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REPORT? OF TRIP TO RCME, NEW YORK, LIHCOLH LARS and
POLYTECHNIC IHNSTITUTE OF BEQOFLYH

Re. Possibilities or Present Knowledge of High-Power Modulators

A brief summary of the results of this trip can be quoted as follows) ‘
Very little if anything is known of rmodulators in the power level range
in which we are interested for M. Specifically, ro such modulators are in
use at present by anykody and certainly no life information is evailable,

The general concensus of opinicn appears to be that the hydrogen
thyzatron will probably not be a satisfactory switch from standpoint of
life. A study program with Gensral Eleciric supnoriced by Evans Signal
Lekoratory is still years from producing a tube which would adecuately
cover the pewer levels which we are intersested in. Sirce this progroem wes
started at least two years ego, it appears iny
thyratron manufacturer could in six months develop a tubke which would do
exactly what we want and have a very long life.

The best epproach from the standpoin
appears to be the mevcury ignitron. Several ignitron sets are in use

at present at power levels which are less than vhat wo reguire from the

s int of peak power, but very wuch higher than what we recuire Ffronm
a standpoint of average power. Life experience with theze ignitrons has

been very good up to now., FBither these or similar ignitrons should be in
our hands after the paper work has cleared away to trangfor them from Liver—

mores ta Stanford, and I strongly sugg that the First order of business

st
will be to investigate these ignitryons from the shandpoint of deiopisation
time and fizving jitter
At present the voltage raling of ignitroms is not high enough o
satisfy our requirements. Experience with lognitrons in crowbayr circeuits
and the like has indicated that they can indesd hold off voltages 1in exces:
& kv. UWhether this will still be correct for our application or pot ig
not certain,
Arother possibility is the use ¢f magnetic modulators. Disregarding

the cost for the present time, the main disadvantage of the mognetic module-
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tor eppears to be the fact that no high-power magmetic medulator has been built
yet. A Z-megawatlt peak magnetic modulator is in operation at MRI {(Microwave

Regearch Institute of Polytechnic Institute of Brookiyn)., This machine has

sveloprental type of eouip-
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been running for at least a yeayr or two and is
ent. A very definite statement was made repeatedly by Dr. E. J. Smith in
charge of magnetic modulator research at MRI fo the effect that the jitt
normally encountered in magnetic medulators is caunsed roi by the magneti
switch iiself but by irregularities in the
modulator,

It appears alseo that a hybrid modulator might e worth investigating.

This would consist eszentislly one=gtage magnetic guiteh, A low voltage

of &
long puloe initisl stege would probably uibilize an igpitron {acgair as
that koth the jitter and de-ionization time

C
voltage step-up can be obtainad in the magnetic switeh o that starting from

¥

i0 kv de, it should be possible to charge up a8 noetwork to €0 kv, From the

standpeint ©f reliability, this parbicular systen would probably be almost
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itions we are now using ignitrons under operating

B
tube modulalors appears eztremcly dim. The best probakle hard fube characiore
istics available within a few years would be & hold-off voltage of akout
B8 kv, 2 pesk current of about 70 amreres, and 2 heater gower of about 2-=1/2

':

kilowatts. The drive power for these tubes would be at least 10 porcent {this
o)

We
10 pezcent is the estimato
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which means we nesd another Qn@ﬂga&atﬁ modulator fo drive the final stages
of
recommend at this time that the hard tube should he no longer considered for
our application. The 10 percent drive and 10 porcent plate drop loss auto-

atically implies that the efficiency of the modulator is going 1o be extremely
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low compared to what cezn be echisved with line-type modulators,

wonsidering efficiency, the magnebic modulator ales is ab a disadvantace
conpnred to the simple line=type soft tube switch modulator, Whethor or not
this will turn out to be the most important factor I am not in a position %o
state now.
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Following are some of the nobtes vhich I took during this trip.

July 14 - RADC = Wiejeck
Beard

;ﬁentral Biectronices ¥frs., Denvilies, BE.J.

mazgnetlc wodulator, thyratron, and igritron., Ab lunch, I discussed our ceneral

woculator reguirements and obhained the
specifications of hard tube switch being develeoned for RALC.
Peak plate voltage
Peak plate current 75
™,

Peoak cathode ourrent 005 A
Duty K

Pulse widih 239 useco
H@atﬂv power e 840 kW

Drive o 10 porcent maybe. possibly higher
?bitag ﬁxop 8.5 to 7.8 &y
Clippors and rectificrs wp 4o 80 kv, 7 A rms, 150 A peak
Wote that this tube iz sti
not b2 ready for about 18 mentha, It will use either o watrin=tvype or dige
penger-type cathodae, 7o be reasorably consesvative, it would take two in

parallel to operate at our pezk power level, &l”iﬁaw& average power is mush
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higher than wo need. Fote also that ithe probable z
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witching circult is €0 percenit, end that the probakle cathode mowsr for tuwo
tubes is § kw, meking for a very inefficicnt modulator.

