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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
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process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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The de sign and construction of a pulsed electron gun9 

to be used in conjuction with the Astron program, ie under 
way, The unit will consist of a million-volt pulse trans­
former and an electron source capable of supplying more 
than 100 amperes. An unusual deaign, with the transformer 
cores and windings in vacuum, is being employed. Design 
considerations necessary to meet the output requirements 
are discul!lsed. 

INTRODUCTION 

A portion of the Astron program has been undertaken at the Rad­
iation Labora-tory in Berkeley. The Astron concept requires a pulsed 
source of well-focused high-current energetic electrons. The approx­
imate values presently considered are 100 amperes of electrons with 
an energy of one million electron volts. A pulse length of 0. 75 micro­
second with a 0. ZS-microeecond rise time iB de sired. The repetition 
rate is variable, wtth a maximum of 60 pulses per second, giving a 
maximum duty factor of 4. 5 X 10· 5. In order to have a useful beam, 
which in its final application is not lost to the walls, beam divergence 
must be held to a minimum. 

For meeting these requirements in the most practical mattn1!r the 
pulse transformers seemed the most logical choice. Several types of 
designs were considered, The conventional type of pulse transformer 
with th6 cores and \'li.rdirgs sealed in an insulating oil would be 
physically the smallest. However, the shunt capacity of the secondary 
seriously affects the rile time and pulse shape, and the increased 
dielectric constant of the oil would increase this capacity. Secondly, 
a transformer of this type would require the construction of a million­
volt bushing which would serve aho as a seal between the oil of the 
pul1rtJ transformer and the required vacuum in the region of the 
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electron beam. This we we:re not a.rudoua to attempt, ewing to the 
lot~.g delays and high cost encountereJ in obtaining specially !abl'ic.ated 
ceramic a. 

In order to ndllimi~Se the ahv.ot c:apadty of th4 oococctuy. it was 
ded.ded to attempt a design that elimlaated the v..ae o£ oil aod Umited 
the uae of high-c.Uelec:tl'ie eeJ'a.m.lcs. Thie cooaidezoation. required 
placias the traaafo:l'auu.• wbad.toJI auil cores, e.a well aa the electroa 
eoa•ce, in the vacuum. A sample core waa ohtaloed and tested, and 
lt was determined that the vapor-pi'OIIUJUe characterioU¢8 ·ol the core 
and its lmpregoaat were aatiafactol'yJ for the paat aeveral mofttha 
the ftl'l&l desian and construction oi thia electl'on 1\'lll have been Wldel' 
way. 

METHOD AND APPARATUS 

Flau.re lis a block 4lagram of ta. pr-eoent uaas£ormer deaiga. 
The eneray·atoraso unit h a pulse line which h fed by a +Z.5·kllovolt 
power supply. A variable-rate triac•~' unit diaduu•gee the pulse Uae 
by meaao of a ball I•P• which fol' this appUcatioa muat pus approxi­
mately 60,000 ampewe• duf.OJ tho O.TS·rnlcl'oaeeoad pulee teaath. 
Tho switch eoao.eete the charted line to ZO paralleled two-turn pri­
mary wtadlnae dl'ivios 2.0 cowea. If tile cbaractel'iettc impedance of 
the Une ie matched~, 12.5 ldlovolta appear aeroee the primary (:only 
oae of which is shown lu Fig. 1). The eecon.dary wio.diag is an 8·hU"ft 
helix· an.d h shown in c?oss eectioa oa.ly lUll it paesee through the cor• 
wb1dow. The 4-to·l traneformer ratio allowe 50 kilovolts to be 
in<Suced into the 8-tu&-a eeconda.ry for each core thrO\J.fJh 'Which lt passes. 
A total of 10 coJ'ee ie thu.a required to attain one mUlleD volta. 

The aec:oadawy le wouncl from Z-3/8-iacb o. 4. stalaleas eteel 
tubina. Thh permit• cathode heato&- wires to be run inalde the 
tubia:g ia a bifUa.J." mamter. Ia orde• to elimloate mapetic field eftecu 
on the eleetl'OD beam, the cathode is Ma.tet.t hy a haU .. wave power 
supply. The traflsformel' b pQlaed durina the part of the cycle wheo 
no cu~reat h llowi.aslh:roqh tiM cathode b.eatel'a. Four ld.lowatts of 
beate&- power have been provided. 

