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THE CLOVERLEAF CYCLOTRON THREE PHASE RADIOFREQUENCY SYSTEN 

Bob Ho Smith 

·Radiation Laboratory, Department of Physics 
Univers~ty of California~ Berkeley, California 

September 9, 1952 

The geometry of the magnetic pole structure in the cloverleqf cycle= 

tron suggests the use of three dees excited by three phase rf placed ~n 

the valleys out of the way of the beamo Experience with the model machines 

indicates that it is desirable to be able to vary the phase angles between 

the three dee voltages through 30 or 40 degrees and to be able to maintain 

them at any given value within plus or minus one degreeo It is desirable9 

also, to be able to vary the phase angle independently of the amplitude 

of the dee voltageso 

There are several possible ways of meeting these requirementso 

The one which was chosen appears to be the most flexible and to best meet 

the problems presented by the center geometry of the machineo 

A block diagram of the three phase rf system is shown in Figo lo 

The system may be described as followso The cryst~l oscillator develops 

the rf signal and excites the phase generatoro The latter generates the 

three phases and provides adjustment of the phase of the B and C vectors . -

without changing their amplitudeo Each phase voltage is amplified by the 

buffer and final amplifier and then applied to the deeo 

The machine is maintained in per~ect tune automatically by a system 

of servomechanismso The particular arrangement which is used requires high 
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loop gain only on the two dee phase servos and at the same time permits 

more dee-to=dee and plate-to-grid coupling than the more obvious connectionso 

Briefly, the function of each servo is as followso 

The "A" amplifier efficiency servo measures the phase angle between 

the grid and plate voltages and adjusts this angle to 180 degrees by tuning 

11A11 deeo Thus, amplifier "A" is maintained at maximum efficiency at all 

timeso 
I 

The "A-B" dee phase servo measures the phase angle between the 

nAn and 11B11 dee voltages and tunes 11B11 dee until this angle is 120 degreeso 

The 11A-B 11 grid phase servo measures the angle between the grid voltages of 

the two amplifiers and adjusts this angle to 120 degrees by means of the 

"B" phase control on the phase generatoro It is evident that the phase 

angle between 11B11 grid f,!.nd 11B" plate is now the same as it is between "A" 

grid and 11A" plateo Thu~, if amplifier "A" is operating at· maximum efficiency 

amplifier 11B11 must be alsoo 

The "A-C" dee phase servo and the "A-C" grid phase servo work in 

exactly the same way as the 11A-B 11 servos except that "A-C 11 is a leading 

angle whereas 11A~B" is a lagging angleo 

The Phase Generator 

The purpose of the phase generator is to produce the three phase 

rf and to provide a means of changing the relative position of the three 

vectors without changing their amplitudeo In order to accomplish the latter 

requirement with a minimum number of components, a special property of 

a 45 degree transmission li~e is employedo Such a line has the property 
.. 

that the magnitude but not the phase angle of its input impedance remains 
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constant as its load resistance is variedo This may be shown as follows~ 

the input ~pedance of a lossless line is 

If ~ _1 :: 45° cos 45° ~ sin 45° = 0 o 707 

Let ~ = RL + jO 

Then g = %: fR; .. ~ + j ~J= Z £ j ( g - o) 
i o Eo + j R~ o 

where tan b 

tan r 
go 

now tan (A - B) = tan A - tan B 
1 + tan A tan B 

<" - -1 1 ~~ Rt) , -6- tan - _Q,_ -·. 
2 R1 c0 

so 

Where R1 is zero, the input impedance is equal to Z0 and inductiveo 

As R1 is increased, the magnitude remains Z0 but. the phase angle becomes 

progressively smaller until R1 is equal to Z0 o As RL is further increased 

the magnitude still remains Z0 but the phase angle changes sign and becomes 

progressiv:ely larger until, at R1 equal to infinity, it becomes 90 degrees 

capactiveo 

Figure 2 shows the basic circuit of the phase generatoro 

Consider channel B .in Figo 2o ·A constant 60 degree le~ding current 
. 

