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From Eq. 3.1,
-Bs ,
T(s) = Ae s where B > O
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Now O0(t) = O for O < t < B

1 - A"
= - cos wt for n B <t < (n + 1)8

1 -A

2mm = - . _
For t, = = o(t) = 0(t—to) ie O(t) = O
(2o - D7 5y - - Ber =
For t, = o(t) 0(t to)
ie 0O(t) =20(t) == 2Ae 1- 4" cos gt
1 1-A w

The condition for validity is that g > O

Initial conditions If we set 0(t) = 4Aei for t =0

then, for 0 < t < 8 o(t) = 4Aei cos wt

For n B <t <(n + 1)B,

0(t) = 2A(1 = A - A2 - ,,, - An—1 e; cos wt
For A > 1 o(t) » ==
For A <1 o(t) - 0.

Fig.3.6

Initially t = t,

o(t) = 4Aei

Here |O(t)]| = lULl.

0(t) = 2A(1-A-AZ - ,...-A
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Fig. 3.8. Missing—bucket system performance:
r.f. voltage waveform at cavity gap

U =75V).
(gap )
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6.1. An overall system test was first set up, in which the cavity

was tuned to 9500 KHz and driven via the missing—bucket system. A block

diagram of the tes. setup is given in Fig. 6.1,

The system was optimized with the fading-bucket circuitry disabled:
the waveform appearing at the cavity gap was then recorded both in normal

missing-bucket mode and in fading-bucket mode.

The results of this test are given in Figs. 6.3 — 6.5. Figure 6.3
shows the r.f. signal in missing bucket mode for a peak gap voltage of
75V, while Fig. 6.4. is the fading-bucket modulation envelope for a time
constant of 0.5s with cut-off 0.6s after start. Figure 6.5 shows the
r.f. signal again with conditions as for Fig.6.4, Here the progressive

decay and final abrupt diséppearance of the emptyrbuckets can be seen.

6.2, A phase coherence test was mext carried out, Here the phase
deviation of the last three cycles after switch-off and of the first
three cycles after switch-on was measured with respect to a reference
signal derived from the system input. Fig. 6.6 illustrates the test

setup used here, The test was performed only in missing-bucket mode.

The x—-y recorder was swept externally, via the oscilloscope,from a
sawtooth generator. For each set of recordings (one for switch—off and
one for switch—on) two passes were taken, one with the cavity output sig-
nal and one with the reference signal. The offset controls were adjusted
so that the two signals would be recorded in precisely the same phase at

the starting point, This facilitated phase measurement off the graphs.

The recordings are reproduced in Figs. 6.7 and 6.8. Figure 6.9
is a record of normal missing-bucket operation. All measurements were

made at an r.f. gap voltage of 75V peak,

It will be seen that phase deviation of significant half cycles 1is

less than 2°. Whether this will have any meaningful influence on the beam
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Local control only is provided for the settings of counters CN1 and
CN2. It is thought most unlikely that anyone might wish to change the
" number of buckets suppressed in the course of an experiment with the

machine,

Circuit diagrams of all system compoﬁe1zts are given in Appendix IV,
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APPENDIX II

The relationship between r.f. gap voltage, input voltage and a
spurious voltage source inside the feedback loop in the cavity amplifier

chain.

The amplifier chain may conveniently be represented by the following

equivalent circuit :

<« U4/r4
- r +U -8 ,,U
Soeo 4 r] o4 ml’ 1
— . -—
h N P
l o’ 1/1/ 2
% ¢ A v U
mo m] m2 L
¥
® ] { Ul I 2
- ©1 Fig, II.1
U2 ‘
" where e, = input voltage to pre—amp. .
e, = spurious voltage
UL = gap voltagé
T4
— = feedback ratio B
r
1
Ao ees preamplifier gain
A1 ees intermediate amplifier (gaip Bl rz)
A3 ese P.A, driver
We wish to establish: 1. The ratio eo/e1 for UL =0
=0

