necessary to raise the accepted protons from

ewmtwbwmﬁhooouwumﬂsm voltage in a r.f. cavity Bo:u.nom‘. =

will obtain an average increase in energy of 6 keV on eac: e
protons B orbital frequency of the proton beam increases from 3
cavitye n to 2.02 Mc/s at an energy of 7 GeV. The r.f. frequen
»&mo»wo».uapsms@ (hermonic number = 4) and a fraction of the injec
ouE.._Bn into four phase stable regions or bunches, each H.m.o.nou I
E.www” tion about the stable phase angle of the accelerating voltage.
e 4 is a compromise figure involving the radial mv.sowu.o&ﬂou 0S8C]
amplitudes and the effect of the total energy spread in the oscillat
+rapping efficiency. Initially, the betatron and synchrotron om..mm_.u. La
the protons will occupy the entire vacuum o_umaum...? ' bH.«roch .Simo { C
reduce in amplitude as acceleration proceeds, it is important Enm..u.,.« e A | mw_.k
vom.wﬁouu..ww&msmmﬁgmomsdumowgm,\mac_ﬁowg&ou (Ry), or at whatever ..ﬁ

deviation may be required. 3

G
pe provide

6,1.2. During accelsration the magnet guide field rises from 290 g:
and the frequency of the r.f. voltage from 1.41 Mc/s to 8.1 Mc/s.
correct redial position the frequency must follow accurately a
magnetic field. Because successful acceleration depends on u. te
motion, it will also be necessary to control the phase of the beam
of the accelerating voltage.

6.1,3. A simplified block diagram of the planned system is given
system will have four main sections:— .,.

P
T

(i) The high power r.f. equipment, providing the acceler

(i1) The low power r.f. equipment, or primary frequ
providing an accurate and controllable freq
power r.f, system.

(4i1) The beam control system, providing
and phase of the proton bun. ¢
correcting any deviations -

(iv) The beam diagnostic system,

of the beam in the vacuum
energy. oA s




s in the ferrite have a peak v,
Tises to 1.6 kW per 1012 E.Méoam Mcm
1 lop 6 kV peak r.f, voltage ang at the
s/s, the synchronous phase angle is 1500,
1 a drive chain with an input of about 2 y
 the P.F.G. The cavity is tuned 0 the
as winding around the ferrite carrying up to
pply. There are two alternative bias supply
was developed during the early design stages, the
) was developed later and will normally be used ip
y greater frequency response. The amplitude of the
gaps is controlled by means of an automatic level
~accelerating voltage is maintained equal 4o a voltags
the magnetic guide field (B), thus keeping the synchron.

.V is pituated in the Nimred main control room. It
accurately controlled frequency tc the drive chain,,
11lowss

56 rate (B) is measured by a pick-up loop in the megnet

is integrated (giving a voltage analogue to B) and
current on the ferrite core of a r. f. osecillator
hip between the oscillator frequency and the biag
© be very close to the law relating orbital frequency

gulating the voltage across two variable capacity
tuned circuit. The oscillator output is fed
drive chain. The P.F.G. has a voltage function
can correct the oscillator freguency through
ervals of magnet field, Thus the freguency
be set to close limits. The frequency at

ulses for many other machine functions.
are thus related directly to the magnet

Time delayed pulses are also
ctions such as target programmes during

for controlling the cavity voltage

tor frequency, via the meﬁ
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i Aependently.
two control loops will be gated in
m.p.ﬁ.oomwwwema operation of the r.f. systen without recour
el via the curve corrector, The phase

G .
mMMm_umwawoam induced by magnet ripple, and r.f. <ouwmm
psCli

1 i ortional to the magnitude, radial position, vertical
e mwm:mwwavwm” eusential in tracing faults and adjusting many of 1l
arameters.  They will be used in combination with signals from mmmﬂ%oﬂv 6&
H.Ebw will take the form of targets made of metal (for charge collection) oI
“ogﬂdﬂ.o? The induction electrode signals olhtained with chopped “...ww 5
will be particularly useful for the EmpmchBmao.om radial vm.ww«uou osc .uﬂ
injection and vertical oscilla*ions, if they exist. The diagnostic probes

wts around the iachine (ses part 2 of the Nimrod repo )

itioned at ten poi .
wmww be accurately located by means of remotely controlled position servos.

6a a
phase O %

useful for emittance and energy spectrum measucements on the uammﬁon beam an
olosed orbit studies. For more direct observation of the beam, it is planned to
transparent grids mede of fine wire coated with fluorescent material. The

can be mwung diagonally across the vacuum chamber behind windows in each o«

They will be controlled remotely and will be viewed through the windows

circuit television system which will display all the grids simulteneously on
field tube.

6,1.13, Assessment of changes in machine parameters may involve the
measurement of a number of quantities such as beum intensity, radial po
field or accelerating voltage and frequency. The usual metho

moasurement arc inadequate in many instances for these requiremen:
ing system is therefore being developed which can hendle si
analogue information, each at a rate of 1000 readings/s. Re

by means of punched paper tape which can be fed into a teleprin
on-line computer. o




low power r.f. system (N.B. the "heaptn of the systenm ig
Primary frequency gensrator or P.F.G.)

is to Procduce
is related to the guide field of the magnet as g

can be considered under four headings:—

¢ place in three stages:
throughout; second,
cuits and transistors

first, a system using
a system using valves in the
in the ancillary control
Comparing the
om five racks of equipment
less than 90 W. Each stage
€6, The "perfect" switch action of transistors
el resulted in circuits that were more stable
‘erence.

of the magnet field is produced
integrated to produce a voltage

a peaking strip which

~oscillator, with a
T in tal permeability

RE FREQUENCY ( Mc [s)




INJECTOR

SUPPLY

Fig. 6.2.2(i) Schematic diagram of low power r. f, system,
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Fig. 6.2.3(iii) Schematic layout of pick up loop,




Jking strip signal is obtained when the magnet mu.
ewwmmmmmwwmm and the accelerating <ow.mmmm has to be swit
mately taly 280 gauss. This delay is introduced by feeding %l
appEOXL e which produces an output pulse when the
outout wu¢ This comparator could also be
wm.mwww:m ropriate choice of reference volt
T
ME.ME&. delay

to a comparator,
o a reference voltage.
the injector by an app

introduced between this signal and the gate opening s

6.2.3. Component Circuits

6.2.3(i) and 6.2.3.(ii) show the general constructional methods

Figs. S
g Bmphasis has been placed on Min situ" accessibility

for the units.
on compactness.

(a) Pick up loop.