The cathode she wae detel'mlnod matbematically by wo:rldng 
backward !Joom the beam .. size d.esl:red at ita maximt~m velocity. T:he 
electroll trajectory waa traced backward 'by noting the ~pace ... ebarge 
effects 011 the beam as it paeeeu poittte of various veloeitiea and. 
c::har1e donalties. The result ie a cathode approximately S inches bl 
dia.rr:Mete r. 

To miuimi~&e space .. ehe.:rge eifec:ta at the edges of the beam itt 
the low ... velocity J'egion urbere it ia moat detrimental, current ie 
a.ctually cirawo. bom a cathode laraer than 5 icchea ia dlamoter. This 
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allows the b~am ~datu to be defined. after tlla elcctroni!l lul.ve oa.cquired. 
cvtuid~u~le velocity. A puhed powe"' llil.lpply of uppr~J~i.mately S 
kilovolts will be provided for thie pw-pose. and its c:onnecUna wire 
-.ill alao be !e4 thzoucb tho center of the eecoftdary tubing. 

Beam. formation will be aecomplbhed with tailored accelerating 
leases attached tnec:haoically aod electrically to the seoon.dary turns. 

Beam divergence or defocuaing would be beyond the tolerances 
dealred U the electron etl'eem wero aUowocl to pass through a simple 
irio acting as the anode. While in transit through the region of all 
lde. the •leetron etream wuwd be 3\lbjected to a strong defoctsaing 
elo¢trlc: field n.ormel to the beam. To reduce thh effect. it haa been 
determlftecl that aa anode artd is requil'ed. 

Inebtdlag the corea and wtodiftgs of the pulae trano!orser in 
va<:u\l'l'n requ.ires the abc of the vacuum vessel to be reasottably la-rge. 

Flp:rc Z i6 e. photograph of the vacuum. vessel taken ahortly 
after the vessel \Wis mounte~i in position. ,.fhe indde diameter ef the 
tank ls "11 feet and dle inside holght 4 feet. The tank h mounted S'i 
feet above the nool'. Thiele ••veral feet above the &xpected focal 
point o£ the beaJ'l'l, which wUl be directeQ toward the fioor. The lal"ae 
magnet ahown in the background. 18 the ooe used for tho origi&al 
Calutron etudie~ o£ elec:tromagn.etic ueparation of urar4iw:'ll. 'l'hia 
magn~t bas been. degau.esed and is not ic u~~Je; however, wo a.re using 
its aeaoc.iated vacuum equipment. The vacuum equipment conehts ol 
two 3l .. lnch oU-diffusien pumps with ... .-ooc ref;igoreted ba.!f'lea. 
Empty. thh tank hat been evacuated to S X to• mm a,. 

The transformer cores weigh about 200 pou11de apiece. thus 
requirht.g ths use o£ the overhead crane for ataembly. 

A sample core wou.nd o! 0.002-inch lamiaaUona was obtained 
end tested electrically. These teat data. when exunpolated, indicated 
that a pulee Une capa'b.le of onersidng ZO cores &hould iuive a charect­
erhtic impedance of about 0.2 ohm. Such t& low impedance pr"fH'Ierrte 
problema in deelgn. A slagle lumped ... coaetaot Une wae rwed out, for 
ta order to have eufficlent aecttons to hunare low pulse ripplo, the 
!nbereot inductance of capacitors would be too l.arge,. .An en.erav 
9torage conahting of loog, charsed parallel plate& immarsed bt a 
higb."lielectric fluid was ruled out on the basis of cost plus the fact 
that no aafe or satisfactol'y fluid with high dielectric CDttstact and 
strength aod with low lo*• factor was available. 

Teste were run on Ro .. a. .. t!' coad.al cable to det•rmin.e wbeth~r 
or not it could hold au£tident voltage to allow its \\SO in ~. pult:le litto. 
'l'heoe teste indicated that it the center conductor of the cable were 
ma<le positive and voltaae s CJf the order of ZS to 30 kilovolts were used., 
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Our puhe lin.e fi'ig. 3) wae thus construct~d o! pa.rallellen,tbs 
of 50-ohm RG·S-U cnhle. Eacb roll, aZi shown in !"ig. 3t corusiats of 
two parallel zso .. ce: lenathiJ with 4 charactarietic impedance of as ohms. 
Sbt rolh are neecled per core an•! 120 rolls for the full ZO-core 
operation. The total capacity of this title i:~ 1.8 tJ£ and the character­
hUe impedance h -o.2 ohm. AltbotASh the Une contains 60,000 ft of 
cable. the total material cost "'''U slishtly untltu· ~ SOOO. 

