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. DESIGN AND CONSTRUCTION OF THE BEVATRON QUARTER SCALE OPERATING MODEL
. - \ - W. M. Brobeck . ' -

4 .
August 22, 1949

) (‘s »

" Basig of Design

In July 1948 thers were several basic questions regarding fhe design of the
Bevatron on which iﬁformation was 1aék§ng or on which the available information was
not very encouraging. There was no doubt of the validity of the synchrotron prin-

7 ciple which had been proved by the 37 andv184 inch cyclotrons and the synchrotron
of the General Electric Compenly at Schenectady, Hdﬁevers the interrupted or "race-
tfack" type of magnetic field which had been uséd only in the'elgetron synchrétron
being ccmpleted at the University of Michipgan had not yet been tested and the
failure to find the beam on the Berkeley synchrotron threw much dougf on the cal=

s

culations of the requirements of aﬁerture and uniformity of the magn%tic field, The
state'of the Bevatron design at the time provided for a maximum'aper;urevof 4 by 14
feet with an atteineble eﬁergy of 1.4 billgon electron volts to be reduced if per-
formance was SAtisfactory to an eventuai 1 x4 feet with thch 6‘BeV'might be ob-
tained, In addition the evenﬁuality of having to close up the raéetrack to form a
compléte cirgle was to be providéd fo?o The cost of these chaﬁges in the full

scale machine weas obﬁiously very great ana it was realized that if é test of the
design could be obtained quickly enough the cést of the test model might be more

than répeid in avoiding a later conversion of the full size machine, On the other

' v

heand, if the most pessimistic indications proved true the saving would be consida'
ably gfeatero

The model was plemned to have a rate of rise of magnetic field and ﬁagnet
laminaticn thickness equal to_those of the fuil size machine, Space was available
for a machine of one quarter linear scals and the weight of iroﬁ of]/%4x9GD:;]40 tops

$
&
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‘elestrode, Several schemes for moving the beam radially more rapidly than pro-
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was quite rea§cn&bleo The peak KVA required, however, would have been

1/64 » 100,000 = 1600 and the coil cooling for a reasonable repetition rate

wouid have been & considerable problem if the full scale field were to have been .
obtainedoﬂ It wes mgreed that éll of the important questions could be answered if
the besm were accelerated for énly & few phase osecillation p&riods which are the
crd;r of & millisesond, Acéordingly the meximun field was taken as 1OOO gauss
which provides sbout 200 milliseconds acceleration after injection and made possible

: R _
the usre of sn existing DC flywheel gensrator installed for cloud chamber magnet -

excitation, The model aperture was based on the 4 x 14 ft, full sceie value ko

)
s

o

give the greatest fléxibilityo Provision was to be.made for restricting the %peru
ture aftcr a beam was obtained,
In &t least two respects the operafnon of the model was expeui°d tc be more

dl:fwuu % t%an that of the fﬁll scale: maﬂhzneo These concerned gas scattering

" and tha small radial mﬁﬁon per turn at injection, Secattering calculations indi-

- T v I
cated a loss of about 96 percent of the beam at 10 5.mmo'pressure compared to a

negligible loss full scsle for the 4 x 14 fi, aperture, Toc meet the scattering
. ' . . .

prob*ca the injection énergy was made somewhat higher than the value corresponding

to the full scaie magnetic field at injection, The vacuum pump capecity was made
as large as p0551ble and a liquid nitrogen nooled trap was provided for the full
1ength:’;li"{theR.ram?-lmm.tuhe.° This, with the reallzatlon that the beam oould be
followed'framaimm;&ia tely after 1nj stion and its decrease due to scattering

allowed for, appeared to remove the scattering problem as & determining fector,

" The radial motion per turn with the accelerating voltage off in the model i;

¥

0,012 inches compered to 0,12 inches fll scale, It was first thought that this
L]

might'greatly,reduce if not eliminate the beem that would clear the injecting

vided by the rising field were proposed, some of which might be practical but

.
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this problem was mede to appesr much less important after Gluckstern salculatea

the fraction of the injected beam wh?ch should clesr éhe injecter taking into
account the ac%ual positions of the ione due to their radial and vertical oscile
lations as they,péséed the injector on successive turns, He estimated that 8PProXi .-
metely 5 percent of the injected beam should be accepted, The importaﬁce of these
qGGétmons grcsé from the dénger that lack of success with tﬁe model might discourags’

the construstion of a larger machine in which these problems might not have arisen.

