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I. JINTRODUCTiION AND SUMMARY

The perlod covered by the present repert 12 1 March te
3L May 195%. The proiress of the major projects is summarized
in ¢i:is sectliony the iztalls are described in suvbseyuent
sections.,

The new Microwave lLaboraicry bullding is belng conpleted
on schedule and will be fully occupied by the summer of 195%.
Virtually all the perscmu el under thia contract wlll then be
concentrated in one building.

1. ACCELERATCOR KLYSTRONS. Studlies of the characteris-
tics of eccelerator klystrons, cspecially with regerd to
their 1ife and the various causes of fasilure, are still con-
tinuing. Mozt of the work is being financed through the
ONR-AEC sccelerator contract (NEomr 25116), and some vork
pertaiuing to extensicns to higher power and sealed-off
versions 1s being financed by ACDC Contract AT{U4-3)-21 (Pro-
Ject Agreement No. 1). In sddition tc studying the causes of
faillure, the accelerator klystrons are being continually im-
proved by wuy of improving efficiency and power ouiput., It
13 expected that the work on high-power iklystrons will be
ultimateliy shifted entirely Lo rrojects under the above-
mentioned contracts, with the present contract sponsoring only
work of a basic nature.

Some success hag been achieved in sealing off a hign-
power kiystron., This tube operated uatislactorily from the
viewpoint of meintaining a high vacuum, and its use was dis-
¢omtinued for another reason. A second similar tube is being
fabrizsted. It is possible that a sealed-off{ tube may be
capavie ¢f baing coprerated over a longer period of time with-
out eumission fallure becsuce of the absencz of such contamir;-
ants 23 might enter a continucusly punped tube through the
pump svetem; but this possibility cennot me fully established
ag a fact until the 7life nistories’ of a sultatie number of
guzch tubez have teen accumulated.

2. BASIC STUDIES. Further improvements in beam trans-
mission are beilng sought with the help of & number of modifica-
tions introduced in a specilel model of & bigh-rower kKlystion.
The performance of a tuvbe embodying these moudifications has
bveoen suficlertly satisfactory to Justify their inclusion in
future tubes {including scaled-of mmadels).

The design o & iclicw-beam electron gun that might
serve to improve the efficlency cf Ilystrons and traveling-
wave tubes has teen executecd and succesgfully tested in 2
especieily constructed beam tester. nis project is nearing
completion.

Two other projects have been coiapleted during this
quarter and technlcal reports have teen lasued: the reduced-



(I7. ACCTELIRATOR KLYSTRONS)

voliage-collector scheme for increasing efficiency of nigh-
power velocity-modulatss Tubes, and a study of 2 method of
controlling an electron ba2am oy perlodic focvsing of the
rlectrasgtatic or magretic type.

%. TULSED TRAVELING-WAVL TUBR Tests on 8a space-
harmonic traveling-weve tube kive continued during the last
qJuarver, Much of the effort vas directed towardé measuring
the vaijriation in gain as a fuistion of freyuency.

The studiso of rew typern of pericdie siructures are
quite eneoursging, and o lapgr rumber of atrrmucltures sultable
Lor hipgh-power operatlcon hos wen tegited.

Theoretical and exrerimrntal work on s-ozs-wound nelices,
whichh represgent an entinely Law Lype »f trepvellng-wave struc-
urs, hag 2180 been going fovses

4. NMILLTMETER-~MWAY: (ENRVPATION. The eaparlisent on »* G-
lzing the traasverse accelarslion of electrony is neariqs
completion. It is expected trat the project 2111 ce di
tinued withir o few months ov/ag tc the dezarture of the pre-~
gent projeet leader, Dy, 3. Futz, wh> has accarizd a faolty
apreiniment at Oxford Univerylly for the coumming schocl year.
The work is gecing forward on 3 full zcele and 1t 1z hoped
that suceceesful operaticn ¢f the ‘uniulator’ will be achleved
Juring tie aummer of 1954,

11. ACCELERATOR KLYSTRONS (Suaff: ., H. jasberg)

The ¢bjective of this prolJect 1. the sftudy of high-power
pulseé klyctrons of the tyre that azr: uvsed with the Stanford
Mark IiJ aceelerator. 7The coet of o nstruction and malnte-
narce ©f these tudes is bLorre by toe CNR-AES (oinviact Nbonr
25116, The prugress of the renearcr perbalinivrg to theae
kiyvstrons 18 reported hesre for the sike of gerpletenegs.

