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ABSTRACT 

The gun design computer program was refined to .   .Jude the effect« 

ul  ^rTV"0'8 CaUSed by thermal «P-.iona or hy tolerance bud 
up, these effects were investigated both theoreticaily and exp.rimentaC 

Ss^g -°r;:tzfrd' ^ *° ~- ---■ — 
The effect of unintended detuning of cavities (either by thermal effert« 

iLTT    ^T^i t0lerances) on the phasing in the output wLegu^Xwas 

Tob    m       afle    t001"13^";   " ^ ^ ^ thiS COUld be ^ «- o" problem --at least one satisfactory single-beam tube design,  which has 

thr^asof     'buTth' ^ T8^16 " a Unit 0f a -Itiple./eam tube for tnis reason --but the specific design (No.  86) that we are using is found 
to be remarkably insensitive to minor detuning. < 

The basic design of the modulator for the 15-beam tube is described 

fhy^r wrbPele;seCrenti0nal ^ "^ ^^ ^ threet^O 
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RESULTS 

A.    GENERAL 

Progress during the period September 15 to December 15,   1966 has 
been seriously curtailed, but not stopped, by a strike which began in mid- 
October and was still in progress at the end of the period.    The strike has 
not prevented the engineering and supervisory staff from working in the 
plant,  nor the placing of machine shop work outside.    The timing is un- 
fortunate,  in that this period is one in which design work would have been 
at a minimum even without a strike,  because the designs for the single- 
beam tube were essentially complete by September,  and the detailed design 
of the 15-beam tube depends on the results to be obtained from the single 
beam tube.    The engineering effort in this period would therefore have been 
primarily supervision of the parts-making and assembly,  and the strike has 
simply made this slower and more difficult.    However,  the majority of the 
parts required for the single-beam tube were received from an outside 
vendor early in December,  and the quality of workmanship on the difficult 
OFHC copper parts was excellent.    The cavity parts,  pole pieces,  and 
collector parts are all in hand,  and the input and output waveguides are 
close to completion. 

Work has continued on the design of the 15-beam tube in areas not 
critically connected with the interaction.    Since experience in earlier 
multiple-beam tubes showed that a break in the magnetic circuit on passing 
through the tube envelope produces surprisingly large and undesirable effects 
on the leakage field,  it was decided to carry the magnetic circuit through the 
wall unbroken.    Working out the details at the corners where the main box, 
the cathode box, the end plate supporting the input/output waveguides,  and 
the magnet circuit all meet,  and must be assembled in a logical order with 
welds between compatible materials in accessible places,  took considerable 
time but is of no intrinsic interest.    Work was also done on the method of 
mounting the cathodes to achieve the geometrical accuracy required (see 
Section C,  Gun Alignment Accuracy),   subject to the condition that it must 
be possible to replace any gun without disturbing any of the others,  and 
maintain the same accuracy as in the original construction.    This has been 
done,  and the sketch designs will be converted into working drawings as 
soon as draftsmen are available again. 
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drift-tub« dum«t«r lor «Uciron« «nil» *>> iiwrm«! »«|«x»i»««     Ai ♦« »*».*..... 
th« mtntmum dum«i«r of tb* 99>p«rc««»i prolll« »ill ii»«««|«*« t» o « «« «h* 
drift-tub« d.«.r#i.r     Tb« pol« pi«c« I« «boo» »• lb« »IMII*»«^ »«•ii.o* .. 
d«t«rmUt«d wub lb« analog compuior.    Diim««tcMM A «od » K«^. W«* M- 

Justed to account for tbormal «upantton of lb« catbed« mo«ni 

Extensive t«ate have been mad« of lb« tungslal« caibod« «Ml tie nmmmi 
to determine the dimensional change« do« to i«mp«rai«r«.    TW ridmie mm* 
mounted in a metal bell jar having a flat glass wtnde«. and ob«« real »on« «Mr« mad« 
with a precision cathetometer capable of O.OOLiacb resoluiion.    TM r«s«lit 
of many measurements arc given in Figure 5.    Tb« cathode »s ««m i^ b. 
more dished, by 0. 005 inch, at emitting temparator«.   This is an tmprov«. 
ment over the O.OM-inch dishing of the o^id« cathode reported prevteualy. 
The cathode edge moved only 0.001 inch with respect to the focuatng cup. 
The 0.014-inch expansion of the entire cathode mount is partially compen« 
sated by a 0.010-inch expansion of the Urge Insulating ceramic. 