2. The ratio U_/e, for e
‘ L1 o



We hgve U4 Ul'
- 4 — = ) :
gmo eo ;4 rlf ‘ ese II.1
= + . Tee .
UL .U4 U1 _ 11,2
U
-g U = —Zl LN ) II'3
m2 2 R
4 .
U.2 = (-gmlUl)rz ey : e II.4
1. To obtain e as function of e, when UL =0
, o == g. : ese IISA
We have from _ U4 8.0 U2 T, 5
v = + ‘ LI N . g
U gpp Uy T, *+ U oo II.5B
- e - U, = -I-Jl 11.6
. gmo 0 gmz 2 1 ) v - L N ) [ ]
1 . = - ) = + + see .
from which UL ng r4 [ gml_U1 r2 | el] U‘1 11.7
and - gmo eo r1 - gm2 r1[-gm1 Ul r2 * el} % V1
aes II.8
g_moeorl * gm2e1r1 ' _
' Ul =‘ T T — 1 ) ceoe II.9
Le€e En2"1 Bmi™2 »
By equating UL to O we obtain, from Eq. II.7
g re +t+g Tr.e g er, +g T e
mo 1 o m2 11 mo o 1 m2 11
UL =0 = g +

A - g r,e
m2 4°m2 2 T r - 1 8 57481 =
€2 18m1"2 _ ‘ gmzrl gmlrz 1 —I

o : _ r
-ngeorl (gnﬂr4gm1r2 + 1) -gm2r4e1 (1 + }z) =0 | -
| v oooII. 10



"1
Now gmzr4 >>1 and = << 1
A
so Ema" 4 gmoeorl_ Bn2t2 © T%18maTy
e N
l.€, _e_; = -gmo rl gml r2 uo.IIoll
UL =0

This gives the ratio of the internally generated spurious e, toa

known measurable e. for U, - .
o L=0

‘The_value_of e. established by Eq. IL.11 enables us to find the

1

output voltage UL for a known value of e

1 by assuming eo = 0,

To obtain U, as function of e,, for e = 0, place -g e =0 in II.1
- L o mo O

l’

U

S %_h |
II.
r4 1 I.12
From II.12 and II.2, we obtain UL = Ul‘(l + ;f-) , I1.13
. U, '
also T’y T | O I1.14
So U1 = —gmzr1 (-gmlUlr2 + el).
g . T, e :
= mi L 1r — | I1.15
Sm2 T1 8m1 T2 | |
Now, from II.15 and I1.13
» g . r e : r
y -—= L L T (1 Py LLILI6

& 1 841 T2 T



r
4 >> 1
For ';"’ >> 1 gmz rl gml rz
. 1 ,
U*L E —r—l—" ® 1
©1 , B )
iz
el A1
e
° cee I1,17
where B = feedback ratio
Al = gain of intermediate amplifier,
Both II.1l1 and II.17 are linear, time-independent relatioms.

In the example of our system

= 55mA/V

= V . - -
8 o 60mA/ 8.1 r 160Q r, 3300
so ) _
— = =174 for U, =0
e L
o ,
1)
—£=399 fore =0
e o
1
Steady-state gain Uy _
— =170 fore, =0
e 1
0.
So the. ratio m = peak initial compensating voltage
peak steady-state input voltage
1T
e, U
— < | L
eOJ . el
| U =0 * “e =0 ... T1.18
L )
is given by n = — — ,
e
O_|e =0
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S x39 g
70

"In practice the compensating voltage is adjusted by means of an

attenuator at the ringing-circuit input, for correct compensation.

If the ringing voltage is of the form

- w t/G
o /40

where w, and Q refer to the spurious ringing source, then a compensating
0 v

voltage of the form

- R - .
0,t/Q, - B TUt/Q, I1.18

e =E e
o o v n
will cancel out the spurious ringing voltage exactly.
Here Eé = 1initial peak (steady-state) drive voltage. -
E! ———
YA .
E =- L&
o n
. Fig. II.2
{.
t=t¢t
o-
Qo = Q of ringing circuit = Q of spurious ringing source e .