The pick up loop, Fig. 6.2.3(iii) encloses approximately the ce
of the magnet aperture, radially There is one section in esach octar
windings :lternately in the upper and lower pole face to measure .Ez» avers 3¢
field seen by the protons. The eight sections are connected in series to
the correct level for optimising drift in the integrator. K

(b) Intesrator unit

This unit, Fig. 6.2.3(iv), is designed around a d.c. amplif
addition of an output stage (shown inside dotted lines) to increal
voltage swing from + 6 V to + 30 V. The second amplifier in
monitoring, ,

: Hwo voltage from the pick-up loop enters the unit by a sc:
ne side of the loop is taken to the signal earth of the d
wwwmnmm the earth reference of the pick-up loops ve

0 a potential divider i i jus:
e » which is used to adjust the

The amplifier summing resist i
? or is split into
WMH“osuanwmn. to an electronic switch to control t
2 wwmm. The integrating condenser is a plas
= e wﬁw:”& Mouwm falls, this condenser
. est purposes the pick-up vo:
derived from the N@ﬁou,&onm,. L




entional bistable circuit, the windings of the aboyg

or loads of J2 and J3. The circuit is 80t and pg.

sitive pulse wm applied to J4 closes the relay contact
the integrating capacitor; it also operates the

pulse Py applieq

the integrator to operate and nwgﬁsm the

via the V/I converter),
& complementary bistable circuit set and reset by J5 and J8
‘numwnﬁn to the primary winding T3 results in the }
eing cut off, Current flows from the positive Zup,

#uppl

through the bridge MR7-10 and then via R16 and P.Gdo »wo
#&mﬁ.a.gngg.«mw:

/ rai the output point SK16 being clamped to
tiometer RVl is adjusted to eliminate mismatch between the

pulse P, applied to J5 causes the transistors J6 and J7 to
biases the bridge diodes and 80 unclamps the output point g
from the pick-up winding to be applied to the integrator,

the integrator approximstes to a sawtooth with 28 v
logauss, The frequency modulation characteristic of the

t this has to be converted into a sawtooth of current, with
ilogauss.

is designed round the same d.c. amplifier as used

high voltage output stage is, in this case, followed by
ing a pair of transistors J6, J7 connected in parallel.
mprove load sharing between the transistors, The
ng on the oscillator tank inductance, is ahown
hrough the load is monitored by the 4 Q

he voltage across this is fed back to produce a
ristic.

earity in the initial frequency modulation
aracteristic of this unit is modified by the
components,

or approximately 30 mA of reverse
ﬁ»wwo tank inductance to cancel the
ition current of the ferrite, :Eo_www!
ward bias control is set so that the

el -







. - R
. g i
< mm.ox g : f.q

+30V

e -
6BOpF
v L
4.7k
bs
12K
3




g

il &

$ 1

> —4

v

A- Ol pF

=002z
pF

1005

E

0.C. AMP (X 6)

Isu

R¥72R3I82 RIS 4O

18 Zin 2in

27
FORMARD !
n—- BIAS _l»q
o1
»F sTART)
L L EREQS o

Bsev

10K;
2 10x
3

25
=
—e

1

?_i

AAAA




2 __.:-.. g _a.._x

e

ety P |t — SRS

MR2 OsCiLLATOR

— uNIT

470pf (on Freen )
M b 2 470pF
n_' COWF w3

——F ]

Ly
|_..

+2v 18k 10K 347K

e
" FWW-

2208

o
00n

TO DISPLAY (4-v)
AND FREGUENCY
MEASUREMENT




Corrections o the frequency modulation h
of a voltage applied to the variable ovanu.w&. di 1 ¢
of the oscillator output is WMBWMNMQ. .cw Mwm%_wowwoum&wupm we
;g connected to the diode gate - Yy tos :
wmnmiu from the gate is amplified and phase split by the maw..wéwwewéwwm. .
amplifier J9 and J10 and applied to ﬁwm.o=¢use push pull pail S
mawgmu.».oﬂ.osmnw J11 and J12, The gain, S

tebility and q
improved by reedback via R53 and R35 to the base of J10.

~o T SN
m.dumowu.oﬁ..eﬁmn._.sm .nﬂm.smwmﬁbwaumﬁ. wmm

The gate is controlled by the bist
to J8.

(£) Comparator

The comparator circuit is shovm in Fig. m.m.uﬁﬁwu..v.
integrator has a scale factor of 28 V representing 14 kilogauss.
be introduced is approximately 100 gauss represented by 0.2 V.
voltage is first amplified by a factor of 10 and then compared with a rele
of 2 ¥V derived from Zener diode MR6 and its associated potential divi

The difference is amplified by the second d.c. amplifier wi
feedback, produces a rapid tpanaition from negative to positive satur:
amplified integrator voltage passes through the reference voltage.
is further sharpened by the complementary trigger circuit J1 and J2,
the output blocking oscillator J3.

The performance of the comparator (also known as the
pulse mgmwm«oﬂv ig described in detail elsewhere Amv.

(g) Function generator (Curve corrector)

The function generator is discussed in general ..mmHBmmv
i1

to a "down'"counter, causin ’

unte ausing the output of
moowmm.mo, again in 256 steps, to zero. The
up" counter and the cycle repeated. :




icates an operation which vill produce an

¢ Bn.muo,ﬁ.o field but the fine st

; overcome by feeding the magnet  AB  train into two

d B AE.Q. 6.2.3(x)). The original input and the outputs
fed to gates G1, Gp and Gy, with a common output

input train from the ammamﬁ.

such that G; is opened for say
econd 6 segments and Gy is
Under these conditions the interval for the

: : for the second 6 segments will be 200 gauss
be 400 gauss.

to considerations of cycle to cycle jitter as this
eradual regular drift, which can be offset by an
se adjustments is of the order of hours. 4
eurrent is regarded as an acceptable level.

ioted have been taken under dynamic conditions
¢ e pulse.

ertain at present, how the
on oscillation amplitude but &
icles will be produced

ncy of 1.43 Mc/s the

B ety

e g SN

B T
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» has a jitter op¢w4www=a. o u&#ﬂ
tor frequencys the jitter in Lo W
o ﬂwmo o\.mw the amplitude of the f.
60 ofs-

The integrato

0 ¢fs in osci ¢
o \ corresponding to : .
10 o\m. and the measuring error ig

js BuhA, coI
omow:maoa is .
Tphe sun of these components, wmmcsw_.gm they combine 1n a ran
180 cfs which is not in good agreement su...«w.spo
sigter figure 1S well below the assumed Hu.Bwa.

M:Emﬂmwﬁmn put could well be due to the difference -
measurements taken on the individual units and those taken on X

(b) Frequenc trackin

As the magnetic field rises after injection, the dm&ma&ou
amplitude becomes 1ess and small frequency m..ﬂ.oa.m can be ﬁou.m,n.
loss of beam. Taking this into account along with the dec

aperture, the permissible freguency error is shown in Fig. 6.2

arbitrary field level, say 6 kilo gauss,it can be assumed that

tions due tc target or extraction requirem i
tolerance should follow the curve shown dotted in Fig.

The possible variables are shown in Fig. 6.2.4(ii) where th
determining tank circuit of the oscillator is shown in some deta
ogcillator is essentially a Colpitts circuit which is frequenc;
varying the inductive element. The main variable inductor co
ferrite toroids each with a r.f. winding, surrounded by a
winding. The connections are such that no Tectie <o“_.+.mm® S
polarising winding. (This arrangement has been used on oth
synchrotrons. )

first part of the curve is very non-linear an
the magnetic field rises from 200 to 300 zauss
bias on the inductor, the wwmpﬂomomm at injec
to the frequency of the particles.  Also, by chol
wwwmenc.ﬁ.mﬁ to the magnetic field, the earl

t the reguired frequency law closely.