Price is, of course, unlknown, 50 that unless an exbvemely long life cap
be guaranteed, this approsch dees nrot look promising. The wogziblo sources
of hard tubes are RBCL {used in Westinchouse eguipmont), and giving voltage
breakdown {ageing) problems at 85 kv, end Eimac - no informotion at this timo.

Spark Gops - We probably know as much {or as little) as anybody else -
should be a good device if all alge fails,



Macnetic Modulators - should got more information from Smith ak

Polytschnic Institute of Bwaehxyn, Thers are appavently tricks to use 3
phese input, and sone combinations of magnetic and hard tube switching to
give preferzed flexibility.

EZ

Full rating., Hot enouch i3 known about the 12578 to make any statements

Thyratrons. The 1257 may achiove & life of 1000 hours &t or nea

on final ratings or life. The problea is uwsually gas cleanup, @nd complil-
cated sensing circulis to control capsule voltage go that twe con be zun
in parallel.

The Evans-8.E. program has go fer produced the Z-5089 - which has
cathode life problems, and two phase 11 fuvbes 150 kv, 2000 A), ¥o tesis
to full power on phace II for lack of video lozd, Hinimum of ) year before

inforpation on pezformence and beginping of pre-production. Phage II1 tubes
1

{100 kvz 3000 amps) would be lovely for ouwr application, but will most
probkably not ke zoady in time. Algo, there are still somo 1ife problens.
{Table II - Tube Ratings for Phage I and Phase III, attached,)

In any case, RADC is gotiing discoureged with 52 thyratron program,
and intends to discontinue support of the 6.F.-Evans venturs. They may in-
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stend supporh seme solid-state investigations, Whatevor results would be
oo late for our purposa,

Jgpitzens, Although pot operated near our proposed conditions, seorvice
data on ignitrons aoppears very promizing. GLESX0 bhas boon in operation 2-1/2
vears in 3 radar sets operailng at about 20 kv, 400 eaps., 08 duty. A
CL 6228 ig opovating et eboul 1/2 our pesk powsr, 15 times average powey
of our requirements. The probable stumbling blocks are jitter and rep.
rates, For further information and discussions, seo Uoorge Harding, 6. 2,
Syracuse, Bldg. 15, GRenite €-4£11, Ext, 2281, OCther possible gources are

YWestinghouse and Hational Elecirzonics. CGansva, Iilinoi
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July 15 = Vigit te R, Butwan, Lincoln Lebs,

Very little is known about swiich ov modulatory problems in our powez
range. most high-power wodulators arc at lower poak, higher average than our
requirements. Lincoln has been toying with the ides of a 100 ¥w peak, 1 My
average modulator, Would probably usc ignitroms {low rep, rate). They have

e o o 2 )
one set under construction using & ZI0B9 H” thyratrons, three networks,
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two thyratrons in series from each network, They would not recommend this
for reliability,

Thelr lztest +niﬁ?inq for high powar is to investigate ignitzons. THowe
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ever, there is no jitter or de-ionization time in
zopevody quoted jitter time of less than .1 gses for some ignitrons sueh as
the Z 5283 oy 4 83384,
On gome other proklems.
1, Reliability studies are non-sxishent.

£

2o Weo will rovelve instrumentation speos on AH-FPE 18 rednr—dssigned

for unattended operation.

e

3, Phase modulation et the {op of the pulse with a line-type modulato

R . \ o s
and a VA 821 can be brought down to about 107 peak %o peak. This iz weasured

vy

v 2 Sperry Miercline Fodel 4370 zf miusr. Under these conditions thoe rinple
on top of the voltage pulse is barely visible,
are adiuvsted by individual tuning of network indochs
in usual way. Physical layout zs ghown below.,
turng of 1 /4% tubing on ¥ dlameter, 1747 spacing

in insuolating sleeve {1/8% thick) sovswsd In and o
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Ag far as notes on the magnetic modulators, I am enclosing in this brief
n

report the convluslons of & report by Dr, B. J. Smith, published in July 1987

& - Wi o
on the topic of megnetic medulators., I would aleo like to comsent on tho fach
that we have mot followsed up the work on high-power modulatozrs as closely as

we nrobably should havé, and I balieve ona should immediately proours ihe
followinyg bits of information.

1, The Procecdingz of the 5th Symposium on Hydrogon Thvratzons and
¥odulatorxs, held at Fort Hommouth, Heow Jersey on May 20-21-22, 1958, The

Genural BEleciric Company were thiz time discusszing the possibi lities of noing




mercury pool cathode tubes {ignitrons) and . A. Bausm and H. B. Zubere
have an article on page 171 of theso Proceedings., In this articls they
quote that the jitter of a mevcury ignitron with proper grid control can
ke cut down to 0% micresesonda,

2. A ook by Cragys and Heek on Q1gh clizge Lanora*nzy Technigues,
published by Butierworths Scilentific Pumllcataﬁ.as 88 Fingsway, W.C, 2
London {1954}, relates the expericnve of thas Briftish in using highepouer

rercury switches for mpdulaiors.