The tungstate cathode required a new heater assembly.    To d«l«rmine 
whether or not the design is adequate for inclusion into a multiple.b«am 
tube, the heater was subjected to a heat cycling test.    After cycling at 
double power (150 watts) 100 times,  with 5-minute-on and 5.mlnut«-off 
periods,  the filament still showed no signs of deterioration on the basts erf 
a resistance measurement.    Failure ultimately occurred when three times 
the normal input power was applied.    The failure mechanism was a sagging 
of the filament,   resulting in a short circuit between turns.    On the basts of 
these measurements,  it is felt that the new heater design 4s adequate for 
the multiple-beam tube. 
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C.    GUN ALIGNMENT ACCURACY 

In order to determine the accuracy with  vhich the gun spacing and 
centermg must be maintained,  a bell jar axperiment was performed.    A 
cathode assembly was mounted on a bellows device with calibrated micro- 
meter movements in three directions; facing the cathode were an anode and 
water-cooled collector,  insulated and separately metered. 

The cathode was first centered with respect to the anode by minimiz- 
ing the current intercepted on the anode.    Then the axial spacing was varied 
Figure 4 shows the perveance and interception as functions of the spacing- 
clearly,  the minimum interception occurs at a spacing (0.208 inch) which 
gives considerably more than the design perveance of 1. 3.    The implication 
is that this cathode was too convergent,  producing a beam waist at a point 
short of the tunnel entry.    However,  the cathode used in this experiment 
was not of the latest design; it was taken from an old beam tester,  and the 
experiment is to be repeated with the final cathode design.    Even though the 
absolute values of perveance are thus incorrect, the rate of change of 
perveance with spacing is probably quite accurate:  if one accepts ±0  07 
Mperv as reasonable limits on perveance (corresponding to a ± 1-amp 
variation in the 19. i-amp design beam current), then Figure 4 indicates 
that the limits on gun spacing are ± 0. 014 inch.    The measurements on 
thermal expansion changes in the cathode (reported in Section B,  Electron 
Gun Design) show that the working position of the cathode is the result of the 
difference between a 0.014.inch expansion of the cathode assembly and a 
0. Oio-inch expansion of the insulating ceramic.    While this can be allowed 
for in setting the cathode spacing during assembly, it cannot be assumed 
that exactly the same expansions will occur under the different thermal con- 
ditions of the 15-beam tube.    There will probably be ±0. 005 inch uncertainty 
about the spacing in this tube,  however    accurately it is set initially.    Thus 
the available design tolerance is reduced to ± 0. 009 inch,  and we must be 
able to determine what the correct value is within ±0. 005 inch,  and be able 
to set it (cold) within ±0. 003 inch,  in order to stay within »olerance. 

Next,  the sensitivity of interception on the anode,  to transverse dis- 
placement (decentering) of the cathode.  wa3 measured.    Figure 5 shows the 
results for two values of the spacing,  one giving the nominal perveance and 
the other the optimum transmission when centered.    It is evident from both 
curves that 0. 010 inch of decentering produces a measurable increase in   ' 
interception,  so that a reasonable aim would be 0. 003-inch accuracy of 
centering.    Since the whole cathode structure is symmetrical,  thermal ex- 
pansion should not change this figure,  but it is realistic to suppose that there 
will be some non-uniformity of heating,  which will perhaps doable this error 
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The conclusion drawn from this experiment is that the cathode mount- 
ing system of the  15-beam tube must be such that the cathodes can be set in 
a desired position,   relative to the anode,  within 0. 003 inch both radially 
and axially.    The number of components which intervene between the anode 
and the working end of the cathode,  is such that this tolerance could not be 
held simply by the geometry of the parts -- the individual part tolerances 
would be quite unreasonable. 

Therefore,  a jigging system has been designed which fits directly be- 
tween tbd anode and the focus ring on the cathode, thus setting the accuracy 
with an absolute minimum of intervening parts; with the jigs in position, 
the final welds are made at the back end of the cathode structure,  and the 
jigs can then be withdrawn axially through holes in the mounting plate.    An 
advantage of this system is that if it is ever necessary to replace a cathode 
in the 15-beam tube, the replacement cathode can be centered and spaced 
to the same accuracy,  without disturbing any other cathode. 

