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R. J:'. Edwards and lie ::. Owren 

f}it';!~F:.AL: 'fhe deflector H.\. pulse ~;(merntor exists for the sole purpose 0.1 

supplyin~ an electrostatic kick to the ions at the radius corrBspondin~ to 

thei r maxhnum ener:,;y in the c;vclotron. Thi s kicl<, proper 1;,' tiTued with the 

oscillator f o::;. c;Tcle, deflects the ions into a mu,:"netic deflector, whence 

thoy spiral otJ.t of the tank and are' used outsi. de tho cyclotron .proper for ex-

periments. Drawing; 2L6502A shows the ))08i tion and interconr:ecti ODS hetvfoen the 

va ric'us COalj)Onents in the system. 

P!jLSl,;,; ,..:;: :::hATOR: The basic circuit i:l this type of ;1UIse :.::enora tor is shovm 

in Fi~. 1. The drcu.i.t action is such that the tri?;'.:;er fires the switch tube, 

transferrinf~ the enor::;? from the storace capaci.tor into the primary of the 

pulse transformer. In the intorval between pulses, the storn!,;e c8pnci tor is 

rechar"Jed tltro'_'g;h the isolatiOll devi.ce 1)'1 the rower:;uppl~!. The cycle is then 

repan te d. 

j"lain Pul se Trr)nsformer: The Dul se transformer is cO!lstructcd to r;i vC e. 

maximum I'ate or rise of voltc:~c in the transfor:wr secondary or deflector l·'a.r 

circui t. ~.'hi s voltn'~e is approximately 140 kv push pull' or 2':10 kv total for 

proton O,Der;~ tion. T}-:e fuctor li:Ti~. tin::; tho rote of rise of seco:ldary vol ta(:;e, 

the transformer leak'-l~e inductrtnce, is :nade as s~l£ill as possiule by reducinG the 

nur;ber of turns to a minirr,um. heduci.n:-:: the Lumber of tUrns 1;0 a minimll.'11 lowers 

the primary impedance to a vcr-.r low "alue, a.pproximately 2 ohms. Therefore, 
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in order to develop any voltaf,e across this low primary impedance, the rest of 

the clements in the primary circui t must have a very low .internal impedance, 

a.nd th0se parts are grouped around the primary in such a way a.s to keep the lead 

inductance to a minimum. High core losses due to the high voltae;e, 5.5 kv per 

turn, and the speed of magnetization of the iron make water coolinE;necessaryo 

STOEAGE CAPACI TOR: These capaci tors are especially constructed for pul se service. 

having extra wi de low inductance int8n1al connectors. They are filled with mirJ-

eral oil instead of pyranol to give better heat transfer from the capacitor 

element to the outside case. Because of the rapid rate of discharGe of these 

capacitors, excessive heat is generated in the dielectric. This heat is removed 

by forced air cooling. 

SWI TeFl TUBE: The 5C22 Hydrogen Thyratron used for the switch tube in thi s gen .... 

erator passes a peak current of about 300 amperes. hluch higher pulse currents 

are needed to energize the transformer primary with tho deflector load, hence 

8 of these tubes per transformer or 16 in all are needed to drive the circui t. 

To allow these tubes to operate in parallel. and share the load adequately, two 

steps are necessary. One is the use of special resistors in series iN1. th each 

thyratron plato lead, while the other is the simultaneous trigf,oring of a.ll the 

ooi ts 1',1 th a specially desiGned trie;ger 8-'1lplifier. Immediately after the ma.in 

pulse, a voltaGe reversal (nerc;utive voltac.;e) appears on the th:,'Tatron plates • 
• 

This rapid reversal.misht cause a hreakdown to occur hetween the thyratron plate 

and .~rid, destroying the tube's usefulness. Because of this adverse effect. 

clamping diodes are used on the transformer primary. removinG all but the first 

2 or 3 microseconds of the negat3ve plate voltage surge. Because of this very 

short surge. that cannot be simply removed. the plat'3 vol ta.ge 'at which these 
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tubes mD.y beopernted in this device is lirai tad to 12 lev. 

