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I. INTRODUCTION

The high-power tube program was established to investigate some of the
basic problems encountered in amplifiers now under development or planned
for future radar and communications usc.

During the period covered by this report. work on vacuum volhiage break-
down was reinitiated. Emphasis is being placed on breakdown across ceramic
insulators beeause of the difficulty that has vecently been experienced with
this phenomenon.

A study of grid configurations having possible application to switch tubes
or linear beam tubes has been started. Interest is centered on grids that are
clongated in the direction of elcetron flow, since 1t is felt that this type of grid
may be useful in applications where wire grids fail because of their low-power
dissipation capability. ‘This work is motivated by radar requirements for
short pulses and asynchronous pulsing modes.

Measurements with the beam-impulse heating wube indicate that significant
damage occurs to a copper surface with peak-power densities of approximately
0.5 ;\Iw/cm?' in a few seconds' operation at a duty cycle of 0.003 {10-psec
pulses). Calibration of the temperature-measuring equipment has been the
most difficult part of this project.

Theoretical predictions of 'R tube performance, made with the 7090 com-
puter, have been verified by measurements on an L-band folded-cylinder TR
tube. Construction of the S-band ring resonator has been completed. This
unit, when installed, should permit testing of S-band components at simu-
lated average powers of 500 Kkw.

T'he biased-collector tube has been placed in operation and measurements
have been started. Work to date has been at relatively low-voltage levels.

Details of the foregoing projects, as well as of cathodes, vacuum techniques,
klystron analysis and cavity-loss distribution are described on the following

pages.



Work on hollow beams at Varian Associates is not described in this semi-
annual report since the experimental portion of that contract has been com-
pleted and no new data have been obtained during this period. A final report
is in preparation.

The secondary-emission work has been completed and a report written.

No further investigations are planned at this time, with the exeeption of an ex-
periment to determine the cfficacy of some of the coatings in inhibiting multi-
pactor in a resonant cavity. R.C. Butman



I KLYSTRON ANALYSIS AND EXPERIMENT

During the course of efforts to formalize the space=-charge-wave linear
analysis, it was discovered the energy conservation condition (kinetie power
theorem) was not fulfilled. The omission was finally determined to be the
term corresponding to the electromagnetic energy of the bunched beam cur-
vent in the tunnel following the gap.  The enervgy conservation theorem. in-
cluding this electroma netic energy. could then be satisfied. Although the
magnitude of this term was about 15 per cent. 8 net contribution to the elec-
tronie gap conductance was neghgible (2 per cemt maximum n the case of a
perveance 10 wliow beam) and so need no! be included in the calculation of
Mg for ordinary klystron beams.  The electromagnetic energy contribution
has been the concern of R 1. Peage

There has been little opportunity since the last senannual veport 1o ob-
tain additional gain or phase vs Mrequency data. However, the following items

have received some attention:

(a) The instrementation for phase measurement has been
improved in sensitivity to something better than £1°.
Normal variation in tube operating conditions, liue volt-
age. emperature, tuning. cte., are himiting the repro-

ducibility of measurements

sqe . ’
{b) ‘The correction mentioned 1n the last semianuual report

to the stagger tuned amplitude respouse due to the fre-
quency sensitivity of the nontunable portion of the ont-

put circuit has been made with the result shown in Fig. 11-1,
It is evident that this helps to bring the computed shape
toward better agreement with the experimental response.
Most of the remaining disagreement may be the result

of a higher effective Qg for the intermediate cavities

than results from the ca.culation. This (too low cal-
culated Q1) in turn may be a fault in the theory or a

poor estimate of the beam size used in the calculation.

% Consultant



(¢) A single run has been made on a VA 87 klystron of
relative phase vs amplitude of RF drive which indi-
cates that phase excursions of a few tens of degrees
occur in the large-signal region. The dependence on
amplitude of this variation appears to follow what one
would expect from the manner in which the phase of
the RF output voltage is determined with respect to
the bunched beam. A quantitative comparison will be
made as soon as additional data can be taken to con-
firm this preliminary run and an analysis is formu-
lated to compute the theoretical hehavior.

G. L. Guernsey
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Fig. 11-1. Klystron gain vs frequency (VA 87C).




Hl. BEAM PULSE HEATING

The purpose of this project is to measure the intrapulse heating and
cvaporation rates of metallic surfaces bombarded by high-intensity pulsed
electron beams.

The sccomd beam pulse heating tube (XT1455, Ser. 2) was fabricated, proce
essed and pulsed during this reporting period. Four OFIIC copper targets
were installed with the first target (No. 21) used primarily to study cathode
emission and beam formation. A considerable amount of time was spent ad-
Justing the magnetie ficld to obtain umform density over the beam at the tar-
get. A magnetic ficld of about 250 gauss was required to obtain the 0.6-inch-
diameter beam that was finally used.

During the investigation of the eleetron beam, the inside glass surface of
the tube became coated with vaporized copper. For this reason, temperature
measurements with the photoelectric pyrometer could not be made on the re-
maining three targets. These three were then used in an effort to measure the
rate of evaporation of OFHC copper under conditions simulating those existing
in a tube now under development. The remaining three targets (22, 23, 24)
were therefore pulsed at 28 kv, 10-usec pulse duration, 0.:-35-5\1"'.'/<:m2 peak
beam power density, 300-pulse-per-second (pps) repetition frequency with
101 pulses bombarding target 24, 1010 pulses on target 23 and 10,004 pulses
on target 22.

Photographs of the four targets after bombardment are shown in
Figs. lll-1(a) through (d). Figure IlI-1(a) shows the test copper target 21.
The total number of pulses impinging on this target was 11,969 at peak volt-
ages that ranged from 20kv to 86kv. A crater j;-inch diameter by 3%-inch
deep is easily identified on the photograph. It is worth noting that a spot ap-
proximately j-inch diameter was initially discernible optically as a result of
21 pulses at 3%-kv peak voltage.

Figure III-1(b) is a photograph of target 22 bombarded with 10,004 pulses.
Here one clearly sees the effect of 33 seconds of 28-kv pulse bombardment on
a copper surface at a 300-pps repetition frequency. The spot diameter is ap-
proximately % inch. Physical damage to the surface is apparent from this



(c) Torget 21 (tota! number of pulses = 11,968),

(b) Torget 22 (tata! number of pulses = 10,004).

SOVBLACED AREA o 1/4" CraWETER

nen

(c) Torget 23 (total number of pulses = 1010).

