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AB2TRACT

This program has two main oljectives. ™™e first is to demon-
strate the feasibility of an RF turn-on, RF turn-off, reentrant stream
crossed-field amplifier. The reliability of RF turn-on i.as previously
been demonstrated and during this reporting period, RF turn-off has
been demonstrated with only dc voltages app’'‘ad to the amplifier.

The second objective of this program is to fncrenne the
output capability previously demonstrated, under Contract AF 30(602)-L082,
by a factor of two. During this period a hot ta;t vehicle has been
successfully assembled and the matching transitions have been developed.
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1.0 DeTROVUCTION

This progrem effort has two main cbjectives. The first
objective (Contract Lina XItem AOOL) is to deswnstrate the feasibility
of a RF turn-on, Rf turn-off, reentrant stream crossed-field smplifier
to minimize or eliminsre wodulation requirements. The second objective
of this program (Contract Lioe Item A00O2) {e to increase the power
output capability previously demonstrated, on Contract AF 30(602) -4082,
by a factor of two.

This progream is a continuation of ARPA sponsored work begun
on Contract A¥ 30(602)-4082. Under that contract, the SFD-237 was
developed and opersted at s peak power of | Mv and an average power of
10 kw. The vehicle incorporated RF turn-on, with RF turn-off accom-
plished through the use of a control electrode. The RF turn-on
experiments performed during the last reporting period demonstrated the
feasibility of using s simulated dc operation. To date RF turn-off
has been demonstrated relisbly with only dc voltages applied to the
tube, The spectral performance, pulse burst operation at very high
repetition frequencies, and dynsmic operating range have also been
investigated and found to be very encouraging.

During the poriod covered by this report, matching techniques
have been developed for tha high power amplifier. The techniques were
developed using a cold test version of the amplifier anode on which the
circuit configuration could be east{ly altered. The resulting {(nformation
vas successfully applied to a hot test vehicle. The matching transitions
thus obtained provided very good coupling to the slow wave circuit with
the capability of operation at the high peak and average powers required,
The anode assembly has been completed for the first hot test vehicle.

The cathode structure is {n the process of being constructed.
Some delays have haen encountered in the assembly of the cathode struc-
ture., Porous materials and defective brates have resulted in a nuaber
of '"leaky" structures. The difficulties lLave been partially corrected

e
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and assembly will continue.

The magnetic field pattern has been thoroughly examined and
found to be quite uniform over the irteraction area,
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2.0 BEL¥-TURN OFF

In the preceding report (RADC-TR-68-122, AD 830 L6L), the
operation of a dc operated crossed-field amplifier with RF turn on
and RF turn off was reported. The RF turn off was accomplished by
applying a bias voltage between the bias electrode and csthode. This
bias voltage was {n the form of a long voltage pulse which over Lappad
the RF pulse and thereby simulated a dc bias voltage. This same
amplifier has now been operated with only dc voltages applied, thereby
eliminating the need for a pulse modulator.

The connection of the amplifier and {ts dc power supply for
this type of operation i{s shown schematically in Pigure |. The anode
and cathode are connscted across the principal energy storage systea
of the dc power supply while the bias electrode {s connected across

- part of that voltage. The mid-point of voltage in our present experf-
ments {s a convenient value to apply to the bias electrode, but it {s
expected that subsequent experiments and designs will permit the
application of lower cathode-to-bias elactrode voltage to achieve the
same resulce,

The technique for operating the self-modulated amplifier
under these conditions is simply to apply full operating voltage and
fuil bias electrode voltage before applying RF drive. Upon the appli-
cation of RF drive normal amplification and self-modulation occurs.
Figure 2 shows the emnvelope of the RF drive pulse being delivered to
the amplifier (lower trace) on a time base of 1 .sec per cm. The
envelope of the amplifier RF output is shown as the upper trace. The
opersting conditfons shown for this socillogram and those to follow
are approximstely:
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FIGURE 1 SCHEMATIC OF BIAS ELECTRODE CIRCUIT CONMECTION
IN SELF-MODULATED AMPLIFIER

