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THE ANALYSIS OF SUBJXARMONIC RESONANT BEAM KNOCKOUT SYSTEMS 

In some experiments time-of-flight techniques are used for the identifi- 
cation of particles. 1 To make this feasible, a beam consisting of widely 
separated single-bunch pulses is desirable.2 In Ref. 2, a subharmonic reso- 
nant system has been suggested, which produces single transmitted bunches 
followed by the interception of the next 35 bunches.* mereby a separation 

of about 12.5 nsec is provided, adequate to differentiate between particles 
originating from different beam pulses. 

The purpose Of this note is to compare various possible arrangements for 
the subharmonic resonant system. Since no computer program exists at this 
time which WOU4d trace the electron trajectories for the geometries considered, 
some simplifying assumptions were made. These were the following: 

(1) The incoming electrons form a parallel beam with a diameter of 
0.63 cm. The beam cross section remains unchanged during deflection. 

(2) The beam energy is homogeneous, equals 100 keV. 
(3) The beam is bunched to 60’ rf. 
(4) The effects of field fringing are neglected. It can be shown that 

fringing in the y-direction (Fig. 1) aids, fringing in the x-direction 

hinders deflection; it will be assumed that these effects approxi- 

mately cancel. 
(5) The symmetry of the geometry in the x- and y-direction is perfect. 

It is hoped that the error due to these approximations is not more than 
t-2 dB; simple experiments will be performed to test their effect, and if neces- 
sary, the theoretical treatment will be augmented taking them into account. -.. ---_ ~-.-..--.-~_. .- 
In particular, a deflection experiment using de deflection voltage will be 

used to find the actual deflection sensitivity and the voltage at which the 

(shortened) plates intercept the beam. A bench experiment, using a synchronized 

current generator to simulate the beam loading, may help to verify the theoret- 

ical circuit element values as well as the calculated voltages and currents. 
The views of the writers of this note were, on some of the topics dis- 

cussed helm, strongly influenced (and sometimes reversed) by stimulating 
arguments with E. L. Chu, R. Helm, R. Koontz, G. Loew, R. Miller, C. Olson 

and B. Richter. 
* 

For some other suggested systems, see Refs. 3 and 4. 
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I. DEFLECTION COLTAGE, LONG DEFLECTION PLATES 

Assume that the physical arrangement for the deflection system is that 
of Fig. 1; the tentative dimensions are indicated in brackets. 

---. ._II--- 

-----1_- 

FIG. 1 

The design criteria are: 
(1) The first electron bunch Bo, arriving at time tA , should reach 

0 

the aperture A undeflected; i.e., y, = 0. 
(2) The second bunch B*, arriving at t, , should be intercepted; i,e,, 

assuming a beam-dia;eter equal to Y:at least Iy 1 
The transversal momentum gained by the electron is 

i = Y (Fig. 1). 

tA+T 

s 

eV 
Py = eE dt = cos w(tA. -I- 7) - cos cut A1 , (1) 

t A 

assuming a homogeneous field. For B. and B , the arrival time is 
2. 

I 1 tA <+ “= 0.35 ns 
RF 

(2) 
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and with the accelerating voltage Vacc = 100 kV, the total time spent 
between the electrodes is 

T %i ” g 0.61 ns 

hence, 

wt 
I A f T < 2fl fdefa 

and thus the approximation 

cos co(t* + T) - cos uJtA = - Lu2 (tA + $) I- 

is valid, with an error smaller than 

a4 (tA -I- T)" 
N 3.4 x 1o-3 

24 

(3) 

(4) 

(5) 

(64 

i.e., a relative error smaller than 

(u2 (tA -I- T)3 
N 0.382 $ . 