(d) Torget 24 (total number of pulses = 101),

Fig. Ill-1. Four targets aofter bombardment with X1455, Ser.2.



phatograph. Fissures along the grain boundary whieh result from the localized
heating vary in depth from 6 1o 52 microns. Figure 111-2(a) is a microphoto-
graph of target 22 before bombardment, showing the grain structure under 50X
magnification. Figure Hi-2(b) is a micrephatograph of the same target after
bombardment

Figure ll-1(c) is a photograph ef target 23 bombarded with 1010 pulses.
The area of pulse heating is again casily discernible on the photegraph. The
spot diameter is appreximately § inch. Phesical dainage to this surface is
apparent afier 3 secowds of pulsed hombardment at a 300-pps repetition fre-
queney.

Figure Hl=1(d) is a photograph of target 24 bombarded with 101 pulses.

No visible signs of damage or localized heating are observed

During pulse operation of the tube, peak currents impinging on the target
pass through the tvo stainless steel scerews that hold the target to the copper
backing plate. Heating at these w00 scerews caused the copper targets to be
fuscd 10 the copper backing plate at the screw hole opening.  When the four
targets were forc:bly removed from this plate for weighing, some of the target
copper ripped away, resulting in an increascd loss of target weight over that
due to electron bombardnient. Therciore, no gquantitative measurement of tar-
get weight loss is reported.

A second set of four copper targets was installed in XT455, Ser.2, and
the tube was reprocessed with a new cathode assembly. It was planned that
this second tube would be used in an attempt 1o obtain quantitative data on tem-
perature rise and additional data on surface evaporation rates.

Since there had been some question about the uniformity of beam density
in the first tube, pictures were taken of the target spot at various magnetic °
fields with anode voliages from 28 to 75kv. Figure 111-3 shows the test setup
used; Figs. Il1-4 through llI-7 are typical pictures taken of the spot. It is
evident that the beam density is not uniform IFig. [[I-5(a)] and further that the
target spot is at least partially obscured by a plasma discharge [Figs. I11-4(b),
5(b), 6(b), 7(b-c)] at the higher beam power densities. A quantitative deter-
mination of the equivalent power density, therefore, requires a more precise
determination of the effective beam cross section than has been done to date.



Fig. 111-2, Microphotographs of target 22: (a) before bombardment.
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Fig. I11-2. Microphotographs of target 22: (b) after bombardment with 10,004 pulses.
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=312-6735(c-b)

(o) 240 gouss. (b) 260 gouss.

Fig. I11-4. Bomborded orea ot 51.5 kv peck valtoge.

-312-6736(0-b)
(o) 240 gouss. (b) 260 gouss.

Fig. I1l-5. Bomborded arec at 58 kv.
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=312-6737(0-b)

(a) 240 gouss. (b) 260 gouss.
Fig. I1I-6. Bomborded oreo ot 62 kv.

-312-6738(0-c)

(a) 240 gouss. (b) 260 gouss.

(c) 280 gauss.

Fig. Ill-7. Bombarded area at 75 kv.
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When a qualitative picture of the beam density profile had been obtained,
attention was directed toward the problems of measuring the intrapulse tem-
perature as a function of peak voltage and beam power density. Temperature
gpectrum measurements were also made with the aid of optical long-pass
filters whose cutofl wavelengthis and transmission characteristics are aceu-
rately known. These experiments have shown that the temperature results
reported in the last Semiannual Techuical Summary Report are incorreet,
since the Nuorescence and emission spectra of the bombarded copper larget
do contribute appreciably to the ever-zll light output spectrum frem the bom-
barded surface. 7To filter out these unwanted speetra, long-pass filters with
cutofl wavelengths 0.52y, 0.54,, 0.65y and 0.7 were inserted in front of the
7102 photomultiplier tube. Results at 58 kv are shown in Fig. 111-6. In this
figure, the amplitude of the output pulse from the 7102 photomultiplier tube is
plotted against the filter inserted for that measurement. Curve A was taken
at 58 kv with a focusing field of 210 gauss. Curve B was taken at the same
voltage, but with zero magnetic field with resultant larger beam diameter and
lower-power density. Onc can sce that the visible light contribution is cssen-
tially removed by the 0.57-p filter in both cases and that there is a significant
thermal contribution showing in the case of high beam density (curve A) in the
0.65- 10 0.7-p region, as cvidenced by the decreasing amplitude of response
in the low-frequency region.

A typical temperature pulse measured with a0.7-u filter inserted is shown
in Fig. lI1-9 for a peak voltuge of 67 kv. Both the temperature and correspond-
ing collector current pulse are shown in Fig. I11-9(a). The time scale is
5uscc/em and the peak amplitude of the current pulse is 25 amp. In Fig. l11-9(b)
the leading edges of both pulses are shown (time scale is 1.0usec/cm). The
small step on the leading edge of the temperature pulse is a transient induced
by the modulator pulse and does not represent a temperature change. The
temperature threshold is believed to be about 760°K. The flat top of the pulse
is believed to occur at 1350°K, the melting point of the copper. The tempera-
ture rise is therefore about 330°C/psec. Using an approximate figure for beam
diameter of 0.6 inch, the peak power density reached in Fig.III-9 is

13
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Fig. I11-8. Temperature-pulse omplitude vs low-pass filter.
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Temperoture

(o)
Peok collector current, 25 omp
(5-psec/cm horizontal scole)

Leading edge temperature

Leading edge collector current
(1-psec/cm horizontal scale)

Fig. Ill-9. Temperoture pulse ot 67 kv.
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67,000 x 25 2

1.82em

= 0,92 Mw/cm

The leveling off of the temperature pulse probably results from the fact that
the heat of fusion which must be supplied to the copper (0 eause melting is
high enough to prevent a further rise in temperature above the melting point.

Some information on calibration techniques and calculations of tempera-
tre rise are offered in support of the foregoing speculation. Consider first
the calibration technique.  The photocel) output current across a Joad resistor
is measured as a function of the temperature of a tungsten source. The light
from the source is filtered by a 0.7y long-pass filter and interrupted by a
flving slot whose avea is O,Icm?’a The voltage output as a function of tempera-
re, corrected for the difference in emissivity between tungsten and copper
is plotted in Fig. 1l1-10.  The minimum detectable temperature is about 800°C,
or about 1100°K.

With this calibration curve, one can estimate the minimum temperature
that can be detected in the actual whe, Since the beam area in the actual beam
tube is 1.£ cs‘ri"’. onc expects that, for identical temperatures of calibrating
source and target, the photocell output voltage in the beam tube would be
1.8/0.1 = 15 times that observed with the calibrating source, that is, just the
ratio of beam arca to calibrating source area. (The field of view of the photo-
cell is large compared with the spot size.) However, from the figure it is
found that the photocell voltage varies as (temperature) 7.6. Therefore, the
minimum detectable temperature in the tube (taking some liberties with extrap-
olation techniques) should be

1100°K

(18) ==

= 760°K

The rate of rise of temperature that may be expected can be estimated
from a knowledge of the beam power density, the physical constants of the
copper target and the range energy relation for electrons in copper.

