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The Oscillator for the Injector C~clotron of the Quarter=Scale Bevatron 

W. R. Baker 

Radiation Laboratory, Department of Physics 
University of California~ Berkeley, California 

September 20, 191,9 

The oscillator was designed to provide a peak pulse power of 100 kw at 100 

kv to the dees of the 20-inch injector cyclotron. 1 ) This is the power and volt-
/ 

l) The ~njector cyclotron is described in report UCRL-464. 

age required to obtain a circulating beam of arproximately 20 rna as deterinined 

by experiments with a previous lumped constant grounded grid oscillator. 

Because of its high pulsed cathode emission/) 15 kv plate voltage rating, 

2) The nominal cathode emission rating of the 3X 2500 A3 is doubled by running 
the filament at 10 percent over voltage. The total emission is then 65 
amperes. 

and lighthouse type construction a single air-cooled JX 2500 AJ Eirnac triode was 

used. Components were available to build a 370 ohm 700 microsecond pulse line 

capable of supplying 600 kw when charged to a peak potential of 30 kv. A volt-

age doubler capacitive reactance limited power supply is used to charge up the 

pulse line at the re:petition rate of one pulse per second. The pulse line is 

connected to the plate of the oscillator through a spark gap that is triggered 

with a 100 kv pulse generated by a pulse transformer. The pulse transformer 

itself is triggered from a timing circuit and a hydrogen thyratron switch tube. 

A 500 ohm loading resistor is used in parallel with the oscillator plate on the 

output of the plate pulse line to minimize any variations in the oscillator 

plate voltage or dee voltage with changes in load due to varying ion currents in 

the cyclotron. Under pulse conditions with a low duty factor the waste power 

can be neglected. 

The circuit is shown in Figure l. A photograph of the oscillator under 

test is shown in Figure 2. The two dee stems are joined together at the 
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oscillator cathode through a low inductance capacitor made up of plug~in 100 p-~ f 

ceramic condensers. This capacity serves two purposes. The first is that it 

effectively connects the dee stems together, allowing them to form the inductance 

that resonates with the dee capacity to make up the tank circuit of the oscilla-

tor. The second purpose is to act as a capacitive voltage divider with the dee 

capacity, thus developing enough voltage, 2 kv, to provide a low impedance driv-

ing source for the grid of the oscillator tube. The drive is varied by changing 

the number of plug~in capacitors. By supplying the filament current through an 

isolating choke (see Figure J) it becomes unnecessary to rigidly ground any part 

of the rf systemo The result of this floating construction and low inductance 

capacitor drive is a salutary lack of parasitics no matter how unbalanced the 

dees areo Another feature that automatically follows is that the ratio of the 

dee voltages to ground can be varied by changing the dee to ground capacity 

ratio a 

The plate power is fed through a lead running coaxially through the fila-

ment choke.)> dee stem and adjustable plate couFling loop. A choke in this line 

as it passes through the dee stem is necessary to block the rf grid voltage that 

appears across it. The plate coupling loop (see Figure 4) is adjustable to allow 

the plate voltage and impedance of the driving tube to be matched to the resonant 

. dee stem structure. Cl and C2 are the :rlate blocking capacitors o The grid bias 

is developed across the .300 ohm grid resistor through the grid choke. The 

selenium rectifier prevents the average grid voltage from going positive with 

the resultant danger of blocking due to secondary emission from the grid. 

The approximate direct capacitance of each dee system to ground is 140 pp.f. 

The oscillator is tuned by adding up to three lOO~~f vacuum capacitors from 

each dee to ground. This gives a tuning range of approximately 8 to 12 mega-

cycles. As the dee capacity is changed in tuning the oscillator the grid capacity 

is also varied with plug=in capacitors to keep a constant grid drive on the 

oscillator tubeo 
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It is to be noted that no dee bias is used. Several experiments were car-

ried out that showed that the need for dee bias was a function of the build up 

time of the oscillator voltage and hence of the power output and tightness of 

coupling of the oscillator to the dees. If the oscillations build up rapidly 

enough there is no opportunity for the system to lock in at low voltages because 

of gas ionization or electron multiplication in the vacuum tank of the cyclotron •. 

One test consisted in applying a pig discharge of several hundred milliamperes 

to ground from the dee structure. The oscillations still built up to full volt-

age if they were applied fast enough. Conversely a slow build up time results 

in locking in of the oscillator at a low voltage with or without the pig dis-

charge. 

Fig1rre 5 shows the oscillator installed on the injector cyclotron. 

The work described in this report was perfvrmed under the auspices of the 

Atomic Energy Co~@ission. 

Information Division 
10/11/49 md 
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FlG. 2 20-.N. CYCLOTRON OSCILl:.ATOR SHOWING GRID RESISTOR 
t 

AND SURGE LIMITING DIODE AND G~P 

oz 682 



FlG. 3 20-JN. CYCLOTRON . OSCILLATOR SHOWING FILAMENT CHOKE 

AND GRID PLUG -JN CAPACITORS 
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FIG 4 20-IN. CYCLOTRON OSCILLATOR SHOWING PLATE 1 ~OUPUNG 
.. . 

LOOP, PLATE BLOCKING CAPACITORS AND TUBE MOUNTING 

ARRANGEMENT 
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FIG. 5 20-IN. CYCLOTRON OSC'ILLATOR INSTALLED ON 1/4 SCALE 

BEVATRON SHOWING CYCLOTRON HOUSING AND THE PLATE 

PULSE LINER 
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oz 681 