24T 
(6-b) 

The deflection at the aperture A, at z = & -t- L, is (Fig. 1) 
L 

Y= s tg cp(z> dz + tg (i'(L) -t 
0 

tA'T 
P (tA + T> 

=Z 
L P,(Z) 

s 0 P,(Z) 
az t-&g y(L) f p'- 

s 
' tA 

PyVz dt+& y 
Pz 

l (7) 

It will now be assumed that m(z) "= cons., for 0 5 z 5 L. Anticipating 

the result obtained below lin Eq. (8)] for VA,, VD , VA and 
0 1 

VD I it can 
1 
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be shown that for B. and B the relative mass-increase is 1 

hence) the assumption is permissible. Thus 
T 

s -l-=0 
p+) d-r + ' (Py)r=T 

PZ 

e 'max u3* 45 eV u) 
=- 

m 2d 
(tA + $) + - - 

mv d 
(tA+$) T 

Z 

e 'max wT2 =- 
m 2d 

tA(l +/ $ > i- T(; -!- ;) 1 
l!bw for Bo, tA must be so chosen that 

0 

Y, @A > = ’ , 
0 

l.e., 

1.+ ; - z - 0.232 ns* l 

tAQ = - T  1+ 
3 ” 

For B then 
I. 

1 tq = - g + trb 2 + 0.12 ns 

v clft? 

and the required deflection Y is obtained if 
dY 

(8) 

(9) 

. . 
(10) 

(11) 

(12) 

(13) 

04) 

* 
The t = 0 corresponds to V = 0. 
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Considering an electron energy of 100 keV; i.e., 

eV m --$1+------- act r 
m = 1.195 

0 
“0” 

2 
- 1-t 1.95 x 1o-6 Vacc 

V m2 
ZN -= 

C J---n- 

1 - -2 2 0.548 
m 

the required peak voltage is 

I I V 
Dl8.X 

r 28.4 kv . 

(15) 

(1-7) 

(1-7) 

The voltages at the arrival and departure of the two bunches are 

ca) ‘A0 = 28.4 sin w-t 
Ao 

= 28.4 sin 2~ x 40 x lo6 x (- O.232 x lo-') 2 1.66 kv 

b) VDo = 28.4 sin a$ = 28.4 sin (UJ x 0.377 x lo-‘) g f 2.7 kV 
0 w 

cc) 'A = 28.4 sin urt = 
3. 

28.4 sin (o x 0.12 x lo-') g + 0.856 kV 
1 

Cd) VD = 28.4 sin Lut = 28.4 sin (w x 0.729 x lo-') z + 5.17 kV 
1 Dl 

The conditions are illustrated in Fig. 2. 

kV 



The angle (p, of B. when passing through A 

(1) and (5) : 

can be calculated from 

eV 

-&ii 'PO = px s 
max &A + $1 T 

0 

Pz md v 
Z 

Using (11) and (14): 

e 'max P 1 I 
tg 9, S.----m 

m d 6(1 + F) VT =i 

. 

_. - 
fRF y 

30 -t- 2,’ v 
. 

z _L** +L. ,..* 

With the given numerical values 

tg cp = 0.0186 "= 1.07O . 
0 

The,peak deflection of B. is for v = 0, i.e., by (1) and (2), Y 
for 7 = - 2t 

A,' 
Then 

-2t 

s 

A0 
Y = .O 

max 0 
vy dT = 5 

eV Lu max 
md tAo 

or, by (14) 

4 
Y, =j+ T 

l+2t4 
Y 2 0.0576 cm 

max ( I-1 

09) 

(21) 

(21) 

(23) 

From (9) j (11) and (lb), the deflection at z = & + L (at the aperture) 
is simply 

Y = Y fRF (tA - tA ) 
0 

for electrons with approximately constant mass. 