Consider first Fig.1l1-11: an approximate plot of the energy density in a
copper target as a function of beam voltage, using measured values for beam

17



vo/m’ faepm glee/ SHUW QoD & cpTge)

L
-
4
*
“t o0
H
a
-]
- 400
[
S |
3 "
e
150 3|
ve/im? - SuBFICE SINSY |
(2eze ginens / tesm oret) -
5 -
L] & 10 L1} 3% (2 n
eLzv VOLISLL (ve)
Fig. llI-11. Energy demmes ot bomborded r surfoce vs occelerohng voltoge

(beam power = 1.6 X 10-6,

beom orec ossu

18

med 10

be 1.8 cm2 ot oll power levels).



diameter of 1 3em. and beam perveasce of 1.6 & 167 The encrgy dengity is
e average density dissipated in a volume defined by the area of the heam and
a depth equal to the praetica! range for cleetrons in copper. The principal
oligservation to be made is that the energy density. atd therciore the surface
temperature. s a slow function of beam voliage. Therefore. one probably
does mew ery greatly by using an average value of esergy density when caleu-
lating rate of temperature rise al the leading cdge of the pulsc.

Lot us now caleulate this rate of rise by wiing an energy density of
uGC Mw cmjs The heat capacity of copper is 6 1 cal/gm./ C or 0.415 joule /
e ¢ A power of w00 X rml correspods 16 wCO joules (:tm‘5 paee or

T A joules gram pree The eate of heating is thercfore 6.5 0 418 ~ 160 /usece

This eorresponds 1o 230° usce rale estimated by making the assumption that
the lat top of the temperature pulse did indeed represent the melting polnt of
copper  Netter agreement could hardly be expected 0 view of the difficulty of
beam diameter measurcment, and the metho! used 1o estimate threshold teme-
perature

I has bees stated that e fat top of the temperature palse is at 1080°C.
The eticrgy required 1o supply the secessary heat of fusion to melt the copper
bemng bombarded s so large that a limating action takes place at the melting
point. ‘The heal of fusion of copper s 200 joucs gin or 1500 jounices ‘cm}'u Using
an encrgy density of 200 Mw cm;. ot observes that 2 6usec (16500/600) would
be required to melt copper without ratsing 115 temperature when subjected to
a bombardment at this level, assuming adiabatic heating It is a coincidence
that the thermal time constants of the copper in this case are of the order of
3pscc, so that one cannot expect the assumption of adiabatic heating to hold
beyond (or even to) that length of time  Thercefore, with the power densities
involved in the experiment reported here, one can expect the temperature to
remain at or near the melting poimt for much longer than 3.0usec, since there
will be appreciable heat flow out of the copper during a period of 3pusec. In-
deed, this is the observed fact; the apparent temperature does remain nearly

constant for the entire pulse.
I2. Silverman
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V. BEAM STUDIES

The construction of the electralytic tank to be used for high-power elee-
tron beam design studies has been completed,  The eireuits for both potential
and electron trajectors plotting are avalable The triple jrobes necessary
for trajectory plotting have not yet been recewved, so Ut work has thus far
been confined to potential plotting.

A block diagram of the cireuit used for equipotential plotting is shown in
Fig. IV=1. The clectrolytic tank and its clectrodes arve operated with a 500-cps
voltuge source. ‘This voltage source is divided into 19 equal parts by a pre-
cision voltage divider so that 16 cqupotential Hnes can be plotted. The com-
parator receives one signal from this voltage divider and an inpnt from the
electrolyte by way of a probe. A zero output occurs when equality of ampli-
wide is achieved. lnequality is evidenced hy o 500-cps signal which is in
phase or 180" out of phase with the reference. ‘This signal is coaverted in the
phase discriminator 1o 4 DC voltage whose amphitwde and polarity is propor-
tional to the amplitude and phase of the error signal with respect o the refer-
ence signal. The Benson-lehner servoamplhifier accepts this DC voltage and
energizes a 2-phase motor in accordance with this input, causing the probe
pickup to move in a direction to reduce the error to zero. Motion in this di-
rection is referred o as the Y direction.

The X motion is produced by inserting a constant DC voltage to the X
servo. This drive voltage 1s reduced by an inhibit signal which is proportional
to the magnitude of the error voltage.  Thus the X motion may be brought to
a halt when an excessive crror in Y exists.

A determination of the accuracy and reproducibility of equipotential lines
has shown the maximum error o be less than 0.5 per cent and the results to
be reproducible within 0.1 per cent. The investigation of accuracy was made
by using parallel electrodes. The percentage accuracy is defined as one hun-
dred times the ratio of the difference between the plotted and the calculated
position of any line to the total distance between the electrodes. Since the

maximum 0.5 per cent error is approximately the same as the maximum error
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Fig. IV=2. Electrolytic tank equipotential plot.
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of the individual resistors used in the voltage divider. it has been decided to
rebuild the voltage divider, using resistors with a tolevance of 0.0% per eent
in the hope of veducing the ervor still further. U shiould be noted here that,
even with the degree of accuracy now attained, a considerable ervor in plot-
ting equipotentials is possible when the gradient. and therefore the evvor sig-
nal. is very small, since the inhibit signal to the otherwise constant drive N
servo will be small. It may be seen. for example. in Fig. IV-2, that there
was considerable overshoot in the "valley® between grids near the cathode.

To improve the accuracy of the equipment to the 0.5 per cent level, it
was found necessary (o make mechanical changes in two of the componens
described in the last lligh=Power l'ube Semiannual Technical Summary Report
to ARPA.

The pantograph. which was designed for us to plot the excursion of the
probe Whrough the electrolyie. did not have suflicient resistance o bending.
Distorted plots were causced by bending and vibration of the pantograph arms.
By using commercially available rectangular siainless steel tubing (0.9 in. %
0.4 in. ¥ 0.015 wall for the shorter arms, and 1.872 in. ¥ 0.872 in. % 0.015
wall for the longer arms). it was possible to design o pantograph, cach of
whose arms offered a minimum of four times the resistancee to bending (ten
times for the longer arms) for the same weight as the square aluminum tabing
(1/2 in. square by 1/16 wall) originally used.  Fhe resulting system is far
more rigid and therefore able to reproduce more faithfully the probe motion.