At the time of starting the design of the model an injector of the Van de

"Greaff type appeared most suiteble for the full size machine due to its well focussed

besu, {To obtain this seme .advantage at lower energy an ion gun to accelerate 500

Kev protons was planned, The ion source and accelerating tube design of the Van
¢ &

de Graaff used with the linear accelérator was to be followed, The cycletron had

been considered for an injector since the start of the bevatron project but as far

F'Y -

as was known no reasonably well focussed beam of useful size had ever been obtained
» ) : ,

from such & machine, Plans had been made for some time to build & cyclotren for

test of fecussing methods using an existing magnet and in November such tests were

begun under: the direction of Lofgren., By the end of the year results were so ene

¢

couraging that it was decided to change from thed.c, injector to a smalilcyclotﬁon

capable of energies up to 1 Mev,

Specifications '
The‘principal’specifications of the model and those of the full size machins

as planned when the model was being designed arg listed in Table I.

Schedule and Dates

Decision wes made to build the model on July 20, 1948, A primary requirement
was that the model be completed and ready to test soon enoﬁgh to avoid delay in

the construction of the full size machine, The schedule for the latter, determined
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meinly by the site preparation and building construction, permitted changes in

Qesign based on the model results up to July, 1949. To allow some time for testing,

-

constructioﬁ of the modél was to be compiete in ten mbnths, i.e., by May 20, 1949,
The construction schedule called for completion by April 1, 1949, to allow some'*
margin_ervcontihgenciés. A detailed schedule was laid out .and progress reviewed
weekly. - |
| Principal dates of the project are the following: N &
Decision to build model July 20, 1948

Building structure order placed August 30, 1943

. Building foundation order placed September 23, 1948

:Magnet erection started November 12, 1948

Building completed November 16, 1948

Coil winding started November 22, 1948

‘First quadrant excited December 20, 1948

Comﬁlete magnet excited January 14, 1949

First half gquadrant under vacuum January 20, 1949

Cdmpleté system under vacuum March 25, 1949

Decision to build injector cyclotron

First attempt to find cyclotron beam
: ! '
- Beam obtained from cyclotron
First attempt to find bevatron beam
Béam obtained from bevatron . :

January 7, 1949

CApril 1, 1949

April 2, 1949

April 26, 1949
April 30, 1949

The change in the plans for the injector was made when the assembly of the

ion guﬁ was practically coﬁpleted in the shop. This change probably added a
month to the completion'time for construction but may have shortened the overall

time to obtain a beam.

Magnet

-As in the case of all the mechanical design of the model the design details
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were merely scaled down from what had been plammed for the'fullhscale machine

with no attempt to determipe*the_most.ecpnomical'design for a smaller accelerator,
e i . . . ’ . .o . & B . . .

Air cooling for the coils was shown to be adequate for the required average dis-

sipation of 30 KW, Because of the low field, magnetic forces were negligible and

only t;e bracing reéuired to support the qead weight and ensure accuracy of location
Waéinegéssary; ‘

_If was decided early in the Job %o build;é twenty degree section of the ﬁagnet
for test'gs'socn a§~possible_u$ing thé iaboratory shop facilities., This magnet
pfoved valuable as braeticé in meohanical construction and coil Windingg as well as

promldlﬁw 1nformation on the magnetlc fleld

The magnet is bu11t up of s]abs con51st1ng of 1/2 inch plates bolted together,

»

Bolt35 bolt ;nsulatlon and washers designed for the full size machine were used
. . ‘ . . N .
without change, .020 inch cardboard was used for insulation between the plates

w

and the slabs were assembled in two sets of fixtures designed for the purpose.

There was conéiderable difficulty with short circuits between plates_in the 20

degree sectiong This was largely ellmlnated by allowing the paper to protrude

-

between the plates on the unflnlshed edges and by dlpplng each slab in varnish.

It was neoessary to check each slab for shorts just before dipping and several

-

times later &uring éssembly, Most.of the shorté éould be easily cleared but after
completipn aﬁdh£>20 shortsAbf less thén 1 ohm remained in the appyoximately 5000
plafesu fTheséiwere not- considered objéptionablé as théy.were réndomly distributed.