(24) 
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The analysis can also be performed without the simplifying assumption 

(3); th e results are 

ev T max 1 -coscuT t 
Y= 

mud UIT f E sin 037 
I 

+ cos w-t A I 
ufr -sinwT & 

CUT +iT (1 - cos CUT) 

COT & 
tan utA = - 

- sin LUT + E CUT (1 - cos CDT) 

0 1 - cos CUT + 5 CUT sin CUT L 

v max 

3-‘=Y 
sin u) (tA - tA ) 

0 

sin (A ) 
fRF 

(9-a) 

(1l.a) 

(14.a) 

(24.a) 

Using series expansion on functions of cu(tA - t ), ot u! 
A0 

- and A, f 
UY'I?, the approximating equations are recovered. RF 

The necessary voltage Vmax and the corresponding (PO can be cut to 
half if in the injector deflection system the 36th subharmonic (-80 me) 
is used, rather than the 72nd (-40 MC). The unwanted beam pulses (every 
second) will encounter -peak deflection voltage in the second stage of the 
knockout system, which is still driven with 40 MC, and will thus be removed. 
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If this means too much dissipated energy and radiation at the Sector 1 
end, the order of the two deflection systems can be reversed, as illustrated 
on Fig. 3. 

FIG. 3 

II. POWER 

For power considerations, the current actually reaching the plates has to 
be considered. It can be shown that the tail end of BI already is inter- 

cepted by the plates; hence, for beam loading calculations the full beam, 
current % earn can be considered as the loading current. The average elec; 

tron passes through a voltage drop v(t) 2 ; therefore, the average power needed 
for the deflection can be obtained from 

I 1 
2fd v 

P defR 5 earn y sin wt dt 

53 v earn max 2A x 3okV 
= = s lg.1 kW (25) 

Here it was assumed that a 30 kV deflection voltage is used, somewhat higher 
than the approximate value derived in (17); also, seam is taken as '2A. 
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Using the circuit of Fig. 4, Pdefl cossesponds to an admittance 

0.0424 mR , 
max 

'b = 23.6 ISD 

(a> 

(b) 

FIG. 4 

It must be remembered that rb is the average value of a nonlinear 
load, valid for power calculations. 

rb can also be obtained from the equivalent circuit of Fig. 5. a. 

The waveform of I(t) is shown 

--Li 
L5eom I -_._--_--^ .- 1 

4 
_ .._ ~..._ . ..- ----)c f 

FIG. 5 
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in Fig. 5.b for unbalanced, 3.c for balanced drive. Fig. 5.b is obvious; 
5.c follows from the process illustrated in Fig. 6. The on-axis approach 
of an electron 

-e I 

a. b. 
FIG. 6 

induces identical e/2 charges in both plates, a process which affects only 

,'.he beam's energy slightly (Fig. 6.a). The interception, on the other hand, 
causes the flow of e/2 charge through the circuit and the generator for 

every intercepted 2 (Fig. 6.b). Hence, the peak value of the I(t) square 

wave is seam/ 2, as in Fig. 5.~. 

In both cases, the fundamental sine-wave component has a peak value 

if Ibeam l 

The other current components have a smaller amplitude and, because 

of the selective effect of the antiresonant circuit, produce a much smaller 
voltage (cf. Eqs. (36) - (37), below). Finally, the higher harmonics and the 

de component dissipate very little power, since their product with the de- 
flecting voltage has a zero average value. Hence, to a good approximation, 
they can be neglected and only the fundamental current wave be used in cal- 
culations. The fundamental current, in turn, can be represented at a given 
fixed deflection voltage by a 
of the value given by (26). 

The design of the circuit 
tance of the deflector plates 

conductance (since I 1 
is in phase with Vdefa) 

of Fig. 4 can now be carried out. The capaci- 
is 

(pF) "= 8.86 
,crn2) 

'd (28) 
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Because of inevitable strays and fringing effects, this is at least 
doubled in the actual circuit 

1 
C_>GpF, L<-= 

CU2C 
2.63 nH , (29) 

and 

&c = 0.c rb 2 35.5 (30) 