This simplified circuit diagram shows the comnection of a
self-modulated CFA to the dc power supply. The bias electrode
operates from & portiom of the t_ansformer secondary. Our
present experiments utilise a transformer centex top giving

& bias voltage equal to half anode-cathida voltaye. This
valus is expected to become lower as work with tha techniqu»
proceeds.
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FIGURE 2 RF ENVELOPE OF AMPLIFIED PULSE UNDER
SELF -MODULATION CONDITIONS

The lower trace shows the RF envelope of the drive
pulse applied to the amplifier operating solely from

& dc source. The time scale is 1 usec/cm. The upper
trace is the envelope of the RF output at 500 kw peak.
The leading edge ripples are video effects produced by
the external circuits. Note that the RF output follows
the RF input as it rises and falls. The amplifier is
non-linear but has dynamic range. Gain under these
conditions is more than 8 db.
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Duty Pactor 0.001

Pulse Width 5 usec

PRY 200 pulses per second
Operating Vnltage 21.5 kv de

Bias Ysicage 11 kv de

Pesk Output Power 500 kw

Gain 8 to 10 db

Both RF input and EF output detectors are broad bsnded so that (purious
outputs, if present, would be dezected.

Pigure 3 shows the RF envelope of the amplified output pulse
(upper trace) and the cathode current pulsa (lower trace). The close
similarity of the shape of these pulses is apparent, HNote particularly
thst the cathode current and the RP ocutput cease at the same time.
This is & more positive indicator that the a-pliﬂ-cr has turned off
than the cessation of the R¥Y output alone. It is possible for ampli-
fiers of this type to continue to cperate and draw cathode current
wvithout necessarily generating, in the output waveguide system, an
easily measurable amount of power. This can occur through the excita-
tion of spurious modes on the internal structure which are not coupled
to the output system. The absence of cathode current, however, indicates
the absence of this type of interaction when the RF drive is removed.

Figure L shows the three parameters of input, output and
cathode current on the same display.

é.l !clfﬂuhuon Performance

After the demonstration of reliable self-wodulated operation,
the performsncs of the emplifier under these conditions was examined
in a8 mmber of ways for possible limitations. First, the RF drive
tignal was twinad over the entire 5.4 GHs to 5.9 GHx frequency range
oi the SFD-237 and the self-modulation was shown to be complately
insensitive to frequency. Amy variations in psrformance which were
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FIGURE 3 RF ENVELOPE AND CATHODE CURRENT PULSE
UNDER SELF-MODULATION CONDITIONS

The upper trace is the RF output at 500 kw. The lower
tracé is the cathode current of about €0 amps peak.

The ripples on the leading edges are video effects
caused by external circuitry. Power output and current
appear directly proportional. The cessation of cathode
current at the end of the RF pulse is the most direct
evidence that the amplifier has turned off and is no
longer operating in any unusual mode., The RF detector
used is broad band to show apurious output 1if {t
occurred.

-1
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FIGURE 4 RF INPUT, RF OUTPUT AND CATHODE CURRENT
PULSES UNDER SELF-MODULATION CORDITIONS

This photograph displays the three most pertinent para-
meters together during self-modulated operation at 500 kw
output. Leading edge ripples in the current and RF
output pulses are caused by power supply inductance.

This produces a current ripple which then produces a
ripple in the RF output. The absence of current follow-
ing the end of the RF drive pulse is evidence of the

turn off of the tube.
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observed were accountable from sources other than the self-modulation
technique,

Second, the RF drive level was varied over a range of about
7 db without producing instability in the output of the amplifier.

The variation in drive ranged frcm 3 db below the normal level of

50 kw to L4 db above it. The smplifier as expected was not linear over
this variation in drive amplitude. FPor each db variation in RF drive
level, the output power changed by approximately 0,7 db.

