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PREFACE

The purpose or’this thesis 1s to study the reflex
klystron osclllator, and make tests to determine the chapre
acteristlcs of the 2K28 klystron tube acting as an oscill-
ator iIn the reglion of 3000 mgacycles/seeond.

The prineliple of the klystron oscillator will be given,
the particular equipment used in this work will be deseribed,
and testing procedure and conclusions discussed.

I wish to acknowledge the assistance given me by Dr.

He Ey Harrington in this work,

Je Fa GCo
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I, COMPARISON OF IOW VEILOCITY MODULATED TUBES
AND HIGH VELOCITY MODULATED TUBES,

The klystron tube differs from the usual amplifier
tubes in that the signal is appllied to the electron stream
of the klystron after it has been given a high velocity,
while in the vsual amplifier the signal is applled to a
slow moving electron stream which 1s then accelerated by
plate or screen voltages. Both types of tubes may be made
to oscillate if proper feedback conditions are provided,

The low veloclty type tube 1s limited to the frequen-
cles which 1t may amplify, due to the phase change within
the tube when the transit time of the electron stream is an
appreciable part of a cyecle. This translit time becomes ime-
portant at higher frequencies, as there is a 1limit to the
closeness at which the elements may be spaced.

The high veloeity klyatron tube takes advantage of
this transit time and uses it to "bunch" the electron stream
by veloclity modulation, thus providing amplification., The
spacings of the elements of the tube may be much greater
in a klystron than for a low velocity modulated tube,

In figure 1 (a) 1s a low veloeity tube in which the
signal 1s injected on G with respect to the cathode. There
is a low D=C electric fleld gradient existing in the space

between C and G, therefore there is little acceleration of
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the electron stream between these two elements, and the
signal voltage acts on a slowly moving stream of electrons,
Between G and P there i1s a high D-C electric fleld gradient
and the electron stream 1s greatly accelerated, but only
after the signal has modulated the electron stream. The
spacing between C and G must not be more than } wavelength
or detrimental phase effects wlll be introduced during
transit time. Since the velocity is low between C end G,
the spacing of these elements becomes a serlous problem at
ultra high frequencies.

In figure 1 (b) is represented the construction of a
high velocity tube. There is a large D-C electric fleld
gradient between C and Gl, and the electron stream passes
G, with a high veloeity., There 1s usually no difference

in the D-C potentials of G Ga, and 03’ and the electron

1’
stream 1s not accelerated further in these spaces due to
D-C fileld gradients, The signal voltage 1s applied between
08 and Ga, and produces an acceleration or deceleration of
the electrons between these elements as 65 1s positive or
negative respectively with respeet to Go. The spacing of
G, and G, 1s of the order of % wavelength, which, because
of the higher veloclty of the electron stream, is large
compared to the spacing of the elements in a low velocity
tube. The spacing of other elements in the high velocity

tube 18 not eritical since signal voltage is not applied



to them, Beyond Ga there may be different combinations of
elements, but again the spacing 1s not critical.

Klystron tubes are popular at ultra high frequencies
because they are mechanically easier to construct, due to

the larger spacings between elements.



II. GENERAL INFORMATION ON KLYSTRON TUBES
Klystron oscillator tubes fall under various classifi-
oations,l as follows:
1) Two cavity oscillators
2) Reflex klystron oscillators
3) Secondary-emission reflex oscillators
4) Oscillator-buffer klystrons
§) Floating-drift-tube klystron oscillators
6) Hell tube osecillators

This work shall be concerned with the reflex klystron
oscillator, to which group the 2K28 tube belongs. The 2K28
was previously known as the 707B.

One of the advantages of the reflex klystron oscilla-
tor 1s 1ts simplicity of tuning and ellmination of tracking
problems, Another is the electronlec tuning characteristies,
which are wide enough to be sultable for freguency modula-
tion. This latter characteristic 1s also a drawback as it
requires very good voltage regulstion 1f the tube is to be
operated at a fixed frequency. Frequency changes of the
order of 30 megacycles/second (to the half power points)
may be obtained by repeller voltage varlations of the order
of 30 volta.s

* .
Hamilton, Knipp, and Kuper, Klystrons and Microwave
Triodes, ppe 26-30. .
2

M.. P 27.