Assuming that QL = 50, regardless of the size of _ L within a reasonable 
value range, it is easy to derive from Fig. 4 

v 
2 in, 1 

res = - - WC (q + Q;') 
I in 

(30 

V in "= jVmax (Qi' + Qi') (4 
(32) 

I in = (jcuC + $) Vmax g ju.X! Vmax w 

P =- 
in ii 'in 'in 

V2 
QC dEq1+-) ' (33) 

2 rb QL 

Hence, for given Vmaxr rb and QL> the necessary power is minimized 
if Q (i.e., C) is kept as small as possible. With the values given in 

(29) - (30), 

P(ka) > (3okv)2 
in - 2 x 23.6k" 

(1 + y,)s 32.7 kW , (34) 

I I in 1 “= WC v max = 45.2 A, 
(35) 

I V in 1 230 kV (5;i- 1 + &-) 2 1.45 kV , 
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It must be remembered that Pin is only the power required in the tank 

circuit proper; the total required generator power also includes the dissipa- 

tion in R gen' This loss will be minimized if the mismatch between R and 
en 

z! 
I-etS 

is as large as possible. If matching is required, e.g., to avoid reflec- 
tions in the cable connecting power amplifier and tank circuit, P is twice 

gen 
the value of Pin. 

Another important design consideration is the amount of nonlinearity intro- 
duced by the harmonics of the beam current; e.g., the third harmonic, 

% earn 4 I=- - sin 3 at , 
3 2 37c 

gives rise to a voltage 

V 3 /c 33 earn 1 
3 

r j B ~ F I3 = - j 4~ rc sin 3 UJt 

( where 3~uL >> R -I- Rgen was assumed). Using the value of C in (29), 

V T, earn =- z105v. 
3 max 4?l UYZ 

This voltage is 90' out of phase with Vdefa. 
The disadvantages of the above design are the following: 

(1) The strays form an appreciable part of C. 
(2) The deflecting voltage is quite strongly dependent on seam 

because of the low value of %* 
(3) v3 is appreciable; hence, the phase stability may be too low. 

The single advantage is the low power consumption. 
It may be preferable to 'pad" C, by connecting an external capacitor 

C e in parallel (C may be variable, to facilitate tuning). E.g., if C e 

(36) 

(37; 

(38) 
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is thus increased to EQ pF, 

but now 

and 

V' in = Vin Qi" + QiL = B56 v 
q' + $1 

cDr 
l-t-- b C' 

Pf in = Pin QL 
wr "= 64.5 kW 

14- bC 
QL 

Q,; = 118.5 

Vt 
3 max "= 30-g v r o.s$ of v,,, 

The natural frequencies of the network of Fig. b are 

and 

Hence, the "time-constant" is, by (31) 

1 2L 7=-= 
d R + 'res en 

(4 

(39) 

b) 

(40) 

(41) 

(42) 

(43) 

(44) 

(45) 

- l-3 - 



For the 6 pF circuit 

Jd = 5.26 
R + 32 

< 0.165 PS . 
en 

For the 20 pF circuit 

hence 

Z’ res = 5.65 R 

L' = 0.79 pH 

Tt = 1.58 
R + 5.65 

< 0.28 ps,. 
gen 

(46) 

(47) 

(48) 

(4-g) 

The stability of the deflecting voltage for beam current changes can 

be approximately calculated from (26) and (32.b). Assuming lin = cons-t;., 
i.e., R 

gen 
>> Z,,,), from (32.b) 

3V max I '(j-'%) r 'in "$ 

a Seam = in 

(50) 

aseam (w)2 a$eam 

from (26), 

% 
V max 2 _ -Ib 

%I 
earn a % 

a Ibeam =' 

. 

':a* 

Equations (50) - (51) give, with (32.b), 

aVmax 

ar, earn 

2 'max N 2 1 =---z--v . 