Third, the voltage level applied to the smplifier wis varied
in order to produce cathode current variationns. The amplifier was
stable for all voltage levels from the Hartree voltage out to that which
produced maximum available current (the maximum current boundary).

This corresponded to peak cathode current levels of approximately

100 emperes. This experiment verified that the self-modulation effect
is not voltage sensitive and could be used for a range of power output
and gain levels,

Fourth, the starting jitter was examined on this first experi-
mental vehicle to asca 1if the existence of voltage on the bias electrode
produced unusual behavior during starting. The jitter was found to be
equal to or less than 4 nsec which we feel, especlally for this first

vehicle, to be quite an acceptable veaiue.

2.2 Spectral Data

Following these experiments the relative purity of amplifica-
tion was examined to determine whether any basic sacrifice in amplifier
performance was required in order to achieve the self-modulation. The
pulse spectrum of the RF drive source was photographed from a spectrum
analyzer display with a spectrum width of approximately 300 kH: per
division and a vertical vensitivity of 10 db per division ( a loga-
rithmic display). The driver spectrum is shown in Figure 5. The
asymmetry of the driver spectrum is caused by frequency modulation
from the finite rise and fall time of the voltage pulse being applied




FIGURE 5 SPECTRUM OF RF INPUT PULSE TO
SELF-MODULATED AMPLIFIER

A drive pulse of 5 psec is used. The spectrum shown
here 1is on a logarithmic display with a vertical
sensitivity of 10 db/cm. The drive pulse spectrum has
better than 10 db side lobe ratio. The asymmetry of
the spectrim is caused by frequency modulation of the
magnetron used to generate the pulse. The spectrum {is
distorted from the more well-known magnetron spectrum
shape because of the logarithmic display. The spectrum
width is approximately 300 kiz/ca.
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to the driver magnetron and the pushing figure of that magnetron,
Nevertheless, the drive pulse has a 10 db or better side lobe ratio.
Pigure 6 shows the pulse spectrum of the emplified RP output., As far
s can be discerned from these photographs there is no spectrum
distortion produced by the self-modulation process,

Broad band spectrum data were also obtained to e amine the
possible generation of unwanted spurious output by the self-modulation
process. These broad band data were obtained in several different
ways. The measurements were made using a Hewlett Package 8551B spectrum
aralyzer and a Hewlett Packard 8BLLIA preselector. The differences in
the data to be presented are the result of either the selection of
different spectrum widths cr the selection of different IF bandwidths.
The 8551B analyzer hss an "automatic" IF bandwidth selector through
which the IF bandwidth is determined by the sweep speed and spectrum
width which have been selected. The IF bandwidth may also be selected
at fixed values such as 100 kHz or 1 MHz. According to the manufac-
turer's instructions, the IF bsndwidth which the analyzer would select
on "automatic" in Pigures 7 and 8 is 100 kHz.

The amplifier was operated at 5.6 GHz and a number of spectra
were photographed. FPigure 7A shows the spectrum of the RF drive pulse
to the amplifier displayed over | GHz. The spectrum width is 100 MHz/cm
snd the vertical sensitivity 1s 10 db/cm. This spectrum would reveal
the generation of any spurious power by the RF drive. Pigure 7B shows
the spectrum of the RF output firem the amplifier under the same analyzer
conditions. The IF bandwidth for both Figures 7A ard 7R is "automatic"
and is selected by the analyzer according to the combination of spectrum
width (1 GHz) snd sweep speed (4.5 sec/cm) which was used for this
display.

Figures BA snd 8B are similar spectra except over a spectzum
vidth of 2 GHz also with the IF bandwidth on "automatic". For this

display the sweep speed wss selected at 7.5 sec/cm.

