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TOR OF THE 88-IN. CYCLOTRON 

From the 
 amecageeryl And the resonator, the rf skin losses were com- 

to be 121 kw for a dee voltage of 

and current distribution of the resonator are shown in F The 
ef current 

ig. 3. 
om and the 

kv. 

The stray- 

Experience with cy- 

The miscellaneous losses such 

kw. 

the maximum particle energy, 

wmwargin, eo 300 kw of rf power 

omponents in the oscillator anode 

in a number of ways. 
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Visualised as transmission tines, the anode and grid circuits are designed to operate 
with very high standing-wave ratios. Such lines have the property that the phase of the 
voltage between the input and any other point on the line is either sero or pi. By using 

the ri o Sor Seon eee = eee Sear Se ing ee eee 
ith the anode voltage eughout the operating range. he price one pays for thie prop- 

mission lines is a negligible reduction in efficiency. The short length of the 
urrent densities makes the losses 1ess than 1% of the transmitted HE
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transmission tine operates in a foreshortened half-wave mode to provide the 
eal necessary for oscillation. Fringing panels attached to the main tuning 
resonator vary the c ling of the resonator to the grid line in such a way 

ly constant through the operating range of frequen- 
se was worked out experimentally on the 1/4-ecale rf model. The voltage end 

distribution of the grid line is chown in Fig. 8 Mie
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THE OSCILLATOR ELECTRONICS OF THE 88-IN. CYCLOTRON 

The oscillator circuit is shown in Fig. 9. The operating characteristics of the 6949 
ae determined from the constant current characteristics are shown in Table I. 

One of the probleme with oscillator tubes results from the amount of energy 
prailable from the resovator during sparking. With conventional tubes having squirrel- 
cage grids of véry light wire, the spark will often biast through the grid structure. The 
tmmechanical damage often causes a grid-to-cathode short. 

.. For accelerator applications, a tube should have a sufficiently heavy grid to absorb 
a joules of energy iz an area determined by the cross section of the epark. The 
949 as shown in the crose-sections! drawing of Fig. 10,has such a grid. Also, the grid 

is shielded from anode sparks by the shield tees, which are massive copper structures 
atroost immune to spark damage. 

Another feature that is desirabie in an oscillator tube is poe power sensitivity. Thie 
zeduces the size of the grid line and simplifies the problem of coupling the grid to the 
resonator. Also it makes it feasible to use a large safety factor in the design of the grid 
vacuum insulator. 

THE OSCILLATOR POWER SUPPLY 

The oscillator requires an anode supply voltage adjustable from 0 to 20 kv at currents 
to 25 amp. Voltage control is achieved by a tap-changing transformer in the three- 

ac lines ahead of the rectifier transformer. The rectifier is a three-phase, full- 
wave, silicon-dicde stack. Vacuum switches connected in the three-phase, 16.6 kv ac * 

| phipes feeding the rectifier are used as a felatively h-speed disccnnect for overcurrent 
protection. Im the event of a fault, they open within 10 msec plus the time to the first 
current sero. The vacuum switches were included so that an ignitron crowbar could be 
employed if necessary™~. 

Following the rectifier ic a Federal type D-50 triode operating as a hard-tube modulator. 
it has two functions. First, it ie a device used to regulate the dee vottage, tewoving 
such perturbations as rectifier ripple, noise from the ion source, and changes in beam 
loading. Its second function is as a high-speed disconnect to protect the 6949 from 
power arcs. In this service it will opea the anode circuit within 10 usec of a fault. ‘ 
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The de anode-supply cable is terminated in its characteristic impedance at the power 
supply so that resonances will not occur and prcduce high rf voltages or currents with- 
im the components of the pewer supply. : 

C PROTECTIVE EQUIPMENT 

* The febit detector contains a number of inputs, each sensing a particular type of 
fault. Firet there ie the ri-dce interlock. Periodically, in normal operation, the dee 
will spark. When thie occurs the ri maintaine an arc which reduces the dee voltage to 
about sero. The oscillator must be turned off until the vacuum system has had time to 
Femove the products of the discharge. Then the rf can be turned on again. The re- 
ee sec. The rf-dc interlock compares the dee voltage with 

@mount of cecillator anode dc. If the ratio is too low, indicating the presence 
arc, the fault detector opens the anode circuit and recycles, approximately ! sec tater 
bringing the machine back into operation. 

The e' : pias me ee ee a ee eae Sy ee ES elmewts, a 
charge persist for about a millisec . Thie long to vaporize foreign 
material which initiated the spark. ats aeciaitne ame aen deen ce toe mee 
bake the resonators in. If it is made too slow, the spark damage to the dee and linear 
ourfaces will be excessive. ence indicates that 1 msec 

™, 

second RC network, also located in the rectifier tank, is connected across the dc-output 
terminals of the rectifier. 

INSTRUMENTATION 

The movable resonstor panels are used as the coarse frequency adjustment. A servo- 
operated trimming capacitor provides fine adjustment. The trimmer is pert of an auto- 
matic~-frequency-contrel eystem designed to regulated the frequency tc an accuracy of 10 
parte per million. 

Provision is being made with the hard-tube modulator to regulate the rf dee voltage 
te 0.1%. Dee voltage is measured by means of a pick-up bop located in the resonator. 