2 M« mE..,ww.S.a choice of a fis
e to saturate at a w..uoﬂ:o,.:a, corre
of rotation of the particles (P o
at high energies to be determinec

A T




the components can be set to give an o

ek 5 Dtim
hat the adjustment of final frequency wmw Mww. Ther,

€roe op

=

ﬁ&o scale factor relating biassing current to ma

. gnetic
tracking over the first phase of acceleration e

t of the final frequency

f the squareness of the knee

07

tment of these controls gives a curve with a tracking errop
merked in Fig. 6.2.4(i). It can be seen that over the
the points lie inside the curve corresponding to no loss.
rom the correct curve is 4% and this is compensated for
or. This applies a correcting signal to the voltage
in Fig, 6.2.4(ii) as the variable capacitor shunting

X EXPERIMENTAL POINTS

1 that the function generator (or curve corrector) can
0.5% of full scale so the final adjustment should
. 6.2.4(1).

i

3

mﬁw .w@.oeoumnnwanpﬁozéoaoam:ﬁgowarm,ummam%u.q.
fr ﬂs@% has a jitter of 0.05% this corresponds to
d have no effect on beam intensity. However,
t would result in a jitter in the timing of

MAGNETIC FIELD (KILO-GAUSS)

he final frequenoy is determined by
lity. Measurements have confirmed




I Mc/s

ADv BIAS
WITHOUT THE SHAPING CIRcuIT

BMcfsr——— — — — —

| Mcls

AVV BIAS
FIXED SHAPER INDUCTANCE

oise consists of two components; the inherent n

noise in the amplifying chain providing the b:
pecomes less important as the slope of th
aftor the first part of the a ol

The n
and the current

latter component
ourrent curve becomes small

The r.m.8. noise in the oscillator is 10 o\m and the T.
the bias chain is 2.5 pA. This latter figure differs from t
section 6.2.4(2) which includes a large "flicker" component, W
ovawuowzmmm oosvosma.«mwswwmwuop:o:o%u.gmo 1-10 ke/s.

Making an approximate allowance for the relative proport ns in
tyo components are combined the expected build up of phase oscillat
is 0.4 radians. The resulting loss of particles depends on the deta
in which the particles are distributed in the phase stable

o be between 10% and 25%.




)0t or r.f. equipment comprises the r.f. cavity, the po 5 s
3 block disgram is shown in Fig. 6.3.1(1) wmn,smao%uwu.zu.
i . 6.3.1(ii). The single two-gap accelerating ow&.ﬂm«
‘the power amplifier and automatically tuned by the bias suppl Tetn
3 controlled by a phase detector sensing the load e

i 4 suscept
d loop amplitude control associated with the power wawwmmwmn
)

ney programme and also a level contro
from the primary frequency generator (see section 6.2).
uency rises from 1.423 Mc/s to 8.012 Mc/s in 0.75 =3 this ig
2 8. The required energy gain per turn averages 6 keV, being
Special voltage programmes may be required at injection ang
the system is required to function over a 10:1 range of amplitude
normal r.f. stable-phase angle is 150°.

1 programme are fed to

equency is the fourth harmonic of the proton orbital frequency,
wae chosen as the best compromise between the reduction of
on amplitude and the deterioration of ferrite properties
frequency.

wvity (Figs. 6.3.2(i), 6.3.2(ii)

&,aoﬂuwuwwoﬁimmawmodm.nsoougmHownmmomﬁa%a@o
ron-type" drift-tube structure, It showed the cavity
more efficient (1). This is meinly due to the large
pled with the relatively short straight section which
uit inevitable with the drift-tube arrangesment,

gh peak voltage and hence a high power requirement.

ng of a cavity incorporating a variable ommw“w:«ww
cause of awkward mechanical problems which
requirement would agein be high baczuse
and therefore more lossy) at high
uencies would be higher, leading %o

de
trant o resonators side O
il cores to wnnﬁiw
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Fig. 6.3.2(ii) View of the accelerating cavity.

The central dividing wall .

i of a screen.
erform the function : u.owH
noumw%wom nomwwﬂmm is not present, as it performs no useful electr
the ¢
wmetmws
?ucnuo:.

4 EEWmlm teel tube with ¥
is a rect ar cross section stainless stee 3
g <mmcms Mwmmmwowomm g.mwombmww accelerating voltage is nm<m“_..ow.wo. ﬂWca
o wsmﬁwﬂmosméa,oue of its position in the magnet ring for servicing, the )
e oaviHy ww can be rolled on wheels out of the cavity (in .2.5 beam ﬂ.wwuco»»oﬁ
o i of the insulators and seals. The wheels run 1n Moom._,.u:m grooves.
e w:mvmoﬁowou»: poxes enclosing the ferrite. Large spring ».psmou.m.am.w.w 3
o arm.mumﬁwozzmoﬁo:m to the end walls of the cavity. Various amamu.ummpm were
Smoﬁwowa for the insulators including glass, fibre-glass msn.wvoé resin, v, R |
oosmwswﬂa other ceramics, polythene and P.T.F.E. The principal requirements 4
M.Mcﬂvo material are that it shall havesi— X J.
(1) a combination of low dielectric loss and high thermal conductivity, ,.,_u

ice. (e tang )/K must be as small as possible;

(ii) Zlow vapour pressure and gaseous permeability;

(ii1i) reasonable mochanical strength, freedom from plastic flow and & :
high rediation resistance;

(iv) suitable properties to allow manufacture to the shape shown in

Fig. 6.3.2(11i).

The results of the investigaticns were as follows:—

(i) Glass fibre and epoxy resin

The choice of an epoxy resin was abandoned since experiment showed that
temperature rise of at least 909C. would lead to a very high vapour pressure
and that a fairly extensive air blowing system would be required.

(i1) P.T.F.B.

mmoo ?Wm Eﬁnmuwﬁ.ioﬁﬂ.wumﬁwdmsvmwwacum H.Hmoncawbmowoum.&w«-ﬁﬂ.!;
o which, together with a surface temperature of 20°C., mi st
&QHMWP from a vacuum point of view, although the vacuum seal
i t due to Eb.mﬂ..o flow of the P.T.F.E. A number
e cw vu.o?.yom an insulator of this material but they
Culties in making u suitable mould, P.T.F.E. also

(4i1) Alunina coramic

Several types of ceramics satisfied the

gase i
: ..m“n%maowaﬁg could h:ve proved tr
; ‘ture proved difficult, mainly di

Wring firing,




ng good vacuum and r,f
Insulators were cut fr

operating conditiong e
bhis type is, however, rather high,

in use but glags ones arg
The polythene insulators have Proved mwﬁmnwawﬂ.«
- although the effect of radiation is not yet knowm,

subjected to vacuum and high voltage tests on a test
A g stainless steel vessels by
diffusion bump provided with
bh the cavity vacuum vessel and the insulator test
al metal stops fitted, equally spaced, around the
ssive strain on the insulators when under vacuum,
insulators a vacuum of 5 x 10~7 torr was achieved

ed out using a portable r.f. transmitter with
Toduce approximately 8 kV across the insulator.

ssels were carefully insulated and screened by a

ed s0 that it can be attached to the
» withdrawn from the magnet ring to its
: Under these conditions the

RS

K

N

el insulators.




6.3.2(iv) View of a ferrite core 'window frame’.

Fig.