11



FIGURE 6 SPECTRUM OF RF OUTPUT PULSE FROM
SELF-MODUIATED AMPLIFIER

This spectrum photograph was made with the same analyszer
settings as used in Pigure 5. A comparison of the two
figurys vill shov the gain of the amplifier to be 8 ¢b
to 10 db. Note that the side lobe ratio of the spectrum
is still 10 db or more and that the many side lobes
visible are still clearly defined. In both figures
there is an amplitude decay of about 22 db from the main
lobe to the left hand edge of the display. The ampli-
fication produces no apparent spectrum distortion.

o
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A. 1 GHz spectrum of RF drive pulse

B. 1 GHz spectrum of RF output pulse from self-modulated amplifier
FIGURE 7 1 GHz SPECTRA USING 100 kHz BANDWIDTH
The spectrum analyzer using 100 kHz bandwidth shows spurious

output more than 40 db below carrier. Self-modulation produces
no spurious outputs, indicating the turn off is complete.

13
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A. 2 GHz spectrum of RF drive pulse

B. 2 GHz spectrum of P¥ output pulse from self-modulated amplifier
FICURE 8 2 GHe SPECTRA USING 100 kiiz BANDWIDTH

The broad spectrum width used here reduces the intensity of

the carrier on the spectrum display. The carrier peak in the
top picture {s 50 dL above the base line; in the bottom picture
about 58 db above the base line. Spurious outputs using 100
kilz bandwidth are 45 db or more below the carrfer.

111
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A thir¢ spectrum display was obtained by selecting a fixed
1 Mz IF bandvidth and a spectrua width of 2 GHz, Figures 9A and 9B
show the spectrs of the RP drive and RF output respectively from the
amplifier, The sweap speed here is also 7.5 sec/cm, TProm this value
it follows that the background spurious output power in Figure 9 would
be approximately 10 db higher because the bandwidth of integration in
the analyzer 1s 10 db higher. Even with a 1 Mz IF bandwidth, however,
the spurious output is clearly more than 30 db below the signal over
the 2 GHz spectrum width.

These results show that nc degradation in spectral output is
caused by the introduction of the bias electrode.

2.3 Pulae Burst Operation

Since one of the principal advantages of completely self-
modulated operation over contrel electrode operation wuld manifest
itself in conditions of efther very high pulse repetition frequency
(PRP) operation or under conditions of variable pulse vidth or inter-
pulse interval, some experiments were conducted to explore any posaible
limitations cf self-modulation in this regard, The design of the
experiments was limited in its complexity by avaflable tert equipment,
but the results demonstrate clearly that self-modulation is indeed
applicable to high PRP systems and will operate quite succesefu!ly with
variable interpulse intervals. To show this the amplifier was driven
by a group of three pulses with an interpulse spacing which was variable
from a few microseconds upward. Each of the three pulses was approxi-
mately 2 usec long and the three-pulse group was repeated at a rate of
100 groups per second. In this particular demonstration, the driver
magnetron was operated from a hard tube modulator. Shown in Figure 10
are the detected RF envelopes of the amplified three-pulse group. 1In
this photograph the interpulse period is approximately 15 usec. During
the experiment the interpulse interval could be minually varied at
random with no {11 effect.

15



A. 2 GHz spectrum uf RF drive pulse

B. 2 GHz spectrum of RF output pulse from self-modulated amplifier
FIGURE 9 2 GHz SYVECTRA USING 1 MHz BANDWIDTH

These broad band spectra were made using a 1 Miz bandwidth.
Spurious outputs now sppear to be about 35 db below the carrier
reflecting the 10 db increase in IF bandwidth used here.
Figures 8A and 8B were made using a 100 kiz bandwidth and
showed 45 db spurious outputs. Self-wodulation produces no
spurious outputs, indicating that turn off is complete.

16
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FIGURE 10 RF ENVELOPE OF A THREE-PULSE BURST USIWG
SELF -MODULATED AMPLIFIER

The most diil!cult modulation problem ordinarily arises
with pulse burst operation. This simple illustration of
a three-pulse 'urst shows that a self-wodulated amplifier
can satisfy these requirements. Three 2 psec pulses are
separated by subout 15 psec each, indicating an intra-
burst repetition rate of 65 kHz. The pulses have clean
and distinct leading and trailing edges.