is produced by the resistance capacitance combination in the grid circuito 
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The voltage produced by this current flowing through the input impedance 

of the 45 degree ·transmission line is applied to the grid of the tubeo 

Since the magnitude of the input impedance of the line is independent of 

the load resistance of the line and the current is constant, the magnitude 

of the voltage applied to the grid is constanto The phase of this voltage 

can be shifted ahead or behind the current by changing Rto When R1 is 

set equal to Z0 , the phase of the voltage applied to the grid leads A by 

60 degreeso Since there is a phase shift of 180 degrees t~ough the tube» 

the output voltage of channel B lags A by 120 degreeso Channel C performs 

in the same manner except that the initial current lags by 60 degrees and 

so the output voltage.leads phase A by 120 degreeso 

In actual operation the load resistors, R1~ are driven by servo 

motorso Of course, if one wanted an entirely electronic system R1 might 

be the plate resistance of a vacuum tube transformed to a suitable value 

by means of a tuned circuito Then the phase could be shifted by varying 

the bias on this tubeo 

Phase Drift in Rf Amplifiers 

The plate circuit of a typical rf amplifier can be reduced by means 

of Thevenins theorem to the circiut of Figo 3o The relation between the 

input and output voltages and the parameters of the circuit is: 

= 1 
1 - j Q f- (~o )J 

(1) 

The phase shift through the circuit isg 

(2) 
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Suppose we assume that the change in phase of the output voltage is caused 

by a drift in the resonant frequency of the tuned circuito We can find 

how the phase changes as f 0 drifts by differentiating,Eqo, (2): 

(3) 

It is evident that the greatest phase change occurs for f = f 0 so the maximum 

phase drift is 

(4) 

The drift in a tuned circuit is less then 100 parts per milliono The maxi= 

mum Q which we can tolerate for Ool degree drift is 

Thus, if the loaded Q of the tuned circuit is made about 10 the phase drift 

in the electronic circuit will be about Ool degrees per stage of amplificationo 

In a well designed system the drift in the electronic equipment is small 

and the servo equipment is used only to compensate for the thermal changes 

in the dee structure itselfo 

Measurement of Phase Angle 

The phase information of the dees and final amplifier grids is ob-

tained by means of loops and is transmitted to the phase measurement equiP= 

ment by means of unterminated transmission lineso Lossles~ lines have the 

property that the phase shift along the line is either zero or ~ o The 
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phase shift due to cable loss is most severe for a line whose lengths 

is near an odd multiple of a quarter wave le~gtho It is advantageous there= 

fore to make all cables an even multiple of a quarter wavelengtho 

Upon reaching the phase measurement rack the signals ~e converted 

to a convenient audio frequency (15 kc has been chosen as standard) where 

stray capacitance has negligible effecto This is accomplished by means 

of a heterodyne frequency converter which has the property that the ampli

tude of the audio output signal is independent of the amplitude of the rf 

inputo In addition, the frequency converter contains an anti-noise circuit 

which supresses arc noise and power supply ripple which might be carried 

by the rfo 

The output signal of the frequency converter is amplified and applied 

to the phase metero The audio signal is monitored by oscilloscopes which 

provide a check on phase and the quality of the audio signal by means of 

Lissajou figureso An electronic switch circuit and associated oscilloscope 

has been developed so that three Lissajou figures can be presented on one 

screeno 

The output voltage of the phase meter is sent to the servo control 

amplifier which operates the dee stem tuning motorso Let us now consider 

each component of the systemo 

The Frequency Converter 

Figure 4 shows a simplified diagram of the frequency convertero 

The values of the parts shows are typicalo Any number of channels 

may be usedo The local oscillator frequency is 15 kc less than that of 

the rf input and its amplitude is made small compared to that of the rf so 

that distortion will not be present in the audio output signalo 
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Consider the vector diagram of Fig. 5. The voltage applied to diode 

1, eDl' is the vector sum of the rf input~ ea, and the local oscillator 

voltage, e0 • The angular velocity of the oscillator vector differs from 

that of the rf input by the amount corresponding to the difference frequency 

of the two vectors. Thus, the amplitude of eDl oscillates at the audio 

rate between ea plus e0 and ea minus e0 • The diode rectifies this wave 

~~d produces a d.c. component equal to the magnitude of the rf voltage 

and a 15 kc. audio component . having the same amplitude as the local oscil= 

later signal. It is apparent from Fig. 5 that the crest of the audio cycle 

occurs at the instant for which e0 is in phase with ea• Since e0 is rotating 

with respect to ea at an a.udio rate it is evident that the number of degrees 

between the audio crests of the A and B channels is the same as the number 

of degrees between the rf vectors ea and eb. Hence, the frequency converter 

preserves phase. 

