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PREFACE

In the past twenty years it hasg been necessary to increase the usable
radio frequency spectrum to many times its former limit, This is due to
greatly increased commercial demands and requirements of the armed forces
for new and better equipment,

The piece of equipment studied for thie paper is used as a bench
signal generator and as a local oscillator for microwave receivers, The
purpose of this paper is to give a brief description of the apparatus, its
faults, and possible alterations to enable it te give beiter performance,



Chapter 1

Uithin the last twenly yeirs, the developrent of padic eo

and its allied fields, such as radar and television, has made mandstory the

nee of highor and higher frequensies, Purt of ds need for high fregoe:

cane from the need for more ehamnels of eon ation, and part cane fron the

regulramnts of vartine radar vhich neeces

ment, Coly the very high Creguenciss can {fwc: high direcbivity withe
alling the use of extresely large antenma gystess. ihatever the

be for reculring the upper freauency range, the development nace

e

has bezn set by ithe progres: nade in desioning eleetron tubes cspable of

A o]

Fa

generating the higher frequencies efTiciently and rﬁzlia‘bly.l

Yaecwsn bubes of cepventionald desicm are linited grestly in their fre

-

cqueney cange by dhree factors, They are: (1) the inductance of the lesds
to the different tube clementsz, {2) the transit tine of the eleoirons du
to vide spacing of the tube ele “mts, and {3) the lospes by radiszticn from
ngz leads,

ronee botusen mlerouavs §

Plrenta of Iead inductancss and radislion locpes.

¢, about the only sinllarity

is tho base sormmections uned for the

ecatheods direct current eomectlons,

Jo H. HEndpp, end J. By B Bper, Hrysivons and Horoe
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bt of miercuave tubes has reached such z nodint thet the
pzeile Irecveney gpectrua has beon maltiplied to at lesst thicty tisnes Ibs
prower 1imdt,

&t the present time, the torm, Y"olercwave!, is used to desipnate the
poerticn of the ‘resuerey spectru. from sbout 1,000 negueyelos per seoons to

the infra-red portion of tho spectrun,



Chapter 2

DESCRIPTION COF MICROWAVE TRIODES AND ANALYSIS OF THE REENTRANT OSCILLATOR

Although there are several types of tubes used to generate frequencies
in the 3000 megacycle region, this paper deals with the particular type
known as disk-seal triode, The two most widely known and used triodes of
this type are the 2040 and the 2C43. The numbers 4464, 446B, and 1656, have
been given to the 2C40 tube at verious times, and denote either a new develop-
ment or that the tube may be selected for its excepticnal operating qualities,
These designations are given beeause the tubes wvary considerably from group
to group during menufacture,

Referring to Figure 1, page 4, it may be seen that the diskeseal tube
is constructed in such a mamner as to use cavities for the tuming elenments,
Figure 1 is a cutaway view of the tube, showing the most important features
of the tube without the eavities,

To reduce the transit time of electrons to a minimm, the elements of
the tube are spaced exiremely close, In the case of the 2040 tube, the gride
cathode spacing is one-tenth of a millimeter (four-thousandths of an inch)
and the grid-plate spacing is about three-tenths of a millimeter (twelve
thousandths of en inch), As a matter of interest, it is pointed out that
the gpacing between the grid wires is somewhat greater than the grid-cathode
spacing,

The complete oseillator unit without a power supply is shown in Figure 2,
The only parts of the oscillator normally removed from the assenmbly are the
tube and the grid cylinder, The rest of the unit may be broken down into
its component parts by removal of several screws found at the end of the
assembly away from the tube,

To assenble the unit, the grid cylinder is fastened to the tube at the
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Figure 1.

Partial Cross-section 2C40.
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the oylinder over the tube until the grasve on U ine

s gylinder cnaps over the grld disk,

The anode exlensicn lw tighloned to the tubs with a serew conreclion,
gnd tho eathode is tightened zfher the tube in inserted by g lecking serew
on the sutaside of the exthode cylinder. ihe ancde commection hebwoon the
voliage source and anode exlension is made Wy a tight fitding sliding eentoct
to cnable tuwing by chenging the plade plunger position.