37 'in 
n jccC 

(51) 

(52) 
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Hence, the 40 MC voltage phase is changed by 

&,Z "max 2 AIbeam = 2 Ibeam AIbeam -=-- --- ; 
v max * 'in a 'in Ibeam 

e.g., for lO$ beam current change, in the 6 pF curcuit 

AS"-:& 0.1 = - 0.0028 = - 0.16’ . 

(53) 

(54) 

in the 20 pF circuit 

A@’ “= - 0.00084 = - 0.048’ . (55) 

For larger changes in Lb eam there is, of course, appreciable ampli- 

tude, as well as phase modulation in V,,,, with the speed defined by 

7 or 7'. 

If, on the other hand, Vin = con&. (i.e., R 
en << 'res) is assumed 

1 

\av a max -=xj-* - 
PC + $ 

aI, ln a$ ! I 1 
earn 'L -+ pL * pc + gb 

Straightforward arithmetic gives from (56) and (51) 

+-b 

aj--b l earn 

av max N 2 &L 2% "max = - 

ar, 
5 QL 

'uL=-;-z-----.-- , 
xc! Tc I earn in 

(56) 

(Note that Eqs. (52) and (57) could have been obtained directly from the 

model of Fig. 5, with only the fundamental wave 
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used for I(t). Then, simply, 

av max =-- 

a% 
3 

earn 
(59) 

where Z is the impedance seen by the current generator, with V 
gen 

shorted. Z is illustrated in Fig. 5.) 

The value obtained in (57) is jQ, times that given in (52); hence, 

the value of the change in Vmax will be about 50 times larger, but real. 

For 10% beam current change, therefore, 

nV,a* - 2 - 0.14 = - 14% 
v max 

in the case of the 6 pF circuit; and 

Ynax - = - 4.2% 
V max 

(60) 

(61) 

for the 20 pF network. 

Comparison of (54) with (55), or (60) with (61), illustrates the 

increased stability of the 'padded" circuit. 

III. ALTERNATIVE GEOMETRIES 

If the effects of the beam-loading on the phase and amplitude cannot 

be tolerated, the geometry may be modified to prevent the beam from reaching 

the plates. The simplest change is to reduce L, while keeping the total 

length (L t- & = A) and all other dimensions in Fig. 1 unaltered. 

- 16 - 



First, the new plate length Ls will be found. Since it is antici- 

pated that the deflection voltage must be significantly increased, the 

calculations will take into account the relativistic effects. 

The transversal momentum of the electrons arriving at 

tA=&, (62) 

i.e., at the time of peak deflecting voltage V max , increases approximately 
S 

linearly with time: 

eV T max 
P = S -CT eE dl- "= 

The mass when entering the plates is 

elT act m =m +-= 
e 0 c2 

d 

and the axial velocity is initially 

v =c 41 + 2 vo/v,,c ; 
z 

0 1 t- Vo/V ace 

hence, the (constant) axial momentum is 

where 

V act 
pz = moC - 

vO 
J 

vO 1+2- 
V act 

mOC 

2 

v. = - r 0.512 x lo6 v0m 
e 

(63) 

(64) 

(65) 

(66) 

(67) 
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is the equivalent energy (in eV) of the electron mass at rest. Between 

the plates, the mass increases: 
L- 

/ 
B 

pY m=,rnz+-, 24x+72, 
C 8 

where 

6 
m,cd 

=- . 
eV 

i-lY3.X 

(69) 

The transit time, T, of the electron between the plates can be obtained 

from 

Using (68) - (70) , 

where (631, U33) and 

T T 

s 
vz(T) dT =P 

s 
dT Ls = 

Z iiim 
0 0 

The deflection at z = Ls (t = T) 

T T 

YT = s 
vy(T) d'r = 

0 

(71) have been used. For no 

YT 5 $ 

interception 

-.18 - 

(70) 

(71) 

(72) 

(73) 



Substituting from (14) the value of VmElx (with m *me, L -+ L 
S’ 

T -+Ls/vzo), we get 

where 

Substitution shows that 

and hence 

with an error less than 1.2$, Therefore, using (74) as an equality to 

obtain the maximum permissible plate length, 

(75) 

0.33 < x < 0.3761 (76) 

(77) 

2A 

Ls = vzo6 x = 1 +.Y fR6 
(78) 

-- 
d fif 

where (14) has again been used. (note that (lb), although obtained from 

nonrelativistic calculations, remains valid since it refers to B and B 
0 I' 

which are affected by only small deflecting voltages.) 