As there are several low-Q resonant circuits in the cavity amplifier

‘chain, it is rather difficult to isolate one single source e, of known Q.

1
. The equivalent Q was therefore determined by measurement, using a keyed

sinusoidal drive signal.
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From Fig. 4.2 we see that the amplitude of e, decays to %-- E

1

approximately % cycle. This gives

Thus the ringing circuit parameters are :

£f = 9,5MHz
o

Qo =1,5

n =

e . 9.7
Attenuation :

This provided a starting point for design of the compensating -

clrcuit.

1

in
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APPENDIX III

Linearity and stability considerations in the

control loop of the fading—bucket voltage

program

III. 1 : The loop may be represented,thus

Op.amp.
-1 ' ~<§§}1 N o -U
Uo 0 Ao/ . : g

) o . . Fig. IIL.1
\4
B
Detector ©
~AGC amp
U .
0
-~ =1
e
o
or more simply, by this :
o
-U o D o =U
0o g
5 Fig, III,2
o
Auo
Bo - Au
g

The incremental control transfer function of the AGC amplifier and detector

is of the form R
Ae - Au
B = —o_.= ._0
o Au Au
g g

From the slope of the transfer curve, we find that for r.f. gain A = 10

initially.

]

Bol 1,3 (high sensitivity end)

302 = 0,00134 (low sensitivity end)
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The initial DC open—loop gain A0 is

A =5x10 (breaking loop at Cg>)
gai = A
DC loop gain AL Bo o
o 5 : .5 .
ALl— 5xx 10 x 1,3 = 6.5 x 10 (high-sensitivity end)

AL2= 5 x 105 X 0,00135 = 6,7 X 102 (low- sensitivity end)

II11.2 Linearity: An outside voltage is impressed on the loop via a

resistive summing network.

| | N A=-1
[j*—-4 — A
| 0 N
U, R | [ L s
| R
B,
UO

AGC amp. & det.

Q% _p =00 - L
AU - B A Z
P p 2 Bo o 2 AL
6,5 x 107
= 2 = — g . 3 .
Aol = 26,5 x 100 = "l (High senmsitivity end)
- _ __670 _ o
Ap2 2 - 670 _1,003 (Low sensitivity end)

Thus deviation from lineérity is + 0,3%. over whble control range.



III. 3 : Stability

2 6 -

of loop
— }C—
R '
J_—} R > U
A g
U Q
p-——-——
R
T 8, . Flg. II1.4

Introduce frequency dependent feed-back across opamp. such that

v jA
A=’J°
f wCR
Assume 80 wide band. .1 =CR
Condition : 1 % 0.1 t . , where 1 = program time constant.
pmin p

Hh
L]

©-
==
1}

The effect of

i0 nF

, i
[
)
' |
10nF - 5K ) |1OK ‘g-_ .
} T : o Fig. III.5
] ' '
i
i
!
]

B

[¢]

R A
o

11

R = 10K

roll-off frequency for R = 1/wC = 1,6 kHz

-459 for integrator gain Ao =1at £ =1,6 kHz

H

the R - C decoupling networks in the AGC amplifier con-

trol line may be neglected in the frequency range of interest.

The detector may be represented by I in Fig. IIL.5.



- 63 -

a

H1

Here T1 = 100 ps f

= 1,6 iz, . T, = 505 fn = 3;,2 iz, |
A Bode diagram (Fig. III.6) shows that the loop is unconditionally

stable.. This is the case in practice.
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APPENDIX IV

Circuit Schematics of Units

Splitter (signal distributor)

Adder (summing amplifier)

Bunch synchronized timing unit (CN1)
Synchronized fast switch (CN2)
Ringing circuit

AGC amplifier |

Detector and driver

Voltage programme unit

"B Control" unit
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