‘The plastic-coated aluminum tilting plane has been replaced by a plexi-
glass planc. Contrary to expectations, the aluminum plate warped, causing
variations in the depth of electrolyte, and thus leading to distortions of the
potential lines. Apparently, there was also some capacitive loading of the
clectrolyte because of a too thin plastic coating on the plate.  Finally, it was
not possible to mount models casily to this plane, whereas with plexiglass,
holes may be easily drilled and models mounted securely. The deformation
of the plexiglass plance is to be eliminated by the use of a supporting layer of
3-inch-thick stiff nonabsorbing foam material. This liner will have approxi-
m.atcly the same dielectric constant as air and will thus offer the added advan-

tage of more complete isolation from the grounded tank frame.
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While waiing for the completion of the probes for trajectory plotting.
has been possible. using only the potential plotting circuits. to begin the in-
vestigation of a problem whose solution wounld have immediate application.
Many proposed radar systems depend upon sophisticated pulse techniques
which require the use of grid-controlled hard 1ubes. The power levels are
such thzt 1t has been impossible 1o design conventional grid structures that
are capable of dissipating the required power. A increase i the mass of
the grid or a decrease  the grid iterception current wonld be desirable, of
neither change adversely aflfccted the operation of the tube.

The onls irvacdiately apparent war of increasing the mass of the grid
structure, witeoal closing the grid spacing. (8 o mcercase the depth of the
grid, This will enhanice the offect of the grid. thereby imcreasing the ampli-
fientior lactor B omight then be possible to open the grid structure.  Whether
or not the decrease in grid interception due to opening the grid will be offget
by added interception due to ncreased depth 13 one of the problems to be in-
vestigated.,  The Nirst problem. however, is to find the effect of grid depth on
gatn., or cutof? volitage to which the gain is directiy related.

A preftmunary study of the effects of grid depth and spaciag has started
with a plage terode model i the clectrolvite tank.  The dimensions are given
1 g We3. The first investigation was of the variation of cutoff voltage with
varving grid depth and spacing.  Five sets of grids vasying in leagth (L) from
0.5 to nearly 7 inches were tested at grid spacings (b) varying from «4 to 16
inches.  The results are shown in Fig. IV=4. 1t 1s casily seen that any given
cutoif voltage may be maintained with wider spacing if the grid is elongated.

It also follows that, for a given spacing. the cutoff may be decreased by
clongating the grid.  Examination of the curve b/a = 1,685 (where a is the
grid cathode spacing) reveals that a tenfold increase in grid depth from 0.12a
to 1.2a yields an increase of 20 to 1in cp/cg from 7 to 140.

The cutoff voltage was assumed to be that grid voltage which resulted in
an cq(lipotcntial line, of the same potential as the cathode, situated within
1/8 inch of the cathode (Fig. IV-2) at the closest point. For the narrowest

grid spacing considered (b/a = 0.843), grid depths greater than 0.4a were not
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consiidered. since the voltage gradient near the cathode was so small that an
accurate determination of the cwofl voltage was impossible in the method used.
For all measurements, the grid-to-cathode spacing was lixed. Sinee the
cithode=to=plate spacing was Nixed by the mechanical structure of the model.

B owas necessary 1o determine the potential al a constant distance from the
grid and to use this potential as @p i the caleulanon of cp/@go This definition
of cp hept the prid plate separation constant Yor all cases and malntained the
ge id=plate perveance at o gearly constant value  The calculation of this potens
tial was possible since. i each case. the gradient near the plate. out of range

of the effect of the grid. was cssentially constan

WA Janvein
M E. Sehwarz., Jr.
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V. BIASED COLLECTOR

The biased-collector project was established to investigate the character-
isties of the speat beam of a klyvstron in the hope of obtaming information that
would be useful in the design of multiscgment biasced colleetors,

During the period covered by this report, a tube was completed and tests
started  Before any significant amount of information was obtained, the cath-
ode fatled and the tube had 1o be reprocessed.  The data reported below were
taken on this reprocessed tube

The experiments conducted to diate have been with accelerating voluages
bHelow 35 kv, since it was desived 1o obtan some experience with the equipment
at voltages Jow enough to permit operation in atr.  No data have as vet been
obtatned with RE drwe on the tube.  The measurements made have given an
1ndication of the beam power delivered 1o the body, the collector and the
cvollector-ias supply, for varving condittons of collector blas. The power
delivered to the collector bias supply 15 of particular importance, since this
represents power that might be recovered in actual biascd-collector operation.

The experiments reported here were all conducted with a beam voltage of
293 kv, Figure V-1 shows the pulse beam current, voltage and instantaneous
power as a function of time.  The variation in perveance during the pulse is
presumed to result from a deop in cathode activity during the pulse, since
checks of the current and voltage-measuring circuitry revealed no inaccuracies
theeein.

The first measurements were made to determine the current distribution
to the 11 collector segments, when all the segments were held at ground poten-
tial. The distribution 1n this case is indicated in Fig. V-2, which also indicates
the variation in current distribution since all segments are biased negatively.

When all collector segments are biased to the same voltage, it is of inter-
est to know the amount of power dissipated as heat in the body of the tube and
in the collector rings, as well as the power delivered by the electron beam to
the external DC power supply as a function of the common collector voltage.
Because of the shape of the pulse, an appreciable amount of the beam power
is carried by the electron beam at lower kinetic energy than that corresponding
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Fig. V=3. The body current ond the corresponding power flow
due to the imperfection of the voltege ond current pulses os o
function of the bios voltage.
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to maxiymum voltage during the pulse. This means that, for certain bias volt-
ages, the part of the beam curreat which passes through smaller accelerating
voltage than the collector-bias voltage must flow to the body of the tube. The
measured body currear on the meter must include this part of the beam cur-
rert.  The provedure for cajeulating the curves of Fig, \'=3 was as follows.
Firs:, the power pulse of Fi1g. V=1 was obtatncd by muitiplying the jnstantancous
values of thie beditnr voltage and the current.  Then the curves of Fig. V=3 were
cualeulated by using mumerical tegration on the current and power pulses of
Fig. V=1, These curves indicate the amount of current and the correspomnding
power carricd 1o the body of the tube by that part of the beam which caanot
overcome the IXC bias o the collector rings becausc of the smaller accelerating
voltage.  Finally, the curves of Fig, V-1 were uscd 1o obtave the results given
i Frg Vi For example, when all the collector rings were blased to - 20 kv,
the average cathode and body curreats were 355 and 110 ma, respectively.
From Fig. \'=3 one Dinds that at least 0.72 ma of the cathode current must have
gone 10 the body of the tube, stace that much beam cuerent is carricd by the
beam at an coergy level less than 20 kv, The corresponding body power is
8.7 wants. (Curve A of Fig. Vi is o replot of Ph of Fig. \'=3.) The remaining
fraction of the bods current must then be of higher encrgy level thaan 20 kv,
Since the enerpy distrtbution of this part of the body current (in our example,
0.38 ma) was not known cxactly, 1t was assumed o be of the highest energy
possible, that 1s, 29.3kv.  Thercfore, the curve of the dissipated power in the
body of the tube, as shown in Fig. V=4, curve I3, gives an upper bound for this
variable. Curve C, representing the power delivered to the DC power supply
is the difference between the average cathode and body currents times the com-
mon bias voltage on all the collector rings.  The difference between the total
beam power and the sum of power delivered to the external bias supply and the
body power is assumed to be dissipated as heat in the collector. This thermal
cnergy is plotted as curve D in the figure. Curve E represents power that
would be delivered to the bias supply if the body power were the minimum theo-
retical value indicated by curve A (that is, no primary body interception).