(78), (17) and (14) now give 

us 2 2.26 cm (79) 

and 

v max s 
= Vmax $f&+-, "= 80.9 kV . 

S 
(80) 
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It will now be shown that it is not expedient to try to decrease Vmax 

by permitting part of Learn to reach the plate. The intercepted current 

waveform obtained by making the length of the plates L', where 

Ls<L' <L , (80 

is illustrated in Fig. 7. 

FIG. 7 

The fundamental wave of I(t) has an amplitude 

41b mc I’ zz- sin - . 
1 (82) 

It 2 

The electrons first intercepted enter at t = tA (Fig. 7) when the 

deflection voltage is V=V& sin cot 1 Tc =Vmaxsin u) - -- [( )I = Lx 
% 

A cos - . (83) 
4f 2 2 

The permissible plate-length is now 

-a- 



If all electrons reach the plates (square-wave, T c! +),I1 -F; 

hence, the reduction due to the shorter plates is $/IL = sin (@,/2). 

Thus, for a 2O$ fundamental beam current interception (:1:/I, = 0.2) ) 

(85) 

while the corresponding deflection voltage is 79.6 kV, or only about 1.6% 

lower than before. Hence, this is a very inefficient way to decrease Vmax , 
s 

The above derivation alsoindicates that most of the beam current just 

barely misses the plates if the Ls of (79) is used. Because of the 

approximations used, it is therefore advisable to make L s less; e.g., 

LS 
= 2 cm (86) 

may be suitable. This gives, by (80) 

V maxs = 90.4 kV (87) 

The power necessary for deflection will next be estimated. For an 

electron reaching the plates at time t , Eqs. (63) - (72) remain valid if 

U 
l-X3X 

is replaced by V(t) = V sin tit. 
IE3.X 

Hence, by (72) and (69) the 
S S 

voltage drop for this electron is 
, 

nv "= vq y(t) = 
2me c" 

siti 25 2 sin wt 3 (88) 
e 

Using (77)) 

m C2X2 
A.2 e sin2 cut = 

e+= Lz 
sin2 Lut l 

2e  2d' me v2 
zO 

(89) 
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The total work during a half-cycle can be found from Fig. 8. The 

instantaneous power is Ib mt> and hence 
earn 

1 at V+AV(t) 

FIG. 8 

1 
E 2 

w= 
s 

eV 

33 earn N(t) dt = max LZ Seam 
8d2 m v2 f 

0 e ZO 

and the average power is 

e zO 

(90) 

(91) 

where (86) - (87) have been used. 

The electrons re-radiate most of this power, and thus return it to the 

field, if the aperture A is kept at ground potential. Hence, only a fraction - 

of P has to be provided in steady state. There will, however, be a small 

phase-shift in returning the power, corresponding to a small reactive shunt- 

ing of the plates. 

- 22 - 



It is estimated that probably less than 5% of the 40 kW power, or 2 kW 

is lost in the process, Using this value and (87), 

1 Cax 
S = - - “= 2.04 Mfi 'b 2P 

diss 
(92) 

(Fig. 4). Assuming 

=5pF 

for the plates, wiring, etc., and Q,L = 50, 

so that 

(Fig. 4) and 

1 
L = -"= 3.16 pH 

Cb2C 

'+ = cCrb 'Z 2570 

z res 
Z rL s 16 Q 

V in 2 1.82 kv 

(93) 

(94) 

(95) 

(96) 

(97) 

(98) 

P in 2 103 kW. (99) 
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For greater stability, C should be "padded," e,g., for C = 20 pF, 

L "= 0.792 PH 

I 
IElX 

"= 454 A 

Z Zr 
L z 4n res 

-Vin z 1.82 kV 

as before, and 

P in "= 413 kW , 

For both circuits, in a first-order approximation, 

%lEiX 
% 

g 0, 
earn 

(100) 

(101) 

(102) 

(103) 

wd 

(105) 

since the beam-loading is negligible. 