The efficiency of the reflex klystron oscillator at
3000 megacycles/second is of the order of 2% to 2.5%, with
a power output of the order of 150 milliuutts.a Because
of this lower power output of the reflex klystrons that were
developed, their greatest application was in local oscilla-
tor operation,

In view of this limited use of reflex klystrons it is
interesting to note that the two resonator klystron oscillae
tor was developed for high power transmitter operation with
higher efficlencies than the reflex klystron oseillators.
Their power outputs for pulse modulated and ecw operation
were of the order of tens of kilowatts peak power at 20%
efficiency, and 15 watts at 8% efficiency, rsapectiwly.4

The operating characteristics of the 2K28 klystron
tube, manufactured by Raytheon, are as rollo'aza

Frequency range «1200 to 3750 um/hce;
Beam voltage- -=250 volts

Beam current «25 milliamps
Repeller voltage-- 110 to 230 volts
Power output 70 to 110 milliwatts

Electronic tuning range---21 to 22 mc/sec.

Electronic tuning ratee--«,85 to .60 m/uoe./roiloctor
volt

3 Ipid., loe. git.
4 M.' Pe 26,

® Montgomery, Carol G., Zeshnigue of Microwave
Yeasurements, p. 35.



III. THEORY OF THE REFLEX KLYSTRON OSCILLATOR
A. General Theory

The reflex klystron oselllator, see figure 1 (b), is
a high velocity tube which uses the principles of velocity
modulation and bunching to produce high frequency power,
It has the advantage of using a single resonator cavity.
A stream of electrons are accelerated by approximately 250
volts D-C on Gl' This stream, in passing through the reso-
nator gap (between Gg and Ggz), 1s veloclty modulated. The
electrons are turned back in the space between 03 and P,
and re-enter the resonator gap. The time spent between
the center of the gap field and the repeller plate is
called the transit time. Bunching of the electrons takes
place during this transit time, due to the velocity modu-
lation, The bunching rate 1s not changed by P, but depends
only on the velocity modulation given by Ga and Ga. Ir
these bunches return to the resonator in sufficiently
strong bunches, and at the proper time to be decelerated
at a maximum, energy will be given up to the gap field.
This gap is part of the resonator circuit; and this transe
fer of energy will produce oscillations, providing that
successive groups return to the gap at the proper intervals,
The frequeney of the oscillations willl be near the resonant
frequency of the resonator, but will vary from this fre-
quency with changes in accelerator and ereller voltages,
These two voltages determine the time taken to return the



electron bunches to the resonator gap. If the transit time
is too far from the optimum value, oscillations will cease,
The condition 6f optimum transit time is determined by
the fact that the center of the bunches in the returning
stream should pass the midpoint of the gap when the gap
field provides the greatest retarding effect (deceleration).
Under this condition, the greatest number of electrons will
lose the greatest amount of energy, and the maximum energy
is returned to the resonator circuit. The maximum retarda-
tion on returning center-of-the-bunch electrons occurs at
3/4, 1 3/4, 2 3/4, ==e=n 3/4 of a cycle after they have
initially passed the center of the gap fleld. The possible
modes of oscillation occur at transit times near 3/4, 1 3/4,
w==-n 3/4 of a oyele.e These different modes are produced

by changing repeller voltage.

B. Yelocity Modulation

Assume the klystron already in oscillation, the initial
excitation necessary to start oscillation being due to ine
herent tube nolses which cause small varlations in the tube
current, The RF voltage appears between G5 and GB and will
be given as 63 with respect to 02.

Refer to flgure 2. Electrons which are at the mid-

point between G3 and 08 at the time the RF voltage 1s at A,

6 Hamilton, Knipp, and Kuper, op. cit., p. 312.
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will receive a maximum acceleratlon while passing through
. tho gap, and lsave Gg with a maximum veloclty.

Electrons which appear at the nidpolnt of the gap at
time B will recolve acceleration and then deceleration
while passing throush the gap, the average being zsro.
Theose eleehrons will leave the gap with the same veloclity
1th walch they enbsred.

Electrons which are at the midvoint at time C will re-
celve a maximuam decelevation throuzh the zap and will lsave

with a winiman velocity.

Electrons whieh are st the nidpoint at tims D will ree
caelyve doceleration and then aecceleration while passing

through the zapn, the averase belng zero, Theso electrons

will leave the gap with the same velecity with which they

The electrons mentioned will be referred to as the
A, B, C, and D electrons., The different electrons which
enter the gap with the same veloclty and leave with dif-
Terent velocitlies are saild to be veloglty wodulated.