The dotted curves in Fig. V-4 show the best possible operation of the col-

lector, and represcnt the lower bound for the power dissipated in the body of
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the tube and the upper bound for the power delivered to the power supply, which
i8 possible with pulses of the shape shown in Fig. V-1. The dashed part of the
experimental curves of Fig. \'-4 represents an extrapolation of data obtained,
since 1t was not considered prudent to increase collector bias 1o the point where
all the beam curreat was returned to a small portion (possibly) of the tube body.

Following the measurement with all rings at the same voltage, the rings
were separated and the voltages adjusted so that the bias varied monotonically
from =10 kv on the fnirst ring to =192 kv on the last ring. With these voltages,
the power deliverced to the bias supply was essentially the same (57 per cent)
as it was when all the rings were at =20kv.  However, when all rings were at
=20 kv, the current delivered to the tube body was 85 per cent higher than it
was with the graded voltage arrangement.

The above example does not necessarily represent the best possible oper-
ation of the segmented collector.  The objective of future work along thesc lines
will be to optimize the biasing schedule so as to maximize the power delivered
to the external circuit and minimize the body power.

During the next six months it is cxpected that the low-voltage tests of the
multisegment collector, including the RF tests, will be concluded and work
will begin on cither intermediate or rated pulse voltages. These tests will

have to be conducted under oil.
A. Saharian
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VI CATTHODES

Tests have been made on a group aof six planar disdes purchased from
Sperry Gyroscope ('nusp.wy,.'?‘ These diodes are desigued for studies of cathode
materials. The catholes of the six diodes tested thus far were converted by
Sperey, and activated at 200°C for three hours at an anode voltage of - volis.
Anether six diodes are completed up 1o the cathade conversion, which we plan
to do ourseives (see below).,  tached 1o cach diotle 5 & 1=liter/see ion pump,
which serves principally as a vactmn pauge.

The purpose of these ests i 1o get an idea of what sort of emission can
he obtained from oxtdescoited cathodes under good vacuum comditions At
present there is a lavrge pap between industrial design valnes of cmission
(about 1 zap c’m“") and values reported Trom boratories (up to 130 nmg)ﬁcmz),}
A hopedefor result of this work is 1o bring the design value closer to laboratory
values  Since the guestion of compuosition of the coating 18 not of interest al
this time, we are using o standard triple-carbomite mix, RCA $5-C-118. In
order 10 avoul variable effects of different activators in the cathade base, we
are using passive bases.  ln each group of six diodes, three have bases of 199
nickel, three of platinum

The diodes are puised by a puiscr capable of generating pulses up to 14 &y
peak. The pulser s provided with @ device for automatically scanning up and
down in voltage. One complete seanning cvele takes 20 scconds.  The voitage
and current pulses are fed into the bortzontal and vertical inputs, respectively,
of an oscilloscope. resulting ina display of the 1=\ curve on the screen. The
reticule in front of the screen has a three=halves-power-law curve inscribed
on it.

In the initial tests, the nickel-based cathodes scemed to be the more active,
but the statistical sample is small cnough that we hesitate to make a definite
statement about the relative merits of nickel vs platinum as a base material
at this time. liowever, the tubes feil into two groups with respect to activity,
with distinctive properties:

(a) 'T'wo, nickel=based, of high activity (maximum space-
charge-limited current density, about 15amp/cmZ peak).
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(1) ‘The most active one showed a current rise
¥ig. Vl-1(a)] during the pulse over the entire
range of voliages used in the test.

(2) The next one showed a enrrent rise at medinm
voltages (i.c.. within the spuce-charge-limited
(s=c<l) region). but a eurrent droop [FFig. Vi-1(b)]
in the saturatjon rezion,

() Four of low activity (maximun s-c=! curremt density, about
damp em= peak).

These four all showed a pronounced current droop in the saturation region.
One tube showed an effeet in the first tests which was not repeatable later,
namely, a long=term current decay. The evidence was that, in the sammration
region, the current for a given voltage was lower by about 3 per cent on the
down-trace of voltage than on the up=trace [IFig. \'l-2(e)].

This same tube was tested for variations of maximum s-c-l current with
pulse width and repetttion rate.  No effect was found by varyving pulse widih
from 1 1o 10psce at two different repetition rates. A variation of the repeti-
ron rate from 30 to 5000 cps caused a decrcase of 25 per cent in the current
(Fig. V'l1=3).  This behavior is to be expected in a tube that shows a long-term
decay but no short=term droop.

Figure V02 shows the -\ curves for the various conditions.  For the
short=term risc and droop effects. the curves look similar, showing a fanning-
out tendeney in the saturation region, except that the patterns at the end of the
fan differ. Fach pattern is merely a representation of the current pulse turned
on its side, and it shows the ringing at the beginning of the pulse. By noting
the position of the ringing pattern, one can tell whether the lower current
(lower trace) came bejore or after the higher current in time. 2\ representa-
tive photograph is shown in Fig. VI-4.

The short-term current decay is exponential and has a time constant of
about 3pusecc. Figure Vi-1(b) represents a 10-psec pulse. The decay pre-
sumably results from the depletion of a hyperactive surface layer, after which
the emission settles down to a rate determined by the activity of the bulk of

the coating.
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Fig. VI-2. |-V curves.
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The snort=term current rise was assumned to be an indication of a tempera-
tire rise during the pulse  (The temperature rise corresponding 1o the obe
served 10 per cent rise tu curvent would be about 5°C ) On this assumption,
ohservations were made with a photoelectric pyrometer, and ey are deseribed
below  The conclusion was that the temperature rise. of any. was less thas
what the pyrometer could detect, 3 e | less than 5°C  Later ealeulations all
point 10 a likely temperature rise during a pulse of less than 0 1°C  and nest
recent tests indicate that the current rise may no! be a temperature offect at all

We have looked for temperature rise 16 the cathotde during the pulse, using
a photoclectric prrometer sumiiar to the one described by Silverman Y The firsy
measurements ndicated large temperature rises. of the order of severa) husne
dred degrees  Caleulations convineed us that this was impossible  To lecate
the trouble. we took measurcments with a scries of infrared Nlters that have
different short-wavelength cutoffs interposed between the tube and the pyrome-
cter Wealso compared the responses of two phototubes, one peaked in the
visible and one in the tfrared  The results showed that the radiation that we
were looking at was peaked on the visthle A visual inspection showed that in-
deed there was a bluish discharge. which scemed 1o originate from the anode
The discharge was not uniiorm. but stringy The strings were stationary, not
only during one period of pulsing. but alsa after repeated turning of the pulser
on and off  Bright bluish spots appeared on the anode at the starting points of
ihe brighter strings  As the voltage was reduced. some spots persisted even
after the general discharge could not be seen

Tests to date have been limited. amd 11 1s possible that the observed effect
is a transitory onc  llowever, certain interesting possibilities suggest theme-
selves

(a) The strings may result irom the patchy ecmission from the
cathode This would explain the stationary feature.

