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THE BEVATRON MAGNET PULSE-TIMINO SYSTEM 

Warren C. St~uven 

Radiation Laboratory 
University of California, Berkeley, California 

June 28, 1955 

ABSTRACT 

The University of Calif())rnia Bevatron magnet-pulsing system provides a 

means of adjusting the pulse -repetition rate and the pulse length of current 

flowing in the magnet. The unit also provides synchroni~ing pulses for the. 

linear accelerator injector • as well as various trigger pulses before, during, 

and after the flow of magnet current. The unit derives its timing pulses £rom 

a master oscillator operating at 2 ppe. Pulses from the master oscillator are 

scaled down to produce the selectable repetition rates for the magnet current. 

All timing functions are derived fr.om standard time..:d.elay circuits except for 

the magnet pulse length which is generated by a, new type of Schmitt trigger . 

circuit. 
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THE BEVATRON MAGNET PULSE-TIMING SYSTEM 

., Warren C. Struven 

Radiation Laboratory 
University of California. Berkeley. California 

June 2.8, 1955 

ABSTRACT 

· The University of California Bevatron magnet-pulsing system provides. a · 

means o{ adjusting tbe pulse -repetition rate and the pulse length of c~r~ent . 

flowing in the mGl;gnet. The unit also provides syn~?ronizing pulses for the · 
. . 

. li11ear accelerator injector. as welt as various trigger pulses before.; dul"ing, 

. and after the flow of ma.gnet current. The unit derives its timing pulses from 

a master oscillator operating .at Z. pps. Pulses from the master oscillator are 

scaled down to produce the selectable repetition rates for the magnet current. 

All timing functione are derived from standar4 time -delar circuits except for 

the .magnet pulse length which is generated by a new type of Scbmitt trigger 

circuit. 
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INTRODUCTION 

Tbe University "'!-,C~lifornia Radiation Laboratory Bevatron is, a proton 

synchrontron which accelerates particles to an energy of 6.2 billion electron . 

. volts. The injected particles are protons with an energy of 10 Mev. These 

· · · proton.s ·are maintained during acceleration at a constant radiu~ of 6QO inch~s , . 
. ·. : . by an in~reasing n:agrieHc field. and are acce~erated by power o£ increasi~~ 

::~... . . ' ~ 
'')' .··- ,. 

.. ~ . 
... ~·-.-~ ....... <~ -i. • 

t·'· 

.. 

-:.. ... ~ 
...:::-,. 

\. 

· . . : 'radiofrequen.cy .. ·~ne fl¥l:Xfmurn magnet current required for 6.2-Bev parti .. 

cl-e~ _is S,333 ampJ at w~fch tlrhe the magnet voitage is 12.000 volts. · This· 

power is supplied by two identical motor generator e~ts and 48 'mercury ar.c . · 

. rectifi~rs' 1 which alternately rectify and invert at a maximum -rep~titidrt tate, 
. · of 10 magnet pulses per minute. 

Each motor~generator set is composed of a 65-i on flywheel, a 3600 -hp drive 

m<)tor·. ~ ~nd a 46;oo·o..;kva generator. .The two drive motor_s compensate for only 

.tlle losses incurred duri~g each cycle of magnet c.urrent.flow. since most o£ . 

the energy supplied to. the magnet is derived from the _rot~t.ional energy of the 

flyWheels; generators, and driving motors. Figure 1 shows the plan view of ·. 

th,!i! Bevatron and associated motor generator room. 

-··· 

-In Figure 2, it .can be seen that the magnet and th~ two motor generator sets· 

are in series. Duritig the rectification por,tion of the cycle; energy is transmitted 

.from the flywheels to the magnet. The initial magnet voltage is 18.000 volts; 

which falls to 12,000 volts as the magnet current increases from zero to 8,333 · · 

amp (Fig. 3). The time required for this operation is about 1.85 seconds .. This 

. porltib:I:'I.'! of the magnet cycle is used to accelerate the protons, whiCh are injected ' 
. ... .• . . . . 

.into the Bevatron_ when the magnetic field is about 300 gauss. The magnetic field· .. 