It can be seen that there will be an amount of energy
glven by the gap to the electrons which are accelerated,
and an equal amount of energy glven back to the gep by the
electrons which are decolerated. The total energy transfer
during veloclty modulation of these electrons is seen to

be e1ro.



C. Bunching
The action of the electrons in the gap over a period

of one cycle has been studled. Now follow thelr action in
the space between G3 and the repeller plate P, Refer to
figure 3. P is normally 400 to 450 volts D-C negative with
respect to G5, for the strongest mode of oscillation. Al-
though this voltage is strong enough to decelerate the
electron stream to gero velocity, and then accelerate them
in a reverse direction, the action 1s constant and no change
is produced in this space by this D-C voltage other than re-
versal in direction. The bunching action 1s not affected.
The fastest electrons travel the greatest distance before
reversal, and the slowest electrons travel the least dis-
tance before reversal, In figure 3 1s shown how the faster
and slower electrons group together. It can be seen that
the bunching is not sharply defined. The center of the
bunches 1s the B electrons. Electrons which form the center
of minimum bunching (debunching) are the D electrons.

If the electrons return, so that when the signal volt-
ages are decelerating the electrons in the gap, a maximum
number of electrons are there (bunched), a large energy will
be given to the gap elrcult. If, when the signal voltages
glve an acceleration to the returning electrons, a minimum
number are there (debunched), & minimum energy will be
given by the gap e¢ircult to the electron stream, If the
above 1s accomplished, a larger energy will be recelved by
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the gap circult then it returns to the electron stream. On
the average the gap circuilt 1s receiving energy. If this
energy is sufficient for the losses and the load, oscilla-
tions may be sustalned.

From the above it is seen that maximum average energy
is returned to the gap circult when the greatest bunching
passes through the gap for the time of greateat average de-
celeration, The maximum density bunch must be at the center
of the gap when G, is a maximum positive.

This can be accomplished by adjusting the repeller and
accelerator (beam) voltages. The frequency of oscillation
will be that with which the bunches return to the gap, pro-
viding this is not too far removed from the natural fre-

quency of the resonant circuit.

7,8
Des Mathematical Analysis :

An expression relating the time of departure of elec~
trons from the resonator grids and the return arrival time
will be derived for the reflex klystron oscillator. This
will establish a relationship between the various electrode
potentials which must be satisfied if oscillating conditions
are obtained.

v Bronwell and Beam, Theory and Application of Miero-
waves, pp. 86-106.

8 Ginzton and Harrison, "Reflex Klystron Oscillators,”
eedings I.R.E., XXXIV (March, 1940), p. 97.
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Figure 4 shows the potentials of the various electrodes
of the reflex klystron while oscillating. The cathode is
taken as the zero potentlal electrode and an A-C potentilal
‘in agssumed to exist between the cavity grids. The poten-
tials of Gg and Ga are assumed to be Vi and Vi+7§ainaot
respectively, while that of the repeller plate p is a nega-
tive potential VH' The potentlal of 01 is the same as the

potential of G_.

2 .
The electrons enter Gg with a velocity
vy = (2Vye/m)é (1)
The electrons leave Ga with a velocity
vp = vy[1 # (Vp/Vy)stn wt,]# (2)

The potential difference between Gz and the repeller
plate is Vp - (V1+¥2a1n60t). Assume that Vysinwt is small
compared to the other terms, and write the potential dif-
ference as Vp, - ?1. Assume & uniform field between G3 and
the repeller plate, the electriec fleld intensity will then
be E = «(Vp = V;)/s, where s 1s the distance between Gy and
P,

The force experienced by the electron in the repelling
reglion is ~eE= o(V, = Vi)/h. Equating forece to mass times
acceleration, we obtain the equation of electronic acceler-
ation,.

a = O(VR - vl)/ﬂ (3)



The time T spent by an electron in the repelling
reglon 1s glven by

Bvg  omevy [1AVp/Vy)etncot, | ¥ (4)

T = B

a .(vn - Vl)

The time Tl spent by a center-of-the-bunch-electron,
which is not accelerated by the gap fleld, in the repelling
region 1s given by

2 2ms
Ao A e (5)
= e(Vg = V)