Tor an equivelent circuit amalysic of the behavior of o reontrant cselils

later, 1t iz necessary to inbroduce a sim ‘nlifibﬂ picture as shown in Figurc ure 4

Grid /Yi

6 E?j 5 i 4
L7 2

A
i M ety !
TRV i

/ \

8 1 Lp

Figure 4.

Simplified Reentrant Cavity.

In this flgure the load ie represented by an admitianee Yy, the direct
current grid conneckion is omitied, and the effect of the cutpul probe is dige

regorded, Tundng for this Yyse of oscillator is accomplished by sliding

v, Henilton, J. K. Enlpn, and 3. 2. . Funes
:’i&-.mve mi Qﬁe_'?.\; e @51-' "‘2{3@»



the plate connection away from the plate of the tube through use of the anode
extension deseribed above, The range of tuning for this method is about
fifteen percent for any single grid cylinder,

It 1s noticed in Figures 2 and 4 that a discontinuity, Ly, is introduced
when the plate plunger is pulled awvay from the tube, This change, in ite
effect at least, may be treated as an induetance, because as I, is made larger
the frequency is lowered, A change in Lp of one millimeter brings about a
change in frequency of 40 to 50 megacycles per second, Tuning over a wider
range could be accomplished by using an oseillator with the cavity configu-
ration shown in Figure 3. This is somevhat better than Figure 2 for two
reasons, One is that the frequency is changed by changing the grid cylinder
length without removing the tube, and the other is that the phase of the
feedback angle can be changed to an optimum position without a change in fre-
quency because I.p is non-existent,

To draw the equivalent circuit for the reentrant oscillator, it is nec-
easary to get an idea of the nature of the fields at the ends of a concentrie
cylinder formation, ¥or this, refer to Figure 5, below,

2

Figure 5.

Coaxial Line Configuration Similar to That at the End of Grid Cylinder.



In this figure, line a refers to the portion between the grid eylinder
and the plate line, Line b is the portion between grid cylinder and cathode
cylinder, and 1line ¢ is the portion beyond the end of the grid cylinder,

With this drawing it is seen thst a wave traveling to the left in g will
split into waves whose amplitudes are proportional to the characteristiec
impedances of g and b. However, & wave sent to the right in line g will be
partly reflected and partly transmitted into b and e, Similarly, a wave going
to the right in b will behave like one going to the right in g. The discon=
tinuity at the ends of line g and 1line b may be treated in an equivalent
eireult as capacitances, The equivalent cireuit of Figure 5 is then shown
in Figure 6, wvhere the discontimuity across line g is an inductance L,. 7This
combination will then give a resonant circuit of C, and G, in series with
Lye The only additional parameter that comes into effect i1s the short-
cireuiting plunger across line g, This may be thought of as a variable

3 outside
3 inside

Figure 6.

Equivalent Circuit of Figure 5.
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reactance lurped with L,. 4= 2 fieal regult for this seetion we have the
grid eylinder terminsted by line b in series uith 2 variabls reactance which
will, if we hove a discipative load in liné b, produce a phase shift in L}»,"
respeet Lo g.

To complete the eircuil for the sntire assenbly, we have to add the load,
¥y, tnd the eircuiil consisting of the short sections of line to the left of |
¥y in Maure 4. The asscciated capacitances end inductances will be the same
as those in Fipure 5,

The complete equivalent circuit for Plgure 4 may now be deawn as Pigure 7,
page 10?

Yoy oscilleatians to be maintained, the curvent, Iﬁ?g, fed inte the left
end of the eireuit, =ust give a voltage, ;'5’ af the correet phase at the right
end. Ton, if oseillations sre to build wp, ‘fg,, #ust be lorger than V.

If it were not for the efiwct of Ly beerr ing larger as the shorting
plunger is pulled ocut, there would ke positions for 1, svery half wave length
for which the proper phase of fpedback ecould be obtrined for any parbicular
wavelength., Too, even though the phase of feedback may be correct, escilliations

nay not be cobiained if the magnitude of the shifted weve is too small.
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Figure 7.

Equivalent Circuit of Figures 2 and 4.

Orid-plate capacitance,

Diseontinuity eapacitance at plate disk.