·rises to a.bout 16~000 gauss _when the magnet current is 8,333 amp. During -the· 

inversion portion of the cycle, which -follows rectification; energy is returned 

!:rom .the magnetic field through the mercury arc rectifiers, now operating as 

inverters, to the flywheels. At the peak of magnet current '(•8,333 amp) the 

generator has dropped about 7o/f:J from the initial value of. 860 rp,n. The total 

. energy stored in the two rotating flyv:.'heels is about 500 megajoules or 125 kw.:.hr. 

'The motor generator system was designed to provide 10 pubes per minute at 

full power. The pulse .. timing equipment, however, has been designed to allow 

selection of 12 repetition rates between 4.0 pulses ·per minute ·and 20 pulses per · 

minute and magnet pulse length from 0.1 to 2.5 seconds .. 

1 . J. v. Kresser 11 The Bevatron Power Plant", Elec. Eng. 71, 338 (195Z) 

.... . . 

,· ... . ·,·, 

· .. 

•, ' 
· .. 
:.·. 

. tt:· 

··' 
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The magnet pulse-timing equipment is contained in two chassis in the motor. 

generator control room. The pulse repetition chassi8 contains th~ master 

oscillator and repetition-rate scaling circuits as well as the associated gate 

, .~ . e~uipment. This. unit supplies the s yncnronizing pulses tor the injector. and 

·trigger pulses for the magnet-pulser chassis. The m;;tgnet-pulser chassis 
,·1.' 

i 
·.:·.:.'. 

~~ ... ;.·:t · .. ··. -. 

.... · ~ ·,. 

' -~. 

.. ·-\ 

·,. 

... 

··., 

supplie$ a positive bhis to the mercury arc rectifler contr-ol equ1pment, which 

· ca_.qses .th~ re~tlfiers to supply e~ergy to the magnet. This ch.assi~ _al~o supplies 

... .-· tim~tt~ tri~ger.s :at · ,..1.04 sec-. ·at ... o. 54 sec, at ~40 milliseconds., at magn_et ; 

·· .. :~ v6lt.,ge~ on and at end of rectification. A synchronifling trigger is also sent to 

. the .injection. ~quipmen~ Qetween·.~gnet pulses. (The BYJlchronizing pulSe for 

.·:.' injec~~on l$ ,eupplied by equipm,ent \yhieh acc~~ately marks the p:r~per 'inJection 
, .. , . ·field . .'). · · · . · · .. 

·Repetition.Rate Chassis 

-T,he :lt'e·petition.r~te chasisis aupplies three pulses, . spac:ed 500 m.illiseconde .. 

apart, and determines how often these pulses are produced. The chassis is 
' . . 

syru::~r-onized b.y. one of the mot-Or .. generator· ignitor pealqng ~trans£ or mer pulses. 
l ' • ' - • 

Dis_ere~e repetition rates of 4.0 to ZO pulses per minute, or single pulse opera., 

Uori,. may be sel.ed~d by a multipo$it~on front .. panel switch. The. block_ 4iagram 

i·s· show~ in Fig. 4. The opera~ion o£ the citcu-i~ shown: in Fig. 4 is as .follows: 

,A~·~symmetricalmultivi~tator opera-tes continuoualy(its two ped~ds are 480 

· msec ~~d zo m~ec) •. Dt.nririg the time that the zo m ee;c:pulse iB supplied to the 

MG (motor gene~ator). ~yn~h~onizing gate, the gate can pass the peaking signal_. 

fed.f~orsi the peakiri~ ~ig.ttal.shape,o to the 50..-r;nsec one-shot MV {m~itivibrato~) 
. 'a·nd. Oi'l to the .Ph.a.se inverte~ ~~:and c~ (cathode .fQllower) .. - 'arld. the thyratron. 