(c) Ferrite 2
i igati W available materials. A full accoun
,ful investigatlon was made of all availal 5 e
ok tion nas been Teported elsewhere (2)e s Hmpﬁvawsmmw memwo
mwwowd.uauvnom;o&tpoﬁa the frequency range & D

pull the resonant frequency from 1.4 to 8.0 Mc/s. (u =

of this investiga
- loaded Q of complete cavity with ferrite WMH“_.H:NV.

the pest compromi
s required to

g pbility of ferrite; Q 5
m_man_mw wu m% necessary for the manufacturer to be capable of Bgzwmnaﬁwsmmw.m&mo
L amM +o the required mechanical and electrical tolerances. The materi 1

O e torial similar to Mullard By, but with 8

. ~1v chosen was a special Philips ma
mﬂ.»ww.mw‘owkm.._.‘mn permeability and correspondingly higher o. At 1.4 Ho\m un—
M.Ewm% B = 600 and @ = 10 at 60 gauss peak flux amsww:.. s#mn dumwmm ew 2
8.0 Yo/s: Q= 40 and the bias field is 12 AT/om. The ferrite is made in Hu o
mm.mamm: 4 cm thick (Fig. 6.3.2(iv)). The long limbs are each made of mm<o=“_.. .”o
(25 cm by 23 cm) and the short limbs of three suwuosmﬂ.duoo_nm. The four 1imbs
of a window frume are loaded individually into the cavity and are held together
by gravity and by spring loaded clamps on the top surface.

the blocks to form limbs.
blocks together with cold—
the cavity some of the long

o over the joining together of
Originally all the limbs were made by glueing the
setting Araldite. However, during aggembly into
limbs broke in the centre, and it was found after an extensive investigation

that the strength of the cold-setting Araldite bond decreased
with time, Teaching zerc after a period of 4 or 5 weeks, due to water vapour

from the air reaching the bond through the porous ferrite. A technigue was
developed for glueing the limbs using a hot setting Araldite, which also loses
some strength during the first few weeks after glueing but levels off at a value
which is still very high. However, in the meantime a method had been found to
nold the long limbs together using stainless steel clamps. These clamps were
sufficiently small to fit in the cavity without affecting the oil flow around the
ferrite, and they included an insulating portion to avoid the possibility of
induced currents in the clamps. The short limbs rely on gravity to assist the
strength of the original Araldite bond.

4 problem aros

by the manufacturers

There are 28 frames in the cavity (7 in each core), with a total weight of
Mmﬂf\ 6 ton. The amount of r.f. power absorbed by the ferrite varies with
requency but has a peak value of about 42 kW at 4.5 EO\m. The four ferrite
“MMMmﬁwam enclosed in individual fibre-glass loaded epoxy resin jackets filled

_transformer oil, which is cooled by circulation through a heat exchanger
the inlet temperature being maintained at mmmm_ G.A.meov. ¢

() Bias Winding

: The ferrite regquires a total bias field of approximatel 000 A
“wwwdumum provided by a single winding carrying 7,000 A the Wow.__.n 40.._.66
L ain the mwm:mn rate of rise of current would be approximately
= cmwnamm nowu..w:on and built in such a manner that the actual ca ity wi
e, as a single turn winding of this type, but it was decided that ti
> o impedance at which to work would be provided by a 1 ]
ey current not exceeding 800 A and a peak voltage of |
mra.Bw..EmSm finally used. The patk followed by any one tu
oy Sp“ Fig. 6.3.2(v). The input is underneath the cent
s urns are distributed circumferentially around

ypassed with a 0.01 uF capucitor, and is connect

veR ui




b eve: EH r.f, currents getting to the sensitive operationa)
he bias supply. There is 2 considerable problem in avoigi
onances in the bias winding system. These, in general g

R : y Are dyg t
ay inductances and capacitances between sections of winding [
cavity wall. The bias winding is the main conductor for ¢

0 ensure a uniform current distribution the windi ar
pF capacitors. 8 Rl O
n, each winding is decoupled to the cavity wall. Originally eaqy
n at least two places and also bypassed to the actual flange of
gap. This combination lead to the existence of a host of
Tesonances in the 1 to 8 Mo/s band, giving a low input impedance at son
high voltages at certain decoupling capacitors. It ywas found sﬁﬁm
omplex arrangement of the bias winding turns within the cavity,

it
liminate all resonances within the 1 to 8 Mc/s band from the owﬁ.ﬁwwm

all except one decoupling capacitor on each turn, and bypassing
N8 to the gap flange, most of the resonances disappeared. How-
one severe "double-humping" condition associated with the central

el, it was necessary to bypass the winding to the gap flange on
each gap, This latter bypass capacitor circuit was found to
'yent at one frequency and to prevent the capacitor being

. of the cavity being energised contimuously at this frequency,
resistor was inserted,

were found to overheat some of the other decoupling
quencies and eventually a simple filter arrangement was

- and the wall, oonsisting of a 0.0l WF capacitor in series

idon of & 0,01 pF capgeitor and a 69 , 20 W resistor.

8 in the cavity are connected in parallel by the bias
tention was to connect the power amplifier directly to

nnection, This, however, presented a rather

and it was decided to increase the imput

ity a two-turn to one-turn, step-down auto-

input lead from the amplifier goes once

being attached to the flange at the

the windings is shown in Fig.

oircuit for the cavity and the bias and

The effect of the stray
cavity and all the lumped
.0 be removed. This
amplifier is seen

effect of the

DIRECTION

FERRITE CORE

———> BEAM

R.F. WINDING

D.C.|BIAS INPUT

p 5
T

tion of the accelerating ca

-
T o o

RF FILTER

N.B. ONLY ONE D.C.TURN IS SHOWN

C2+C3



T

OOl pF - 2 OFF

OOl yF - 40 OFF

O-OIpF - 40 OFF

O'OIuF - | OFF

OOl F ~ 40 OFF GQ. SHOWN)
Rl = 2 ohm 200 watt -2 OFF
R2 = 6ohm 20watt -40 OFF
(* see noTE 6 )

st e
ch input busbar from the amplifier goes tOW 5
sl %moamuM.HMMm into five parallel turns distributed around the
an:».me:m once and connect by knife switches to the gap 1
Fo - ; ity as po
r amplifier is situated as close to the cavi 8 ]
MMMSvMMmEQOmg large diameter conductoTs to reduce .«,Wm. m“.ﬁ
i ections to the minimum the tee junction between acceler:

horten conn :
Mu jnside the cavity.

. winding was not incorporated in the original design Aow.. thi
a w_wwmww.mmsm.”w omm«wm cavity is severely limited by the &.E.osmw._.onm .sp
. et straight section the space available for the r.f. ﬂ.bmw.um "_.vm ra 08‘
wﬁmga. Originally, considerable difficulty was 0%@3."._.@50& with wu.”o,m.
the r.f. turns themselves and to the bias winding. These always involve:

tracking across i1he fibre-glass oil jackets around the ferrite.

Tests on samples showed that the fibre-glass material was E,ﬁku.« res:
o surface tracking at 1 to 8 Mc/s, with or without red mu.wuw.numoﬁsm »
However, quite small traces of dirt (or more particularly Boww.p:u,.ov lead
tracking at quite low voltages. Since the jackets ooc,pa not um ke
sir insulation had to be used. Ceramic stand—off insulators were &
the jackets to support the r.f. turns, with a clearance of & in to th
glass. This asolved the arcing problem completely.