17
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In an effort to simulate as high an intra-burst repetition
rate as possible, the interpulse spacing of the three-pulse burst was
reduced to the limit of the test equipment, about 1.5 psec. Under these
conditions some inadequacies of the test equipment beceme evident., The
RF drive source in Figure 11 ia generating the pulse train shown on the
bottom trace at 1 pusec/cm. The pulse shapes unfortunately are distorted
by voltage droop on the energy storage capacity of the hard tube modu-
lator during the burst. This droop produces both the smplitude change
and the pulse shape change. The self-modulated amplifier output in the
top trace, however, accurately reproduces both the amplitude change and
the pulse shaps changs. Here the self-modulation process shows itself
capable of 300 kHz intra-burst repetition rates. The lower intensity
of the emplifier output trace ia attributable to the higher writing
speed of the oscilloscope under these conditions. The amplifier starts
and stops reliably,

2.4 Feedthrough

In addition to making possible the self-modulation process
itself, the biss elactrode could, if required, be given an additional
positive voltage 'pulse which could prwcﬁt the smplifier from turning
on at all in order to permit the feedthrough of RF drive power. This
type of operation would be guite impossible with linear formst distri-
buted emisaion amplifiers. There appesrs, therefore, to be no appli-
cation of which we are aware for which the self-modulation process for
a reentrant tube cannot be adapted to adventaga.

2.5 Efficiency

What then is the price which muxt be paid for this successful
self-modulation process? The principal area in vwhich overall perfor-
mance sppeera to be different from that of the usual SID-237 is in
overall efficiency. 1In the self-modulated -mplifier with a bias
electrode, ita efficiency has to be redefined to account for some power

18
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FIGURE 11 RF ENVELOPE OF DRIVE PULSE (LOWER TRACE)
AND OUTPUT PULSE (UPPER TRACE) FOR A
THREE PULSE BURST FROM SELF-MODULATED
AMPLIFIER

These pulses, on a 1 pusec/cm time base, show the capa-
bility of the self-modulation process to amplify with

300 kHz repetition rates. The amplitude and pulse shape
changes of the RF drive pulse, produced by a capacitor's
voltage droop, are reproduced accurately by the CFA.
Differences in trace intensities are caused by differences
in oscilloscope writing speed. "

19
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which is consumed by the bias electrode itself. Since the bias elec-
trode operstes st s potentiel positive with respect to cathode, it
becomes s collector of current during the pulse. There are then two
components Of collected current, the bias electrode current snd the
anode current, which make up the bulk of power lost in the amplifier
(the remsinder of which fs cathode beck bomberdment power end circuit
losses). Ona can define en emode efficiency, N, 88

Py
by 'Ici_.

vhere P, 19 the peak output power
E 4c 1s the anode-cathode voltsge
1_ 1is the pesk anode corrent

An overall efficlency, Mye can be defined ss
g 5 'c
. il
"o idcio +V‘b¢"bo

vhere "bo ie ths peak bias aiectrode current
E o 1@ the bies electrode voltage

(Still enother overall efficiency can be defined by using total esthode
current end anode-cathode voltage. Thie yields the lowest efficiency
velus but is slightly pessimistic.)