Returning electrons arrive at time ta. having entered
the repeller fleld at time t,. Hence
tg =ty + T (6)
Expanding the bracketed term of equation 4, keeping the
first two terms, substlituting equation 5 into eguation 4,
and placing the resultant value of T into equation 6, we
obtain
o =%; + Ty [1 + (Va/a?l)sincotl] (7)
lultiply through by to obtain the phase angle, and
set the center-of-the-bunch-electron transit angle T;= .
Wy = why + oC[l B (vyzv,_)unwt,_] (8)
The round trip transit time has been previously dis-
cussed in this paper and found to be 3/4, 1 3/4, e==-=n 3/4
of a cyele. The corresponding round trip transit angle
would be 2 T n « T/2, where n is an integer. The relation-
ship between accelerating voltage and repeller voltage is
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found by inserting X = 21n - T//2, and vy from equation 1,
into equation 5 multiplied by w .

vy el2mn - 1W2)* o
2

(Vg = V) 8 w22y

If YR is the variable, the smaller values of n corre-
spond to higher values of Vp,

The ratio of Va/vl is given by

vafvl = 2x/c (10)
where x 1s the "bunching parameter" used later.

Return electrons give up energy W = -evgninwtz. The
negative sign signifies energy return from the electron to
the gap fleld. Using this sign convention, energy output
and power output are positive quantities.

Substituting w ty from equation 8

W= -eVpatnfwt,+ L + (VQ/BV]_)ainwtl]} (11)

Averaging this egquation for all electrons between
wtq =0 and wtl = 21 , the average energy returned to the
resonator ecircult, per eloctrén, 1s obtained

2n
-oVa
Vo= e 8in {w t1+ o [1+(V2/2V1)a1nwt]l dlw td
0 " (12)
Substituting the bunching parameter x = o€ ?2/271 and

expanding, the integrand 1s obtained.
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sin (wty + o + ninwtl)
= sin (wty + = )cos(xsinwt,)
+ cos (wtl + )lin(:u!.nwtl)

In standard treatment of Bessel's functions

m(ulnwtl) = Jo(z)ma(x)uﬁwtl

sin(xsinwty) = 29, (x)sin vty +2ig(x)sind w b, —m-m
When the first series is multiplied by sin(wty + « )
and integrated between the limits of wtr- O and Wty = 27

the integral has zero value since each term is of the form

am
én(x) sin(wgg+ o< Jeos(n wtl)d( w3l

where n 1s an even integer. _
When the second series 1s multiplied by cos(wty + o )
and integrated, each of the terms is of the form

2m
oﬂn(x)eea(w ty+ o )sin(nwsyla(wty)

All of the terms except that corresponding ton = 1
are zero. Forn=1
2
-aV
Way= —2-1:'1 2J4 (x)sin(w ty)eos(w b+ cla(ws,)
0
= eVgly (x)sin « (13)



Multiplying I‘ v the average energy per electron, by
N, the number of electrons per second leaving the cathode
P = Wy N = NeVgdq(x)sincc
= I3Vpdy(x)sin
where I, 1s the beam current.
Substituting Vp = 2xV1/oc

2I V. xJ_(x)sin

oC

To find the power delivered to the load, P;, consider
the load as a resistance Ry parallel with the resonator.

Resonator losses are in a resistance Rs.

Rg ]_[311"1”1“""“‘1 [ Rg } i

P =P
< [‘S*RL & |Rg#Ry,

The efficiency is given by

e b, .[ﬂl(x)aut] [ Rg :l il

B 1 = Rg+Rp,
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IV, POWER SUPPLY

It is essentlal in the operation of the reflex klystron
oscillator at a fixed frequency that the power supply be
regulated to within a fraction of a volt, because of the
change in frequency with change in repeller voltage. If
the regulation 1s such that no fluctuations are observable
in any of the measuring instruments, during any particular
setting, there is sufficient regulation.