. pUlse gep.erator" ' The 50 -rrt S·eC qrie -shot MV assures that one and Oal y one 

peak~ng aignal <;an arrl.ve at. the phase inverte:r ( CF) ~ach time· the z'o. -m se«; 

puis:e is. ~uppHed 'tf:> th~ .. MG ga~Cll. The pulse· fed to the ph~se inverter. ~s also . 
sent to F~F l (£lip~flop 1) thz:oo\igh F-F 5. Each pulse received by the i..:~ 
ch~rt is St()red as' on~ count .. When the tot~i of the .stored counts. equals the ·. 

· diod;e q1atrix sealing fa.i:tor, the corresponding matrix horizontal output line 

. i$. c~used to s~ddenly go positive by about 60 volts. The repe·tition-~ate e~lector 
. . I • ' ' ' 

switch then supPlies this pQeitive pulse to the de-lay CF and then to the res_et 
. . . . . .; . ' ' . . . ' . . ' ' 

thyratron which. in turn resets ·the five F-F's. A delay of approximately 1 m sec 
' ' ' ' . ' 

.: .. 

is necessary to al~ow the ase·oeiated gate equipment to operate properly. ":rhe 

. d~lay i_s obtained by 'an RC circ:Uit which integrate$ the 60 ~volt step ·ftmctiop. supplied 



;• 

.. ·ucaL .. 3oss · .. 

.to the delay CF .. This much of the circuitryluncti~ns continuously whether 

; ' · th~ magnet is being pulsed o.:" Jiot. When it is desired to pulse ~e magnet, . 

a ground is supplied to either. the single-pulse y.,.-F or to tbe.contin~ou.s gate. 
. . . ' . 

In either case, the next time that the F -F chain contains one. count, a. magnet­

pulse cycle is etarted.. Pulse No. 1 is fed throug}l the continous gate ~o the 

· tir~ing gate F -F. The F .. F opens both.. timing ga:tes and. allows pulse No. a 
(-0,54 sec) and pulee No. 3 (-40 m sec) _to be sent to the magnet.pulaer~ chassis. 

· This cycle is initiated each time a· ground is supJ.l\ied ·to th~e .chassis. Wht:n; 

selector s~itch HS11 is se.t to single pul~e, the F-F chain is reset on 3; however, . 

whe~ a; single pulse is lniUatt!d, the F-F chain is.immec:iiate1y reset'to zer'o• 
., . This feature has been provided to shorten the. initiatiott tirne. ·. The diode matt·ix · ' ·. · 

. ' 

con~ins 55 germanium di~des a.n:d has. been made uplug· ... _i;a'i to f~~ilitate tt(~tena:o.c·e 
' . . ' . . ' .. ! • ., 

·problems. . · . · . 

Magnet Pulse-Timing Chassis 
·,, 

Tllree of the £our pubes produced by the repetition rate. cht\tJSia' are s'U.pplie·a.·. ··· 

to the magnet pulse -timing chassis. These are the ,output ~~ the th.yratr on puU;e 
. ' . . 

generator. the· -0.54-sec and ~e -40 ... m sec pulses .... 

· · · The -1 .. 04-sec. pulse is used elsewh~r~ .in the building.ID: Fig. 5 we .see that the ,. 

fi~st pulee (-0.54 sec.) which is negative, appears at PG ~O.and sets (star.ts) the·: 

ZO~m sec time delay (V 45). This tube, in conjunction with V 14th .opel"ates, r~lay . . . . 
No. 1. Relay 1 'discharges two O.l .. tJ.fd capacitors ... bich p.rovi~e a posltive $et 

... , 

pulse to the lockout time delay Vl, 1'Hp-flops V'l. and 3 and ~he pr~ .. p~lse thna,tron'· ,<:~ 
V 5, and send a reset pulse to the ~xte'i:na.l interval timer. .. 