For the angle (PO ,(2O) is applicable; it gives now 0.0003,ra:or 0,0J-7j”. 

Another possible solution for decreasing the beam-loadi,ng is replacing 

each deflection plate by a pair of rods, as illustrated in Fig. 9. 

This will be approximated by the idealized arrangement of Fig. 10. 
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FIG. 9 



Al 
I 
I Al 

FIG. 10 

The idealized system will now be analyzed. Along the y-axis the 'electric 

field is 

d 

In particular, at the origin 

4&d 
EA = 

neat (d2 + w2] 

d and at y = 2 

4Qd 

%= ' xeo-t (4d2 + w") 

(107) 

WI 
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The voltage can be found by integrating Ey along the x = - 2 line 

(dotted on Fig. 10): 

Q +($r,) 1 
v =- 

2TKot s r 

1 ;+Y d -- 
q---+ 2 y 

y+$ 2-Y 
+ 

w2 + (d - y)2 w2 + (a - y)2 I 
dY 

-($-r,) 

l- - 
Q d - r w2 0 + (d - ro)2 

=- 4x-l 1 (1-09) 
mot 1: W 

0 2+r 2 0 I 

Requiring EA to equal the field-strength of the long parallel plate 

arrangement, 

4Qd Lx 
EA = =- =2okv 0 

"co-t (d' + w") 
dO 

cm 

Q 
- =.32.5 kV 
mo& 

and from (109) 

V 
IE3X 

= 32.5 X 1.197 g 39 kV e 

The field at the surface of a wire 

r -r 

Ec 
ZE 0 + d 0 

YC w2 + rz w2 + (d - ro)2 
I 

(110) 

(111) 

(112) 

Z F 2.854 = 4604 kV/cm 013) 
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The capacitance is 

The field-strength at B is only 

w2 + d2 
%=EA 2 w +4d2 

= 0.52 EA = 10.4 kV/cm 

(114) 

015) 

but the critical deflection of B- takes place near the origin, so this 

is of no consequence. 

The design of the 

ment 13s - (92) -(95), 

voltage required: 

circuit is similar to that of the short-plate arrange- 

(97L mob(lo2)l. However, because of the lower 

V g 40 kV, (116) 
IIBX 

the power requirements are much lower. For the 5 pF circuit 

V in 2 870 v 

P in 2 21.9 kW 1 

For the 20 pF circuit, Vin remains as in (117) and 

P in 2 87.6 kw. 

The reduction in power is about 80%. 
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(118) 

(TL.19) 



Equation (105) is again valid if the symmetry of the circuit is good 

and no electron reaches the wires, 

Estimating again that 5% of the deflection paver is lost, and assuming 

that (25) represents a good approximation, r b is about twenty times that 

given in (26) or about 0.5 MS2 . 

In addition to the geometries already discussed, several other possibilities 

are open. For example, the current interception can be de-creased by using a 

grid mesh rather than solid plates, which preserves most ,of the electric field. 

However, this may lead to extremely high local fields and breakdown. 

An interesting possibility is the combination of different arrangements. 

A promising geometry is shown in Fig. 11. This is a mixture of the short 

plates and the rods. Assuming the voltage to be the arithmetic mean of those 

required for the long plates and for the rods, i.e., 35 kv, (60, (72), and 

(73) can be used to find the permissible length of solid plates: 
m cd 

s+-- Z 0.873 ns 
ITEIX 

(la 
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$5 2-v 6 sir&- 
=0 J & "= 3.39 cm a (121) 

The rest of the space between the rods may be filled with a wire mesh 

(Fig. 11). 