Each of the a40 cable ends ie .:oaoeeted to the ball·gap awitch 
unit (Fig. 4) by means of a fitting which h both oil- and vacuumt.ight. 
Thh switch is made up of !oar &lete of gaps. each oet feeding ilve 
cores. The center electrode of each threo·baU set ie the on.e tl'iuerod. 
The t!'igae!' tranaformere are mounted. inside the caae. which wae 
vac:u.um.·impregn&ted with 2.0 gal of trandormcr oil. 

The case which SVI'OUM& the spark aap resioa eontaiae 80\I.Dd 
insulation aod d.ecreaeeG the gap noit:e hy about 60 dedbeh. Startias 
jitter ao.1i jitter between gaps have been reduced to 60 m~sec by the 
addition of a llitron.g vltl!'aviolet light. Thus fa.r 1 earbon has ~el\ used 
as the electrode material. and its performance ha.t1 been quite 
c.e.tidactory. Approximately 50 c£m of iilte:.-ed air is paseed th110\ljh 
tao gap resion. 'I'bis ab eervee to remove the gaseous and il.)rdc 
by·produc:ts of the &l"C& as well as provide el~ctrode cooling. 

To prevent a mhmatch of impedance, the same number of 
cablee {2.40) h used to connect the; switch to the primary windings • 

.Figure 5 h a view o.£ the pulse tran.tdormer at ih present otatc 
of development. In this picture, the coret10 and the 8·turn seccndary 
ere ab.own. Several primary wi.ndingt as well as prim.a1'J' t'eed-thJ"oqb 
aseembliee are also visible. ~rhe cathode will be mounted. below the 
rounded ahield cap ln the center. whleh ia the point of ma:d.mum 
pot.eatlal. 

The secorHiary winding ill virtually set£ .. supporting. but a numbeao 
of dhk-ebaped h:urulaters have been inetalled to ine>Aro p .. opor tul't\ 
spacing As well aa to damp out mechanical oscillatio~. 

At the pref!ent time, tbe puhe tran-sformer iB in the testing stage. 
With the a.tsembly as shown. in :.f'ig. 5 the sycstem bAa been evacuated 
tc 3 X 10ft mm Hg. With a water load of 6,600 ohms the secondary 
wae recently enerab.etl to about 900,000 volts. 1'b.e only aparkiaa 
observed to 4ate has been io the region of the secoaduy tura- •vadng 
insulator.s. which at present a:te made of Epon. These ini!Jula.tors are 
being redtHJi~ned and fabricated of ceramic material. 
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When the testing and voltage calibration are complete the 
cathode and gun assembly will be installed. The cathode (Fig. 6) 
was constructed with the aid of Eitel-McCullough, Inc. of San Bruno, 
California, and represents the largest ever attempted by this company. 
It is a nickel-matrix type and is 6-1/8 inches in diameter. In its 
construction a mixture of barium and strontium carbonates and nickel 
powder were pressed onto a nickel backing plate. A pressure of more 
than a million pounds was used; it was applied by the large hydraulic 
press located on the campus of the University of California. 

To obtain the total beam current desired, a space-charge-limited 
cathode emission of only 1.4 amp/cm2 will be needed. 

In order to terminate more properly the accelerating electric 
field, an anode grid with a transparency o£ 66'Yo ha11 been constructed. 
Including the maximum beam losses as well as heat radiated from the 
cathode, the grid dissipation will be approximately 3 kw. For thh 
reason the conetruction of a water-cooled grid was llttempted. The 
grid, as shown in Fig. 7, is 5-1A4 inches square *die conetructed of 
88 stainless steel tubes 0.020 inch o. d. and 0.010 inch i. d. These 
tubes are separated by a spacing of 0.040 inch, and are connected at 
either end to a water manifold. BecattSe of the small inner diameter 
the tubes will be cooled by means of a self-contained water system. 
This system contains adequate filters as well as a heat exchanger. 
With a 200-pound head, water flow through the complete grid assembly 
is about 1 gal/ min. 

When the pulsed electron gun assembly is complete~ beam 
studies will be carried out. The x-ray flux in thil te6t area will be 
extremely high, and plans for adequate shielding are now being made. 
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FIOURE CAPTIONS 

Fig. I. Block diagram of Asttroa pube transformer 

Fl;. l. Vat:\\um vetuud 

Fig. 3. Pulse line 

Fig. 4. Spark-gap switch 

Fla. S. Tracsformor assembly 

Fig. 6. Cathode 

.Flg. ?. Water-cooled aaode g:rld 
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