Observations on the first experimsntel vehicle indicste an
enode efficiency of epproximately 38% end en overall efficiency of
epproximately 35%. The deviation of these velues from the norm of 50%
for the SFD-237 is not believed to be an eccurate gauge of the decresse
in efficiency resulting from the self-turn off process. The particular
experimental vehicle used did not operete as a normsl control electrode
tube, et full 50% efficiency end could be considered below per in thet
respect. It is believed that the reduced efficiency is a result of e

20
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slight difference in the cathode structure used for control electrode
operation., A control experiment was performed by rebuilding the test
vehicle as e control electrode tube. The efficiency indeed returned
to the normal values. Furthar, visual cbservations of those vehicles
used in the self-turn off experiments also indicate that the loss in
efficiency may be due to perturbations that do not exist or are
considerably reduced in a control electrode tube. In future experi-
ments, we will attempt to reproduce the conmtrol electrode cathode
structure in the self-turn off test vehicles to confirm these obger-
vations. It is expected that subsequent experiments, particularly
those leading to the operation of the bias electrode at lower voltages,
will serve to increase the overall efficiency of the amplifier so that
it will be in the vicinity of k5%, It {s presently felt that the
self-modulation process will not interfere with the achievement of
vhat {s considered normal anode efffciency of 50% or greater, and

that the power lost to the bias electrode can be mede small enough to
yield such an overall efficiency as ksg.

2.6 Average Power

The maintensnce of the anode efficiency at "normal" 504 or
higher levels is important in the additional sense that the achievement
of very high average power leveis with this self-modulation process
imposes no greater burden in terms of dissipation on the slow wave
circuit than did control electrode operation. The bias electrode is
a collector of electrons and also must be designed with a dissipation
capability. It {s presently felt that the dissipation capability of
the bias electrode can be more readily increased, if necessary, than
can the caprility'of the slow wvave circuit because of the fewer
boundary conditions which the bias electrode imposes on the problem,
It remains to be seen, however, if problems will in fact arise in this
area, The limits of dissipation capability, unfortunately, could not
be exsmined in the current experiments because a portion of our test

21
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equipment setup was limited in duty factor to spproximately 0.001.
Experiments will be conducted in the nesr future, however, hopefully
at ducy factors up to 0.01.

2.7 Other Experiments

Based upon the results which had been obtained, the next
experiments were designed to test our understanding of tha mechanisam
of the bias technique. The geometry of the bias electrode in the next
experiment was designed to exaggerate the corditions of the previously
successful 7iperiments. It was anticipated that the bias voltage for
self-turn off would Ye reduced and that the RF drive power would have
to be increased. It was also anticipated that the bias current would
increase bacause of the new geomatry, but the increased RF drive
pover would partially compensate, so thst the sctual bias current
would be nearly the same as that obtained in the first successful
demonstration.

The results of this experiment did show that self-turn off
was accomplished at lower bias voltage snd that a higher drive power
was necessary; however it was also found that the higher drive power
did not reduca tha bdias current significantly. The net result was
thst lalf-cnrn off was accomplished with reduced hias voltage, but
the amplifier performance vas degraded. The amplifier could not
operata to high enough current to produce the desired peak power output
and with the increased R? input power, a very low gain was the end
result. The increased bias current caused the amplifier to behave as
though it were "current starved.” In actuality the cathode was not
"eurrent starvad" for the pesk cathode currents were normal. It was
the removal of the space charge by the bias electrode that gave the
Appearanca of current starvation., The bias current was collected
at reduced voltage so that there was a net dacrease in the power
dissipated on the bias alactrode; however the dagraded overall perfor-
manca outweighad this achievement,

22
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The results of this experiment did indicate that our under-
standing of the biased operation is esaentially correct, and they also
lay the groundwork for the next set of experiments with variations of
geometry and electrode location. The next experiment will be to
evaluate a bilas electrode with a less severe geometry than that used in
the successful demonstrations. The results of this next experiment
should allow us to partially optimize the electrode configuration and
proceed to find the proper location for the electr de for opt imum

overall performance.

23
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3.0 HICH POWER AMPLIFIER (SFD-252)

A circular version of the cold test vehicle was constructed
complete with input and output waveguides and matching transitions as
described in the preceding report. Pole pieces and s dummy cathode were
made for the circular cold tester so that it would closely conform to
the actual hot test vehicle, A satisfactory match was obtained using
the cold test vehicle. The techniques developed were then applied
directly to ths hot test vehicle. Results on the cold test vehicle
match are given along with the preliminary results on the match of the
final hot test vehicle, A magnetic circuit tester was made and
measurements verified the uniformity of the magnetic field in the

interaction space.

