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IHE CLOVERLEAF CYCLOIRON IHAJE PHASE RADIOFHEUENCY SYSIE

Bob H. Smith

Mediation Laboratory, Department of Fhysics 
University of California, Berkeley, California

September 9, 1952

Introduction
The geone try of the magnetic polo structure in the cloverleaf cyclo-

tron suggests the use of three dees ezcted by three phase rf placed in 

th* valleys out of th* way of the teen. Experience with the model machines

indicates that It is desirable to be atle to vary the phase angle* betveen

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

then at any given value within plus or minus one degree. It is desrable.

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

of the de* voltag**.

There ar* several possible ways of Meeting those requirements.

The on* which was chosen appears to be the Most flexible and to boat meet

the problems pre sented by th* center geometry of th* machine.

* block diagram of th* three phase rf system is shown in Fig. 1.

The system nay to described as follows. The crystal oscillator develops 

the rf signal and excites the phase generator. The latter generates th*

three phases and provdes adjustment of th* phase of the E and C vectors

without changing their mmpltude. Bach phase voltage is ampliried by the

buffer and final amplifier and then applied to th* dee.

The machine is maintained in perfect tune out rw*tieally by a system 

of servomechanisms. Th* 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

Bore dee-to-dee and plate-to-gr id coupling than the more obvious connections-

Eriefly, the function of each servo is as follows.

The "A" amplrier efriciency servo measures the phase angle between

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

•A" dee. Thus, aapliflor "A" is Maintained at maximum efficiency at all

tmes.

The "A-E" doe phase servo memsures the phase angle between the

"A" and "B" dee voltages and tunes 'b* doe until this angle is 120 degrees.

The "A-B" 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 generator- it is evident that the phase

angle between "B" grid and "B" plate is now the smme as it is between "A"

grid and "A" plate. Thus, if amplirier "A" is operating at maximum efficiency 

aep^ifier "B" must be also.

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

exactly the sane way aa the "A-E" servos except that "A-C" ia a leading

angle whereas "A-B" is a lagging angle.

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 ampltude. In order to accomplsh the latter

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

a 45 degree transmsson line is employed- 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 raried. This may be shown as follows:

the input impedance of a lossless line is

it cos 2 + 5 Bq sin P A 
z, cosgL. jLsinr

it 8.2 =L5° cos £5° ■ sin £5° = 0.707

Let

Then
2, = &.

JO

S,-1*,_, . a01-no-3RL •
uhere tan 6 = Se

tan r = Si

noxtan(a-B)= tn4ntnfs
8 - x = tan 1 1

so

a, = *o e3 * uhere e = tan-1 1 - RL)2 (RL #o)
hhere RL is zero, the input impedance is equnl to Zo and inductive.

As RL is incrensed, the magnitude r—im Zo but the phase angle becomes

progressively smaller until RL is equal to Zo. As RL is further increased

th* magntude still remains Zo but th* phase angle changes sign and becomes

progressvely larger until, at RL equnl to infinity, it becomes 90 degrees

capactive.

Figure 2 shows the basic circuit of the phase generator.

Consider channel B in Fig. 2. A constant 60 degree loading current

is produced by the resistance capacitance combination in th* grid circuit.
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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 tube.

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

the load resistance of the line ua the current is constant, the magntude 

of the voltage applied to the grid is constant. The phase of this voltage 

can be shifted ahead or behind the current by changing RL- hen RL is 

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

60 degrees. Since there is a phase shift of 140 degrees through the tube, 

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

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

so the output voltage lends phase A by 120 degrees-

in actual operation the loud resistors, RL» are driven by servo

motors. Of course, if one wanted an entirely electronic system RL might 

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

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

the bias on this tube.