(£) Cavit

The cavity must be magnetically screened, to ensure an appro
free region which will minimise any effect of the main magnet
Consequently all walls of the cavity, which is roughly a 7 ft. ¢
copper and steel laminations. The top, bottom and side walls are
1 in, plates, the outer one being steel while the inner one )
7/16 in. steel and 1/16 in, copper), The end walls cons
plates, together with an inner & in., copper clad steel
separated by paper insulation and all clamping bolts
the cavity is bridged by internal spring fingers, T
cavity containinz the ferrite is of the order of 20 %

% Despite the magnetic shielding there is an appre
is at a maximum when the ferrite is fully biased
Variation of permeability with flux.
Tequired bias current for 8 Mc/s is sli
capability of the bias supply), secon:
Mmé..,wuhm,.n.hww.,ww»ow. ‘sees an unbala
4 - the capability ¢ ;

Debility Of the sbrl




pezk voltage required plotted against frequency;
Fig. 6.3.3(ii) shows the impedance E.mmmﬂemn
15t frequency. Bach valve of the output stage
Lls t0 250Q . Fig. 6.3.3(iii) shows the DOWeTr 1ogg
absorbed in the ferrite cores; the skin loss and bean
le by comparison. The graphs in the last two
: from a sample ferrite testing programme,
spumed equivalent circuit for the cavities, It wag
' that to assess the benaviour of the cavities, the
& of operating with a c.w. output. In considering the
0 account is taken of the 3:1 duty factor in the

and (ii) allowing a safety margin, the most stringent
output valve of the amplifier are:—

3.5 kV
250
14 A (peak)

s:  for a reasonable angle of anode current flow,
meet the above condition could be 35 A which
- cathode current. A low anode efficiency and high
v and would reguire a high input driving voltage.
f the input capacitance of these large valves, since
needed to drive the output stage of the amplifier,
‘ier is correctly cross-neutralised the input
ay 200 pF total). There is, thersfore, a
driver at 8 Mc/s,

oad impedance leads to the decision to
io into the cavities by carrying
before connecting them to the
er the following conditions:—

Fig. 6.3.30) Required acce:

] g
FREQUENCY (Me[s)

&

Jerating voltage V. frequency.

)




-
T

y

MPEDANCE (Kn)
~

3 2 s
Cn =~ FIXED NEUTRALISING CAPACITIES FREQUENCY (Mc/s)
F—  L- wioesand' croxes

L Fig. 6.3.3(vii) Actual load impedance v. frequency.




2™ sTAGE

Fig. 6.3, 3(ix) Pentode stage circuits,

1 1 L J

4 5k 16 7 8
FREQUENCY (Mc/s ) P

onse of QY5/3000A (tetrode) driver stage.

Mhmam»on!mnm had not br

i d the incorporation

i he development of the cavity an n

uﬁwwmﬂwmu the characteristics became ymore woo,.n.ma.mu.

u.mm_waummmu 3(vii) and (viii) give the actual conditions se
wsm...

he load conditions applicable at a freguency of 4.
o~

er tne following approximate conditions?
ﬁém“nmuw m&a&.u +300 V, Eg drive = 440V, Pout = 23 KWy Pyp = 50 k
Yoo me ) " %800, P riq diss. = 200 W, Ip~ 18 A. There is cons!
2 mﬂmsﬂ, ww Ig noamﬂmn 3 A, then Ig fundamental ~ 1.3 A and the im
oﬁmwo n.:.wén. at this frequency is about 3002 shunted by ~120j b_
MWE current and reactive current components of the driver load vary

over the band.

To meet ¥

(b) Experimental driver
The only designs considered f£or the driver had wideband untuned
out. For power amplification, two types of valves were sm.oa.u The ».u..
put pentode (EL 34) rated for 25 W anode dissipation mw.ew Pﬁﬁwuﬂoﬁﬂo  audi
tion, It has G, = 8.4 pF and g =11 w4/V. A pair in push-pull wers u
four in parallel push-pull. The anode loads of the first pair were giv
fPrequency compensation by shunt peaking as shown in Fig. m.w,.wﬁ.ﬂ Thi
l0ad of the second stage was an autotransformer feeding an induct €
cesistive load which was designed to swamp the input impedance
stage. The resistance value was 3000 . The output transform
wound coil stacks side-by-side on a small toroidel ferrite core
delivered a 7O V peak signal to the succeeding stege with a £
the band. Feedback was used to improve linearity and to maintai
sinuscidal waveform in the output; the second of the two sta
conditions, The basic circuit configuration of this stage
Fig. 6.3.3(ix). R

The next stage used the second type of valve (QY5/300i
Class 4. The valve is a high power forced-air coolt
dissipation of 3 kW and primarily intended for use
It had the desirable qualities of Cout = 8.4 PF
than 23,5 pF. This stage ran with quiescent a
and m."o = 0 V. ©The anode load was again a
feeding a resistive load of 300
With flat response over the band,
Up to this point the core sizes

f end couplin,
river stage a:




the ! L asonable

and the leakage inductance and winding ombmo”Sﬁ

size was 150 mm OD, 50 mm ID, 40 mm thick ang “ices
The leakage inductance of th

is transs
e input capacitance of the final E@uuwwmamwﬂwﬂmw

put stage produced g
It shows a characteristic peak beloy
due to shunt winding Tesonance, then a slighy
above 8 Mc/s. The flattening was achieved by
 the transformer primaries and has the effec: of

te of the tetrodes at an acceptable level ihrcughout

ams for the prototype transmitter are given in

and 6.3.3(xiii). This driver and output stage

h all the early testing of the cavity, the automatic
» automatic cavity tuning system.

ment

ut on the driver output traneformer and a large
nfigurations were tried. The following design
rated in the transformer. It would couple the anodes
cted in parallel push-pull tc the grids of the
response over the range 1.4 Mc/s to 8 Mc/s. The
5 a leakage inductance to be selected which will
capacitances of the stages to be coupled to form
. In this way it is possible to achieve a
band and to introduce a transformation
etween the two capacitances. At an upper

, this gives an anode-anode
quired for the transformer is
learest possible figure with

BRI
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6.3.4- Final Amplifier Desi

(a) Ouiput stage

Barly in 1960 it was necoasary to consider productio
version of the experimental bransmitter capable of ﬁnw.n.«mﬁm,.

remote gtation.

The choice of valve for the output stage was the wa

The valves operate in conditions which utilise their chax C
produce a transition from Class A to Class C as the drive si
Initial grid bias sets the quiescent anode currents at appro
These currents rise as the drive signal is increased but, due
4ransition mentioned, are no more than 5 A when they are deliver:
maximum outpul poweT. The output stage is mu.ﬂm..smmm.. as a
witn aperiodic grid circuits ard loosely coupled anode circul
ere cross-neutralised by variable vacuum capacitors. e
went remained the same as that nsed for the experimen

Neutralising the cold amplifier is achieved using
detectors made for ths purpose. A filter network is 1
neutralising conncction to prevent a self-oscillatory cond M or
st which the input of bhe cavity load shows a series re \.Ewmm.