The second pulse from th~ repetition-rate chassis appears at PG z.'l exactly 
. : ' . I " ; . ' - ~ " 

500 msec after the pulse at PG~O. This negative pulse is inver~ed byV7A ~nd 
: .• i, 

applied to the scope trigger thyratron VlO. It aleo sets .the 40 ..:m sec thrie 'delay.· 

V8. When V8 times out,· a negative trigger is sent to V78 and starts the zo·"':m a~c · .. 
time delay Vl2. · VlZ in turn supplies an 11 onn gate f~r the pulse-leng~ time delay 

V 1 ~. This delay controlS the length of the rectificatio~ ctcl:e 1 which is varif:l.ble . 

from 0.1 sec to .2.. 5 sec. When V 13 times out, a set trigg.er is supplied b) the 
. . ' 

filter time delay V49A and V_SO. This is a fixed (lelay·9f .20 msec to allow two . . ' 

1400 .. cycle series:..resonant ripple filters to be removed from the magnet termln_als 

before the magnet voitage r~ver·ses. After 20 ttl &ee a set trigger is e:ent to .the . 
• 1 I .. • ' 

syncbr.;)nized turnoff time delay VSL In addition to th~ set signal, there i_s a, re .. ;-

set puhe, derived from one of the motor· generator ph.as~s, whiCh is applied as· . . 
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a synchronizing pu.l$~ to VS 1. If this synchronizing pulse !ails to arrive, the . 

. time delay still operates after lQ m sec.:. and allows the remainder o£ the drcuit 

··to function normally. Tbusi both the rise and fall of magnet voltage can be ;·) _., ·: 
. . . . . .,.-.~I'·".\'·<~ 'i~~ 

synchronized"with a p~rticular machine phase. A set signal is then sent from th..~<}:~: 
. . ' ' ' - ' .·' ~ /' .. :t:; · .. ~ , .. ' 

synchronizing tu.rnoffdelay V51 to the 22-m sec change -over delay V33A, V34,' .· · : · 

This circuit, in conjunction with V33B, operates relay No .. 9 and removes the . · · · 

rectification bias from hat£ the mercury arc rectifier control tubes, tb~s allow .. 

ing hall the:machine to 13tart .its inversion cycle 2.2 ... m sec before the other ·half. 

This is necessary to r.educe the reversal stresa on the MO shafts. The pulse.;. 

length circuit Vll. filte'r delay vso~ synchronizing delay VSl, and the 2.l .. m'S~C 
f. ' . . " . " . . 

change ;..over delay are all diJ'ect .. coupled to the bia~ regulator. tubes V31, V37, 

a'nd V38. From the time that the pulse _length is gated on until the e·nd of the. 
- I . 

change -over (V33A., 34) a gate 1$ supplied to the bias regulator circuit to hold 

it .gated on. The direct coupling is obtained by the use of cathode follow~r~~~ · V36 

. and Y53 arid mixing diodes V<~S and V54. When V 13 (pulse length) times ou~. an . 

end-o£00\rectification pulse is sent to a thyratron pulser Vl5. The regula~or_s 

V2.0 through V30 required some unusual circuitry because this bias·supp~y was 

re.ctui~ed to supply 150 volta at l. lamp regulated to 1%. When available distri- · 

bution transformers are used the average s~ries r·egulator .tube.s have too m;~ch . 
drop. so it. was decided to use five dual pentode tubes with a common r~gul~ted 

. ' . 
screen supply. 

:.' 

• r :. ·~-~ 

~- . " . ~ 

,_· .. \ 
' •. ~-

. ·, 
- ·,.·· !" 

In addition to the circuitry just described, this chassis contains variou 

monitoring circuits So that the, th~ing of each delay circuit ~a~ be che,cked. by 

nieans o£ an external interval timer. Switch SSA selects .the function to be. 

measured by this unit and the signal is sent to the timer by the cathode;! ~ollower 

"' ' ...... -~.i 
. " .·-«'} 

> ' 

V18.and a reset signal is generated by Vl9. The magnet~uls.to;r lengt~ is deter,.,. :_.;:··;·: 

min~cl by two factors; the pulse-length delay (Vlll ~nd the actual magn~t ~urr.ent .. ·:· · 

A scaled-down replica o! magnet current is supplied to.PG 2. and a Schmitt trigg.er · .>: . . ' - . . . : 

(V 16) is usedto derive a marker pulse at a predetermined magn.et current~ ·. · _. · 