On July 23 I had a visit from Mr. Zinn of Evans Signal Laboraiories,
who are supporting the high-power thyratyon work at €. B, Zinn iz gquite
optimistic that a single Phase I tube would be adecguate for operation in
the H modulator, even though the ratings indicato less peak and AVRLage
power than we require. Anode and ¢grid structure of the Phase I tube ism
the same as Phase II but the average current is aporoximately one=half,
limited by cathode size. 2inn is rather confident that the lifo oF &
high=-power thyratron can excesd several thoussand hours once the fube iz

in production. Evans would ke happy to collaborate with us in testing pro-

£

gran for our application.

Js ¥ Labacaz
Jd 4 1983



STUDIES OF PULSE-TYPE
MAGKETIC MODULATORS -~ A SUMMARY

Es Ji Smith
for
OME AIR DEVELOPMENT CENTER

1T, Conclusions

The follewing conclusions arc based upon the experimentel work with the
low and high-power model magneiic modulators which employed square--loop reactor
coTes.

1. The design procsdure for the medulator line with & lineay resisgtive
load yields good resulites in terms of cutpul power, pulse rise time, and line efe
ficlency. Stage efficiercies In the range 0.85 o 0.%5 can be achigved,

3

2. The method for handling the effect of co?w loss appears o be satis-
factory. The effective value of saturaied iron pormeability {u ) aiso appears od-
ecuate for most prectical design purposes, on the basis of test rosults of the fwo
rodel modulators desigred according fo the desoribed procadure, However, i1 would
be dopirable to obtain parmeability mezsuremenis on o much greater namber of core

sanmples to determiwne truly average values and also to ascertain the ezpeoctod varie
ations in somples of the several commercially available types of 50-50 ?imr@, BGUATE=
loop takes.

3. The analysis and design procedure for the pulse-c lipping circuit has
been found to ke sssentially valid., Flat-topped current pulses of low-distortion
were obtained for pulses of six microseronds duration! but for pulzmes of shorter

wration {i.e., ane micresecond) the distortion was found to increzse rapidiy. Thc

increage of pulse distortion with decrease in pulse duration iz duse 4o greatesr

core logs per unit 7 olume, invreaged imporiance of stray and windi ng capacitence,
1 £ me

w

and the influerce of magnetic lags due fo domain effects, The magnotic pulgews
clipping tschnicus weuld aopear to bo of greatest vsefulness where the palse duras
tion ip gres t r than 5ay five microscconds,; the epplication on this technicuse o
the shaping of very broad pulses shonld be iavssélgatc& further,. However, the
magmnetio pulso=nll %gimq technigue is mot as generally usefal for oblaeining pulses
of continucusly vwariaeble pulse widih as wasz origin ale thought, beocause, while the

pulse width can be varied by means of an adjustable bias control, the arfic*eﬁc" of

@“e ry transfer is gererally hich for oaly a small rengo of b:an adiug ﬁmﬂﬂ» xz.e.,
alues of gl). Therefore, the pulse wid:h can be varied aver only & small zangs by

means of the bias control, if high tranafer efficiency is zo be maintained, IF

variable pulse-widih operation iz to be emploved, a separate shunting reactor is
desirable to provide rapid current and roltage nmlsa decay for all adjustnents,

4, The bias power for the pulse-clipping method should not exceed teon
percent of the input power to the lino. The method requires a-c excitation for
practical reasons and is useful only for allemagnetic modnlator lines which oper-
ate from an aliermator with a p.r.f. egual to the alternctor fraquen WY .

5. TH@ overall design pxocedura has been tested with a biased-diode load
and found to be satisfactory. However, reverse shunting diodes were found recess—



ary o prevent large oseillations when the %iagcdumioua lcad was cornectad., Sone
tests nmade with linear resistive and shunt reacior damsing gave encouraging row
sulis kut the investigations were not ﬂ&%tl sed far enough to rezch &@f1nit@ GO

clusions, these methods might profitably be studied in greater datail.

6. The design and construction of a highepower {iwo-megowatt) magnetic
modulator was shown to be qulte practiczl, In par“iﬂnier the design procedure
and technicuss deteloped on the basis of low apa‘ef wodels were applied succesze
fully to the n_okm@cwcv model . Still higher-nower medulator linss eppecy to be
entirely practical] the ultim limit o might be expechted

the medulator raiing

1its ha'n’th line .

om thin sguare-locp tapes, and inss :
lgh=y 2 colls on the teorsidal cores.
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to be imposed by. Lhe heat disgipating abi
ability of large :@uutﬂfm cong tz ks

R

7. MNegetive pulses of apr {ond zometimes smaller positi
polses also) appear between suscessi T oF silges, These cecondary pulses
are associated with Flux regolt in the puloe transformer and the lipe reastors, and
are dependent upon the bias soilings of all of the reactors. An opbkimvm setding of
the blases resulis in @ best cubtpub condition wilth rospect to minimum interpulsd
digtortion. A more thovough investigation of the Flur reset mechanism in the entir
line will undeubiedly lead o profitable rasulis in terms of mininizing o eliaﬁnum
ting this distortion.
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