(b) With the pressures around lo'smm tig existing in the tubes,
it is hard to see how this discharge could ex:st in the resid-
ual gas The bright spots may indicate regions of intense
local heating It is interesting to speculate whether or not
copper is being vaporized from the anode at these points,
and is producing the discharge. e plan to look at the spec-
trum of the discharge to find more about the mechanism.
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We have vacuume-converted the cathodes in a scries of nine small diodes,
and now have the procedure stabilized to the point where the tubes behave con-
sistently. \We next plan to convert a series of cathodes in hydrogen, following
the suggestion of MacNair.s to establish cur procedure in this technique. The
technique will then be adapted to hydrogen processing of the second set of six
Sperry diodes, whose properties we can then compare with those that have

been vacuum processed.
H.A. Pike

F.T. Worrell
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Vi, VACUUM TECUNIQUES

N CRYOGENIC PUNPING SYSTEAL

Initial lests have beca run on the eryogenic pumping system mentioned
pw\“iously,b The design follows one sugpested by |°'«*iu|vil),7 and ig shown in
block diagram in Fig. Vil=1. The mechanical pump reduces the pressave to
the low micron range mitially, thas vedueing the pumping burden on the eryo-
genie pumps, and allowing them to pump 1o lower pressuves than if they started
from atmespherie pressure.  The advantage of cleanliness, characteristic of
the cryogenie system, 1s preserved by inserting the alumina trap between the
mechanical pump and the rest of the system

The system as (irst pumped down to about 10y with the forepump, valves
\ 1 through \‘3 ave open, and \‘; 15 then closed. The aluming s conditioned
by heating the trap and pumps l" vl l’.2 to 5007 to 600°C" while the forepump
is vuming.  When the pressure has dropped to about 109 to 200 after out -
gassing, the heaters are turned off. It ix gencrally found that, when the alu-
mina is at voomm temperature and \‘_‘ i1s closed, the pressure at the Grap is
lower than that at the pump.  The remaining steps consist of closing \*‘1. chill-
ing P’ Ll it has pumped down, closing V' 2 and chilling P 2 When the pressure
has attained its lowest value, the ion pump is turned on. When closing V 3
causes the pressure to drop, \~‘5 is left closed, and the ion pump takes over.
In preliminary experiments, we have been able to altain pressures as low as
1.5 10'7mm Hg with the cryogenic pumps, before tnisning on the ion pump.

The present pump design is too massive. It takes too long to heat the
alumina, and the pumpdownis so slow s to suggest that it is restricted not by
the conductance of the pumping hine, but rather by the rrate at which the alu-
mina can be cooled. An improved pump is under constiruction.

Comparative tests have been made on the conditioning of small amounts
of activated alumina and zeolite in a system pumped by a 25-literr/sec oil dif -
fusion pump (Fig. VHI-2). The activated alumina (Alcoa type H151) was pre-
conditioned by baking in air at 150°C for two hours, and then put into the vac-
uum system. The system was then pumped down. When the temperature had
been raised slowly over a period of six days to 250°C but with no success at

getting the pressure below 1, we stopped the series of tests.
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Zeolite, Type 13-X, was substituted for the alumina. Preconditioning in
this case consisted of baking for 7 hours at 450°C withdry nitrogen flowing through.
The system was cooled, and the pumps turned on. The temperature was run
up 20 450°C in 24 hours without exceeding 1 and, after 30 hours at 450°C, the
pressure was 2 X 10~ mm Hg.

After a period of ten days at room temperawre, during which period the
gauges were outgassed, the upper gauge read 7 % 107 mm Hg, the lower gauge
4.9 % 10'5. (Since the two gauges arc not comparable, no atiention should be
paid to their relative readings, only to changes in readings.) \When the lower
wap was refrigerated to liquid nitrogen temperatwre, the lower gauge reading
dropped by a factor of 2.0 and the upper gauge by a factor of 1.1 (Fig. Vii-3).
The zcolite trap seems to be effective in isolating the system from the pump,
in accord with the report of Hm‘ris.s \Vhen the lower trap was warmed, the
pressure went up, showing several bursts of vapors, with the upper gauge being
much less affected than the lower. ‘The final steady reading of the upper gauge
was 25 per cent lower than it had been before the cooling of the lower trap,
suggesting a permancent removal of gases from the zeolite during the cooling
period.

When the zeolite-filled trap was cooled, the lower gauge rcading went
down by a factor of 1.4, the upper gauge by 10, as a result of the pumping
action of the zcolite. Cooling the lower trap brought the upper gauge reading
down slightly, as carlicr. Some 12 hours after warming the system to room
temperature again, the upper gauge rcad appreciably lower than before, prob-
ably because gases had been trapped permanently in the zeolite. The results
are summm:izcd in Fig. VI1-3. Note that the time scale is not linear, but
records events.

Further tests are being made on zeolite in smaller amounts suitable for
traps in small systems. Comparable gauges will be used, to give us more

information.

3. ION GAUGE POWER SUPPLY

Commerecial power supplics for ionization gauges give insufficient infor-

mation to the investigator of these gauges, and provide insufficient flexibility
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of eperation. We have desigred a power supply with the following propeviies
of interest 10 us.
(1) The electron currem can be stabilized 10 any one of three

values, nominally 4 ma, 400pa and 40ua. available 1 a
sclector switeh,

(2) N "srandby™ etrcust which allows the filament 10 run at
operaung temperature while the aceclerating voltage 18
off,

(3) Provision for wming o!f the Nlament while the electrode
vollages stay on,

() A meter to monitor filament voltage

The standby getting allows one 1o turn the gauge on and off without introducing
the gas burst from the filament at turn-on.  The tird provision allows a check
of the ton collector current, to see how much, if any, is leakage Trom other
clectrodes.  The filament meter 18 included, because it has been found that

the fament itsel! is a airly sensitive indicator of changes in vacuum con-
ditions, under favorable viacuum conditions the emission from the filament
improves, whereas a worsening of the vacuum can, under some conditions,
produce a large drop in emission cfficiency. Where the clectron emission is
stabilized, these cffccts show up as a drop or a rise, regpectively, in the fila-
ment voltage and current.  The voltage changes more than the current.