IS0LATTO;; LE\;IC:~: The isolation device M.B a double task, each part of vlhich 

opposes the other. First, the isolatioll device must allow enouGh current to 

pass to char~;e up the storas;e capncitor in the intervul betweon p·).lses. and 

secondly, it must not allow enough current to pass to keep. the switch tube ion­

ized after the main pulse. This function may ~)e rerfor.;led by a variety of 

:c:ethods" e.i:;., resistors or chokes properly chosen. For the main pulse [r,enerator, 

a vol tac;e reGulator tube is used. This reGulator tube is emission 1i:l,1 ted durin~ 

the chargin;; cycle and is cut off for several milliseco;:ds when the main pulse 

takes place. allowing the thyratrons sufficient time to deionize. The regulator 

also eliminates any variation in pulse amplitude due to power supply fluctuations. 

THIGG};;E AU,PLIFIER: The purpose of this circuit is to providp. simultaneous 

tric~erinc of the lS 5C22's in the main pulser. This circuit is basically the 

same as that in Figure 1. In thi s case, the transfonner is wOillld step down to 

match the 16 pa.ralleled 50 olun Srid cables, and D. resistor is used as the iso­

lation device. 

CIRCUI T DKSCRI PTIOl~ 

,:iAH PULSE :;:,;ljEf(ATOH (2L7044A) (I<'igures 2, 3 and 4) r VI-16, the main switch 

tubes, dischare;e Cl-8, pulse stora':e capacitors, into the primary of Tl and T2. 

the mll.in pulse transformers. R17-24. in series with the main discharge, act 

to bala.nce the load between the paralleled tubes (VI-IS). VI-1S are triZ;E;ered 

from the ueflector t'ulse Tri[;[;er AmpEfier (2L6952) throur.;h Rl-16, cable imped­

ance matching resistors. Thyrite 9-24 by-passes to e;rol.ll1d a.ny l~ligh voltage pulses 

appearing in the grid circuit due to grid plate a.rcs in t~e main switch tub~s 

(VI-IS). l<'ilament power for Vl-16 is supplied from the 240 volt a.c. mllins 
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,. throuGh T3 and T4e Thyri te 1-6 and C8.I)l.l.ci tors C12-15 pr::;-J<9nt any hiSh voltar:;c 

pulses induced from the main pulse circuit from traveling back into the power 

li.ne where they could result in destructive arcs. 

Rec;ulateddoc. power to rechar.::;e the storac;e cnpacitors, Cl-8. enters the 

unit through PC; 9210 from where it is ;;onerated in the ReGulated Power Supply 

(321574. 2L6974, and 2L6932). VIO. Vll, C9, H.35, and T7 are parts of a resonunt 

chare;ine; circuit used durine; t·3Sts of the pulse c;enerator. When the resulated 

power supp1;;: is conneeted they are not in use. Diodes V12-13 act to drain the 

negative charGe off CI-8 left immediately after the main pulse. An insulating 

trensfonner, T6. supplies the filament pOVler to V12-l3. C10-11 and Thyri te 7-8 

by-pass to ground any hir;h voltac;e pulses coupled into the primary of T6 through 

the interwinding capacity. The Blower to cool Cl-8 is equipped 11li th a swi teh, 

Sl, and an air vane interlock. Door interlocks and a grounding hook are pro­

videdfo:. safetyo R33-34 form a voltac;e divider to transmit information concerninG 

Vl-16 plate volter;e to tho control room. 'R36-39 are special voltage dividers 

built to transmit an indication of the output pulse to tho control room. Cooling 

water for Tl and T2 enter the rack from a reGulated ,vater su;'ply. Before passinG 

thrOUGh Tl and T2, the water is first filtered to prevent ulocking the small 

openings in the transfonnerccolin.r:-, systemo 

DBl"Ll;:CTOh PULSi: THIGGEh MiPLIFHR (2L6952D) (FiGures 5 and 6): C3, the pulse 

stora~:se capacitor. is di scharr:;ed into the primary of' T3. the impedance matchinG 

transfonner, by V3, the sl.rd tch tube, sendinG a tri,s,:::.er to the grids of' the main 

pulse tubes in'the Deflector lHe;h Voltage ?ulse Generator through 16 separate 

RG 581] cables. A trigger for V3 arrives through PGl from the Defleotor TriGGer 

Amplifier (2L4502)0 R3 is a cable impedance matchint:; resistor. while R4 and the 
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Thyrite drain off any chari~cs remG.inin.s; on the Cri.d circuit after the main 

