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ABSTRACT

 The University of California Bevatron magnet-pulsing system provides a =
means of adjusting the pulse-repetition rate and the pulse length of curr_en_t-'v
flowing in the magnet. The unit also provides synchronizing pulses for the
linear accelerator injector, as well as various trigger pulées before, during,
and after the flow of magnet current. The unit derix}es its timing pulses from
a master oscillator operating at 2 pps. Pulses from the master oscillator are
scaled down to produce the selectable repetition rates for the magnet current.
Al timing functions are derived from standard time -‘delay circuits except for
the magnet pulse length which is generated by a new type of Schmitt trigger

circuait,
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THE BEVATRON MAGNET PULSE«TIMING SYSTEM
' a . Warren C. Struven
‘Iadzatmn Laboratory :
University of Cahforma. Berkeley, Cahforma

June 28 1955

ABSTRACT

The Univers:ty of Cahforma Bevatron magnet-pulsing system provxdes a-
means of adguating the pulse -repetition rate and the pulse length of Current

' ﬂewmg in the magnet The unit also pro*sndes synchromzmg pulses for the
§ hnear accelerator injector, as well as various trigger pulses before, dm:mg,
. and after the ﬂow of magnet current. The unit derives its timing pulses {from
a master oscﬂlator operating at 2 pps. Pulses from the master oscillator are
. scaled,down to produce the selectable repetition rates for the magnet current.

Al timing functions are derived from standard time ;delay circuits except for

the magnet pulse 1ength which is generated by a new type of Schma:t trigger ,

carcuxt.
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INTRODUCTION

‘ The Umversaty ef Cahfernia Radiation Laboratory Bevatron is a praton R
synchrontron which accelerates particles to an energy of 6.2 billion electron

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

\ T protens are maintained durmg acceleration at a constant radius. of 6060 inches..

- ,".by an. mcreasing magnetic field and are accelerated by power of mcreasmg

) ; 'radmfrequency “The maximum magnet current required for 6.2- Bev Paf“tl'- v
clea 1s 8,333 amp, at whfch time the magnet voitage is 12,000 volts. . T_h;s -

‘power is supplied by two identical motor generator sats and 48 mercur'y' arc

: of 10 magnet pulses per mmute,

. Each motursgeneratur set is composed of a 65~t on flywheel, a 3600 -hp drwe \

i _motqr. and a 46,000-kva generator. The two dnve motors compensate for only . |
. the losses incurred durmg each cycle of magnet current. flow. aince most of .

X 'the energy supphed to the magnet is derived from the rotational energy of the

S ﬂywheels generators, and driving motors Fzgure 1 shows the plan view of

~the Bevatron and associated motor generator room.

In Figure 2, it can be geen that the magnet and the two motor generator: aetﬁ ‘

; -_‘are in series. During the rectification portion 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

© rectifiers.  which alternately rectxfy and invert at a maximum repetitaon rate ,f"-}:

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

: .por@ta’bn" of the magnet cycle is used to accelerate the protons, which are mjected

T into the Bevatroa when the magnetic field is about 300 gauss. The ma@netxc fxeld
o rises to about 16, 000 gauss when the magnet current is 8,333 amp. Durmg the
B ,;mversion portion of the cycle, which follows rect:fxcatmn. energy is. returned

‘ from the magnetic field through the mercury arc rectifiers, now operating as_

zgverters. to the flywheels. At the peak of magnet current 18,333 amp) the
geuerator has droppedv about 7% from the initial value of. 860 rpm. The tat'af

o ,energy stored in the two rotating flywheels is about 500 megajoules or 125 kw-hr
"The motor generator system was designed to provide 10 pulses 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.

l. J.V. Kresser "The Bevatron Power Plant', Elec. Eng. zl._, 338 (1952)

N T
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Ry ::».'- . - The "magtxét pulse-timing equipment is contained in two chassifs's in the motor
PR geﬁeratgr centrol room, The pulse repetition chassis contains the iﬁa-stér_