CONCLUSION / 

The three most important differences between cycictron rf problems and industrial 
probleme are {a) the fact that a cyclotron resonator is a sparking load capable of 
livering relatively large amounts of energy within each spark to the various electronic: 

omponents; (b) the multipactoring problem, common im the field of particle acceleratore, 
®arely occurs in other industrial applications; (c) rarely in industrial applications is it 

/ required to tune so much rf power continuously over such a wide band of frequencies. 

The first difference above complicates the design of the oscilintor and power supplies 
' and leads to elaborate and expensive high-speed protective circuitry. It calle for an os- 

‘ -eillator tube of unusually rugged internal construction. The massive grid bars hidden 
Civem the anode by even more massive shield tees makes the 6949 particularly well-suited 
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to thie application. The third difference intensifies the parasitic and harmonic probleme. 

oblem of stray rf radiation common to all industrial rf applications is auto- 
Ps at somewhat by the fact that the resonator has to be vacuum-tight, auto- 

making it rf-tight. While the oscillator tube and other electronic components 
‘ps lly eystem, the rf currents and voltages here are relatively low com- 

salam within the resonator. i



9 

a 

REFERENCES ~ 

“Disintegration of Lithium by Swift Protons," J.D. Cockcroft and ©.T.S. Walton. 
Nature, vol. 129, 1932, p. 649. 

"The Production of High Speed Light lone without the Use of High Voltage, " £.O. 
Lawrence and M.S. Livingston. Phys. Rev., vol. 40, 1932, p. 19. 

“The Synchrotron - A Proposed High Energy Particle Accelerator," E.M. McMillan. 
Phys. Rev., vol. 68, 1945, pp. 143-144. 

“Frequency Modulated Cyclotron," J.R. Richardson, K.R. MacKensie, E.J. Lofgren, 
and B.T. Wright. Phye. Rev., vol. 69, 1946, p. 669. 

' “Obeervation of Antipsctons, " O. Chamberlain, KE. Segré, C. Wiegand, T. Ypaitantis. 
Phys. Rev., vol. 100, 1955. pp. 947-950. 

“The Pathe of Ions in the Cyclotron,’ 1.H. Thomas. Phys. Rev., voi. $4, Oct. 1938, 
pp. 560-598. e 

“Two Electron Models of a Constant-F requency Relativistic Cyclotron, “E.L. Kelly, 
®M.V. Pyle, R.L. Thornton, J.R. Richardson, and B.T. Wright. Rev. Sci. Instr. 
Vol. 27, July 1956, pp. 493-503. 

"Constant-F requency Cyclotrons with Spirally Ridged Polee,"' D.W. Kerst. Mid- 
‘western Universities Research Association Report, MURA 64, March 27, 1955. 

“Fined-Fieid Alternating-Gradient Particle Accelerators," K.R. Symon, D.W. Kerst, 
L.W. Jones, L.J. Laslett, and K.M. Terwilliger. Phys. Rev., vol. 103, no. 6. 
Sept. 1956, pp. 1837-2859. si —_ 

(a
e)



i sie 
¥ 

| Table I. Maximum cperating conditions for the RCA 6949 
for the 88-in. cyclotron 

Plate voltage, D.C. 15 kv 
Plate current, D.C. 25 amps 
Grid current, B.C. 1.4 amps 
Grid bias, D.C. : -700 volts 
Grid hias resistance 560 ohma 
Driving power 3 kw 3 
Ri plate voitage 14 kv peak 
Rf plate current 139 amps peak 
Rf grid voitage 2 kv peak 
Power output 319 kw 
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FIGURE LEGENDS | 

Fig. 1. A twenty-fourth scale model of the 88-in. cyclotron. This variable-energy, 
spiral-ridge cyclotron will provide beams of deuterons, protons, a pha particles, 

numerous heavy ions such as oxygen, carbon nitrogen, and necn. 

Fig. 2. Cross-sectional views of the 88-in. cyclotrom. The resonant frequency is ad- 
by varying the characteristic impedance of the dee stem with the movable panels. 

It tunes from 5.3 to 16 Mc. . 

Fig. 3. The Voltage and Current Distribution of the Resonator. 

Fig. ¢. The equivalent circuit of the ‘rf system. 

Fig. 5. The higher modes (resonsnt frequencies) in the anode circuit of the rf system. 
The circuit elements of the rf system were adjusted eo that the first two higher modes 
would not be excited by an oscillator harmonic. 

Fig. 6. The quarter-scale rf model. This model wae used to determine the values of 
many of the components of the rf system. 

Fig. 7. The dee and stem of the quarter-scale rf medsi. The corrugated dee stem 
e-weduces the current density at high frequencies. The anode drive loop and coupling- 
adjustment capacitor are shown on the right side of the dee stem. The structure on 
top ie the grid transmisaion:tine! ic. 

Fig. 8. Voltage and current distribution of the grid transmission-line. 

Fig. 9. The oscillator circuit. 

Fig. . woes-aectional views the A jcourtesy of R.C.A.) ut-sway ig. 10. C " of RCA 6949 ¢ (A) Cc 
view of the 6949. (B) Simplified cross section. Note the spiral grooves in the anode 
to improve the water c - Also, note the massive shield tees which shield the 
grid from anode sparks. (C) Cross eection of one of the 48 triode units. The grid 
and shield tees form an electron optical system that provides very high power gain.
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