3.1 Cold Test - Circular Cold Test Vehicle

The initial circular cold test vehicle had its match adjusted
with an absorber on the circuit. The results were shown in the preceding
report. The next step was to adjust the match with no absorber on the
circuit and with the circuit's output port properly terminated. This
technique would show interfering mismatches from both inmput and output
transitions as well as any circuit non-uniformities. The tube is then
reversed and the observation is repeated for “he other port. A similar
technique is used to look at the transmission through the tube, and an
indication of insertion loss is observed and recorded. The initial
results on the match, both from return loss and insertion loss informa-
tion, indicated that there was an interfering mode or modes in the tube,

A display of either return loss or transmission loss as a
function of frequency will normally show small periodic variations across
the band of the tube., The variations in return loss will normally
correlate with the variations in transmission loss. The initial results
showed these small variations plus other variations which were larger

than expected. However, these larger variations did not show correlation
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between return loss and transmission loss,

There are several effects which could produce the results
observed. The small variations arise from periodic imperfections in
the slow wave circuit, e.g., differences in element spacing or the
existence of non-uniform braze Joints on the circuit. These usually
appear snd are easily remedied.

The pattern observed in this instance, however, showed
pronounced dips in the transmission through the circuit, but without
corresponding mismatches as shown in Figure 12. This pattern indicates
an absorptive rather than a reflective type of loss. Only a small
fraction of the incident power is reflected back through the input,
but a significant amount of rover is lost in trsnsmission. If we
expind a small portion of Figure 12 {n the region around 5.0 GHz, we
can illustrate this effect. in Figure 13 we show the return loss and
transmission loss from Figure 12 and also show the transmission loss
which would be produced by the reflections alone. That {s, the 6.5 db
reflection at 5.0 GHz would normally produce a corresponding 1.1 db of
transmission loss. The observed transmission loss 1{s 5 db. (The
transmission losses shown in Pigure 12 include a L db circuit loss
vhich {s taken as a reference.) The large transmission loss shows
clearly that some energy is being absorbed in the particular geometry
of this tester.

The cause wss an exchange of energy between the slow vave
circuit and the region between the circuit and the back wall of the
anode assembly. This effect did not show up in the return loss, as
indicated in the preceding report,; simply because the absorber on the
slov wvave circuit damped out this exchange of energy between the back
wvall and the circuit,

There are several vays in which these effects can be reduced
or eliminated. To reduce or eliminate some of the small periodic

variations, the elementa of the slow wave circuit are carefully checked
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and ree ligmd'w achieve maximum =mechanical uniformity. The more
prominent effects with this circuit ere the exchange of energy between
the slov wave circuit end the back wall region. It was found that the
energy propageting betwsen the slow weve circuit end the back well
behaved very much like that which propagetes in a ridged woveguide.
The method used to reduce or elimfiate the coupling be:ween the two
propagsting systems was to s cer the cut-off wavelength of the ridged
dulde such that its cut-off frequency would fall abové the pass band
of the alow wave circuit. This wes accomplished by altering the
geomstry of the back wall as shown schematically in Pigure 1k,

Another effect which has been observed i{s scmetimes difficult
to raduce or eliminate. This effect is e cavity resonsnce. The field
must be alterad in order to shift the resomance out of the slow wave
circuit pases dand. The field distribution must be known in order to
aceoxplish this. Again by changing the geometry, the borndary condi-
tions that set up the field csn be altered which will shift the resonant
frequercy.

As a result of these cold tests, changes were msade in the
geometry of the hot test vehicla. The results will be discussed in
the following sectionm.