_ oscillatoi"and repetition-rate scaling circuits as well as the aésoc’ia’té&vgaée

B équipzﬁem. This unit supplies the synchronising pulses for the injector, and

o iigger pulses for the magn'et-puiser chassis., The magnet-puléer chassis
. supphes a paaitive bxas to the mercury arc rectifier control eqmpment, which
R e causes the t‘ectiﬁers to supply energy to the magnet ‘This chassis alae Supphes
- txming tnggera at ‘—1 04 sec;, &t -0.54 sec, at -40 milliseconds, at magnet |
. L _vo}.tage,on and at epd _Qf r_eatifacatioa ' A synchronizing trigger is alnsa_ sent to - |

vﬂthe‘i’ﬁject‘ion’ equipmént Eet'wéen' mag'net puiées {The éynchronizing pulse for
LR m}ect*qm is supplwd by eqmpment whxch accurately marks the proper mjectxon
_{i;f’ield ) ' ‘

w oo o »

Repe t&tion -Rate Chas ms

'I'he repetxtlon-rate chassis supphes three pulses, spaced 500 mxlhseconda
g vapart. and determmes how often these pulses are produced. The chasms is
: kynchromzed by one ai the mator <ganerator ignitor peaking »transformer pulses
. stcrete repetitian rates of 4.0 to 20 pulses per mmute, or amgle pulse opera. - -
o k-tmn, ‘may be selected by a multiposxtion front-panel switch, ‘I‘he block dxagram
_"‘13 shown in Fig 4. The operation of the circuit shavvn in Fig. 4 is as follows:
S ‘:An asymmetrical multivibrator operates contmuously {its two periods are 480
msec and 20 msec) Durmg the time that the 20 m séc puise is supphed to the
S MG (mator generatér) syuchrenizmg gate, the gate can pass the peakmg s;gnal
e - fed irom the paaking sxgnal thaper to the So—maec cne shot MV (mulnvxbramr}
e B and on to the phase mverter -~a.nd L0 (cathode falls:Wer) - and the thyratron v
| pulse generamr, The 5G~m sec ofie -shot MV assures that one and only one ; SR
',,peakmg signal can arrive at the phase mvex-ter (CF) each time the 20-msec .
'puise u; supplxed to the MG gate The puige fed to the phase mverter is als6 ' |
. sent to f‘ % | (ﬂip-ﬁep 1) through F-F 5. Each pulse received by the F $ Ol v B
. ‘ cham 1s stored 28 one count, When the total of the stored counts equals the o
: :_dm&e matrix seahng factor, the cerreaponding matrm hormontal output hne ‘
is ¢aused to auddenly gu posmve by about 60 volt.a. The repetition-rate aelector B
"'_swatch then saptzhes this pamtwe pulse to the delay CF and then to the reset -
' thyratron which in turn resets the fwe F-F's. A deiay of approximately 1 m sec .
';-'xs necesaary to allow the aesociated gate equzpmant to operate ptoperiy The
' detay is obtamed by an RC circuxt which mtegrates the 60 -volt step- -function Supphed
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. to the delay CF.. This much of the circﬁitry'functiéd's ééntiuuaizsly whether. —

7' the magaet is being pulsed or not.  When it ie desired to pulse the magnet.

_a ground is supplied to either the smgle ~pulse ¥.F or to the eontimmus gate -'
In either case, the next time that the F-F chain cantams one count, a magnet-
) -pulse cycle is started, Pulse No. 1 is fed through the ¢antmous gate to the -

‘ txmmg gate F - F. The F-F opens both tzmmg gates and allows pulse No 2
{-0.54 sec) and pulse No. 3 (-40 m sec) to be gsent to the magnet-puleer chassis; ’
 This cycle is initiated each time a ground is supplied to: thas cha.sszs. - When' .
aelector switch HgY is set to single pulse, the F.F cham is reset on 3, however, :
- when a single pulsé is initiated, the F.F chain is xmmeui&tely reset to zera. , | o
. _This’ feature has been provided to shorten the initiation time. - The dicde matrix .
- cont&ms 55 germanium diedes and has. been made “plug ia" to facihta.te rrahtenance o

B pT oblems.