The power supply (Fig. Vll-4) ~onsists of a filtered DC source with 1wo
shunt regulators nreanged to provide <135 voltg 10 the electron collector and
=30 volts to one side of the filament.  This permits the screen to be grounded
and the ion collector to retura to ground through the high impedance of a
Keithley electrometer.

The clectron collector current is monitored, amd the monitor automatically
adjusts the filament power to maintain the electron collector current constant
to any value determined by the operator. The automatic control operates as
follows. The electron collector current flows through RiO' R“ or RiZ' de-
pending on the current range chosen. The resultant voltage drop is the base
voltage of the emitter follower Q3. The emitter voltage of Q3 is compared
with a Zener reference voltage. A voltage in excess of the Zener voltage pro-
duces a base current flow in (-22 which is amplil"ied in QZ and Qi' The circuit
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15 arvanged so that an increasing currem in Q?. causes a decreasing curvent (0
flow 1n Q‘. The currvent flowing in Q‘ flows through the control winding of a
saturable reactor whose gate windings are in series with the Nlament supply
of the vacuum gauge. The gate winding reactance 1$ maximun when the control
currem 18 zevo. The control loop 18 thus elosed by the saturable reactor.
When in the stand<by mode, a DC voltage proporttonal 10 the filament AC
voltage 1s comparcd with the Zener reference voltage, and regulation of the
filament voltage in the absence of cleetron collector current 1s acleved through
the same chain of events described above  Several of these units arve now being
tested with various ganges

F T Worvell
W. N Janven
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VIl VOLTAGE BREAKDOWN

Vacuum voltage breakdown measurements were resutned 16 the last quar-
ter and are now proceeding on a full =time basis.

The mitial work on gap breakdown previously reported showed that exper-
imemal copper electrodes could be conditioned by low =energy breakdowns,
causing their voltage holdoff capability 1o double.  Tis conditoning will be in-
vestigated with an electrode assembly which has four anodes and four cathodes
Carefu! electrode conditioning, followed by changing one cicctrode without
breaking the vacuum, will allow observations to be made on e effects of both
anode and cathode condittioning  Another feature of 1us asscmbly will allow
the preparation of the electrode surfaces by vacunm -depositing fresh lavers
of copper and then positioning them for breakdown measurements

vacuum voltage breakdown across high-voltage insulztors 18 also heing
ivestigated  Experience with some gh-power microwave tubes has shown
that, when an tnsulator 18 in the vicinity of a high=-power electron beam, its
voltage holdoff can be both poor and unpredictable.

An experiment to determite ¥ one can ratse this holdoff voltage has be-
gun, using steatite c_\'lmdn'cal ptlar insulators.  I'hey are one tnch long by
danch diameter and at 1077 mm Hg boldoff from 35 1o 45kv DC. \When the in-
sulator s coated with chromic oxtde in a stlicate binder and then baked, hold-
off is increased 1o 55 1o 70kv  The end points of the breakdowns coincide with
very narrow gaps between the insulator base and the stainless steel support
plates. ‘T'he large voltage gradient across this gap initiates a spark which then
triggers a breakdown along the insulator

To eliminate this triggering, a second insulator, in addition to chromic
oxide, had an aquadag coating on each end, thus eliminating any voltage gra-
dient across the gap. This insulator held off more than 110kv DC. For com-
parison, an insulator with just the aquadag on each end and no chromic oxide
broke down at 30kv (the thin edge of the aquadag coating results in a very
large voltage gridient).
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The significant increase i holdoll voltage due to the C".?.Os coating can
probabiy be ascribed 1o the decreased surface resistivity of the coated insu-
later. Tie uncoated insulator resistance of loﬁolum‘s fell 1o 10”@hms after
coating. The decrease in surface resistivity helps to establish a more uniform
voliage gradient along the surface and allows a higher voltage to be applied
across the insulator before a gradient large enough to cause a spark i$ reached.

Additional tests are being made on insulators whose surface resistivity
has been further lowered to 10! otums by the addition of aquadag to the chromic
oxide. The tests described were made on steatite since 1t was readily avail-
able Further measurements of coaung techniques on alumina will also be made.

A Vierstra
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IN. MEASUREMENTS OF SURFACE CURRENTS
IN KLYSTRON CAVITIES
BY THE PERTURBATION OF RADIATION FIELD

A new, indirect method for measuring the absolute field strengths on the
boundaries of a microwave resonator has been developed. This method is
based on perturbation of the radiation Nield, and 18 useful in applications where
the other indireet methods, which are based on perturbation of the mode field,
fail or become laborious and inaccurate.

The new method was used 1o determine the distribution of the ohmic losses
on the four walls of a klystron recatranmt resonator. ‘The results were reported
in the last Semiannual Technical Summary Report and are shown in Fig. 1X-1.

The method was also used to measure the distribution of the surface cur-
rent on the drift-tube wall of the resonutor (wall 1), At the time of these ex-
periments, some work was done o the stalo (see block diagram of Fig. IN-4
in the last Semiannual Technical Summary Report) to improve the {requency
stability of the system, which resulted in changing the stalo frequency range.

It was then necessary 1o change the resonator dimensions in order to have the
resonant frequency fall in the stalo frequency range.  ‘This change was accom-
plished by increasing the length of the drift-tube wall from 0.300 to 0.324 inch.
This increasce in wall length resulted in the increase of its losses firom 15.3

to 19.4 per cent.  Thus the main purposce of the new experiments was to deter -
mine how the 19.4 perr cent of the total energy dissipated on the resonator walls
1s distributed on the drift-tube wall.

In these experiments the spraying technique was used to change the wall
surface impedance. The tdea was to spray the total wall surface area to a
thickness of about 0.002 inch (several times the skin depth). The coating was
then machined off all the surface except for an annular ring where the field
strength was to be determined. When a large number of mecasurements was
required, such as in the case of plotting the field distribution over all the sur-
face, this method was found to be rather laborious, and another method was
used. In the second method, the surface impedance at the place where the
ficld had to be determined was changed from that of sprayed material to that
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of copper (the base metal) which is the inverse of the first method. The pro-
cedure for plotting the ficld distribution was as follows: Starung with a sur-
face completely spraved, a narvow annular ring of the coating (about 0.030 inch
wide) was machined off one side. The resomitor Q's were measured before
and after machining off the ring, and the difference between the two values
gave a measure of the local field streagth at the eing.  The width of the ma-
chined ring was successively increased and the Q measured cach ttme, untl
all the conung was machined off.  To check the resulta 1wo scts of measure-
ments were taken on 1wo identical walls spraved with TiC. s the first set of
measurements, the culs were started at the gap edge of the wall and i the
sccond sct the cuts were started on the other end.  The results of these ex-
pertments are shown in Fig. IN=2,

With these experiments, the work on this project 18 concluded.

