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INTRODUCTION 

The RF cavity is intrins ically capable of operati ng in a push pull mode 

whether the drive current is single ended or balanced ( i.e. push pull). The 

push pull operation of the cavity is due to the tight RF coupling provided by 

a figure-of-eight winding looped through the two halves of each Cavity. This 

winding can also be employed as a bias-winding. This note is not concerned 

with the figure-of-eight winding functioning as a bias winding, but rather is 

concerned with this winding functioning as an RF transformer. 

At the AGS the bias winding is considered only as a means 

the permeability of the ferrite. Push-pull operation of 

of controlling 

the cavity is 

achieved by transformer coupling a balanced signal into the cavity. In pre- 

vious technical notes concerning the Booster RF system, the cavity is excited 

by two drivers operating in a push-pull model. A literature search reveals 

that the CERN PS Booster is driven by a single tube operating class B. Tight 

RF coupling and push pull operation of the cavity is achieved by two figure- 

of-eight bias windings.2 It is probably advantageous to use the present 

scheme to bias the ferrite and add an independent figure-of-eight winding 

RF coupling. 
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RF CAVITY 

Consider the elementary RF cavity given in Figure 1. The cavity is ex- 

cited by two vacuum tubes providing RF drive currents il and i2. There is no 

special relationship between the currents il and i2. In fact, one of these 

currents can be of zero value. The individual RF tube current (il or i2) 

divides equally between the beam-pipe and the B+ lead. An induced RF current 

ix circulates in the bias winding. 

Since the bias winding is shorted to RF and does not contain voltage 

sources, the net flux in the loop is :zero. Therefore, the net H- field 

around the loop is zero. In terms of currents. 

(il + ix) + (i2 + ix) = 0 

A positive sign connects the individual terms, due to the fact that the 

current sense and w indings direction are oppos ite in the two halves of the 

winding. Therefore, 

ix = 
P ; i3 ) 

ij + ix = 
92 

i2 + ix = _ ( 2+2) 

2 

(2) 

(3) 

(4) 



ELECTRICAL ANALYSIS 

An electrical equivalent circuit of the cavity is given in Figure 2. In 

this figure L is the self-inductance 

mutual inductance between each half 

gap capacitance, and R represents all 

of each half of the cavity, M is the 

of the bias winding and cavity, C is the 

the losses of the cavity. 

From Figure 2 the following relationships hold between the voltages VI, 

v2 ’ and v. The gap voltage is representative by v, vl and v2 are the feed 

voltages to ground. 

di dix 
VI=-L--MM- 

d2v L dv 

dt Lc dtL -z dt (5) 

di2 
v2= - L dt 

dix 
-Mdt 

d2v L dv 
+LCz+; dt (6) 

Due to the tight coupling L = M. Also using (3) and (4) in (5) and (6) 

il - i? 
“=-L&I 2 1 (7) 

(8) 
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Solving for v 

v = Vl - v2 

v = 2L& (I’ ; i3)- 2LC$ - 2; 2 

(9) 

(10) 

If v(t) = V cos wt, then (IO) becomes 

V cos wt = - L $ (il 
2L dv 

- i2) + 2~3~ LCV COS wt - R 5 

Since the cavity is tuned to resonant with the source frequency 

2w2 LC = 1 , 

therefore, 

_L & ( il - i2) - g -$ = 0 

and 

v(t) = $- (i2 - il ) (11) 

TO observe the intrinsic push-pull mode of the cavity, note from (7) and (8) 

that 

VI = -v2 (12) 

independent of the values of il and i2. Even with a single driver tube and 

either il or i2 of zero value, vl = -v2. 



CLASS B DRIVEN 

For the case in which two tubes are employed and operated class B push- 

pull. 

LI = A, + A1 cos wt + A2 cos 2wt - A4 cos 4wt 

L2 = A, - A1 cos wt + A2 cos 2wt - A4 cos 4wt 

The fourier coefficients for the class B current waveform are related to the 

peak value of the current pulse D of each tube. 