Seveun tubes were auded to the Murlk YIi pachine this
guarter,. partlally replacing vhe nive Lubes tuat falled.
"here are now seventeen tukes Iin uvze. Woeel & “hese tubes
becume temperature ilmlied iy ase anl in Tur <uses this
regulted in & puanctured palin seal. Tto twoes were lost when
vhelr vecuum pumpe 'zlled The avar.lke 1ins ol the fallurea
was 942 hours. One tube, operated gince Juiae 1337, logged
2038 nours.,

Wiy anme Tubee vecomr? enisaiocn lLimited &7tzr o snort
1if2 4= still 8 puzzling geeelion whith camict ve esaslly
angwevad. The progoam L2 seal off the funes akould indicase
whether this phencmenon ig due to cortaminasits 2rucering
through the pumps OF €6 some olament in che tubes ihemselves
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BASIC STUDIES,

Tlie tube which was sealed off laat juarter was run on
the test atand whenever posslble over a six-week period, and
accumilated 150 hours of operating time. During this test
there was no sviderce of deterioration of rerformance at levels
of 10 Mw output. Due to its poor emission prior to seal-off,
the tube was never usable on an sccelerator. The cathode has
heen teken out of the tube and seemcd normal, except for a
large amount of dark meterial on its suxfacc. Tals mey have
been decomposed oil from the diffuslon prump. £ s&cond vube
shoul¢ = on the pumps early in the next quarter.

There was on2 cutrut-window failure in this guarter.
This window had been on +twc tubes with a total ilfe of 2130
houre. 1t falled due to arcing from 8 smell solder flllet
2t the metal-to-ceramic braze.

JII. BASIC STUDIES

A SPECTAL KLYSTRON, K-14 (starff: J. H. Jasberg)

o sm @W 2y ema

The improvement of the Klystron of the type used Lo
power the Mark III accelerator ia beidg carried out to &
large extent on tubes of a special Uype, deasignated as the
K~14 tube. This tube hes the foliowing modifications:

5&? Reamed throat at snode.

}b‘ Cathode moved 0.1 in. farther awey rrom ancde.

gcg S5-cm oscillation suppressors in middle cavity.

The modifieda tube on the Mark II accelerator was lost
because of failure of the vacuum-protection device to turn
off the modulator during reprocessing the tube after fepiac-
ing a 1lraky cutput window. (See previcus juarterly report.)
It has been replaced by anotner cube of this type which gives

as good performance. Puture cealed-off tubes will probably
be of this type

B. HOLLOW-ITAM STUDIES (S8taff: M. Chodorew, C. Susskind)

The tests with the holilow-beam elestron gun have been
completed. The beam appedars to remaln holliew for a consider-
able distance into the driit tube, bLoth under d-¢ and pulsed
vcltage condition. The magnetlc fleld reyuired to focus the
beam as a sharp avnular ring cn a viewing cereen differs

8lightly along the drift tube. Ir other words, for 2 given

(3

zagnetlic {leld, the beam exhiblts the scallove tredicted hy
theory.

The aumerical data obtained dixing the tests will %e pre-
sented in & technical report {xiow in preparation}), which will

2160 oSacy he details ol the s8necilal hesm tester employed.

o .
Thie project ig supuorie wixox Contract NOonr 25132,

s
o



{1Vv. PULSED TREAVELING-WAVE TUEE)

C. REDUCED-VCLTAOF COILECTOR (Staff: ii. H. Wirikler)

This project 1s completed with the 1ssuance of a technical
report, YA method for improvinz the efficlency of klystrons,
by R. H. Wiakler (Microwave Laboratory Report No. 235,

May, 195%).

D. GRADIENT POCUSING {star’f: M. Chodorow, C. W. Barnes, Jr.)

The present activity of this uvroject has been completed
with 1ssuance of a technical report entitled *Periodic focus-
ing of electron besms, " by C. W. Barnes, TR-No. 33 (Contract
Néonr 25132), 3 May 19%4.

IV. FULSED TRAVELING-WAVE TUZE **
{staff: M. Chodorow, k. J. Halos, R. A, Craig,
B. Arfin, E. L. Chu, J. E. Nevins, W. P. Ayers)

& space-harmcnlc tube has been tested under a varigy of
conditions. Performence on the original Lests was rvoughly
something greater than 00 kw at 2700, 170 kw at 3100, and
about 100 kw at 3300 Mc/&. The gains at thess freguencies
vary from about 2b to abuut 10 db. The variation in gain
was much greater than expected. Tnis discrepancy between
the theoretical valuce and the exunzrimental value is siétributed
tc the beam diameter belng much smaller than the value used
in the original caliculaticns, resultlng in excessive space-
charge effects which are particularly noticeable at the low-
frejuency end whers the tule impedance is low. This explana-
tion of the variation in gain has been experimentally veri-
fied. By meesuring the difference between the synchronous
voltage and the voliage for optimum gain 41T iz possible to
determine the plasma wavelenzth from existing theoretical
cumvesa. One can then calculeate a team dlameter and also the
small-signal gain which agrees well with the erperimentally
measured gaiv.. As corroboration, it was found that by moving
the cathode ard changing the beam focusing, wlth the presum-
able result of a larger dbeam Qlameter, 1t was pessibie to
increase the gain at 3300 Me/s from 10 ©o 17T d2.