Lengths of coaxisl line with n corresponding to numbers in Figure 4.
Diseontinuity capacitance at the end of cylinder 3,

Inductance due to shorting plunger,

Diseontinuity capacitance at right end of cylinder 5,

Discontinuity capacitance at left end of cylinder 5.

Diseontinuity capacitance at end of cylinder 7.

Inductance due to short-cireuiting effect at left end of cylinder 6.
Capacitance of input region of the tube,

Resistance of input region of the tube,



Chepter 3

PRACTICAL

L:?-J {\’E‘ ;‘1!‘2, RZ"J: YT

T OSCIILAY

in studying the behavior of 2 nicrowsve tricds fer this puper, ihe offect
of grid ecylinder length on freguency and pewer subput woe vobed., Fine srid

cylindors vere made of geven-elighths iuch eupper tubing, renging in Jength

ey U o | . < 7 gl ¥ o o
from 5,45 coptineters bo 5,44 continoters.

ation was euslly cht&iﬁed uaing the five lonzey oylinders for a
freqguency renge froa below 2400 megheyeles per second to above 3000 nmaﬁcvcle%
per second, Al csellletions were obizained with o plate voltage of 150 wolis
and a grld reslstor of 10,000 obis,.

Per the wmit t¢ oseillste through use of the four shortesct cylinders, the

plate twiing plunger had te be aitcered scamevhal by ingerting en eluminvm wacher

in the nugrter-uycve choke cup, This change merely extended the othervise

1inited renge of feedback phase angles, and is showm in Figwre 2,

Suarter-wave
Choke

Plate Rod

Aluminum

Digk With Holes Drilled to
Facilitate Removal

~ T

Figure 8.
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It may be seen from Graph I, page 14, that the frequency is increased
as the grid cylinder is decreased if a fixed position of the tuning plunger
is maintained, This was to be expected in spite of the fact that the wave-
length distance from the end of the grid cylinder to the plunger is not fixed,
because the grid cylinder is approximately a halfewave length long,

It was shown experimentally that the position of the shortecircuiting
plunger has little effect on frequeney, This was done by keeping I.p congtant
and varying the position of the plunger by using the washer described in
Figure 8, A change in plunger distance of .58 centimeters csused a frequency
change of 64 nsgacyeles per seecond, whereas a change of.OSa;nianeauud
frequency change of 49 megacycles per second, It is seen from these figures
that a change in plunger position alone has only about twenty percent as much
tuning effect as changing L.

The value of the plate voltage, Bos has little effect on frequency,
Plate voltage was varied from 125 volts to 200 volts, but the change in
frequency wes barely great encugh to be noticed,

The power supply used for this experiment was a conventional full wave
rectifier with a capacitance input filter, Output voltage was controlled by
using 2 variac tranaformer to contrel the input voltage. The tube used was
a 645 tube, the filter capacitances were 20 and & microfarads, and the choke
coil was 20 henries,

Filament voltage was obtained by a filament transfermer which stepped
110 volts down to 6,3 volts, Input voltage to the variae was kept constant
at 110 volts by a constant voltage transformer,

A schematic diagram for the power supply is shown in Figure 7, page 15.

Frequency measurements for this paper were made with a Detector-liavemeter
manufactured by The Sperry (yroscope Company., This meter, shown in schematie
form on page 17, is designed for frequency measurements on gystems operating
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in the 2400 to 3400 megacyels per sscond band, The neter iz entirely selfe

zined and reguires no power excep’ the strength of the signal being
seasured, For frequency ncasurcionts, the meter is accurate to one nart in
200G or .75 megacycles ot 10 centinmotsrs,

The operating prineinle of this meter is culte siymle, IDssentially it
ig a guarter-uave line shorted at ome end and open at the other, Following
the notation of the ivnstrucltion book, it may be seen thet the caviiy has an
suter conduetor (B) nrovided with an extension (£). fThis line is oper st
end {J) and shorted at end (¥), The extension is counled to conduetor (B)
by means of the filter capacity (P)=(0)~(D). (P)-(0) is about a gquarter
wvavelongth, o that the high iwpedence at (C) cbtained hy neans of a guarter
savelength line (D) shorted at the bottom, prevides o good contaet peini at
(P), This nakes the losses ob (P) negligible,

hen the transmission method is used %o measure froqueney, the unknoum

signol is counled into the meter by means of jack () and loop (K). “hen the
coviter i tuned te resensnce, the sipmel passes through loop (I) to the
tecsotion () and then to the crystal detector (£}, The rectified signal is
then indicated on the meter (1), siving a peak reading.