For this work two ordinary condenser input filter power
supplies with a bleeder resistance were used; one for the
repeller voltage and one for the beam accelerator voltage.
Each of these gupplies was coupled into a 110 volt A-C regu-
lated transformer through a separate wvariac, which provided
the necessary manual regulation. See figure 5 for the power
supply circuit, In addition to the regulation these varlacs
are convenlent to set the voltages to different combinations
for oscillations,

In the taking of data a careful watch was kept on all
indicators, Particularly close check was made on the fre-
quency meter, as frequency varlation with change in D-C
voltage is the prime purpose of elaborate regulation., No

fluetuations in any of the instruments were obaserved.
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V. TEST EQUIPMENT
A, Yoltmeters and Current Meters

A Weston D-C voltmeter model 45, 300 wvolt full scale,
accurate to within 3%, and accepted by the Physics Depart-
ment as a sultable standard, was used to measure repeller
voltage and accelerator voltage. By a switching arrange-
ment, see figure 5, the voltmeter was connected to read each
voltage separately with respect to the cathode of the kly-
stron tube.

A 50 milliampere full scale ammeter was placed 1in the
accelerator circult in such a manner as to measure the total
beam current (G, plus G, plus Gy current). A 100 microamp
full scale meter was placed in the repeller circuit to note
any unusual currents which might occur there. The repeller
circult normally draws only a few microamps of current, and
this meter was placed in the circult only as a check,

B. Epeguency Meter

Frequency measurements were made with a Sperry Gyro-
scope llark S22 Detector-wavemeter, whose accuracy is 1 part
in 2000, placed in the radlation field. The absorption
circult was used, If the cavity is tuned to resonance,
energy 1s absorbed by the cavity and the meter reading dips.
The frequency is calibrated against the micrometer readings
of the micrometer adjusted tuning probe of the wavemeter
cavity. See figure 6 for the frequency meter dlagram,
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Ce Relative Power Meter

The meter used to measure relatlve power deserves
some discussion, as these were the most difficult measure-
ments to make., The relative power meter was the Sperry fre-
quency meter used in making frequency measurements.

The Sperry meter was used as an absorption meter, with
a dipole antenna coupled to the "tune to dip" connector.
When the cavity 1s not resonant to the frequency being re-
celved, no energy is absorbed by the cavity. The energy in
the coaxlal line 1s rectified by the square law crystal de-
tector, causing D-C to flow in the meter circult. Thus the
meter 1s a linear detector of power, 1f the cavity is not

tuned to resonance.
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VI.. MEASUREMENTS AND CONCLUSIONS
A. General Information

Data on osclllators 1s usually taken in such a manner
as to measure the maximum possibilities of the oscillator
at any particular set of conditions, To make such power
measurements, over the frequency range of the 2K28 klystron
and cavity used in this work, would require variable match-
ing networks and special couplings which are not avallable,
Therefore, the power measurements made herein are not of the
klystron alone, but rather of the osclllator and radlating
antenna.

In practice the klystron works into a load which varies
with frequency, and this load 1s designed to glve nominal
operation at some frequency of the klystron oscillator., No
effort is made to match the load at all frequencies. If the
frequency of the klystron oscillator is changed, by any of
the methods of tuning, the load is changed, and a mismatch
may exist.

Because of the above, 1t was thought that data on the
klystron osclllator coupled te a fixed radiating antenna
might be useful.

For all datas, except one set to determine relative
power output vs. frequency, a dipole antenna with a para-
bolic reflector was used. It was found that standing waves
exlisted in front of this combination, but this was not harm-
ful as long as the position of the nodes did not change.
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All data was taken with the relative power meter placed so
as to give a maximum indication, that 1s, the meter was
placed at a node.

The position of the nodes did not vary as long as the
frequency was not changed over a very large range. Frequency
changes with change in beam voltage and repeller voltage were
seen to be within this range. Thus relative power measure-
ments, with change in beam and repeller voltages, are seen

to be valid. See figures 8 and 10 respectively.

B, Calibration of the Sensitivity Control of the Relative

Power Meter

The Sperry Mark S22 relative power meter was placed in
the radiated field of the 2K28 osclllator, whose frequency
was adjusted to 2910 megacycles/second, so that the meter
read 50 with full sensitivity. Full sensitivity corresponds
to a setting of 10 on the sensitivity control. Keeping all
other conditions constant the sensitivity control was ad-
justed until the meter read 25 (50/2), and the position of
the sensitivity control was recorded. This meant that when
the sensitivity control was set to this position it would be
necessary to multiply the meter reading by 2 to get the cor-
rect indicatlion of the relative power of the field, to be
related to power indications with full sensitivity.