(b) * Driver stage

At the higher frequency end of the ‘band, th
BW 161's is increasing and under these conditior
drive current is comparable with the peak electr
triangular waveform. A driver of the cathode
good regulation and the necessary bandwidth
on.vsﬂ.mou.ou. Various designs had Uu.mi...o
with large standing valve currents. T
combined push—pull phass-splitier
having a high slope characte: :
used. They operate with zero bias
Tesistors returned to chassis. When
Class B operation takes




: To give
1n paralle]

te:; gmo coupling has two elements: g shunt-fegd transformey and g

nsating filter network. The transformer hag very tightly coupleq

ransfer signals in bush-pull to the input of the succeedi

Tiver is itself driven by a cathode follower which has two
oled triodes (Type push-pull, The "output
the stage matches uirement of the sub-driver
e r.f. input to a full section, constant X
g Yy the five cascaded stages

excitation signal is fed into the first R.C. coupled
ogether with the automatic level control signal which is
mHa.uo suppressor grid. Then follows a second R.C. coupled
a buffer amplifier. The next stage is a push-pull voltage
d to provide unbalanced to balanced signal conversion, followed
as a long-tailed pair and finally a Class A push-pull
type QVO6/20. ' These last two stages are also R.C.
ive compensation so as to utilise their high gain

V06/20) is about 180 V peak at an impedance
of the cathods fellower (TY3/250). Fig.
ifier cubicle in position.

maximum accelerated beam of
by the beam from the r.f. ;
/s is 1.6 kW for each 101
all frequencies, it is
first limiting point




i B si the P.F.G. and it is fed via
i t01d) as that feeding the B signal to
U e H.mm“wmw follower in the main control room. A control labelled

mi T 3 S i r follower
i mwmmwwzwmammwwmo: feeds a pre-set proportion of ,SSN gignal Mmmwhrmooﬂwwomwmﬁa
"5yne: 5 o i 1tage must be propor
."o.,\.nwm p.f. amplifier,  The cavity gap Voltag o accelerating voltage.

over & Tange extonding down to at least one sixth of the

i i at i a ted disturbances to the gap
rther reguirement is that internally genera : .
i se arising from ripple on H.T. supplies to the r.f. amplifier

yoltage such as tho These vequirements are met in the closed

must be reduced tc an acceptable level.
Joop circuit shown in Fig. 6.3.5(1).

A two-valve circuit is connected at the front end of the r.f. E.ubuu.»ﬁmu. x
chain. The r.f. drive signal from the primary frequency Wm:mHm.noH..Hm.wma to the
control grid of the first valve. The voltage on the mcwm.ﬁ.ommo& grid is used
to control the output Irom this stage. The gap voltage 1is reduced by a factor
of 120 in a capacitance divider and rectified in a peak detector; this o=<mu.n.vum is
applied to the summing junction of a d.c. amplifier—cathode follower combination.
At the summing junction it is compared with the programme voltage from the magnet
field coil and the difference is amplified end fed to the suppressor grid of the
automatic level control stage valve as a correction signal.

(b) Circuit detzile and performance

The smplitude sensing, capacitance potential divider is connected to the
gap flanges of the drift—tube assembly and the output is fed through the cavity
wall at a convenient point adjacent to the power amplifier. The cable from the
divider must thread the ferrite core once on ite way to the cavity wall and is
necessarily rather long. Care ie taken to damp any cable resonances which appear at
low harmonices of any freguency within the band.

. The detector uses germanium diodes in a simple voltage doubler circuit and
is placed at the divider output terminal on the cavity itself. The output from
the detector is fed via a 4.7 k0 resistor to the summing u.gouﬁ.roz of a d.c.
ms.,ou_.wwwow which is followed by a cathode follower. A feedback resistor of value
56 kQ is connected from output to input of this combination and wouo.m.m this

résistor are connected Zener diodes and the series R-C combination showyn in
Fig. 6.3.5(1).

The series R-C combination serves to prevent the closed loop bei self \
“mewww”mw in the wawocmsa% range in which its gain-phase ‘mwwﬂ.«.uowgmm.naﬂ»nawnm
<oy H,S.Mo make it so. The combination is chosen not to have too adverse
G wowwo.zms he a«p«.m»msﬂ.uamvoﬁmm of the loop, which could be important under
iy ng oo?.ww.ﬂo:“ if a signal exists on the gap voltage control terminal

e r.f. signal from the primary frequency generator is gated on, the

Suppressor grid of the first i .

p : f rst valve will be at approximately gzero vol when tk
om.%.p.&ﬂ. Muﬁ wwmwﬁ. is applied to its control grid, Full mow volts HMM MWMMWM i
S se volts must be brought under automatic control in a time whi. .

Tt compared with pha i i 1
£ phase oscillation period In the
ime is about 40 us. The Zener diodes 1imit the

.55<ww<m¢o the requi
squired )
the catiots e mw. range (and no Bon.mv

In the normal mode of operation o

Signal will be gated at a time whic!



amplifier network in the low audio frequency pg
12, The gain at these frequencies,
valve and the output of the detector

Tnally generated ripple voltages at these wumpcmzom_wﬂoww
about 150, =

0
between .nwmmm

Dle is that of the conventional overlap phase detector,
' production of rectangular current pulses, whose width depends
n the positive half cycles of two input sine waves,
6s are then integrated to give a demodulated output,
ed, one from the grid of the final power amplifier valve FREQUENCY
tk (reference signal), and the other from the anode of GENERATOR
20011 capacitive potential divider. Coincidence is
ed beam valve so that when the power amplifier valve
ut of phase with its grid, the grids of the 6BNG are in
hase detector at the centre of its range. If the
- 180° out of phase with respect to the grid, then the
0 & greater or less extent.

86 detector has taken place in the three stages.

er stage is in push-pull and advantage was
with paralleled outputs connected, as shown
1g two current pulses per r.f, cycle instead of
v )WW!

vided the r,f, amplifier operated at full
However, the cavity is required to
tion, and choosing a figure of 1 kV
input at this level to the
It was necessary to provide
e detector inputs and the
ode followers with cathode

-




6BN6

DEMODULATED

| 6 BN6

ouTPUT
CATHODE

FOLLOWER

‘Practical circuit layout is

(311) Limiting is achieved by anode current cut-off “on both

o 2.1, ampub (Via then V1b) and, ideally, no grid current flows.

ain of the limiters in the region 1-2 Mc/s is about 4.5 mﬁm

b 5

wﬂwuﬂ.wmsmxm the GBN6's draw slight grid current which varies with

yaris

a&mv. 5
with this modification the detector functioned at a much lower W

voltage, particul arly at the lower r.f. freguencies. mms.mdwﬂ.m.@m.a ation
jevel of the gap voltage caused the set zero to change since &.r.m, cul
pulses &b 4@ ancdes or the 6BNG's are not perfect square im.‘wmmv o .e
the input signal to the phase detector, +he better the u.u.Euéu.u,.m
the rise time, 50 that after integration the mean level increases.

difficulty has been largely overcome in the final version by c.mu.sm

system. .

(d) Fipal circuit

Comparison of Fig. 6.3.6(iii) with Fig. 6.3.6(1)-(b) will sh ' th
final version consists essentially of two phase detectors V5/V6 and
the difference that the inputs to ¥7/V8 are crossed over (e.g -
with the power amplifier anode 1 and grid 2), This means that the
V5/V6 ard V7/V8 are in push-pull and are converted to single en
differential amplifier. Variations in the rise times of the curr
produce a common mode signal at the output of V5/V6, V7/V8, and this i

i L

by the differential amplifier. "

From 3 kV to maximum peak gap voltage, the performance
over the whole rT.f, band with a sensitivity of O, 55 V/d
2 Mc/s the detector functions normally down to 600 V peak gap
higher frequencies enything lower than 3 KV result ch

and a reduced maximum available output,  Medmum out

Witk tke cathode-coupled limiters each fee
loading puts the linear bandwidth of - former
.hu.on:mv&.mm there is, therefore, ¢ bl
but this is balanced on all :

all four limiters.
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FUNDAMENTAL F|

7
/7 2F1
ZERO CROSSING

(b)

With the primary in series

6.3.7 Mark I (Thermionic) Bias Supply

(a) Basic cireult

, control circuit of this supply is essentially the same at
with Mwm Mmcﬁsos. Fig. 6.3.7(i). Each phase of the input thr gmw
transformer; T1, has its secondary cornected in series with each c
primary of the load transformer, T2. _H_w._m.%:m m.ﬁu.mbmmams.n of ...E.. i
and T2 primaries foeds the selenium rectifier JYR1, on EB.EP ..Z.mu.m is a
1oad made up of ihe two control valves IVL and LV2. Variation of the
shrough LVL and LV2 effectively controls the voltage m_wuuwmm. A«m. ._Pm T2 x:
The secondary voltage of T2 is rectified by the germanium rectifier ynmwu o
provide the lond current up tc a maximum of 800 A. Hnoﬂ.wuﬁ svaw the Y
vaelves biased to cut—of £, the output would be zero, but the inverse resist ¢
of the selenium rectifier draws current and the output of the moHBBﬁcELWJQ*
has a sbanding current of some 20 to 15 A.  This is backed off

later.