Magnet Pulse - Timing Chaséi’a :

‘ Three of the £our pulses produced by the repehtmn rate. chasa:s are suppheé
to the magnet pulse -timing chassis. These are the output of the thyratrcm pulse . _'
generator, the -0, 54. sec and the -40.m sec pulses., ' S
- - The -1.04-sec pulse is used elsewhere in the buildmg hFlg 5 we see that the o
,’ first pulee (-0.54 sec.) which is negative, appeats at PG ZG ami sets (starts) the -
. "‘zo_m gec time delay (V 45). This tube, in conjunctwn with V 14B operates, relay
N’o‘ 1. Relay 1 'discharges two 0.1-ptd capacxtors which provi&e a posxtwe get
pulse to the lackout time delay V1, f’lip-ﬂops VZ and 3 and the pre «pulse thyratron
VS5, and send a reset pulse to the ‘external interval timer. o e
~ The aecon& pulse from the repetxtmnnrate chagsis appeara at PGZl exactly
500 msec after the pulse at PG 20. This negative pulse is ‘inverted by V7A and
applied to the scope trigger thyratron V10. It also sets the 40.msec t;me &e!ay
V8. When V8 times eut, a negative trigger is sent to V?B and starts the ZO ~m 8ec
time delay V12. V12 in turn supplies an ''on'' gate for the pulse -1ength ume delay
V13, This delay controls the langth of the rectification cycle, which is. vamable
from 0.1 sec to 2.5 sec. When V13 times out, a get: trigger is sup;ﬂieﬂ to the
 filter time delay V494 and V50. This is & fixed delay of 20 msec to allow two
' '1400~cyc1e series —resonant mpple filters to be remeved iram the magnet termmala
before the magnet volt.age reverses After 20 msec & set tmgger is sent. to the o
synchromzed turnoff time delay V51. In addition to the set s:gnal there m & re;-
- set pul.se. derived from one c)f the motor generator phasea, whzch is apphed ag
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a synchromzmg pulse to V51. If this synchronizing pulse fails to arrive, the

,:'.tbme delay still operates after 20 msec. and allows the remainder of the cxrcuit
:"-vto function normally. Thus, both tke rise and fall of magnet voltage can be
synchronized‘with a particular machine phase. A set signal is then sent from t
‘synchromzmg turnoff delay V51 to the 22-msec change -over delay V33A, V34 ‘
This circuit, in conjunction with V33B operates relay No. 9 and removes the

rectification bxas f;'om half the mer_cury arc rectifier control tubes, thus allow._.
ing half the: machine to stai‘t’ its inversion cycle 22-m sec before the other ‘half,
“This is necesaary to reduce the reversal stress on the MG shafts. The pulseaﬂ-_

‘ .length czrcmt V13, filter delay V50, synchromzmg delay V51 and the 22.m. Bec_,. f-L
change _aver delay are all duect-coupled to the bias regulator tubes V3i, V37 B

" and V38 From the time that the pulse length is gated on until the end of the
change -over (V33A, 34) a gate is supplied to the bias regulator circuit to hold

- it gated on. The direct coupling is obtained by the use of cathode followers V‘36 o
~and V53 and mixing diodes V35 and V54. When V13 (pulse length) times out, an

end.-of -rectification pulse is sent to a'th'yratron pulser V_l__S.? The.re'g.\ila't'oré
V20 through V30 required some unusual circuitr y because this biag supply was

reqmred to supply 150 volts at 1.1 amp regulated to 1%. Whea avaﬂable chs*tsanl-"‘{r :

butwn tranafarmera are used the average series regulator tubes have tao much
‘drop, so it was decided to use five dual pentode tubes with a common regu}ated
screen supply. ' | B