Similarly, the sensitivity control was positioned to
give meter readings of 50/3, 50/4, 50/5, 50/10, which meant
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the meter reading must be multiplied by 3, 4, 5, and 10
respectively, to give the correct readings, when the sen-
sitlivity control was set to these respective positions.

The above was repeated at frequencles of 2988 and 3388
megacycles/second. The curves obtained at all three fre-
quencies were identical and correspond to curve A in figure 7.

Curve B in figure 7 was obtained in the same manner as
curve A, except the relative power meter was positioned to
give a meter reading of 30 with full sensitivity. Positions
requiring multipliers of 2, 3, 4, and 5, were obtained by
recording the positions of the sensitivity control which
gave meter readings of 30/2, 30/3, 30/4, 30/5, respectively.

This calibration was used in later measurements of

relative power.

C. Beam Voltage Characteristics
At each particular setting of beam voltage (the D-C

voltage on G;, Gy, and G;), starting at 260 volts and de-
ereasing in steps of 10 volts until no signal output could
be detected, the repeller voltage was adjusted to give a
maximum output. This output corresponds to the peak of the
highest repeller voltage mode of oscillation.

The relative power meter was placed in the radlated
field, and 1ts position remained constant. The relative

power meter reading, the beam current, the frequency, and
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the repeller voltage were recorded for each setting of the
beam voltage. The results are shown in figure 8.

The relative power and beam current curves are as to
be expected, increasing steadlly with increase in beam
voltage.

The frequency curve shows no change 1in frequency with
change in beam voltage, but it 1s to be remembered that both
the beam voltage and repeller voltage were changed, which if
properly adjusted would have tlime characteristics corre-
sponding to the resonant frequency of the cavity. This
curve therefore also appears to be as should be expected.

The repeller voltage vs, beam voltage curve shows an
increase in repeller voltage as the beam voltage goes from
120 volts to 150 volts, and a decrease in repeller voltage
as the beam voltage increases from 150 volts to 250 volts.
It must be remembered that repeller voltage 1s negative with
respect to the cathode, and beam woltage is positive with
respect to the cathode.

It will be necessary to use specific numbers to show
that thls curve is that which should be expected.

The equation relating repeller voltage and beam volt-
age is VI/(VR - Vl)B = (2mn -'ﬂ/ﬂ)zojhcusssn, where n 1s
the number of the mode of oscillation.

Since this data was taken with a constant mode, and
the frequency did not vary, the right hand side of the
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above equation 1s a constant. Evaluating this constant at
the values of VR and Vy at the start of the experiment,
K = 250/(-142-250)% = ,00162
Using this constant and new values of V,, solve for
expected values of Vh. Thus
v, = f(?l/.00162)i+ vy
Vl is always positive, and Vp 1s always negative, hence
the negativa value of (vl/.00162)i must be used.
Let Vl be 200, 175, 150, and 120 volts. Then
Vg = -(300,/.00152)i + 200 = 151.3 (volts)
Vg = -(1'75/.00162)i + 176 = 153.6 (volts)
Vp = -(150,/.00163)i + 150 = 154.3 (volts)
Vg = -(130/.00162)i + 120 = 153.4 (volts)
These values give the same general curve as was ob=-
tained from the data, repeller voltage decreasing on both

sides of beam voltage equal 150 volts.

D. Modes of Osecillation

In figure 9 1s shown the wvarious modes of oscillation.
This figure illustrates the fact that at any particular
beam voltage there are different repeller voltages which
will produce oscillation.

These repeller voltages are the ones which control
the bunching time. When the voltage i1s adjusted so that
the bunching time is 3/4, 1 3/4, ete., of a eyele, then
oseillations will occur. Mode number 1, in figure B,
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evidently corresponds o the lowest bunching time, since
high repeller volbapgs would reverse the electron stream in
the shortost time, douGe number corrvesponds to the next low-
¢st bunching time, eve. Yhere are no wmodes detocted at
higher repeller volbages, up Lo 300 volids D-C negative.

