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1. USES,
(a) Radiation Chemistry (Chemicsl effeects of radiation)

(b) Radio Chemistzy {Chemistry of radicactive materisls:

tn

(p, 4, simulate fast neutrons; heavy ions simulate
fission fragments; effects can be observed mere
quickly then in a reactor, better control of casrgy
and direction of particles, more room for betier
instrumentation and better sontrel of specimen tempers
aeture; no restriction on use of neutron-absorbing
materials, :

Study of fission reactions
Preparation of spesial isctopes)

(¢) Radiation damage

Yeasure eleotidsoal resistivity, Hall scefficient,
Young's modulus, brittleness.)

(d) Solid state physics
2. PARTICLES AND ENERGIES

Internal Extermal
Partieclea Energy Beam Beam
Current Current
Protons 1.25 MeV - 50 MeV 2-1 md 0-100 pa
Deuterons 2.5 MeV = 25 MeV 0=1 ma 0-100 pa
Al 5 MeV - 50 MeV 0=1 md 0-100 nd
Heavy Ilons Up to 10 MeV per Up to several ua
nueleon depending upon ion

The magnetic fields spa frequencies required for different ions at different
enorgles are given in Memoc, P.E.1, Briefly, using C.G.S. units,

¥ ~ where m = mass of ion in grams
¥ = velooity of ion in cms/seo
¥ = radius of orbit in oms.
B = magnetic field in gauss
q = oharge cz ion in e.m.M,
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Whence K.E. = % B2 r? (2)

B o= 2Tf. 2 (3
5:15; - 2% 22 et (%)

(K.E, per nucleon)
Although the beam energy and current are to be variable over wide Tanges
the width of the energy spestrum end the flustua%ions im the beam current
(at froguencies below 1 Ko/s) are %o be & mimimum,

3. ORBIT THEORY

(2) Fhase Condition

From (1) '\.-‘p = Bg  where Wp = ingular freguency of particle
n
For correct phase W, = Wp = Bg (5)
m
where WD = angular €£requensy of dee voltage

(b) Radial Stability -
Field Index, n, is defined as
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Equation of radiasl oscillations:

2
i:%' +  (1-p) wzpr = 0 (7)

, 1
»"» Radial oscillaticn engular frequensy, W, = (f=n)%ip
Q. is defined as ¥,
s e oo ()t ®)

For stebility (S.H.M.) 1-n =0 ; {9)
e @

(o) Vertical Stability with flat pelepieces

Equation of vertisal ossillations:

; ;
.%;:.2 + n,Wp.s = 0 (10)

+"s Vertisal ossillation angular frequency, Wz = P ¥ (11)
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Qz dis defined as

H,ﬁ‘

g (11)

o = Vz = n
anz T.{;

For stability (S5.H.M.), B > 0 (12)

i.e. from (6) the average field decreases with radius, but
this is conirary to the sorrest phase sondition (5) when m
inereases waelnt Lvistisally.

ccmbmg (3) and (12) O n <€ 1 {13)

(d) Yertical stability with sadial ridges

(o)

Vertisal focuasdmg i3 due to the imteraction of the radial
component of the particle velosity with the tangential component
of the magnetic field (Thomas foree). Focussing oocurs et both
edges of the wridges.

The flutter, £, is defined asé nax.” Bae m) /{5 . (14)

Equation of wertiecal oseillations:

i - me3e®)wlys = 0 (15)
Nt Tk (16)
Ilp

For stability (S.HM,) n + 4 €230
te =t 2% (17)

i.e. n ocan be negative and average field can increase with
radiuvs.

Vertical stability with spiral ridges

Vertical focussing is due to the interastion of the radisl compenent of
the magnetic field with the tangential compenent of the partiele

velosity (Kerst fowmce). Fooussing ocours at one edge of ¢ssh ridge and
defooussing at the other edge; the overall effect is, hovever, always
fosussing since the particles are further from the median plane at the
fosussing edge than at the defooussing edge. In sddition thera is an
equal net focussing forse (Laslett foree), which doubles the effect, since
the non-sircular shape of the orbit eauses the particles %o spend a longer
time in the fosussing field than in the defooussing field.

The spiral ridge angle Y is defined as the angle between the tangent
to the ridge boumdary and a radial line.
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Equation of vertical ossillations:

i—} +[n+ it2(1+ 2“"2] ﬂwzpzno (18)
Viz 2 2 !
B = == = ¥ (1+ 2tan"y )| % v (19)
% L [8 + J ]
For stability -% £ (.1 + 2 ta:K J=n (20)

i.e. » can be even more negative and magnetiec field cean imcrease

with radivs even more., Typleally = 45° and the vertisal

focussing with spiral vidges is three times that with radial wridges for
the same flutter,

MAGNET
Max, field g 17 kilogauss (approx.)
Pole diameter s 70 inches
Pale gap s 17 inches
Number of ridges g 3
Thiskness of ridges: 4,75 inches
Gap between ridges : 7.5 inches

Total weight 200 %ons (approx.)
Power in Main Coils s 300 k¥ (77 valt M.G. Set, Stability 1 in 10%h
No. of Orbit Coils ¢ 12 pairs

Total pwer in Orbit
Codls

00

460 XW (12 415 volt rectifier sets, stability
+ 3 Amps)

No. of Valley Coils : 3 per wslley.
Total pwer in Valley

Coils : 25 XV (9 415 volts rectifier sets,stability
¥ 1 4mp).
RADTOFREQUENCY EQUTPMENT
(2) Dee
Internal diameter = 67 inches
Intermal depth = 2 inches
Heat dissipated at 22 Wos, = 20 kW
Peak worlting valtega = 100 kV

(b) Transition Seation
Heat dissipated at 22 Mo/s = 54 kW

(o) Coaxial Line
Fraquency range ) 7.2 Mo/s - 23.5 Mo/s
Heat dissipated a® 22 Me/s = 44 kW
Length of travel of "short" = 12ft, 6 ins,
Positional accuracy =+ 50 thou.