pulse. H2 acts as the isolatinE dAvies hetween the power su?ply and V3. the 

switch tube, allowing sufficient current to flow froIH the d.c. pO\":(3r supply 

(plate transfor:Jer Tl, filamont transfor[ner T2, rectifier tubes VI and V2, 

HI teri:1.[, choke and capncttors, Ll, Cl, and C2, o.nei !)leedor fa) to charge C3 

during the interval between pulses. T4 supplies filament current to V3. T5 

is a variac used to D.djust the sr.l :)1 i tuoe of the output trigGer pul so. r'l ~i 'ves 

the usual protection a~Binst ovorloads. Lfl, Rb, and LT2 are indicatinG lishts 

to show the. t the power from the a.c. :nains is present. 

Gorieral De~cription: The regulator consists of VI, a typo 880 triode, used 

as a series re:;ulutor tube. 11 voltace-r'er;ulntor-a:nplifier ('JE type GVDlld5~ 

2V9473~ contains,s 500 volt re~ulated standard and a direct coupled m~plifier to 

supply the error sie>lal to t!le grid of VI. V2 (type 836) is a high vacuum diode 

used as a claf-\:p to prevent the grid of Vl from .'join[; positive. A delay pul se 

from chassis 2L6932 supplies a ne?;ativ8 Dulse to the :;rid of vI throllGh trans-· 

former Tl. This delay is adjusta ble from 100 to 2000 psecs. 

Vl (type 880) is both water and ai:r cealed. The water flow shoul d be 10 

plus Gallons per minute. The hi~h voltage and the VI fiIQment'volta~e are con-

nected to the flmN SV;1. tch interlock so t:wt no voltD.r;es can be applied to the 

880 before proper water flo .... , is estaali 6;.00. A blcwer mounted on the top of 

the cabinet forces air on the ,;lass soals of 'd. This blov,a1' must bo turned on 

beforevoltases are applied to Vlo 

liesistors HI, R2 and H3 1 inti t the di scharZ';0 current from Cl and the power 

supply in case of a short circuito 

Transformer T2 is a high reactance type \'li.th a 12.6 volt 320 ampere second-
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ary used to supply the filo:raent of VI. 'l.'he secondary voltac;e is adjusted by a 

variac on the primary. This voltaGe should be set to 9 0 S v:olts as reaa on j .. :eter 

1. This reduced filament vol tac;o limits the charcin,s current to approximately 

6 ru~peres and also increases the expected life of VI. 

HiCjh Vacuum Diode (V2) acts as a cIamc· to prevent the::;rid of VI from going 

positive. 

Volta~e Regulator and Amplifier (2V9473): The volta 76-re,"ulator-a!ilolifier 
"-' "') .l. 

is a GJ:; type GVDlII35 which ha.sa regulated ~)OO volt supply as a standard reference. 

VIOS and VI07 in conjunction wi th trlG Vi\ tubes VIO:) and "\tllO constitute this 

regulated standard. VI06 and VI03 form the direct coupled ar.,!)liTier which sup-

plies the si~nal to the Grid of VI (2L6974). To remove the re:;ulDted supply and 

aTf~plifier unit from the cubicle first loosen the four wine; nuts on the two si des 

and remOV6 the cover. Hernove the copper strap on the stand-off insulator in 

the lower left corner and the leads from the terminal bleck in the upper right 

corner. i-\emove the winE nut on the under edGe of tho chassis. The wholo unit 

now can be removed by liftinG up and out. A spare u11i t has also been modified 

so that it mounts in thi3s8.n16 murmer. 

ItS and H7 select a portion of the standard volta,!,e to compare with the 

portion ot the load voltage developed across R9 in series with HIO. Different 

values of R9 can be used to Eive different ran~os of outp~t voltage. With R9 

equal to .5:::egohms the output voltage can be adjusted from 10.5 kv to 20.5 lev. 

Wi th H9 eqUal' to 1 'meG the ranee is aPf,roximately 5 kv to 10.5 kv. H8 is a 

helipot which is driven by an Einco Hl-l selsyn. The control selsyn is mounted 

in the control room. 

The meter on the side of the reGulated supply and amplifier unit indicates 

when the system is operating properly. The meter pointer is kept wi thin the two 
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range marks by adjusting the high voltage d.c. supply to the regulator to be 

approximat.ely 3 kv hieher than the regulated outy:ut. 

