherwise be overlooked and enabled us to do a speedier draw-
ing job. In this way the shops involved were at no time de-
layed by the lack of working drawings.

Detes on these drawings indicate their final relesse
for printing after the parts concerned had been fabricated,
thereby insuring that minor last-minute chenges have been
included. In the dimensioning of these drawings, standard
conventions on tolerances have been followed: that is, where
definite limitations must be observed, these limitations are
given; otherwise fractional dimensions indicate a tolerance
of ¥ 1/64 inch, and decimal dimensions indicate a tolerance of
4 0.005 inch.
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To familiasrize the experimenter with the microwave
equipment, additional assembly drawings were made up. They
are attached to their chapters, and illustrate the setup of

various experiments, assembled from different standard parts.
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MALE
Adapter
Cable End
Corner Adapter
Corner Antenna Adapter
End
Loop
Male Adapter
T-Section

MATCHING
Assembly
Short-Circuit ing Studb
Variable-Length Section

MEASUREMENT
Power

Q
A

NUT
Locking
Stendard

OSCILLATOR (368A)
Assembly
Condenser Section
Principle
Short-Circuiting Stub

PARABOLA REFLECTOR
PLANE REFLECTOR

PLUNGER
Circular
Coaxial
Rectangular

POLARIZATION GRID
POWER MEASUREMENT
PROBE

QUARTER WAVE
Adapter
Stub

"RADIATION

RADIATOR
Horn
Parabola
Plane
Stand

RECTANGULAR
Drive
Flange
Sectoral Horn
Variable-Width Section

REFLECTOR
Parabola
Plane
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Bracket
Bushing
Bushing Cover
Circular Flange
Female End
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Flange Clamp
Locking Nut
Male End
Nut
Rectangular Flange
Wave

STUB
Adjustable
Quarter Wave

T-SECTION

TERMINATING PLUNGER SECTION
TRACK

TRANSFER SECTIOR

TRAVELING DETECTOR SECTION

VARTABLE
Length Section
Width Section
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