The magnet.puls.er chassis contains a new circuit to determin;e th~·m~gnet,· 

. pulse length (Vl3) and the lockout time (Vl). The basic circuit, a modified 

lor~ of Schmitt trigger, 2. is shC)wn in Fig. 6. The triode ie·n.ormally con.du_~·t'ing 
. and the de -energized relay is in position 1 as shown. When a positive start gate 

-.,_is appli.ed to the pentode' grid, the pentode is caused to conduc;t, energizing thEf 

relay and moving the swinger to position Z. The grid of the triode is {llm~st ~ 
imrn.ediately lowered to the .negative bias voltage ( .. E). Because the variable· 

Z. Otto Schmitt, A Thermionic Trigger, J. Sci. lnstr. 15, No. 1, 24 (1938). 

···,·· 



... ' 

-, 

-6 .. 

timing_ resistor· R ·is returned to a positive bias pote~tial ( +Ef the- capac-it<->r 

cha:rgee toward this potential until the triode just passes the cutoff point. a~ 

which time positive -feedback around the circu.it forces the triode to zero bias-

--\\ 

... l . 

. •. • I ~' 

and the pentode- to cutoff. Because the timing ca.padtor C is altertuitely eha-rg(,d _­

and discharged betwee-n eq'lti'~J.but opp-osite potentials.with res~ct to.gro'l;lnd -; _ < 
: _;, . . pote-ntial, the time requi~ed ,fcir the capacitor to ch-arge '!r~ its original. negativ:e. " 

-. :, - -- · - .- - · - p~tentia-l to ground potential is -essentiaU y indeperident of eu~pl ~ vol~ge varia~1o~~-;3 

,_ 

:.· .. · 

,_ 

·-

Rack ~ayout.and-Chassis Constru.ction--

_,.t, The magnet-pulse U~ing: equipment iB entirely contained i.n two rac_ks in the , --. 

·. 'se-vliltron motor generator-control room (see Fig. 7). Rack -804 contaitl.s, f7-'0M · 
.. ' • .· . . . • . . ' I f '" • ' •. '•. 

' . top to bottom, the ti'~e;:Ointerval meter~ magnet pulser chassis. a(l~ a ~~gul~:te~ :-
3()0 .. v, 0. 3:..amp power supply. Ra:ck 505 contains the repetition-rate ch$SI3i~ ' 

~ . . - . . - ' ~ ' 

~nd a dual .. beam Radiation Laboratory oscilloscope:. 

Eoth the magnet-pulse timin-g chassis and the repetition .. rat.e chassis are built . 
. ' . . 

.... 

., 
_., 

•' :on 3:-incbottdeep 11)latbtubs11
• The tubes and transformers al'e m.ounted on the backs 

di>f th~ bathtubs. -Voltage buses and s'mall co~ponent~ _are located in~ ide (u.pder. . . ... ~; 
the fro~t panels) •. A system of fixed 'and removable pan.eis)s used·to perniit 

. brittging controls o~t to-the front (fixed panels), while a.U_ow'ing service of the 

. units 'in place. by removing .the remainder of the panels; ltlai-ntenance iS Ol g~eater 

hnportance than space tequir~ments.. To further simplUy the maintena~c~, .:al~ 

supply voltages are bused horizontally ~cross the chassis -with bare Wi,r~ Which 

is plainly labeled. The schematic p.rints and the- chassis l_ayouts are phy~ic~lty 
For example~ Vl is at the top left .. hand position on the ~che.matic 

. I . • 

and on th~ chassis (front view), and each higher-numbered tube follows to the 

dght and downward by rowe. 

· The diode matrix in the repetition -rate chassis has been built so that it is 
- - . ' t- ' -- -- - -·_ -

· readily slipped out £or maintenance purposes. The matrix employs slip-fit 

quick .. connect plugs, and ·i~ supported by a lucite enclosure. Small ne-on bulbs 

have been attacped to all F-F plates and may be viewed through a 1. 75-i~. 

lucite front panel. 

3 S. Watd, Precision Interval Timer. Electronics 2.1. No. 12.. 88· (1948) 

-~ 

. ' 
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