Unfortunately, the problem is somewhat complicated by the fact that 

the rf signal contains arc noise and rectifier ripple. Since these occur 

on the rf as amplitude modulation they appear in the diode load circuit 

along with the d.c. and 15 kc. audio components. Figure 6 shows a method 

of suppressing this noise. A second diode is added to each channel with 

identical circuitry as the signal diode except that the local oscillator 

signal is absent. Thus the output of this circuit contains exactly the 

same noise component as the signal channel but does not contain the 15 kc 
~ ?f· 

audio. The two signals are applied to the grids of a difference amplifier 

which subtracts the noise and leaves only the 15 kc. signal. The output 

signal of the frequency converter is .amplified by a conventional audio 

amplifier~ in which care has been taken to minimize phase shift~ and is 

applied to the phase detector. 
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The Phase Detector 

A simplified diagram of the phase detector is shown in Figo 7ao 

In Figo 7b, C is the midpoint of bf ABo The doco output voltage of V1 

is EA/2 and of.V2, Eao It is evident from Figo 7b that if EA and EB are 

of equal magnitude and differ in phase by 120 degrees that angle OAC will 

be 30 degrees and that ER will be half of EAo If EA and EB differ in phase 

by more than 120 degrees ER will be less than half of EA and if they differ 

in phase by less than 120 degrees ER will be greater than half of EAo 

Thus, if the phase angle is greater than 120 degrees 6 Ea is negative~ 

equal to 120 degrees ~ Ea is zero, and less than i20 degrees A ER is posi

tiveo In general, if one solves the vector diagram of Figo 7b he obtainsg 

.dE1:1;: {(1- 6. E) sin2l {60- 8)+ -
4
1 D. E2- !_ 

ll. • 2 ' 2 (5) 

AE is normally made equal to zero by adjusting the gain controls on the 

audio amplifiers and the ~ER meter can be calibrated to read directly 

in degrees by means of Eqo (5)o 

The two voltmeters in Figo ?a are of the differential vacuum tube 

voltmeter typeo It has been found advantageous to regulate the filament 

voltages of the diodes v1 .\l v2.1l and v3 .9 by means of a sola ·.ri~~ent transformer to 

minimize drift in their contact potential.ll which is the greatest source of 
·~""' 

drift in the circuito With this precaution, and an audio signal level of 

6 volts peak, the long time drift seems to be about one degreeo Increas= 

ing the audio signal level to 100 volts should reduce this drift to less 

than Ool degreeso 

Figure 8 shows a simplified circuit of the phase meter and differential 

voltmeter with output connection for signal to the servo control amplifiero 
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R~ controls the phase angle for which the servo system nullso 

In the center it holds at 120 degreeso 

The Servo Control Amplifier 

The servo control amplifier is a perfectly conventional motor con= 

troller as shown in Figo 9o It consists of a Brown converter which con

verts the doCo signal to a 60 cycle squa~e waveo This is amplified by a 

standard resistance coupled amplifier with a gain of ~pproximately 750 and 

applied to the grids of the grid controlled rectifierso If there is no 

signal applied to the amplifier, the rectifier,. being full wave, produces 

no 60 cycle component and the motor does not runo In this condition the 

doCo component of the rectifier output serves as a brake, which in~idently9 

increases the stability of the servo considerablyo If the input signal to 

the control amplifier is positive the square wave produced reduces the out

put current of one of the rectifier tubes and increases the output of the 

othero This provides a 60 cycle component and reduces the doCo component 

of the rectifier output 9 causing the motor to turno If the input to the 

servo control amplifier is negative 9 the phase of the square wave produced 

by the converter is inverted, and the phase of the 60 cycle component in 

the rectifier output is inverted and the motor turns in the opposite diree= 

tion 9 

It is evident that the servo system is of the non=linear typeo 

The system is velocity limited for signals far from the null point, inertia 

controlled near the null point, finally coming into the null point tangentially 

as the doCo braking component takes effecto 
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The Tuning Mechanism 

The servo motors drive tuning capacitors by means of a gear traino 

It is essential to stability in the servo system that the compliance in 

the drive system be kept to a minimum so that the system is mass controlled 

up to a sufficiently high frequency to prevent hunting. (About 10 cps) 

It is desirable to keep th~ inertia of the mechanical system to a minimum 

in order that the speed of response may be a maximum. 