¥ 3

bage was doecressed in steps of 10 vold

[ésd

200 wolbe D=0, unbil outpult »eadings wore

tisfactory, and ai cach step the ropollep

Hags from 300 volbts o 2 wolis D=0, The WHark
S8E detector-wavensier, placed in the padlated fleld, was

ased to detect oselllabions. Depcller volbs were rocorded
at points woere oscillabion began, and ab polnts wacro og-
gillation stapped, Yhe froguency of ovsclliliatfon wag approxi-

mately 3000 mogacyeles/sacond.

se  Power and Fregueney Charachterlstics of Hodes of

Dgeillation with Chance in Hepeller Voltage

Throe gets of daota were taken for this experiment.

o

Flpsh, for a Trequency st the low end of the

O

rangs, approxi-
mabely 2900 megacyeles/second; second, for a wgequ@ma;'in
the middle of the range, approzimately 3100 megacycles/
decond; and third, for 2 freguency at the high end of the
range, approxlmately 3430 mespeyeles/second. These fro-
guencies were set by‘ﬁﬁa cavity tuning sorews.

| For 21l daba the beam volbage was 250 volbts D-C, and

the osclllator was working Iinte a 4.8 em. antenna with



1
znw ’
o -
I
T t
{ - . rm
t 1
¥ i
THHT 3
¥ 1
.
4
3
$ad +
+
1 3 | |
1 m }
b s e
1 1 i
3 ¥ 1
- po g  §
it aaiing i i
I 1
: 3 EmEguaus b
. z s
b : =paza
™ - : 1
8 + 1
EruspasE 1 T ;
1T ,‘.Huﬂ - i
HH - {
: 5 ¥ t 1
HHH i b2 : gEs
TH 3 H
' s RRSS
¥
- e . . [# E 4
-
e 3
-+ :

WETN NI 3OYN




reflector., Frequency and relative power were measured by
the Mark 522 detector set iIn a fleld node position, ap-
proximately 10-15 cm, from the transmitting antenna, which
would give convenient scale readings. It was noted this
node position did not change enough to observe, for fre-
quency changes produced by changes in repeller voltage.
The position did change over the large frequency changes
produced by the cavity tuning screws., Hence, any one set
of data may be assumed valld, but cannot be correlated too
closely with the other sets of data.

For each set of data the repeller voltage was adjusted
to gilve a maximum output at a mode of osclllatlion, say mode
1, this voltage and the frequency being recorded. The re-
peller voltage was then changed above and below this point
to such values as would give & the relative power output
of the peak of this mode, These voltages and the frequen-
cies were recorded. This procedure was repeated for each
mode of osclllation.

The above procedure was followed for each set of data,
which is taken at a given position of the cavity tuning
screws,

Figure 10 shows the frequency change vs. repeller
voltage, and the relatlive power output vs. repeller wolt-
age for each mode, and each set of data. The graph indi-
cates the corresponding curves for a particular ait of
data.



F. Cavity Tuning

With the beam voltage maintained at 250 wvolts D-C,
and the vernier tuning adjustment at 1 turn out (median
position), the 4 tuning screws were turned from O position
(full in) to 18 full turns out, in 1 turn steps. At each
step the repeller voltage was adjusted for maximum output,
The tuning screw position, frequency, and the repeller volt-
age for maximum output were recorded. The results are
shown in figure 1l.

The frequency curve shows frequency plotted againsat
tuning serew position. The frequency change is more rapid
at the higher frequency end than at the lower frequency
end, per turn of the tuning screws.

The repeller voltace curves show the repeller voltage
nécessary for maximam output plotted against tuning serew
position. In general the repeller voltage 1s seen to rise
with inerease in frequency. This 13 to be expected since
the bunching time must decrease with increase of frequency.

Three sets oi‘ repeller voltage curves are shown, each
for a different antenna load., The three sets of data were
obtained because the first curve obtained showed a distinet
variation from a smooth curve., An explanation of these
humps in the curve was needed, hence the experiment was
repeated with different antenna loads to determine if the
antenna load was an important factor in these humps.,
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The two 4.8 cm. antenna curves agree closely with each
other. The 6.25 cm. antenna curve agrees with the 4.8 om.
antenna curves in general shape, but the humps are not as
prominent, This i3 to be expected sinece the resonant fre-
guency of the longer antenna, in the order of 2400 mega-
ecycles/second, 1s so far removed from the frequenciles with
which we are working that it has a broadening effect on the
output. It 1s to be definltely noted that the humps in zall
three curves occur at the same frequencies in splte of the
change in load,

An inspection and correlation of figure 1l with figure
13 shows that the frequencles of the humps in figure 10 cor-
relate closely with the frequencies of the humps in figure 13.
Further 1t was noted and recorded that for the tuning screw po-
sitlions at which these humps occurred the maximum output
could be obtained over a range of repeller voltages., Thus
the curves at these places assume a certain amount of uncere
tainty.