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

of Thevenins theorem to the elrciut of Fig. 3. The relation between the

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

Ee e ________ 1___
•1 1 - J Q T -

L 2To -1

The phase shift through the circuit is :

tan e • Q

tl)

(2)1-(.)2
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Suppose ve assume that the change in phase of the output voltage is eaused

by a drift in the resonant frequency of the tuned circuit. ds can find

how the phnne changes as fo drifts by differeatiating Bq. (2):

a. - 2r2ara = -/^t- f, sec e fo 21 * <Af.g" fo
(3)

It is evident that the greatest phase ehange occurs for f • fo so the maximum

phmse drift is

S 2 A fp
fo U)

The drift in • tuned circuit is lose then 100 parts per million. The maxi-

mum - which we can tolerate for 0.1 degree drift is

_. 1x104 = 8.7
"mma 573 1 2

Thus. if the loaded - of the tuned circuit is made about 10 the phase drift

in the electronic circuit will be about 0.1 degrees per stage of a=pl irication-

in a well designed aystem the drirt in the electronic equipment is —oil

and the servo equtpment is used only to copensate for the ther=ml changen

in the dee structure itself.

Wees ureter,t of --rar-e An^e

The phase inforation of the does and final amplifier grids is ob­

tained by means of loops and is trans=itted to the phase measurement equip-

sent by means of unterminnted transmission lines. Lossless lines hare the

property that the phase shift along the line is either zero or n . The
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phase shift due to —tie 1—s is most severe for a 11— uhose lengths

is near an odd multple of s quarter —»e length. It is ndvantageous there-

fore to mnke all csbles an eren multiple of a quarter uavelength.

Dpon reschinc the phare menpurement rack the signnls are converted

to a convenient nudio frequency (15 kc baa been chosen as standard} vhere

stray capacitance has negligible effect. This is accomplinhed by wean a

of a heterodyne frequency converter vhich haz the property that the —pl i-

tude of the audio output signal is independent of the m=plitud• of the rf

input. In addition, the frequency converter contains — art!-noise circuit

* vhich supreszes arc noise and power supply ripple -hich eight be earried

by the rf.

The output mignal of the frequency converter is ampl Lflad and applled

to the phnse —tor. The audio signal is monitored by —ci 11 — copes hich

provide a check — phase and the quality of the audio signal by — ana of

Us—J— figures. An electronic suitch circuit and assoc inted — cillos cope

has been developed M that three Lissejou rigures can to presenled — one

screen.

The output voltage of the phase meter is pen t to the servo control

—pllfler which operates the dee st— tuning —tors. Let — nou consider

—ch component of the system.

The FreguenszConverter
Figure 4 sho— a smplried diagram of the frequency con—r ter.

The values of the parts shows are typical. Any number of e—els

—y be used. The local —dilator frequency is 15 ke less than that of

the rf input and its —plitude la —de a—11 c— pared to that of the rf —

that distortion 111 not be present in the audio output signal.
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Consider th* vector diegram of Fic- 5- Th* voltace applied to diode

1, "m • is the vector sum of the rf input, a- and th* local oscillator 

voltage, eo- 7 e mngalar ve locity of the oscillator rector dirrers from 

thet of the rf inrut ty the amount corresponding to the dirrerenre frequency 

of th* two vecters Thu*. the aplitude of em oscillates at th* audio

rat* Letween «a plus "o and “a minus eo- The dlode rectifies this -ave

and produces a d.c. eraroiont equnl to th* mmgnitude of th* rf voltage

and a 15 kc a adio ccm; onent havinc the same amplitude as th* local oscil-

lstor sienel. It is epparent from Fig- 5 that th* crest of th* audio cycle

occurs at th* instent for which •a is la phase with *a. Sine* eo la rotating

uith respect to ea at an mudio rath it is evident that the nunber of degrees

etueen tn* sudio crests of the A and B chmnnels is the seas as the numter

of decrees betueen th* rf vectors *a and •b hence, the frequenc converter

premer vem phm **.