Delay Chassis (2L6932): The delay chassis supplies a ner:ative pulse to 

the gri~ of the type 880 triode. This cuts the 8BO off for B time adjustable 

up to 2000 f' sec. by R3. A trigger is supplied to Vl through the pul se trans .. 

former 'n. This is the same tricg;er that tri~r;ers the deflector pulse trigger 

amplifier. [;ection 1 of Vl and section 2 of V2 form a one shot roul tivibrator. 

Section 1 of V2 is a cathode follower clipper ond supplies a 100 v peak - square 

wave to the grid of V3. The transfom.er T3 in the cathode circuit of V3 supplies 

the output pu.lse. This pulse is inverted by T3. The secondary insulation to· 

ground and primary is rated for 15 kv d.c. ':'his transfoniler is a special hii3h 

inductance primarj type built'by 81e6tro En,,:,:ineerinr; Corp. 

The output pulse is approximately 1300 volts peak and can be adjusted from 

100 to 2000 psec. Transformer T2 and tube VI',. supply heater ar-.d plate voltage 

for the entire chassis. R 16 and R17 provide a divider for the purpose of 

viewing the output pulse on an oscilloscope. 

NOTE: The secondary is above Ground (high voltaGe). lViake this check with all 

high voltar,es turned offo 

Transformer T4 is a 25 lev insulation transformer to supply 115 v a.c. to 

T3 and the voltage reGulator amplifier. 

lIiz,h Voltaze Supply (321574): The high voltn:;e supply consists of a 3 phase 

brid[';e rectifier using GL575A type .tubes. The input to the hir;h voltaGe trans­

former is 230 volts 3 phase adjustabl e by a rnotor-dri ven variable transformer. 

The output volta::;e is 1~J.5 kv at loS o.,"nps ,,,it}; the hii.~h voltace com.ected delta­

wye £t':ld 10 lev at 2.5 amps with a delta-delta connection. 
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l"igure 7 shows the re[;ulator a:ld power supply cubicles and the m.otor-

dri ven variacs. 

Yi:;ure 8 shows the power supply cubic1il) with the lower door open. The 

jumpers at the top of the openinc.; are for changing from del tn-'I'iye to delta-

del ta. 

Figure.9 shows the regulator cubicle with the doors open. 

VI - type 880 triode, series ref,ulator 

III - flow sWitch and meter for cooling water to VI 

Cl - 25 kv capacitor bank 

T2 - filament transformer for VI 

T4 - 25 kv insulation transformer 240 v/115 v - 500 VA 

Heb ~ regula ted supply and d.c. amplifi cr 

Delay - 100-2000 fLsec delay chassis 

hn - 'Ill filament voltmeter 

h~otor - selsy-n to set output volta,<:;e 

81 and S2 - door interlock swi tche s 

V - blower tube to direct ai r un VI 

1) For aid in trouble shootinG. typical waveforms are show11 on 2L6952D and 

2L6502A, the circui t schematics. 

2) The 5C22 hydro~en thyratrons on the main u..'1.it have been selected to Give 

satisfactory perfo~~nce in this circuit. Because of variations in the spacing 

of the internal tube elements and hydrogen gas pressure, Some replacement tubes 
.. 

will spark at the operatin~ volt(l'.:;e for protons. Therefore it is recommended that 

only tubesthat have been checked out in a circuit similar to the main pulser be 
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used as replac&nents o 

3) T6 i.n the Deflector High Voltuse Pulse Generator has been modified to hold 

a hi~her voltage by removin3 all the metal parts near the insulated secondar~l 

windin~o Replacements should be ;iven this same treatroento 

4) Ll in the Deflector Pulse TriGser Amplifier has heen modified to enable it 

to hold more voltace hy rearran~in~ the leads and dippin~ the whole choke in 

paraffin or beeswax. 

5) The setting on the variac in the Deflector .I'ul s e TriGGer Ampli fi er has been 

adjusted for optimum trouble-free trigGering of the thyratrons in the main pulse 

circuit. If thi.s chassi sis replaced, the variac on the new unit should be set 

to the same position as that on Lhe old. 

6) The handle on the vJater filter must be turned periodically to clean any 

residue from the filter ele;nent o Once a month will be sufficiento 

1310v'8r air £'i 1 tars shaul d be replaced whenever they become fouled with 

duste 

sc'o/6-l4-49 
Information Division 
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