3.2 Hot Test Vehicle

Tachniques for essembling the slow wavs circuit evolved
through the comstruction of the ccld test wodel and the initisl hot
test model. Both of these models had dafacts in some of the brazed
joints formed simultaneously. Efforts to corract these defacts by
ra-blazing resulted in mechanical non-uniformities. Tha non-uniformities
upset the circuit to line metch and could not subsaquently be corrected.
The assembly of the second hot tast model waa successful. Photographs
of this sssembly sre shown in Figures 15 end 16.

The anode is first brazed into the tuba body, after which
ths csthoda and pole pieces ars put in place. At this time the match

28




S8low wave circuit

— Back wall

I//) Original geomstry of back wall cross-section

N New additions to alter back wall cross-section

FIGURE 14 SCHEMATIC OF BACK WALL GEOMETRY SHOWING ALTERAT IONS



FIGURE 15 A"ODE ASSEMBLY FOR HOT TEST MODEL
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FIGURE 16

ANODE FOR HOT TEST MODEL

31

i —

e i i o



S°F+D laboratories, inc.

is observed and recorded as shown in Figures 17 and 18 for return loss,
and Figures 19 and 20 for insertion loss. Because of the msmmer in
which the hot test vehicle is assembled, provisions have been made for
making final adjustwents to the match prior to final seal in of the
tube.

The first cathode assembly was found to have a vacuum leak
and is being repaired. A second cathode sssembly was put together and
is now being checked for leaks. Back up piece parts are available for
two more ancde assemblies and two more cathode assemblies, Once the
cathode proves to be leak tight, the complete assembly with pole pileces
will be mounted in the tube body. The cathode sub-assembly is shown
in Figures 21 and 22,

Pigure 23 shows the complete assembily of the hot test vehicle.
Three coolant paths are provided im the tube. The anode body has one
coolant path with all circuit bars cooled in parallel. This can be
seen in Figure 23. The {uput and output comnections for this path are
shown et the top of the anode block. The outpui weveguide, output
wvindow, and output transformar mske up ¢ second ¢nylant path; The
cethode has the third coolant path (not shown). 3i3e tubulation seen
coming out of the side of the tube body is the pump!az port. The
ceramic high voltage bushing can be seen (to the lef:) on the RP input
side of the tube.

Figures 24 and 25 sre the end view and side view of the hot
test vehicle. The coolant system for the cathode and control elsectrode
can be seen. The cathode assembly contains two coolan’ ports, which
elao serve as high voltage conrections to the cathode and control
electrode. The breakway on the upper right of the tube body cn
Pigure 2 shows the general matching scheme. The dashed lines across
the output waveguide and the dotted lines, which show the taper into
the circuit, constitute the waveguide to cosxial transformer. The
output side of the two matching transformers is liquid cooled. The
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FIGURE 21 CATHODE SUBASSEMBLIES
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FIGURE 22  CATHODE AND POLx PIECE
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FIGURE 23 COMPLETE HOT TEST VEHICLE ASSEMBLY
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input and output are saparated by a septus acrosa the cosxial lire
above the drift space section. An observation port ia provided at
the bottom of the body of tha hot test vehic.. so that a small part
of the circuit and cathode surface can be seen during operation,

The hot test vahicle should be completed toward the lattar
part of June 1968,

3.3 Magnetic Circuit

Parts for a magnetic cold tester were completed with provision
to measure the flux density {n the interaction spice. The cold test
magnetic circuit is shown in Pigure 26.

The pole pileces were shaped in order to provide a fairly
uniform flux density in the interaction space. This was verified by
the mervurements taken. The results of these measurements are shown
in the flux density field plot in Pigure 27. Ags c°- ca seen, the fleld
is fairly uniform in the shaded area which represents the intersction
space.
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FIGURE 26 MAGNETIC CIRCUIT COLD TESTER

43

1






S*F'D laboratories, inc.

L.0 PROGRAM FOR NEXT PERIOD

l. Complete construction of the hot test vehicle.
2. Begin hot test evaluation of high power operation.

Continue tests to evaluate and optimize the self-turn
off operation,

bs
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