D.    PHASE SHIFT 

1  2 Some concern was caused by reports on a British tube '     which indic- 
ated phase shifts of considerable magnitude as a result of small ("'0. 1 per- 
cent) detuning of cavities.    While unimportant in single-beam klystrons, 
shifts of the magnitude found by Dixon    would seriously upset the phasing 
in the output guide of a multiple-beam tube,  causing a decrease in power 
output and an increase in the wasted power emitted from the reverse 
termination. 

Data given by Kreuchen and Diserens    were sufficient to allow this 
tube to be simulated on the small signal program.    This confirmed the gen- 
eral dependence on both penultimate tuning and drive level reported by 
Dixon, though the tuning dependence did not appear as severe as he found 
(about 8 degrees phase shift per MHz detuning of the penultimate cavity at 
S band, compared to Dixon's experimental figure of 20 degrees per MHz). 

1. "Phase Relationships in a Stagger-Tuned Klystron Amplifier",  N.  E. 
Dixon.    Proc.  Inst.  Electrical Engineers (British), _1C>5,  Part B 
Supplement No.   12,   1958. 

2. "Sludies In the Development of High-Power Klystrons",  K.  H.  Kreuchen 
and N. J.  Diserens.    Proc. Inst. Electrical Engineers (British),   1£5, 
Part B Supplement No.   12,   1958. 



Dr.  Branch's design No.  86 (reported in detail in Quarterly Report 
No.   3) was therefore checked for phase shift at the output gap, for ± 10 
MHz detuning of each cavity in turn,  and for drive level of 30,   100,  and 
300 watts. 

The dependence on drive level was found to be less than 0. 5 degree 
over the 30 to 300 watts range at 5400,   5650,  and 5900 MHz.    The depend- 
ence on cavity tuning was less than ± 1.05 degrees for ± 10 MHz detuning of 
any cavity,  measured at 5650 MHz.    The maximum effect was found at 
5900 MHz,  where a ± 10 MHz detuning of cavity No.   5 (pre-penultimate) 
results in a ±3.7 degree phase shift.    Since cos 3.7 degrees =  0.998,  this 
is still a negligible effect as far as power summation is concerned.    There 
is no question that the cavity frequencies can be preset to an accuracy better 
than ± 10 MHz without undue difficulty; the cavities received for the single- 
beam prototype are all within ± 3 MHz. 

The conclusion of this investigation is that phase shift due to detuning 
or drive level can be a problem and needs to be investigated for any basic 
interaction design proposed for multiple-beam use; but design No.,  86 
proves to be extremely flat across the whole band for both effects,  and no 
measurable degradation is expected. 

E.    ARPA C HYBRID MODULATOR 

The design requirements for the ARPA C Hybrid modulator are: 

65 KV peak at the tube 
308 A peak (15 beams at approx.  20 A) 
20 MW peak 
4 ßSEC pulse width 
2500 PPS 
0.01 duty 
200 KW average 

Choice of Circuit and Switch Tubes 

Since the DC charging supply is an item of major cost for a high- 
power modulator,  it. is proposed that use be made of an existing supply cap- 
able of 750 KW (30 KV by 25 A).    While the Blumlein voltage-doubling cir- 
cuit appears to have advantages,  it is not proposed here because high 
charging and switching currents and low network impedances are required. 
We plan to use a conventional modulator circuit consisting of three pulse- 
forming networks,   charged in parallel by means of chokes and hold-off 
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diodes and discharged in parallel by three GL-7890 hydrogen tbyratrons. 
This tube type which was developed on Contract No.   DA 36-039 SC-71230, 
has proven to be a rugged and reliable switch tube for such power levels. 
Taking into account the published tube ratings and the high duty,  three tubes 
must be used to provide a conservative design.    The remaining limitation is 
the commutation rate; this is approximately 3. 5 KHz   maximum for the 
GL-7890.    To allow a reasonable margin of safety, a PRF of 2. 5 KHz was 
chosen, the 0.01 duty requirement then fires the pulse length at 4 /iSEC. 

The block diagram of the modulator is shown in Figure 6: it is as 
simple as possible,  but at this power level the components will be quite 
massive. 

Pulse-Forming Networks 

Each network will consist of ten sections to provide 4 MSEC of es- 
sentially flat pulse, with anticipated rise time of 0.2 jiSEC and fall time 
of 0. 5 MSEC. 