(b) Ripple

The utilisation of a three-phase supply ensures that the ripple ©
in the output is small and is approximately 4% of the d.c. load curren
this percentage varies throughout the current range as the ¥ .
changes. Reduction of this ripple with a conventional smoothir
possible, for this would increase the bies supply time constan
application of voltmge fecdback the current ripple has bee
than 0.3% over the whole range. With the bias supply in
and cavity tuning loop, the phase modulation due %o bias
never more than 1° peak in the r.f, frequency range 1
and negligible over the remsinder of the band. s

(c) Voltage feedback

u.ns designing the voltage feedback circui
function from the control valve grids to the o

.E.Em than the measured signal frequency
with its ability to discriminate, was
while, for the higher frequencies,

and phase was estimated from this.
current level from -23 db to —36.

5 kefs. To improve the hig )




while signal frequencies beloy 20 e/s to d.c, reach
germanium rectifier. s z result of the 1oug g
cavity current can demand a negative voltas,

will remain unigirectional., i

ot poseible as the germanium re
otentials.

‘current level

ctifier act
The available negative swing

8, where the control valves

S a8 a clamp 3,
lowever jg lim
are bisseq towargg

ier preceding the control valves is a conventional q,q,
ong tailed pairs and an output cathode follower,
ck is taken from the outpus of the cathode follower bagk
’ ed pair. The small signal d.c. gain iz in the range
th a 3 db bandwid:h at approximately 50 ¢/a.  The response
tailored by networks in the feedback path 4o give a gradyal
& maximum phase shift of 60° in the region of 500 c¢/s and less
1cies, Initially the pesk in the clozed loop rosponse of this
e to 100 _no\m Placing a high impedance in the grid circuit of
e8 at this freguency. With a 100 ke/s resonance in the anode
sufficient feedback for these valves to ogecillate,
ed and moved to beyond 250 ke/s and the

of a high gain operational d.c. amplifier, the voltage
ged as in Pig, 6.3.7(ii).

20 amplifier is 60 dB with a bandwidtn of 150 ofs

ift of cavity voltage. This amplifier is a chopper
drift figure. With the closed locp gain set at
‘bias current is about 0.05 A, assuming a resistance
nding and leads. It is possible therefore, to set
iciently accurately for the cavity to be less than
meement of the acceleration cycle ( = 1.4 lc/s).
6.3.7(i1) enables the cavity current to be
mentioned in 6.3.7(2). The standing current
current, whilst the voltage feedback maintalns
11 Adjustment of R now provides
, value higher than the previous
the cavity. This is useful, as ¢
: initial bias and a reasonable
s fully operational. Drifts
are automatically compen— 4
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6.3. Niv) Auxiliary amplifier response.

nt of acceleration (= 1.4 Mc/s) the contro
srequency response is 300 ¢/s with an open loop d.c. gain of approxi
these figures primarily determining the initial «Hgmwmiﬂ uwwmw. u.mu.u
4he form shown in Fig. 6.3.7(vi). After the transient, the phas
negligible being less than 20 over the band (disregarding inacourac
jetector). In designing the servo loop, small signal measurements
possibility of bandwidths greater than those achieved, but these wore
bocause of oscillation (at 1 kc/s) under large signal cor

in practice
initiated by overlozding at the higher signal frequencies.

A4t the commenceme

6.3.7(iii), the inputs to the auxiliary mp
arth in the absence of r.f. volts on the
gep. This ensures that the control loop is only closed when the cavity
tune, and therefore, tne error signal is within normal working HE%M.. /
certain open loop conditions the output of the phase detector may be

and the use of two clamps following one another ensures that no residu
reaches the bias supply (this would modify the set initial current 1
In preference to two clamps in series on the input to the bias sUp]

uged on the input to the auxiliary amplifier to prevent saturation of.
amplifier under open loop conditions, since recovery would then have

time constant.
s &

Reforring again tc Fig.
and bias supply are clamped to e

{(e) General remarks

(1) Bfforts to increase the complete control 1oop frequ:
the 1.4 Mc/s point (to reduce the transient error) are restricter
in cavity time constant as the current increases. The 1 .
progressively reduced as the current increases, the change
of 32:1 over the band,which makes stabilisation difficult.
current feedback to the bias supply would reduce the
necessarily the ratio. A further difficulty in ach
band is a change in the open loop gain of 14.5 db 1
This is plotted against r.f. freguency (without a
6.3.7(vii .

- The fall in gain of some9 db between ¢
ias eurrent against frequency has an infle
as the highest d.c. gain is needed here. S

ﬁrwv Given normal condition;
experienced with r.f. inte
Awﬁnoﬁmﬁ%&wo voltage
‘Tequired the most attent:
Zlowing through the signal e:

ear




e germanium rectifi
e bias supply output at 300 /s re
ng frequency of app:

ers there apg
pPetition fre
roximately 100 ke/s ang damp
o mwbnon of approximately 1-2 degrees of phage i
he output of the phase detector. The practice of emp]
across the T2 secondary has not been employed, ag ic.ﬁ:m
high ringing frequency of short duration, L

Quency,
out jin

e needed across the bias winding is dependent chiefly on
5 end it is not therefore possible to protect the Supply
Load by limiting the voltage in any way. Current limiting
nitoring the actual bias eurrent, and originally the
Howpm.«on in series with the cavity was used for this purpoge
‘equired has increased to a level (800 A)wbare loag resist-
L t0 a minimum,

1 and this monitoring resistance has had to
An alternative solution is being sought.

0 the transfer function of con
ttenuation at 300 ¢/s and hi

' component on the grids of these valves.

=10 V the superimposed component of rippl
- increase of mean level over -10 V,
he ripple component is no longer
i equencies, the limit is set by
. referred to in 6.3.7(d).

) i sudden and drastic as a

trol valve grids to the output,
gher frequencies, which implies
At mean grid

e ia just swinging
limits the voltage
"bucked out". Similarly
the onset of grid current
Once overloading does occur,
consequence of the voltage

- shows that at the higher current levels the d.c.

’Put is approximately x 0.06. At a given output

& istance will demand a change in grid voltage
For example, assume the current is 800 4,

lered satisfactory but if

is the possibility of programe=

: - Sweep. Thig
hwmw%:m e g junction of

8 g
€

ig

T [ty W
BAE D¢ el e SO
oo, d42zas ok
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6.3.7(vi) Initial transient phase
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(i) to provide accurate phase contro

freguency sweep period,

(3i) to permit phase modulation of the cavity r.f. in the

(i.e. the synchrotron oscillation) band,

AH.:..V to deliver if required an increased current to the dw_..w.

r.f. cavity.