Unfortunstely, th* problem is nomeuhat ccmplicatod by th* fact that

th* rf si anal centnins arc noise and rectifier rirple Since th*** occur 

on the rr as amplitude modulation they appemr in the diode load circuit

along with the d.c. and 15 kc. audio components. Figure t shovs a nethod 

of puprreesinc this noise. A second diode is added to oo ch channel with

identical circuitry as the signnl diode ercept that the local oscillator 

signal is mbsent. Thus th* output of this circuit cor. tales ezactl> th*

iw sols* cemponent as th* sicnal charnel lut dces not contain th* 15 ke 

audio. Th* tuo sienale ar* mpplied to the rids of a diff erence amplfier

which out tracts th* noise and leaves only the 15 kc rignnl- The output

rienal of the frequency converter is am; bg a conventional audio

amplfier, in which care has been tmket to mnimize phase shift. and is

eprlied to the phase detector-
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TheFhasePetector
A simplified diagra of th* phm ne detector is shown in Fig. 7a.

in Fig. 7b, C is the aidpoint of bf AB- The d.e. output voltage of V, 

i» EA/ and of v2. Eg. It is evident fro* Fig. 7 that if EA and Ep are 

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

te 50 degrees and that Ea will be half of EA- if EA ard Ep differ in phase 

by more than 120 decrees Ek will b* less than half of EA and if they drrer

in phase by lens than 120 degrees Ea will be greater than half of EA-

Thu*, If the phnse ancle is greater than 120 degrees A Ea is negative.

equal to 120 degrees • Ea ls aero, and less than 120 degrees a Eis posi­

tive. In general. If one solve* the vector diagram of Fig. 7b he obtain**

aE = /(-a EYsin2 1(60 - e)- l aE2- 1
« 42 (5)

A E is normnlly mnde equal to zero ty adjusting the gain controls on the

nudio ampliriers and the A Ea meter can be calibrated to rend directly

in degrees by means of Kq. (5

The two volteters in Fg- 7a are of the differential vacuum tube

voltreter t>pe. It has been found advantageous to regulate the filament

voltags of the diode* V, V2, and V 3, by means of a sola filament transformez to

minmize drift in their contact potential, which is the grentest source of

drift in the circuit. With thia precaution, and an audio signal level of

6 volts peak, th* long tine drift seems to be about one degree. Increas-

ing th* nudio signal level to 100 volts should reduce this drift to less 

than 0.1 degrees.

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

voltmeter with output connection for signal to the servo control amplifier.
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Ro controls the phase angle for which the servo system nulls.

In the center it holds at 120 degrees.

The Servo Control Amplifier

The servo control amplifier is a perfectly conventional motor con- 

troiler as shown in Fig. 9. It consists of a Brown converter which con­

verts the d.c. signal to a 60 cycle square wave. This is amplified by a 

standard resistance coupled amplifier with a gain of approximately 750 and 

applied to the grids of the grid controlled rectifiers. If there is no 

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

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

d.c. component of the rectifier output serves as a brake, which incidently.

increases the stability of the servo considerably. 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 

other. This provides a 60 cycle component and reduces the d.c. component 

of the rectifier output, causing the motor to turn. If the input to the 

servo control amplifier is negative, 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 direc­

tion.

it is evident that the servo system is of the non-linear type.

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 d.c. braking component takes effect.
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The Tuning Mechanic

The servo motors drive tuning capacitors by means of a gear train.

It is essential to stability in the -ervo system that the compliance in

the drive system be kept to a mnimum so that the system is mans controlled 

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

it is desirable to keep the inertia of the mechanical system to a mininum 

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

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

duce a change in the resonant frequency of the resonator of 2 percent.

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

occur on this machine. 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 harmonic*.

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 plates.

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

they are not sufficient to completely prevent discharges at the pletes.

The dee stems ar* foreshortened, shorted transmission lines loaded 

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

quency range vhch 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 cours, the akin losses and beam power may be represented by

resistances. Assumng th* validity of these assumptions th* equivalent

circuit of the resonator is shown in Fig. 10.

Fhyscally, th* dee-to-dee capacitances ar* concentrated near th*

tip* of th* dees- Sine* th* source ia placed betveen two of th* dee tip*

and th* capacitance betveen these dees la apprec Inbly lover than th* others.

Ths has serous consequences aa one can see from th* vector dingram of

Fig- 11.