Output Transformer and Shunt Load 

A bifilar pulse output transformer will be required to step the peak 
voltage to 65 KV at the tube.   A tapped primary pro vide* the meant for 
trimming the impedance match.    It is planned to lest the modulator «lone 
by using an available 20-ohm water load of adjustable reaiatAncc and ade- 
quate power capability.   To check the output tranaformcr and to provide a 
shunt load for those cases where one or more beams may be made inoper» 
ative, another variable water load of 200 to,  say. 600 ohms will be built. 

Charging Choke 

Resonant DC charging would be achieved with 0. 16 henry.   We plan 
a somewhat lesser value to assure full voltage •doubling during the charging 
cycle. 

Charging and Clipper Dtodea 

Favorable report« from the General Ctectric Company"» Heavy Mill* 
tary Electronic Equipment Department. Syracuse, indical« ttiai semlcon* 
ductor diodes are available to substitute for thermionic devices in lb« charg- 
ing and clipping areas.    Cltmtnalton of high>voltage•insulaled (tlament sup* 
plies, blowers, snd a possible Xray problem is espected.    To provide a large 
safety factor. It is proposed that the diodes be used s« Kali their rated in> 
verse voltage.    Eighty (SO) GC Type IN44I0'* are required I« each string 

II 
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Driver for the 20-MW Modulator 

A two-stage driver, Figure 7,  is planned for triggering the modulator 
switch tubes.    Again,  semiconductor charging diodes will be used,    A 
Hewlett-Packard pulse generator controls the pulse rate and synchronizes 
the instrumentation.    Potted pulse networks of 2-jLtSEC duration are on 
order.    No pulse transformers are required between stages,  or between 
driver and modulator.    It will be necessary, however,  to construct the 
driver DC charging supplies and, possibly, a bias supply for the modulator 
switch tubes. 

F.    MODULATOR FOR 100-MSEC SINGLE-BEAM TESTS 

Design requirements for single-beam testing at 100-/iSEC are: 

65 KV peak at the tube 
20 A peak 
1.3 MW 
100 MSEC pulse width 
Duty cycle as near to 0. 01 as possible 

An existing 40 KV modulator has been modified. Figure 8,  to meet 
most of the requirements.    A 100-fiSEC line and a blfilar pulse transformer 
have been tested, and provide a full 65 KV at 3200 ohms.    The duty, however, 
is limited to approximately 0.004, the maximum duty rating of the existing 
modulator itself.    The full 0. 01 duty will be achieved on the larger modulator 
for the IS-beam tube. 

13 
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CONCLUSIONS 

I.   Further theoretical inve.tigationi have conTirmed the appareni «outid. 
ness of the design. 

Enough parts are in hand to begin assembly of the single-beam tub« a. 
soon as workers are available (Note:   the strike ended on January 9. 
iVb?, and completion of the tube is now expected by February.25). 

Design work has been carried out on the 15-beam tube, based on the 
theoretical beam and interaction studies. 

2, 
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II   ABSTRACT 

Progress on the construction of the single-beam prototype was slowed but not 
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period.    Parts were accumulated from outside vendors,  but almost no assembly 
was possible. 

The gun design computer program was refined to include .the effects of dimen- 
sional errors caused by thermal expansions or by tolerance buildup; these effects 
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The effect of unintended detuning of cavities (either by thermal effects or manu 
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satisfactory single-beam tube design,  which has been published,  would be unus- 
able as a unit of a multiple-beam tube for this reason -- but the specific design 
(No. 86) that we are using is found to be remarkably insensitive to minor detuning. 

The basic design of the modulator for the  15-beam tube is described.    A mas- 
sive,   simple,   conventional line circuit discharged by three GL-7890 thyratrons 

L_wÜLbe__used. 

DD P0*M 
I  .'AN M 1473 UNCLASSIFIKn 

Security Classiflcstfon 



UNCLASSTFIED 
Security Classification 

KEY WORDS 

Multiple-Beam Klystron 
Broadband Microwave Amplifier 
Periodically-Loaded Waveguide 
Microwave Circuit Analysis 
Traveling Wave Klystron 
C-Band Amplifier 
Phased Arrays 

LINK  B 

INSTRUCTIONS 

LINK C 

ROLE 

1.   ORIGINATING ACTIVITY:   Enter the name and addresa 
of the contractor, aubcontractor, grantee, Department of De- 
fense activity or other organization (corporate author) issuing 
the report. 