The capacitors used on the 20 inch machine were sufficient to pro

duce a change in the resonant frequency of the resonator of 2 percento 

This is quite adequate to take care of the worst temperature changes which 

occur on this machineo It is necessary to keep the capacitor lead induct

ance to a minimum and to be sure that the tuning capacitor does not intro

duce anti-resonant modes~ as seen by the amplifier, at any of the harmonics. 

Actually one only has to be very careful for the second, third, and fourth· 

harmonics since the amplifier tank circuit can be made to effectively SUP= 

press the higher harmonicso 

The tuning capacitors must be designed to withstand sparking. When 

a spark occurs at the dee a high voltage transient travels down the dee 

stem and sparks across the relatively small gap between the capacitor plateso 

Ball gaps were used to protect the capacitor plates~ but, while they help~ 

they are not sufficient to completely prevent discharges at the plateso 

The Characteristics of the Resonator 

The dee stems are foreshortened~ shorted transmission lines loaded 

by the dee to ground, and dee-to-dee capacitances. Over the narrow fre= 

quency range which the machine tunes, one may consider the stem as a lumped 

inductance and the dee loads as capacitances without serious error. In 
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addition of course, the skin losses and beam power may be represented by 

resistances. Kssuming the validity of these assumptions the equivalent 

circuit of the resonator is shown in Fig. 10. 

Physically, the dee-to-dee capacitance~ are concentrated near the 

tips of the dees. Since the source is placed between two of the dee tips 

and the capacitance between these dees is,appreciably lower than the others. 

This has serious consequences as one can see from the vector diagram of 

Fig. lL 

Iab is drawn 90 degrees ahead of Vab and Iac is drawn 90 degrees 

ahead of Vac. If Iab does not have the same magnitude as Iac ·the sum of 

these two currents will have a component in phase with Va and thus will 

modify the apparent Q of A stem. While the dee-to-dee currents are small 

compared with the dee to ground currents, the inphase component of these 

currents can be very large compared with the inphase component of dee-to

,ground current as a result of the high resonator Qo 

Ks an example, consider a system for which the resonator Q is 5,000 

and for which one dee-to-dee current is two percent of the dee-to-ground 

current and the other dee-to-dee current is one percent of the dee to ground 

current. Then the inphase component of the sum of the dee-to-dee currents 

will be 0.5 percent of the dee-to-ground current. However, the inphase 

component is only 0.02 percent of the dee-to-ground current. Hence, the 

apparent Q of the "A" stem resonator will be reduced to 4 percent of its 

original value and amplifier "A" will be intolerably - overloaded. 

Physically, this means that if the dee-to-dee capacitances are not 

balanced, power will flow from one dee to the other. It is entirely pos= 

sible for amplifier 11A11 to deliver more power.to one of the other dees than 
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to its own. This condition can cause quite a neurosis in the servo control 

system. The "B" dee servo system might detect a phase error for example, 

but if B amplifier is delivering its power to "C" dee then the servo, in 

attempting to correct the error, might cause more change in the phase of 

11G" ~dee than it does in "B". Hence the "C" dee serve, system operates and 

disturbs "A" or 11 B11 • The process continues until the protective equipment 

turns off the power. Of course, all of this merely means that we must 

reduce the dee-to-dee coupling. This can be done by means of the neutral

izing lines which will be discussed in the next section. 

At first one might think that the way to eliminate the above dif

ficulty might be merely to use adjustable dee-to-dee capacitors so that 

they can all be made equal. It is true that then there would be no power 

flow from dee-to-dee when the phase angles W3re 120 degrees and the dee 

voltages exactly equal. However, if one of the vectors were displaced 

a few degrees there would be power flow and the system would hunt. The 

answer to the problem is to neutralize the dee-to-dee capacitances. 