A3 an indication of the possidble performanse of the KHube
at coratant voitage 1t 18 rossible %o pick a2 voltage such
that one can get 200 kw arere Lziween 2700 &#nd 2040 Me/s with
1 kw of drive with the ouwvrput-power variation being no greater
than 5 db over this band.

whe vupe 15 going Te be dismantied so that a different
cathode can pe put into 1it,

et -

Mhis project 3g supported under Centruct Nbonr 25132,

“This projeet s parbtially aunoorosd under Contersat
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(Iv. PULSED TRAVELING-WAVE TUEE)

The structure with negative mutual inductarnce coupling
which permits operation on a fundamental compcnent has been
tested. The impedance of this structure is akoul as good as
the simple dislt-loaded gulde, ao that the slots znd fins
neceasary to produce the cguivalent negative inductance
apparently do not change the impedance characteristics mark-
edly. PFrom the 1lmpedance easurements made, and large-C
curves, it seems that one cxn gel a flat gain characteriastic
over a hand cf about 350 Mc/s2. A report 1s being prepared
on 81l the various structures which have been measured as
possiviy sultable for high-voltage cperation. Measurements
on a modified interdigital structure are continuing; par-
ticularly, the impedance is veing detcrmined to compare the
modified Interdigltal struciure with the criinary one.

During the past slx menths, work has alsc been progres-
sing on croas-wound hellces. The previous calculaticoms ol
rhase velcclity used a pacticalar asuwiylriui =0 ¢ Lne surrent
digtribution in the tapee. Thia current distribution. strietly
speaking, could exist only iU thr tapes were not in contact.
If the tapes are in ccsntact, the resul’a wsuld st1l1l Ues ac-
aurate tor the Jase of very nacecw tapes; dur for very wide
tapes with 2 considsrable region of overlap, the current dis-
tribution is apt to lead to soae error in the vhese velocity.
These are merely uumeivical diflferences ani do not alfect the
fundammental properties ol the cross~wiund uelices. However,
te find out what the effect of a large overlap regicn with
contact had on the rhase <eloclitiss, calculetiona hevs been
started on an equlivalent atructure, namely cne conzisting of
a series of tape rings which are slternately connected atv OO
and 18¢C% bty o ctrip of some width. Io this cese, one assumes
a field distribution in the gape betweern the rirgs, and one
son cnlisnlate the phase veloclty. One nas at hiles disposal
as variable parameters the width of the tape rings, or, what
amounts to the same thing, Lne width of trhe gap Letieen them;
and algo the width of the sirly connecting altermate rings.
This width corresponds to the cverlap region in the case of
helices, These calculations have nroucced and curves of the
veiocity as a2 function of the relevant paramebers have been
added., Sinecz in many cases 1t may be ugeful actually to
make a traveling-wave--tude structure uslug Joined rings rather
than a tape helix, tThese curves wlll be usefmi for design alsc,
A technical report on thesc new calculstions L3 bulug prepared.

Work is also proceediig on bullding o traveling-wave tube
for % cm using a crogs-wournd helix, The rreliminary tuve was
built and its gain was less than antlaipated, orobably because
of excessive dieiectric loading which raduced the phase velo-
city and alss tie lupedancz . Another tube will be built with
th: dieleetiric envelone sevaratad frem the helix by sufficiesnt
Al ~tamnoe 5O a’ be reduee Uae loading, Taism %-cm tube is to be
cperated an a oulsaed-anplitisr 2t adoui 10 kv and 1 amp.



V. MILLIMETER-WAVE GENERATION
(stafr: H. Motz, H. P. O. Golde, L. M. Winslow)

The obJjective of thic project is the geaneration of
pulged-microwave er -rgy at miilimetric wavelengths, notably
by means of the acceleration of ciectrons by spatially per-
1odic magnetic llelds,

Puring the pe:icd under review zimost all of the con-
struction work has been completed. The performance of the
accelerstor section at high rower was much lees than expected
from low-power tests. This is presumedly due io a {ault in
the manufacture of the pipe which causeas bad disk contacts.
In order to get the electron energy needed for the proJject, a
1.Mw klystron had to be used 1a place ¢f thes 0.5-Mw magnetron.
These difficulties have delayed the experiment.

It 12 anticipated that work on this project at Stanford
University will be terminsted in the Fall of 1954, although
some work may be continued with the same equipment at another
instituticn under a subcontract from Stanford University.
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