2a.   REPORT SECURITY CLASSIFICATION:   Enter the over- 
all security classification of the report.   Indicate whether 
"Restricted Data" is included.   Marking ia to be in accord- 
ance with appropriate security regulations. 

2b.   GROUP:   Automatic downgrading is specified in DoD Di- 
rective 5200.10 and Armed Forces Industrial Manual.  Enter 
the group number.   Alao, when applicable, show that optional 
markings have been used for Group 3 and Group 4 as author- 
ized. 

3. REPORT TITLE:   Enter the complete report title in all 
capital letters.   Titles in all cases should be unclassified. 
If a meaningful title cannot be selected without classifica- 
tion, show title classification in all capitals in parenthesis 
immediately following the title. 

4. DESCRIPTIVE NOTES:   If appropriate, enter the type of 
report, e.g., interim, progress, summary, annual, or final. 
Give the inclusive datea when a specific reporting period is 
covered. 

5. AUTHOR(S):   Enter the naine(a) of authoKs) aa ahown on 
or in the report.   Enter last name, first name, middle initial. 
If military, show rank and branch of aervice.   The name of 
the principal author is an absolute minimum requirement. 

6. REPORT DATE:   Enter the date of the report aa day, 
month, year; or month, year.   If more than one date appears 
on the report, use date of publication. 

7a. .TOTAL NUMBER OF PAGES:   The total page count 
should follow normal pagination procedures, i.e., enter the 
number of pagea containing information. 

7b.   NUMBER OF REFERENCES   Enter the total number of 
references cited in the report. 

8a.   CONTRACT OR GRANT NUMBER:   If appropriate, enter 
the applicable number of the contract or grant under which 
the report was written. 

8b, 8c, 6L M. PROJECT NUMBER: Enter the appropriate 
military department identification, auch as project number, 
subproject number, system numbers, taak number, etc. 

9a.   ORIGINATOR'S REPORT NUMBER(S):   Enter the offi- 
cial report number by which the document will be identified 
and controlled by the originating activity.   Thla number muat 
be unique to this report. 

9b. OTHER REPORT NUMBER(S): If the report haa been 
aaaigned any other report numbers (either by the originator 
or by the sponsor), alao enter this numbers). 

10.   AVAILABILITY/LIMITATION NOTICES:   Enter any lim- 
itations on further diaaemlnation of the report, other than thosi 
imposed by security classification, using standard statementa 
such as: 

(1) "Qualified requesters may obtain copies of this 
report from DDC" 

(2) "Foreign announcement and dissemination of this 
report by DDC is not authorized." 

(3) "U. S. Government agenciea may obtain copies of 
this report directly from DDC.   Other qualified DDC 
users shall request through 

(4)    "U. S. military agencies may obtain copies of this 
report directly from DDC   Other qualified users 
shall request through 

(S)    "All distribution of this report is controlled. Qual- 
ified DDC uaers shall request through 

it 

If the report has been furnished to the Office of Technical 
Services, Department of Commerce, for aale to the public, indl 
cate thla fact and en*er the price, if known. 

11. SUPPLEMENTARY NOTES: 
tory notea. 

12. SPONSORING MILITARY ACTIVITY: Enter the name of 
the departmental project office or laboratory sponsoring (pty 
ing tor) the research and development.   Include address. 
13. ABSTRACT: Enter an abstract giving a brief and factual 
summary of the document indicative of the report, even though 
it may also appear elsewhere in the body of the technical re- 
port.   If additional space is required, a continuation sheet 
shall be attached. 

It is highly desirable that the abstract of classified re- 
ports be unclassified.   Each paragraph of the abstract »hall 
end with an indication of the military security classification 
of the information in the paragraph, represented as (TS), (S), 
(C), or (U). 

There is no limitation on the length of the abstract.   How- 
ever   the suggested length is from 150 to 225 words. 

14. KEY WORDS:   Key words are technically meaningful terms 
or short phrases that characterize a report and may be used as 
index entries for cataloging the report.   Key worda must be 
selected so that no security classification is required.   Iden- 
fiers, such as equipment model designation, trade name, "tiill- 
tary project code name, geographic location, may be used as 
key words but will be followed by an indication of technical 
context.   The assignment of links, rules, and weights is 
optional. 

Use for additional explana- 

UN CLASSIFIED 
— Security Classification 