The Theory of Neutralization 

The simplest way to provide neutralization is connect inductances 

across the dee-to-dee capacitances making the circuit anti-resonant at the 

operating frequency. Then there can be no power flow from dee-to-dee and 

the machine is neutralized. This was done in the case of the 36-inch elec= 

,tron model and it worked very satisfactorily. However 9 in large machines 

the Q of the res.onators are very high and it is diiTicult to build induct

ances to connect from .dee-to-dee with sufficient Q to prevent power trans= 

fer. Probably the problems of holding voltage across such an inductance 

would be prohibitive also. 
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The method which was used on the 20 inch machine and which would 

be used on any high voltage machine makes use of neutralizing transmission 

lines connected from dee stem to dee stemo It must be emphasized that 

this is not equivalent to connecting inductances from dee-to=dee in two 

respectso It changes the resonant frequency of the resonator while the 

inductance method does not and almof)t perfect neutralization is possible 

with ordinary ~ransmission line losses, whereas it is not with ordinary 

inductance losseso 

The neutralizing lines may excite the dee stems by means of loops 

coupling the magnetic component of the field in the stem although the anal

ysis here will assume a direct connectiono The two methods are equivalento 

In using loops it is necessary to keep the sense the same at both etidso 

Also, two lines and hence two loops are coupled to each dee stemo Care 

must be taken to keep the leakage flux to a minumum and to prevent leakage 

flux from coupling the two adjacent neutralizing lines togethere This 

is accomplished by placing the neutralizing loops close to the center con

ductor in the stem keeping the number of turns to a mini~um, and preferably 

placing the loops on opposite sides of the center conductoro 

The position of the loops and hence the coupling can be varied by 

means of drive motors remotely controlled from the operating consoleo The 

lines and loops should be solidly built so that vibration will not vary the 

coupling and modulate the apparent dee-to-dee capacitanceo In practice 9 

this is not a serious problemo 

One can build the three phase system by the superposition of three 

single phase systemso Thus, if we can determine the conditions necessary 

to neutralize the dee-to-dee capacitance b~tween two dees we can obtain 

the neutralized three phase resonator by superpositiono 
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Consider the circuit of Fig. 12 which represents two.dee stems and 

the dee-to-dee capacit4Dce. Suppose that only one of the two stems is 

excited as indicated by Va• We seek the value of Vn which will cause VL 

to be zero~ ioeo we wish the excitation_of "A" to produce no voltage on 

the other deeo 

If v1 is zero then 

(6) 

Treating the section 1 1 of B stem as a transmission line, one finds that 

the boundary conditions at the load are: 

VL: 0 

IL =- j Vaw Cnn 

Applying the general transmission line equations which are: 

Vs : VL cos ? .1 + j IL B0 sin f;1 

Is = IL cosP.l. + j !~ sin t9 1 

one obtains: 

and 

(7) 

(8) 

(9) 

The required neutralizing voltage can be obtained by running a transmission 

line to A stem as shown in Fig. 13. By applying the transmission line 

equations to line 3 using Vn and In as the load voltage and current respec~ 

tively we have: 
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vx = vn cos ~J.. 3 + j. ~0 in sin~..€3 

ix =·in cos lJ. 3 + j~ sin ~J.3 
Ag11in applying the transmission line equations to line one of 11! 11 stem and 

using Vx and (ix plus j g0V¥anp?~ 2
) as the load voltage and current we 

have 

Va = Vx cos ~.1. 1 + j ~0 /ix + ..... Vx . ) sin ~.1 1 (10) 
\- J ;;o tan (81 2 

now: 

j ~ (ix + Vx ) - V (_ 1 1 ) J? .1.. 
o J :go tan f4' .L 2 - n l tan (i .1.. 1 + tan ,8 .1 2 cos ~ 3 ~ 

v sin f! .13 + Vn cos P..i3 r +tan ~.J. 3~ 1 + 1 Sl (11) 
n tan ,.6' ..t 2 ~~ ~ tan,.&il tan,!-? ..e ~ 

substituting this into (10) we get: 