A low Q circult, obtalned by tighter coupling to the
antenna load, could explaln both the increased power output
and the broad response to change in repeller voltage st
these points. A low Q occuring at only certaln frequencies
could dbe explained by considering the configuration fleld
in the cavity. This fleld changes as the frequency changes.
The antenna load coupling is a fixed inductive loop, and if
at certain frequencles the loop is in a portion of the fleld



of waximum magnetlic flux, and at other frequencies in a
portion of minimum magnetie flux, the coupling would vary
from tight to loose respectively. A tighter coupling would
reduce the Q of the resonant ciroult, resulting in broad
resonance, and at the same time couple more energy to the

entenna,

G. Yernier Tuning

This data was taken to determine the effectiveness of
the vernier adjustment in tuning at the high frequency end,
median frequency, and low frequency end of the cavity range.
The main running screws were used to determine the approxi-
mate frequency, then held constant while data was taken by
moving the vernlier adjustment, Vernier position and fre-
quency were recorded.

The beam voltage was held constant at 250 volts D-C,
The repeller voltage was peaked with the vernier at 1 turn
out (median position then held constant as the vernier was
varied.) The Mark S22 was used as the frequency meter.

One set of data was taken for resetting of the repeller
voltage at each position of the vernier, for the median fre-
quency. This showed a slight inecrease in frequency range.

The vernler gives a frequency range of 75 to 100 mega-
cycles/second.
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H. Relative Powepr Over the Cavity Tuning Range

For the measurement of relative power, with wide range

of frequency, different tests were mado;

(1) The transmitting antenna conslated of a 4.8 em.
dipole, with parabolic reflector. The relative
power meter was placed at a distance of 50 cm.
from the transmitting dipole, and relative power
meter scale readings noted for each frequency
setting. At thils distance the position of the
node was found to vary by not more than é cm,
Over the complete range of frequencies the re-
ceiving antenna remained between 48 cm. and 50 cm.
from the radlating dipole, The receiving antenna
was repositioned, at each frequency, to the node
closest to the 50 em. from the transmitting an-
tenna. Since this 2 cm. 1s only 4% of the 50 cm,
total distance, and the power in a radiated fleld
is inversely proportional to the square of the
distance from the antenna, then the relative
power reading should be accurate to within 2%,
factors other than distance excluded. Since all
measurements were taken at & single node, there
should be no error due to the standing waves,
only to the distance necessary to reposition the
receiver to a node, with change in frequency.
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(2) The transmitting dipole was changed to 6,25 cm.,
and measurements made as in (1) above.

(3) A 4,8 em, dipole transmitting antenna was used
with no reflector. This was found to eliminate
the standing waves., The relative power meter was
placed 10 em, from the 4.8 c¢m. dipole (the field
was not strong enough to give satisfactory scale
readings at 50 oem.), and relative power scale
readings noted for each frequency setting. This
method eliminates errors due to repositioning for
nodes, but the possibllity of error due to random
reflected waves increases.

There is no means of measuring the degree of
such reflection, However, since the power meter
dipole was only 10 em, from the transmitting di-
pole, and the closest objects to give reflection
were in back of the transmitting antenna a dis-
tance of at least 25 cm, 1t 1is thought that re-
flected waves reaching the power meter antenna
would be so comparatively weak as to be insig-
nificant. It would be necessary for the reflected
wave to travel a total distance of 60 cm. from
the transmitting antenna to the power meter an-
tenna, as compared to a direct path of 10 ecm,

For all of the above methods the beam voltage was

maintained at 250 volts D-C, and the repeller voltage changed
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at each frequency to give the maximum output. See figure
12 for results obtalned,

There can be no correlation between the three curves
in terms of relative power, since the detector meter was
placed at different distances for the different curves, and
also because the field contained nodes when using the re-
flector, and no nodes without the reflector. The general
shape of the curves correlate very closely, however, with
the peak outputs occuring at the same frequencles for each
curve, The change in antenna load evidently has only a
minor orroét on the shape of the power output curves.

The possible reason for the three peaks on the curves
has been discussed under "Wide Range Cavity Tuning".
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