“hen the ahsorpbion method is used, the unknown sismal is fed to the
Tescotion through jaek (1) and then to the erystal rectifier, When the eavity

1o tuned %o resonsnee b the inconing sipnal frequency, part of the power is

e}

abscrbed by the eavity, thus lessening the signel current through the meter,
‘eeording to ths instruection hookleb, this meter can be used for power

messurenents by using the tune~io=dip jack and placing the neter anbenna in

$

the redicted field from some source, The field strength is supposed o be

provortional to the defleetion, At any perticular frequency this msy be true,
hot 3% wae Hncoversd during this experinment that a pover peak was obtained

at the game Crequencies even though cylinders of different lengths were uscd,
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Figure 10.

Schematic Diagram of Detector-wavemeter Type liark S$=22.



This seens to indic x.,atx, that the weter is fregqueney sensitlve, Teoo, the

m:mlts @b-&ine& with this meter 2id not corrclate with resulte chtained
through use of the boloneter type device ﬁe:;mribed-h@l&zﬂf

The  beloncter type power neasuring clesent depends on a chan@o in
resistance gs its temporature changes for 1ts operstion,

feferving to Pigure 11, page 19, it is seon that if the resistonee of
the toelemeter elewent is sgual to the resistances of the other three srus,
we have o balanesd resistance bridge with the detector or g;almnm:;tpr HOPOSE
the dlagunal of the bridse :rivf ng & nil reading. |

The particular bridge vhich was used for pover neesvrementsz for this
naper was of the balanced type. By this we mesn that the bridge was balanced
with no radlo frequency slgnal sprlied, ond the curvrent, Lp wag noted.  The
r-f power is then fed inbo the elreuit by the eoupling loop shown, This
r-f pover ig absorbed by the bolomeler element vhich ralses its temperature
and lovering its reaistance, By adjusting the sero contrel chowum in the
gchematie, the eurrent through all arms of the bridge is decreased until the
detector shous a nil reading agsin, The current, :322 . 1s then noted on the
moter. It is ovident that the bolometer resistanes is the same when both
I1 and Iy vere taken %mﬁua@ the bridge was balanced, This proves thal the
total powver dissipated in the boloneter elscent the same in both cases, 411
resictances are 100 ohaus value, so the power dissipnted uith no ref anplied
is ff12 times 100 and powsyr Jdissipated :v:ri‘biz i applied 1s 122 “times 100 plus
r-{ pover dissipated, This sales the r-f powver cutput cgual te (I% - 12;} times
100, The power output of the tube was too great to be weasured withoub
sttenustion., To Find the velue of the attenuator used, a slgml was applied

te the bridge without attenustion ond power measured. The attenuator wes

Inpaio Research laboratory Staff, Yery High Freguency Teehnigues,
Volume II, pp. lD&_ﬁ-‘lGZf;,.;
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ingerted and pover measured again, All measurenents safter this were made with
the attenuntor inserted and all power values obtained were multiplied by the
sttermation factor of the atiemuator,

Graph I, psge 21, chows the power obtained at differcnt frequencies
uging four different grid cylinders,

It was expected at first that pesk pover would bs obtained at the lowest
frequencies with tho longer cylinders and st high fregucncies with the shord
eylinders., It was also thought that the power would be greater for the lower
frequencies, Heither of the two expectations listed above proved o he correct
in spite of the fmet that the tube is capnble of putting out more power than
ig shown on the graph., A8 was peinted out before that the distance in wvevew
lengths from the end of the grid cylinder to the shorting plunger is never
the smme for two frequencies with & single grid cylinder, This change may
ageount for the wmexpected power responses in that the phare angle of the
feedback wave i1s so for from being correct that the maximun pover whieh the
tube iz eansble of gonerating ecould not "w raached.