Va = vn cos f]ll cos tB_..e 3 Et tan,s-e 3 (t 1~ -\- 1 J) +-
- an f6' 1 tan f' ,e 2Jl 

v~ cos p.i. 3 slnfU 1 { tanfl'-1' 3 [- 1 + 

tanft_.e 2 {tanf>..e1 + tan1
;.( 2 )~:an

1,&..e 1 +tan;~~ (12) 

Upon substituting the expression for Vn (Eq. 8) we·have~ 

C
2 

17_ . :: sin 2 (9 -i 1 cos ~ ..i 3 l2 +- tan ~ .J. 3 f__l~~ + ...---=2:....,....-
cu DD zro L~ . ~tan fJ ,t. 1 tan / ..e 2 -

tan f1J. 1) + tan ,8 .11 (_ 1 + 2 \) 
tan ,6' ..t 2 ~tan ~.). 2 

(13) 

solving for cot (9 J.. 2 we get the design equation for the neutralizing lines: 

cot tB .1 2 = - B t { B2 - C (14) 



where: 

B = 1 T tan (J j_ 3 
tan ~.1.1 
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2 
C = 2 + tan ~ J. 3 (tan 

1 fd ..f. 1 - tan ,6' ..l1) c..> CDD ~0 sin 2 (3..1...1 cos (8.1.. J 

The procedure in designing a set of neutralizing lines is to select 

J. 1 and i.. 3 to best meet the structural requirements of the machine. Then 

B and C ·can' be computed and Eq. 14 solved for .-1. 2 .. 

The previous analysis does not take perturbations such as the stem 

tuning capacitors into account and so it is best to model the resonator, 

after it is once designed, using ordinary coax (RG 8/U) for the dee stems 

and neutralizing lines, mica capacitors to represent the dee-to-ground and 

dee-to-dee capacitances, and mica trimmers to represent the dee stem tun-

ing capacitors.· The voltages and currents on the various lines can be 

obtained either from the model or by ordinary transmission line calculations. 

The performance of the neutralizing lines is indicated by the neu-

tralizing coefficients which are defined as follows~ 

where ej is the voltage appearing on j dee when only i dee is excited to 

a voltage ei• It is assumed that ej is tuned to a maximum at the time 

of the measurement. As an example of the magnitude of these coefficients 

for an actual machine, the coefficients for the 20 inch proton machine 

normally were below 3 percent. The rf model of the 20 inch had coefficients 

between 7 and 10 percent. The latter can be expected to have higher coef= 

ficients than the actual machine because the lines in such a model are not 

as lossless.as the ones in an actual machine. 
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The procedure for adjusting the neutralizing lines on the 20 inch 

machine consists of measuring the neutralization coefficients and adjusting 

them to a minimum by means of the coupling adjustments on the neutralizing 

lineso It is necessary to let the machine down to air in order to avoid 

difficulties with ion lock during this adjustmento This latter requir~ 

ment might be avoided by exciting all dees simultaneously and modulating one of them 

with a suitable low audio frequencyo The neutralizing line coupling loops 

could then be adjusted until no modulation components appeared on the other 

two dees. 

Control Equipment Needed on a Large Machine 

In addition to the phase and efficiency servo equipment described 

in this report, there are several other pieces of equipment which our ex- • · 

perience indicates would be.desirable on a large machine. 

First, one needs a method of adjusting the neutralizing loops without 

letting the machine down to air. A method was suggested in the section 

of the report on the theory of neutralizatione 

Secondly, a device which would tune the dees to resonance before 

the final amplifiers are turned on would be desirableo In order to break 

through ion lock it is necessary to have the dees in proper tune before 

the main rf is appliedo One way of accomplishing this would be to excite 

the dees to a few volts and insert amplifiers in the servo system input 

signal lineso The servo equipment would then tune the dees automatically 

just as it normaly does at high powero 

Thirdly, equipment to protect the final amplifiers against loss 

of load is neededo For example~ suppose the machine were operating with 
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a heavy beam load and a spark occured. The rf - d.c. interlock would remove 

the dee excitation for a few seconds while the spark is extinguished and 

the vapors removed. When the excitation is applied again there might be 

very little beam due to a slight thermal change in tuning. With almost 

no load on the final amplifiers the screen current might be sufficiently 

high to damage the tube before the beam was brought back to normal. A 

device which would sample the screen current and prevent overload by re= 

ducing either grid drive or screen voltage is needed. 