The circuit design is idential to that of the rod circuit. The voltage 

and power requirements, however, are lower: 

V in "= 760 v 

P in r 16.8 kW 

for 5 pF; and 

P in = 67.3 kW 

for the 20 pF circuit. 

(122) 

(123) 

(124) 

IV. STABILITY 

Ideally, the deflection voltage source should be rigidly synchronized 

with the rf. If, however, an independent source is used, or a large phase- 

shif$ is required, the frequency stability of the source (or, the stability 

of the phase-shifter) should be specified. If a drift of bunches through 

the gate at tA is to be avoided, extreme stability is needed. 
0 

As a design criterion, it is suggested that the effect of the instabil- 

ities should be less than the inevitable effect due to the nonzero beam pulse 

length. Assuming 60~ bunching, the bunches pass through any cross section in 

0.0583 ns (i (125) 
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TAB&E I 

- 

I 

pk I w v” in 3 
SYSTEM L cm CPF fA VkV 

in max VkV in 

1.45 

3.856 

M-l 
"b 9 

res 

2.63 

0.79 

3.16 

0.79 

3.16 

0.79 

3.16 

13.2 

3.96 

32 

I 

I Long plates, 
unpadded 

Long plates, 
padded 

I.165 1 0.16’ /- 14% 32e7 (105 6 10 23d 45.2 30 

151 30 

~ 

113.5 YQ 

454 PO 

1.28 I- 0.048’. I- 4..2$ 23.6 5-6 10 20 

Short plates, 
unpadded 2040 1.82 

1.82 

0.87 

~87 

0.76 

0.76 

16 2 5 15-P 

Short plates, 
padded m40 4 2 20 3.96 

15.9 

1.395 -0 r-0 

I I 
Rods, 
unpadded 10 0 50.4 40 

III 202 40 
17.3 500 5 

Rods, 
padded 4.3 10 20 500 0.365 -0 4 

0.365 -0 -0 

0.365 -0 NO 

87.6 -0 3.96 

3.96 

44.1 35 

-+ 177 35 

Rods and short 
plates, unpadded 

Rods and short 
plates , padded 

500 17.3 5 

---I-- 67.3 -0 4.3 20 500 

* 
For current generator feed 

** 
For voltage source feed 



Hence, from (24.a), there is a vertical spread at the aperture: 

(W 

which can be tolerated. 

The frequency (or phase) stability should be such that the cumulative 

effect of frequency and phase variation be less than Ay. This means that 

if the experiment lasts for I e seconds, the total change in zero-crossing 

time 

or the relative frequency-change 

-= = 
f 2Te 12 fRF Te Te 

se c) 

Such stability is probably impractical without synchronization. 

The amplitude-stability is much less critical; as long as the voltage 

is higher than necessary for the interception of B 1' only 'PO, the angle 

of B 
0 

at the aperture,willbe slightly affected. From (x)), 

AT, AV max -=- * 

(po Vmax 

(127) 

(128) 

(129) 

Since magnetic focusing follows, this effect is negligible. 
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(pO 
is also affected by cu changes and nonzero ?I- Since, by (,20)", 

the effect of T+ is 

AT0 
1% TD ;+s 

-2 rt: -m-z +-- J (130) 
‘PO cp at, 2 fRF 

T 

for the long plates 

DlpO -750.4 ; 
(pO 

and for the short plates 

@ O  - - + 11.7 . 
(PO 

The spread is less than 0.5" in both cases. 

For a synchronized system,the phase-difference between electron bunches 

and deflection voltage must be kept less than C30 O RF angle; i.e., 

031) 

(132) 

033) 

of 40 MC. Even this may be difficult to maintain for a long time, especially 

in the (Class C) power amplifier stage. 
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