I. Hefmi
M. Nades
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N. DUPLEXNER INVESTIGATIONS

A CALCULATION OF ARC LOSS IN FOLDED CYLINDERS

It has been reponed9 that, for microwave discharges, the component of
electric field i phase with the current 18 equal to the sustaining field in a DC
discharge at low curvent levels. At ligher current levels the conductivity of
the plasma 15 sufficient to shield the RIF fields from the interior of the dis-
charge. This 1s an example of the "siun effect” Calculation at high current
levels is very complieated becauvse the electirie field, the cleetron density and
the electron temperature all vary with depth into the discharge The electron
production and loss equation, together with Maxwell's cquitions in a conducting
medium, had to be solved suimultancously.  ‘These cquations contained coeffi-
cients involving ronization and rates of diffusion which varied with the eleetric
field. These cocificient funictions were cvaluated from theoretical and experi-
mental NDC data. The problim was put into an IBM 7090 computer together
with the proper boundary conditions und the results are shown in Fig. X-1.

The ordinate 1n this graph 1s the normalized surface resistance and the
abscissa is the normalized hinecar current density.  The series of lines of slope
minus one for different pd values represent lines of constant ordinate, times
abscissa or constant E/P, and represent the low current case. At higher cur-
rents these lines all merge into the heavy double hine which represents the

highly shiclded case.

B. APPLICATION TO L-BAND FOLDED CYLINDER

The design of an L-band duplexer cavity was mentioned in the last Semi-
annual Technical Summary Report. A quartz folded-cylinder TR tube of
1.100-inch diameter is mounted horizontally in a capacitive iris across a rec-
tangular cavity. The results of the machine computation have been applied to
this L-band duplexer with the results shown in Fig. X-2, which is a plot of the
average powecer-handling al;ility of the cavity as a function of cuty cycle when the
hottest point in the tube is at 450°C. The lines approaching a slope of minus
onec represent the unshielded case. The line of slope approximately minus 1/3
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(marked =) represents the shielded case. The machine computation mentioned
above does not take into account the electron-positive ion collisions which tend
to produce a constant value of conductivity (equal to that in a fully ionized gas)
in the discharge at high current levels. This case is represented by the hor-
izontal line and holds for cases where the tube gap is greater than the skin
depthh (0.0315¢cm) 1in a fully 1w0mzed gas.

The gap actually used 1s 0,075 em; henee, for duty cycles larger than 0.01,
the discharge 18 unshiclded and the electrie field is constant. In this case the
power dissipated 1n the tube should be proportional to \j PavDu so that the tem-
perature rise at the hottest point in the tuhe was plotted against this quantity
as in Fig. X=3. The crosses are for data taken at high peak power, low duty
excle i the resonant ring (maxtmum 10 Mw peak, 0.003 duty) and the circles
are for data taken with a CW magnetron. The lower portion of the curve has a
slope of plus once, whereas the upper portion shows a lower temperrature rise
for a given amount of heat input. At high temperatures a large fi-action of the
heat 18 lost by radiation which follows a 1 law. At<450°C and a duty cycle of
onc, the measured average power is 31,300 watts, whereas the calculated value
is 24,000 waus. The figurce also shows that, at the higher duty cycles, the gap
spacing could be increased to give an incrrease in power-handling ability at the
expense of an increase in recovery time (100 usec with 0.075cm gap and 1 mm Hg
argon). No cooling is used at present.

It was decided 1o design a balanced TR duplexer since it requires only one
high-power switching tube.  The dimensions for a dual TR mount have been de-
termined and a final dupleser with tuners and pressurization is being designed.
Electrical measurcments arce being taken to determine the proper shape for a
post-TR cavity using a metal-ceramic TR tube to protect the receiver from

leakage past the pre-TR.

C. S-BAND TR WINDOWS

The Brush Beryllium Company (Cleveland, Ohio) has accepted an order to
manufacture several S-band TR windows which use beryllium oxide. These TR
windows may be described as {lattened-out folded cylinders, since the discharge
takes place in a narrow (0.015 inch) void in the dielectric so that diffusion is
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used as a recovery mechamsm  Much attention has been directed to designing
for best heat flow, 80 the TR tube should handle several hundred kilowatts of
average power. These windows will be incorporated in an RF structure which
13 being designed at Lancoln Laboratory.

D. S-BAND HIGH=POWER TEST EQUIPMENT

N lgh=power S=band traveling-wave resonator has been built and tested at
Diclectrie Products Fagincering Company This umit, winen wil) be delivered
carly 1 January 1962, gives a CW gain of 13 5 1o 1-4.5db and should enable
simulanion of an average power of about 0 5 Mw, using the Linton pulsed klystron
(3 Mw peak, 30 kw average) which 18 scheduled for delivery in late January 1962,
Modifications to tiie existing modulator arc also planncd 10 provide pulse widths
up to 0psce IS expected thar high-power S-hand tests can begin about

1 Apeil 1962, provided there are no further delays 1n equipment delivery.

. RE BREAKDOWN IN ARGON

A preliminary graph of breakdown voltage in argon is presented in Fig. X-4.
This graph displays much the same features as the breakdown graph for hydero-
gen explained in a recemt mporu.'o The breakdown voltages are lower than for
hydrogen and thic oscillation amplitude limit s shifted o the left about half an
otder of magnitude. Further data wiil be taken to cover the range 10'6 < d/X <

-2 .. =
4% 10 7. These data are avaluable in TR rbe design.

F. GASEOUS PULSED ATTENUATOR FOR MASER PROTECTION

There is a real need for a device which will give 100- to 130-db isolation
for use in radars where mascrs arc employed.  Mascr performance is quickly
degraded by small amounts of leakage. In addition to high isolation in the trans-
mit condition, the device must produce a minimum of insertion 10ss on receive
or else the maser noise figure is impaired. A device which meets these re-
quirements has been designed and the first model is being tested. It is made
up of a long (12 -inch) quartz tube of about 7mm in diameter, placed along the
axis of an X-band waveguide and filled with helium at low pressure (2 mm Hg).
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The tube has an oxide-coated cathode at one end and a simple anode at the other.
A negative voltage pulse of about 2000 volts is applied to the cathode in series
with a resistance sufficient to limit the current to about 250 ma. Attenuations
in exeess of 100db have aliready been measured, the measurement being limited
by the apparatus presently available. The inscrtion loss 1s calculated to be
about 0.05db, but has vet to be measuwred. Life of the pulsed attenuator will
probably be determined by gas cleanup and 1s a subject which will require

some allention. i
C.W. Jones

C. E. Muehe
C. B. Nelson
A A L. Browne
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