In addition to the circuitry juat described, this chassis contains vaxious ' i;:

momtormg circuits go that the t1ming of each delay cxrcmt may be checked by
- means of an external interval timer. Switch S5A selects the function to be .
measured by this unit and the signal is sent to the timer by the cathode fdlld{&ef

~ V18 and a reset signal is generated by V19, The magnet%@nlse length is detezu-

mined by two factors; the pulse-length delay {V13) and the actual magnet current. o

A scaled~down replica of magnet current is supplied to PG 2 and a Schrmtt trigger;;_:},;‘f
- (V16)-is used to derive a marker pulse at a predetermmed magnet current ' SRREry
The magnet-pulser chassxs contains & new circuit to determine the magnet

. pulse length (V13) and the Iockeut time (V1). The basic circuit, a modiﬁed
. form of Schmitt trigger, 2, 15 shown in Fig. 6. The triode ie’ normally conductmg

‘and the de.energized relay is in posgition 1 as shown. When a positive start gate e

:‘.\m applied to the pentode grid, the pentode is caused to condact energmmg the
relay and moving the swinger to pomt&on 2. The gnd of the trmde is almost
immediately lowered to the negative bias voltage (-E). Because the varxable

2 otto Schmitt, A Thermionic Trigger, J. Sci. Instr. 15, No. 1, 24 (1938)
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- timing resistor R is returned to a positive bias poténtial (+E) the capacitor . .
~ charges toward this potential until the triode ju‘st‘passes the cutoff point, at . .
- which time positwe feedback around the circuit forces the triode to zerc bias
and the pentode to cutoff. Because the timing capaciwr C is alternately charged
and discharged between quhl but opposite potentials with respect to. ground ‘

e potential, the txme reqmred for the capacitor to charge frmn its original. neganve e

R %} The magnet-pu&se timing eqmpment ig ent:rely contained in two racks in the
_ '__‘ -j,Bevatron motor generatar ‘control room {see Fig. 7). Rack 504 contams, from
w1 top. to bottom, the time: -mterva1 meter, magnet pulser chassia, and a regulated

potentzal to ground potential is essennauy mdepemdent of supply voltage variatxons.ab,;

Raci«' Layout and Chasms Constructma

' _.-300,v 0.3.amp power supply. Rack SO5 contains the repetitwm-rate chassm 43 " -

e :’.ami a dual.beam Radiation Laboratory oscilloscope, SRS L e

o on 3-inchedeep "bathtubs™. The tubes and transfcrmers are meunted on’ the backs
~ .of the bathtubs. Voltage buses and emall components are 1ocated inside (under L

- v simﬂan For example, V1 is at the top left -hand positmn on the schematm B

Bath the magnet-pulse nmmg chassis and the repetttwn .-rate chassis are “buzl!:

the front panels).. A system of fixed and removable paneis is ueed to permit B
‘g brmgmg controls out tothe front (fixed panels), while auowmg service of the -
" units in place by removing the remainder of the panele; mamtenance is of greater »
importance than ‘space reqmrements To further simplify the maiatenance. ‘all
'supply voltages are bused honzcmtally across the chassw with bare wire which
is plamly labeled The schematlc prints and the chassis Iayouts are physmally
and on the chassis (frcnt vzew), and each hxghermambered tube follows to the
right and downward by rows. . ) ’ ’

. The diode matmx in the repetition -rate chass;s has been built so that it ia o
readily slipped out for ‘maintenance purposea  The matrm employs slxp-ﬁt Co
quick-connect plugs. and is supported by a lucite endosure. Small neon bulbs

have been attached to all F-F plates and may be viewed thrdugh al. 75-m

1uczte front panel. ' : , o o

&

£
1

3 5. Wald, Precision Interval Timer, Electronics 21, No. 12, 88 (1948)
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