A1 = D/2 

A,=%, 

2 
A4=15TiD 

Since the drive currents are push-pu:Ll only the fundamental components 

of current contributers to the gap voltage v. All the even harmonics Cancel, 

characteristics of a symmetrical push-pull circuit. 

Therefore, expression (11) becomes 

v(t) = - RA1 co:; wt 

RD = _- 
2 

co:; wt 

and the power delivered to the cavity is given by 

RD2 
P=7 
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Consider a second case in which only one tube is employed and the peak 

value of the tube current is given by D. In this case the even harmonic 

terms do not cancel and contribute to the gap voltage. The analysis is modi- 

fied by assuming that v(t) is described by a harmonic series. 

v (t) = V cos wt + c1 cos 2wt + B sin 2wt + . . . . . . . (13) 

The values of the coefficients are calculated by employing the method of 

undetermined coefficients. 

v (t) = - f D cos wt -($-) 
oLD 

, + 16 WALL 
9-77 

( U2L 
16 

sin 2wt - K 
72) RD cos 2wt 

16 wLLz 
1 + kJ +-- 

(14) 

with R>wL the above expression reduces to 

v(t) = - ; D cos wt - & k D sin 2wt 

in terms of the Q of the cavity 

v(t) =-$ D (cos wt 
8 

+ ~~ sin 2wt) 
(15) 

For the Booster the beam loaded Q of the cavity is 13.5 and the gap voltage 

will contain a maximum of 2.1% second harmonic distortion. The fourth har- 

monic distortion is less than 0.2%. 
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It iS interesting to note that with a single-drive tube, the cavity is 

driven push-pull but does not result in the cancellation of even harmonic 

terms. The push-pull condition requires that: 

Vl (t> = -v2(t) 

and is imposed by the figure-of-eight winding. 

If in addition: 

v2(t) = vl (t-T/2) 

where T is the period of the excitation 

then the gap voltage would be free of all even harmonic distortion terms and 

contain only odd harmonic terms; for class B operation, only the funda- 

mental. The latter condition can be ,achieved with two identical tubes, 

excited push-pull. 

LOAD LINE 

An examination of the equilibrium equations of the cavity (11) and (12) 

Permits an interpretation of the cavity as a 2:l step-up auto transformer. 

v(t) = 1/z R [i2-iI1 (11) 

v(t) = 2Vl = -2v2 (12) 

where R is equ ivalent load resistance across the gap. For balanced operation 

il - i2 = 2A1 cos wt = D cos wt (16A) 

VI (t) = - y cos wt (17A) 

Therefore, the locus of operation for each tube, or loosely speaking the 

“load line” for class B operation of a tuned load, defined as the locus Of 

the peak plate current D as a function of the peak plate voltage, is a line 

with a slope of - 4/R. 
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If the cavity is driven from a single tube then the expression for 

(il -i2) and VI (t> are modified as 

il -i2 = A1 cos wt = $ cos wt (16~) 

RD 
v,(t) = - 8 cos wt (17B) 

and the locus of operation is a line with slope of - 8/R. 

Figure 3 gives the load line of a tube, if the cavity is driven by 

either two tubes or one tube. The plate supply Voltage iS Ebb. 

For either case the maximum idealized possible load power is 

2Ehb2 
R 

and the corresponding power supply drain is 

The maximum conversion ef.ficiency is 

z or 78.5% 

Thus a given cavity can be driven push-pull, energized to a given power 

level by either a one tube or a two tube driver. Obviously the plate current 

and plate dissipation capabilities of the single tube must be twice that of 

each tube in the two tube driver. 
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SIMULATION 

The operation of the proton cavity with a single tube operating class B 

has also been studied through computer simulation, employing the cur.rent 

analysis program SPICE. The cavity c’onf iguration and component values are 

given in Figure 4. The drive current is a half-wave sinusoid adjusted to 

give a peak gap voltage of 17.5 Kv. Figure 5A shows the exciting current 

i(f genl), gap voltage (vz-VI > and figure of eight winding current i(l1 set> 

to a common time scale. 

Figure 5B shows the cavity circulating current ill1 > and gap voltage to 

a common time scale. 
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