Inb is drawn 90 degrees ahead of Vab and 1^,, is drawn 90 degrees 

ahead of Vac. I Inb doo* not have th* same Magnitude aa Iac th* atm of 

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

modify th* apparent Q of 1 stem. hhile the dee-to-dee currents ar* small 

compared with th* dee to ground currents, th* inphnse component of these

currents can be very largo comparod with th* Inphase component of deo-to-

ground current aa a result of th* high resonator Q-

A* an example, consider a system for which th* resonator Q ia 5,

and for which one dee-to-deo current is two percent of th* dee- to-ground

current and th* other dee-to-dee current la one percent of th* dee to ground

current. Than th* inphnse component of th* sum of th* dee-to-dee currents

will be 0.5 percant of th* deo- to-ground currant. Hovever, th* inphase 

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

apparent Q of th* "A" stem remonntor will be reduced to 4 percent of its 

original value and amplrier "A" will be intolerably overloaded.

Fhyscally, thia means that if th* dee-to-dee capncitances are not 

balanced, pover will flow from one dee to th* other. It ia entrely pos-

sible for mplfier "A" to delver nor* power to on* of th* other dees than
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to its own. This condition can cause quite a neurosis in the servo control

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

but if B amplrier is del vering it* pover to "C" dee then the servo, Ln

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

"C" doe than it does in "B"- Hence the "C" doe verv system operates and 

disturbs "A" or "B". 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 moans of the neutral-

zing lines vhich will be dscussed in the next section.

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

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

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

flow from dee-to-dee when the phase angles w re 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 bunt. The 

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

TheTheorxofNeutralizati
The simplest way to provide neutral ization is connect inductance*

across the dee-to-dee capacitances asking the circuit ant-resonant at the 

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

the sm rhino is neutralised. This was done in the case of the inch elec­

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

the Q of the resonators are very high and it is difficult to build induct­

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

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

would be prohibitive also.

r : * :* • - ••g# • •
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Th* method which uas used on the 20 inch machne and which would

be used on any high voltage machine makes um of neutral zing tranamission

lines connected from de* stem to dee stem. It must be emphasized that 

thia is not equvalent to connect ing inductances from dee to-doo in two

respects. It changes the resonant frequency of the resonator while the 

inductance method does not and almost perfect neutralisation ia possible

with ordinary transmission line losses, whereas it is not with ordinary

inductance losses.

Th* neutralizing lnes may excite the dee stems by means of loop*

coupling th* magnetic component of the field in the stem although the anal-

ysl* here will assume a direct connection. The two methods are equivalent.

In using loops it is necessary to keep the sense th* same at both enda.

Also, two line* and hones two loops are coupled to each dee stem. Care

must be taken to kep th* leakage flux to a minuzum and to prevent lenknge

flux from coupling the two adjacent neutralizing line* together. This

ia accomplished by placing the neutralising loops close to the center con­

ductor in the stem keeping the number of turn* to a mininum, and preferably 

placing the loops on opposite sides of the center conductor.

The position of the loop* and hence the coupling can be varied by

mean* of dries motors remotely controlled from the operating console. The

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

coupling and modulate the apparent dee-to-dee capacitance. In practice.

this is not a serious problem.

On* can build th* three phase system by th* e uper position of three

single phase systems. Thus, if we can determine the conditions necessary 

to neutralise the dee-to-dee capacitance between two deea ve can obtain 

th* neutralized three phase resonater by superposition.
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Consider the eircuit of Fig- 12 hch represents two dee stems and

the dee-to dee capacitance. Suppose that only one of the two st bob is 

excited as indicated by Va- Me Beek the value of Vn which will cause VL 

to be zero, i.e. we wish the excitation of "A" to produce no voltage on 

the other dee.

If VL is

I 8 J v, • I

zero than

CDD (6)

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

the boundary conditions at the load are t

S 0

- j Vae CDD (7)

Applying the general transmission line equations which are •

V, = VL cos P4+3 IL *o sin BR 

1,= cosf & + j g sin A A

one obtains :

v, = Va • CpD Bo sin 821 («)

and

Vn = - 5Vn (, K . ♦ ,—K .. -
#o TanTT^ ^"^2 (9)

The required neutralzing voltage can be obtained by running a tranamission

line to A Stea as shown in Fig. 13. By applying the transmssion line

equntions to line 3 using Vn and In as the load voltage and current respec-

tively we hare :
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Vx = Vn cos J So ij sin8<3