(@) Transmitter

Freguensy range
Frequsnoy stability

Power ouiput

6. ION SOURCE No.1.(P.I.G, TYPE)
Gages SR
Flow rate
Radial position
Angular position
Filament
Are

7. _EXTRACTOR

Bxtrastion redius
Length of firat channel
Length of sesand "
Max. voltage on either
channel

o® w0 9o

=26 s
i
250 kW

HZ: He NZD 02, e,

10 ee/min, max,
0-2.75 ias.
0° %o 30°

400 Amps at 10 volis

20 Amps at 2 kV.

9e oo e»

. 43°
550

H ~100 kV.

Stability of power supply: 1 In 10}

8.  PROBES

See Cyslotron Parsmeter Note 500/47/018,

29,6 ins - 32,6 ins,

ingle o Pooba Radisl Clearance td

Centre Line Movement Vault Wall
63° Beam Probe No. 2.| 0-30 ins. 56%.4 ins,

176.5° Dofining Post 0~ § ins, 50%.0 ins.

180° Puller + 2 ins, 6£%.9 ins.

183.5° Beam Prebs No.1, 0-30 ias,

303° Boam Probe No.3. | 0-30 ins. 5¢06.6 ins,

or Phase Probe
31 5° Users Probe 68, 6 ins.

The puller has an additional lateral movement of 3 ins. The beam probes
can dissipate wp to 5 kW, The trackways for beam probes Nos. 2 and 3 are
designed to emable the ouler portion of the track %o hinge upwards into the
vertical position after inserting the probe in the machine. This gives the

maximum olearance round the machine,

with the hinged portions in the vertisal position,
required to be lowered to withdraw the pirobes from the machine,

A3

The probes can be moved radially 0-30 ins.

The hinged portions are only
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9. BEAM HANDLING EQUIPMENT
(e) Bending Magnet

Angle of bend : 75°
Hean field H 14 kilogauss
Power dissipated 3 SOOkW
Temperature rise 5 17" C
Power supply 3 500 dmps. at 100 volts (M.G.Set)
Stability ofs=power supply : 1 4n 14
Total weight g 20 tons. approx,
(b) %chinge Magnet
Angle of Bend : 0% 191° Ls531° L 3°
Max, field H 14 kilogauss
Max., power dissipated s 50°}:W
Max, temperature rise : il o

Power Supply : 0=500 4mps. @ 100 volia (M.G.Set)
Stability ef power supply ¢ 1 4n 104
To%al weight : 20 ftons approx.

10. VACUUM_EQUIFMENT
(a) olotron Tank  The laygub is shown in Drewing DR 50030001,
'mg!;éEZ'"""_

te pressure = 10" Gorr.

Two Leybold pumpe om tamk eash with & pumping speed, when baffled,

of 20,000 litres/ses.

(ne 2 inch Edwards pump on R.F, line with a

pumping speed, when baffled, of 5,000 litres/ses. 411 baffles cooled
with chilled water (0°C = 5°C).

(v) Beam Handling Bquipment
imate pressuve varies as follows:

Cyclotron Tank 10.'5 torr
Bending Magnet 1.1 x 10" torr.
Switching Magnot 0.9 x 10™° torr.
Shielding Flug 3 x 107 torr,

Ors Edwards § inch pump with a chilled water baffle is conneeted %o
the switohing magnet mnﬂ.::old through a chenmel with a minimum
sondustance of 800 litres/see.

41, WATER CIhCUiis

The layout is shown in dvawing ER 50073-00%.
used throughout.

(s) Primary Cireuits
From the 2 Megawatt cosling tower there are five primazy sirsuits,

(1) Heat exchenger for mechine

Dewineralisad water is

(41) HEat exchanger for R.F. resenator in vault (temperature 85°F T 8°F)

(d11)

Heat exchanger for Usérs' Het Laboratory

(iv) Vgcu:m ptanpb( gﬁifmaion a:d Kinnsy), RF plant reem, electrissl
plant room, assount of astivity from the diffusio
rault this water is returned to the pond.) g

abs



(v) Air-conddtionicq. sawismser,

(v) Secondary Cireuibs

Intraived adr remeved by headsr tenk, Dissolved oxygen removed by
udtrogen blanket over hesder tank, Filbers to remove particles greater
than 3 thou,

(1) Pressure 300 p.s.i. HMetallic fons removed by ion e..changer
solumm in ddflestor soeling cireult which requires lowest
asonductiviiy.

Provision is made for flow as followss-

Iten Power (kW) Flow {gepems)
Hagnet
Hain Coils 300 52
Ozbit Colls Z00 20
Valley Coils 25 2
Ion Seurce 150 2
Deflactos 50 12
llagnotic Channel 200 32
Probes 50 30
Beam Hgpdling
Be Magnet 50 11
Squeeze Coil 10 2
Quadrupoles and
basn measuring 30 20
aquipnent

(44) Pressure 60 p.s.i, R.F. resometor, 200 kW, 150 g.p.m.

12. BUILDING LAYOUT
This 43 shown in Drawing No. DR 50000-025
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