Aibout the only conclusion that can be reached ig that if the maximm
powver is to be cbialined st s pgiven frequency the complete oseillstor unit
must be designed for that frequency, On the other hand, if the unit is to be
used as a local osecilletor in a recelving set or as g low power signsl gensra-
tor for a kbench setup, the power ohtained is probably sufficient to satisfy

those needs,



FPRINTED IN U. &, A

10 % 10 to the half inch.

. T 1T T T
. F P +H i ! 1 I
E 11 B mEE I I T
ot iEs gegss: ] i
T ] : T R 1
I S IEEEURENEE NN RS R [
! ! ‘ e
. i (8 R SENE EE NN ER +
I T = 15|
_ £
Bn T + -
B 4 1 mE
T
} A
{4+ RS Raaas | 0T 32
I EEEEEE ]
| +
1
1 1T T | " T
1 1 T
H- t 1 .au =EaE
BRSNS " 1
s 1
e "
i EERE N i SRR = T R B
1 L . . :
L + , B
T = mEEwE — +
: __ T i :
1 t e i i
= et - -
! 1
1 EEB.Jamn . aw HiH
: . . -
T T 8 §
333 taatazaaazsaaans : N ;
I {RERE aum. s I ]
j i 1 i HH }
} Aur
_ i h._ T H
1 I . 0 ﬁ“i-
+ T H._.ﬂ |||||| HH
1 I
I 1 i N R -4 4 | i 4
1 T 1 1 l 1
1 T 1 1 L
i I I i
1 i maEs B R 1
i - \ 1
] I 2 men T I
- . - L i
T | H
- —
- mu 1 =m
! H
t =
—
— o {
—
- msin - T
“ i
t HH s ‘ am®
il I o " HH
I INE RSN R L1 1 I |*_
: ! t b 5 - e AN
i BN B L 1 16, . 1 "
T T i = <1 - = = 2
1 T nmE 1 i
L 1 In W I I I
: - <k
e : mEhe, Teegy, SesSRRERISELE .
. b ! I Ba LT i 1
R 1 1 ! — = RE s *
. o ' I 1 e : # {
= T = o i i -
- 1 EmENN F : &..Fnij I
e T I | I
1 1
aEE I I _
Tt i 3
I
EW 1 %
e I I
- 1
i . 1 m
m “ ! I-

.




Chapter 4

80K PRACTICAL USES OF MICHOUWAYE FRECUERCIES

It was pointed out st the end of Chapler 3 two of the usecs for lower
nouver high Crequency generators, Other applications, of course, dewend the
uge of high power st these same frequeneies, Two of these uses are radasr
and racdio telephony. Probably the greatest commercial vee of the high power
microvaves is the latier which ls being used on a largs scale tryout basis
in the northeast section of the United States between large eitiesl

The cholce of micrmm#ss in the 10007000 megacycle reglion was based on
several fachors. Thecretically any band of redio frequencies wide enough to
nect the reguirensnts set forth could be used, but in aetual practice the
range is limited,

First, frequencies below a hundred memacycles per second are unavailable
becaunse thoy are very ruch congested by amateur redio coperators and frequency
wodulated commereisl radio stotioms. Fresuencles between 100 and 1000 pegas
cyeles are msuliable becsuse large transmitter powers must be used to oblainm
the dir@cﬁ‘ﬁ“ﬁy required, Above 1000 megacycles there are now available a
lerge nuvber of chennels, Alsp, a hizh degree of directivity may be obtained
Wy use of paerabolic reflectors, snd smll sniennas may be easily decigned to
nect practieal requirementa,

Freguencien ghove 7000 or BOOC megacycles per second invelve Turther
difficulties, At thege fréqtaenciea such a high degree of directivity is cbtained
thet the supporting structure for the antenme must be extremely rigid in order
that the transsitting beam wlll nob niss the reeeiving antemna, Diffvaction |

and zbzorption aoffocts beecove nmore lmportant as frequeney is inereased.

W, n, }r§ef; snd J, Recker, “Uierowave Radio Idinks,” Signals, {Hoveubere
Doeeetbor, 1947), oo, O=9 -
-’ 2P Nt , 2y ’ el -
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From the gseverel reasens glver ghove it is seon why the range is linited
at the present time, DBut because new techniques are being developed nearly

noetrun ig

evary day it may not be leng until the wsable redio frequency s

eztended for commercial purposes.
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