1z = In cos 4’3 +3E,s

Again applying the transmission line equations to line one of "A" stem and

using V, and (1, plus —g- 
* • “o

have

as the load voltage and current we

▼a = v, cos ga 1 + 32(1,1 —Vx i sin 8a 1 \ J 5O F~2/

now:

(10)

J8.(1x+° J <o tab

v, sin843 + Vncos43
3 tan •e 2

J 5 "n (tanaz + tana) con 663-
1 + tan ae t - (11)

y

substituting this into (10) we get :

Va = Vn cos B‘ cos <3 1 + tan8€3 (vm)z1 +—1 2) +
Vn COS 83 sin J l ' tan 8-3

11 + -an (12)

Upon substituting the expression for Vn (E. 8) we have:

20 cot 2 - tan-
tan y /___ 1
tan 8 12 I tan f +2) (13)

solving for cot P£ 2 we get the design equation for the neutralising lines:

cot = - B+ (14)
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B=1+ tan
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C = 2 ♦ tan 1 \ 2tan i “ tnn1) “ ^"Bdo *1® 3 4X1 eos 3

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

A । and 2 3 to best meet the structural requirenents of the machine. Then

B and C can be computed and Eq. 14 solved for — 2-

The previous annlyss does not take perturbations such aa the stem

Y tuning capacitors into account and so it ia Lest to model the resonntor.

after it is once designed, using ordinary coax (RQ 8/0) for the dee at—a

and neutralising lines, a lea capncitors to represent the dee-to-ground and

dee-to-dee capacitances, and aiea trix—era to represent the dee st— tun-

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

obtained either from the model or by ordinary tran —lesion line calculations.

The performance of the neutralising lines ia indicated by the neu­

tralising coefficients which are defined as follows:

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

a voltage e;. It is ass—ed 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- 

f icier, ta 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 coefricients and adjusting

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

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

difficulties with ion lock during this adjustment. Thia latter require-
ment might be avoided by exciting all does simultaneously and modulating one of them 

with a suitable low audio frequency. The neutralizing line coupling loops 

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

two deea.

Control Equipment Seeded on a Large Machin*

In addition to the phase and efficiency servo equipment described 

in thia report, there are several other pieces of equipment which our ex­

perience indicates would be desirable on a large =achne.

First, one needs a method of adjusting the neutral izing loops without 

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

of the report on the theory of neutral l ation.

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

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

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

the main rf is applied. Cho way of accomplishing this would be to excite

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

signal lines. The servo equipment would then tune the dees automat trail y 

just as it normaly does at high power.

Thirdly, equipment to protect the final amplifiers against lose

of load is needed. For example, suppose the machne were operating with
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a heavy bemm load and a spark occured. The rf - d.e. interlock would r ano vs 

the dee excitaton for m few seconds vhile the spark is extinguished and

the vapors removed. Hhen the excitation is applied ngai= there might be

very little bees due to a slight thermal change in tuning. Mtb almost

no load on the final aapl if l ar s the screen current micht to surriciently

high to dnmnge the tube before the bean was brought back to nonu]. A 

device Which would sample the screen current and prevent overload by re-

duacing either grid drive or screen voltage is needed. 

Fourthly, a signal which will de-energise the servo equipment uh en-

over doe ezcitntion is r sages d and which will energize the equigment again 

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

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

a thyratron time delay centre Hable free one to twenty seconds. It was

usunlly set at three seconds.

Conclusion

Figure 14 is a complete schematie of a typical servo control nystem 

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

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

The equipotent used on the 20 inch mnchine, 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 equp- 

sent sakes possible large safety factors. Figures 15 - 19 show various 

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

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

Once the neutralising loops are adjusted the machine behaves like three
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seperate single phnse nystems. In high pover installations, uhere adequnte

anfety factors are dirricult to achieve, the reduction of the rf equipment

into three mall Independant units is indeed • convenent property of thie

type of three phase system.

Informntion Divimion
9/10/52 bw

*
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Rack 108 contains most of the phase control equipment 
for the 20-inch cyelotron. Fre top to totto- the 
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