Fourthly, a signal which will de-energize the servo equipment when~ 

ever dee excitation is removed and which will energize the equipment again 

a few seconds after the excitation returns is needed. This device can be 

part of the rf - d.c. interlock. On the 20 inch machine it consisted of 

a thyratron time delay ccmtrollable from one to twenty seconds. It was 

usually set at three seconds. 

Conclusion 

Figure 14 is a complete schematic of a typical servo control system 

for a three phase cyclotron. It contatns two phase servos and one efficiency 

servo. Control equipment of this type has proven to have high dependability. 

The equipment used on the 20 inch machine, for example, has had more than 

900 hours of operation with negligible maintenance. The reason for the 

high dependability is that the low amount of power involved in such equiP= 

ment makes possible large safety factors. Figures 15 - 19 show various 

.views of ~he equipment used on the 20-inch cyclotron. 

The rf system described in this report is quite simple in concept. 

Once the neutralizing loops are adjusted the machine behaves like three 
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separate single phase systems. In high power installations, where adequate 

safety factors are difficult to achieve, the reduction of the rf equipment 

into three small independant units is indeed a convenient property of this 

type of three phase system. 

L~ormation Division 
9/10/52 bw 
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FIGURE 1 MU-4453 

Block diagram of the three phase rf system. 
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INPUT PHASE A 

FIGURE 2 

MU-4454 

The basic circuit of the phase generator. 
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The basic circuit of the fre0uency converter. 
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FIGURE 5 

MU-4457 

TGe vector.eiacram of .~he frequency convertero 
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The frequency converter and ncise suppressor. 
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FIGURE 78 

MU-4459 

Fig .. 7a 

The b2sic circuit of the phase meter. 

Fig-. 7b 

The vector dia§ ram of the Dhe_se meter. 
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FIGURE 8 MU-4460 

The basic circuit of the phase meter and 
assoqiated metering equipment. 
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The ba.sic circuit·or the servo control amplifier. 
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FIGURE 10 
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FIGURE 11 
_ MU-4462 

Fig. 10 

The equivalent circuit of the three phase resonator. 

Fig • 11 

The vector diagram of the three phase resonator. 
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The ecuivalent circuit of two dee stems and 
the dee to cee capacitance. 

Fig. 13 

T~1e ecuivalent circuit of hw oee stems~ the 
dee to dee·capacitance and the neutralizing 
line. 
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I 

Fig. 15 

The consol of the 20 in. cyclotron. 
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Fig. 16 

Rack 108 contains most of the phase control equipment ~ 
for the 20-inch cyclotron. From top to bottom the 
chassis are: dee audio pre-amplifiers, dee phase meters, 
frequency converter-s, gr i d servo control smplifiers, 
grid phase meters and gr id audio pre-amplifiers. The 

· oscilloscopes in rack 109 monitor the phase signals 
by means of lissajou figures. Left to right and top 
to bottom the oscillo scopes show the following phase 
information: A dee B dee, A dee C dee , B dee C dee, 
A grid B grid, A grid C grid, B gr id C grid . 
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Fig. 1'1 

One of the three final amplifiers of the 
20-inch cyclotron. The tube shown is a 
RCA 6166. 

UC J.- 1-1884 
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Fig. 18 

The three neutralizing lines of the 20-inch 
cyclotron are connected from dee stem to 
dee stem. 

· uc:::L-1884 

ZN365 



I' 

f 

-- ~ - -._I.. -

Fig. 19 

An interior view of the shorted end of one 
of the dee s t ems of the 20-inch cyclotron. 
The t wo r ectangular openings in the rear 
are the ends of t he neutralizing lines. 
The t wo rect angular coils are the neutral
izing loops the position of which is ad
justable by means of motorP mounted above. 
The rectangular opening to the right is 
t he end of t he dr iving transmission line. 
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