1 of the cavity T.f. Vv

The supply comprises a direct current power unit capable of de
to 900 A at 50 V via a control unit to the bias turns.

(b) Control unit

The control unit dissipates most

consists of a parallel array of 152 power transistors ﬁwﬁ.moa int
collector load resistors.
subsidiary circuits, including drive stages, fault protection an
Under conditions of maxi
emitter load resistors, collector load resistors, and power tran:
Several cooling systems ar
the control unit to remove the dissipated power: theemitter and
resistors are mounted in ducts through which air is forced by
the trangistors are
cooled heat sinks through which chilled demineralised wate:
circulates; and a smaller axial-flow fan ensures air flow
body of the unit to remove power dissipated in the drive st

blocks, each operating with emitter and
circuits associated with each block.

pate 11, 18 and 10 kW respectively.

blower to an air-water heat exchanger;

A comprehensive system of interlocks ensures that all
are operative before the load is switched on. If a trans

of the output from the power unit.

in any block,this is detected, the block ies isolated and the
faulty transistor indicated. The control unit may ﬂmﬂn».

operative and can carry up to two faulty blocks.

necessary thati—

(i) all transistors in the block conta

be protected by bottoming,

(ii) +the position of the fail
be quickly removed and repl

(1i1) the faulty block s
can be resumed without .

st




& Charts of maximum reliebility area
» are most useful in assessing the :
ge—current locus for a sinzle

zcond of turn off from full woma,.

availaple
7 Tom
Cperating eon

Q. .
POvEr transiston Hﬁ.ozm.

and junction temperature To en
,. . sure good
. in the output iransistors is kept low.
at Hu,o W and «oooo_. The actual maximum power we
requency conditicns is 70 W, a H.mm:ﬂ.csw:w % i
Under these conditions the Junet i

reliabiligy
The transistop

C 0 be met
ion temperature

18
.&@ power transistor breakdown, due to mains surges
mmﬁ the stored energy asscciated with the Msu:aﬁp_.._w 1
uirement on the power supply. The margin bet T
. voltage at 50 V. d.c.) and V. wmax, (80 V) re
rectification spikes msnowu,pomwm 10 a tolers

oad,
en

e level,

.«an=dpsm turns at full load is about 60 J, this must be
power msvg.\ also. The following possibilities, all
.xﬁ.oaaphnow. sets as the basic system, were

means of series transductors in the primary
it was felt it offered insufficient protection.

¥ | .
‘eilicon controlled rectifiers (S.C.R's) was
Lt

ven Brentford regulator ~ fast
ty lead acid battery flozted across the

ng place via S.C.R's only
d at the completion of each
Joold 2

bery of compact sintered block

- considered
» sotodd (ol

(e) Battery fuses and earth fuse
For safety reasons the battery is ».“._.ﬁon.w with wwo.w.m.wo.ﬂ and ;
H.R.C. fuses at 100 A were chosen t0 COmPTOMLSE between low

fusing current.
4 low current fuse provided between +50 V and mam..ww.
safety reasons, developed unwansed feedback volt

i atn., 1t was necessary to separate sign
Mww.mwwcwﬂm,uwm modes in the phase and current feedback 1o0DpS.

(£) Poase and current feedback loops

The coatrol of phase or current are alternatives determined by
conditions required at the start of the frequency sSweep. .b# ..q.#
a few hundred microseconds may elapse vefore the full voltage i
cavity. During this interval, the current control 1oop is m,c.mv
bias current at the right value, rising at the correct rate t
errors are minimised in the cavity and r.f. drive chain., At t
are applied to the cavity, the bias loop is automatically ms.h_.._.
and remains so until the completion of the sweep. c
derived from an independent source or from the integrated
the magnet.

Because the bandwidth requirement of the current “._,o.ob
stabilisation is not difficult. The phase loop present
The basic open loop transfer function of the phase loop i

ak 1

X
s’ + 25+ § &2t

with an equivalent circuit as shown in Fig. m.wm.

L = Dbias turns inductance

total parallel ouf
of the power transist




2.4 1.5

a from no load to full load is not great because ag the
311y with increasing load current, the capacitance
rangistors increases. Also the resistive component of the
; 80 that D does not vary greatly. The actual situation
resence of 0.1 puf r.f, decoupling capacitors between the biag
r effect ig to make the bias winding look iike a
2 large propagation constant. The open loop phase—

ugmoummmwsmkommmomdwgmmwmocwm&mm.ﬁaw the simple
(111). é

> the bandwidth necessary for beam control purposes,
4s chosen to compensate for the considerable lags in the
Ltations on such methods arise from noise and otker unwanbed
signal path. By keeping ripple and other forms of inter-
ias 1oop, closed loop bandwidths of order 10 to 15 ko/s have

tested under pulsed and swept frequency r.f.

h Power R.F. System
net room

n the cavity is located in straight section 8
] acent to it on the inside of the magnet
amplifier are both mounted on wheels and run
t room. To examine the cavity, it can
‘rolled towards the outside of the ring; for
by can be withdrawn towards the centre
he cavity and amplifier are made
~ junction boxes are
d ‘use when the cavity
and phase detector
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Also in an adjacent cellar are the water cooli

chain and bies supplies, the oil chilling plant for the
supplies to the power amplifier.

The whole of the r.f. system including water and oil plan
from the magnet Toom floor. ; 3 »

(v) Main control room

e e s,

The high power r.f. equipment is controlled from two 6 ft ra
main control room. One rack holds the remote indication and cor
the power amplifier, and remote indication and control of the o
In the adjacent rack is an oscilloscope and a patch panel for monit
relevant waveforms. Also in this rack are panels for meteri

control of botk bias supplies. 4 further: panel provides adjustme: 4 o

nominal stable phase angle by altering the gain of an amplifier
B signal from the primary frequency generator to the poweT ampli
of cavity voltage amplitude. - 437K

Also brought to these racks are an indication of the ci
of the primary frequency generator and some monitor points
Indication and control of the cooling water is incorporat
water controls panel for the machine.
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The performance of

SECTION 7
EXTRACTION SYSTEMS AND INTERNAL TARGETS

7.1. Slow Extraction System
A

7.1.1¢ principles of Operation

(a) Review

—_—

The aim of the proton extraction system is to produce an ext
contains an appreciable fraction of the- accelerated protons and
focused with quadrupole lenses to a small image at a target. Smal

particularly necessary when using electrostatic separators in the seco

particle beam.

The basis of the system is that used on the Cosmotron AH.B &
1ight material is used and the beam is moved towards the target to
viip" (3) - a thin plece of the target standing proud of ﬁwo, m;
1ip reduces the amplitude of the radial betatron oscillations
spread of protons entering the target and also ensures that the;
whole target. The energy loss produced by ionization in the ti
proton to take a new path, oscillating now about a mean orbit
smeller radius than the target. Approximately at the innermos
oscillating path, the protons pass through the aperture o
deflects them outwards again. The deflection given is suf’
protons to travel right across the aperturs of the machine
extracted beam.

In emerging from the main magnet the protons

- field which is defocusing in the radial direction and

In the "Cosmotron" this divergence is counteracted
”o the outside of the magnet which reshape the f
eam,

Preliminary calculations revealed that
in a beam which was too large to be acc
because of the larger machine Tadius)
ensure good enough beam optics in the fr:

%o allow the beam to be focused to

_ The first modificati
adient wh :




