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‘Intreduetion 
Bvacuated electrical oscillating cavities frequently are found to exhibit a 

strong loading due to electron (or ion) multiplication, the so-called mltipacter 

effect. This effect tends to prevent the buildup of dee voltage in cyclotrons. 
In conventional cyclotrons driven from external oscilletors naving their own 

resonant tank circuits the difficulties are usually slight, but in cyclotrons 
using a simple dee systen as the tank circuit difficulties are encountered in 

getting the oscillator to break into full oscillation, 
‘Two principal methots of overcoming the problem are used. The commoner method, 

customarily employed with PM cyclotrons, is to bias the dee and dee stem by several 
‘thousand volts with respect to ground so as to destroy the conditions required 
for miltipectoring. The second is to drive the oseillater strongly from an 

external source of RF voltage so that mltipactor loading, which occurs with voltages 
of the order of the order of « hundred, cannot build up sufficiently to prevent 
‘the rise of voltage through the miltipsctor region, In this case the oseillater 
acts as an amplifier, at least during the starting period. in some installations 
the driving RF power is removed automatically once the oscillctions have com 
menced, in others it is not. 

‘Ween the variable energy cyclotron at the University of Rochester was built 
(finished in 195%) no provision was made for overcoming the mltipactor probles.© 

‘The dee biasing scheme was considered too awkward to apply, chiefly because the 
variable frequency requirement had alreaty led to « rather complicated mechanical 

‘SWrelininary Tapert on the New 6 Mev Variable Energy Cyclotron of the University 
of Rochester. ¥NYO-65k1, H.W. Pulbright, D. A. Bromley, J. A, Bruner, R. Hawrylak, 
As Hamann (295k). 
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design, It was apparent that the second possibility, driving the oscillator to 
stimlate oscillation, could be used if the need arose. Multipactor troubles were 
encountered as expected, and they were annoying, but they were not quite bad 
enough to force a shutdown for rebuilding the oscillator system. 

‘THB sPauER 
In the summer of 1959 « simple device was aided to the cyclotron to shock 

the deo system inte onciilations of such an amplitude that the miltipactor loading 
would be ineffective, It consists of 4 separate small coupling loop inside the 
dee stem tank near the oscillator coupling loop, ortented with its plane perpendicular 
to the axis of the tank. A condenser and air spark gap are connected to the loap 
20 that « high frequency discharge through the loop occurs when a spark Jumpae 
‘This induces « surge of high frequency current both in the walls of the dee tank 
and in the plate ani grid circuits, with the result that the dee circuit begins 
to osciiate with « dee voltage amplitude of seversl huntred volts. The oscillator 
then begins to carry the voltage on up to its full value, 

Power for charging the condensers is supplied ty « 30 KY source wnich ts 
sutometically turned on when the oscillator power is on ani there is no dee 
voltage, but which io automatically turned sff as soon as dee voltage appearse 
‘The spark gap 9 adjusted so that the sparking rate 4s roughly wo per second. 
Ordinarily a single spark will cause oscillation to commence. 

Because the loop is oriented st right angles to the axis of the cavity, the 
WF voltage induced in the loop is very small, even with uli dee voltage. if 
sparks coour when the oscillator is running there is no perceptible difference in 
‘the character of the sparks. 

‘Tnis simple device is very effective. It is convenient to use because no 
new control has been added to the cyclotrons the operator sixply presses the “on™ 
Dutton, then if the oscillator does not start instantly he hears spark in the 
cyclotron room and the oscillator «imost invariably starts at once. There remain 
certain conditions under which the oscillator will not start, for example, when 
‘the tank gas pressure is too high or when the oscillator grid loop is detuned.
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Furthermore, outgassing of the dee tank after a major shutdown must begin with 

the shorting disc at its highest frequency position, i.e. with the smallest 

oscillating cavity, in order for the sparker to be effective. In spite of these 

limitations the device has proved quite satisfactory. 

sdditionel Comments and Discussion 
Measurements of initial dee voltage response to the spurker have been made 

with the oscillator plate power on and off and with the oscillator filament on 

and off, No significant difference was observed. 
‘When the decay of the dee oscillations was observed (with the oscillater plate 

voltage off, of course) the envelope of the oscillations was found to fall smoothly 

until the dee voltage had fallen to a value roughly 1/3 its maximum, then for a 

short time to drop steeply, thea afterward to decay slowly once again, The sharp 
drop is attributed to the mltipactor effect. 

Changing the tuning of the grid circuit changed the amplitude of spark-induced 
doe oscillation severalfold, which seems indicates the flow of considerable 

capacitative current through the oscillator tute. 
‘The range of operation of tne cyclotron is about 10 to 20 mc. The ringing 

frequency of the current in the sparker loop was found to be about 12 mc, independent 

of the oscillator conditions, The amplitude of ringing is found to decay SO% 

in about 3 cycles. 
‘The efficiency of energy transfer from the condensers to the dee system is 

‘extremely small under the present (original) comtitionn. One could improve 

‘this ty several means, for example, by increasing the tightness of coupling 
between the sparker loop and the oscillator loop, Variable tuning of the sparker 
1200p could also be conssdered. 

Other means of shooking the dee system are possible, and some might be 
better, In the beginning we considered capacitance coupling to the dee itself, 
but decided to try inductive coupling first, partly because it was more convenient 
in our case since the dee chamber is rather crowded, and partly because we thought 

‘that the RF pickup problem would cause less trouble with inductive coupling. 
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Figure 1. Oscillator of the Variable Energy Cyclotron 

Figure 2. The Spraer Installation
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