Thé slagg ﬁeré gséembled into 72 trapezoidal sectors, the siope of the top
ana bottom yokes giving avvalue of n of-boso (incidentally & change from 0,73 at
which the design %ﬁé étartéé);‘ This is'half‘as many sectors as plamged for the
fﬁli séaleidesigno In order éd improve the space factor which suffered by the

proportiohately thicker plates the yoke slabs were of two types in which the short

plates, which were on the outside of the slabs, ended at different pointsand so
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nested together whén the two types were assembled alternately, The steel used
was SAE 1010, hot relled,

The edges of the riates ferming the inside surfaces of the yokes and the
ends of the legs were machined end the‘other edges were sheared, Many of the
plates were bent when received from the shop and as a_pesultzall the plates were
put throug&vstraightening rollers before aséemblyo The taperedrsurfaees of the
leg plates gave the expected difficulty in maehining but after the use of an in-
specticn fixture Euilt by the laboratcery the accuracy obtained from the cutside

& C.
shop was almest as good as had been specified,

The megnet szectors are each supported on four jack screws to permit leveling.

The jscks are welded to plates cast into the tops of the two concentric concrete

foundation walls, The centers of the four quadrants are accurately located by
brass plugs cast into the concrete floor and a tram rod used to measure radii from
a center carried by a stand located over the quadrant center mark by a plumb bob,

~

Ths bettom yoke slabs were first set in place and leveled using a height gage at

the tram rod¢ to determine thelir radius and a gage to center then over the yokes,

astened together in each sector and between sectors by

Fy

The yokes and. legs were
bolt; passing through holes in two extended plates in each slab. These extended
plates were also ussd for handiing the slabs, Mos£ of the alignment adjustments
were made by turning screws Br nuts and gave no difficﬁltyo

The magnet scils were wound with 350,000 circular mil distribution cable
which is expected to have 100 pefcent sal&ﬁge value, The design followed that for

the full size machine, The cable is supported on maple spacers with vertical bolts

clamping the spacer stacks together, There are eight layers of four turns each

in the coil and two conductors are connected in parallel to give sixteen effective

“

series Hurns, The end windings follow the full scale design with vertical 90

degres bends where the ccil leaves the quadrant followed by horizontal
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degrée'%ends'into the radial run,

Tq facilitate assembly the coil spacérs were marked with different colors to
idéntifj the warious types, It was expected‘that'fhe cable reels would be carried
baqk and forth along the quadrant using the circulaf crane arrangement as the coils
were wound, Hoﬁeverp due to the small scale the cable reelkwas left in e, fixed
position above the center of the quadrant gnd any type of hoist arrangemeﬁflﬁould‘
have been satisfactory. MNost of the time in windiﬁg was spent on the 90 degree
bends, TheSé{haﬁ e minimum radius va3 1/8 inches to the centerline aﬁd réquired
conside;able skill to make, If the cable were first bent in the wrong place it was
difficuld t; move.the béndo The cable was tied to the separators with twine and the
separators were clamped together using spacers on the b01té as the winding pro;(
gressed, "The supports for the end windiﬂg are made of wood to avoid ﬁagnetic or
eddy current effects,

Cooling air énters every other space between leg slabs and exﬁausts through
the alternate spaces, Sheet metal air ducts run around the outer and inner raéii
of the quadrant with comnections to the épaces betweenvthe.legs and to the end

winding Supportso“Sixteen "radar" blowers rated at 550 CW at 4 inches static

pressure supply the air, These blowers are quite nqisy'but have been considerably

“improved by the use of folt linings to the inlet and exhaust pipes and use of a

cenvas section between the blowers and the ducts. Thermocouples are located at six
points to mqaéure the.temperature of the surface bf.the cable'insul;tion and of

the oo?pe:o ‘Tﬂe highest copper temperature indicated reacheé 230 C‘above the

room air te@péfature at a repetition.rate of 17 pulses per minute to almagnet

current of 1750 amperes peak.

To provide for correcfing the shape of thévmagnetic field both poles face

windings and leg windings were provided. The pole face windings consisted of

12 Noo 10 wires spaced on approximately 3 inch cenfers which ran at constant radii
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along the faces of the core yoke slabs above snd below the vacuum tube, lthe
wires are contained in a "sandwich" consisting of an upper and lower layef of

sheeﬁ-fibef and radial spécing strips of plywood, The leg coils consist of ten

“turns each of No. 10 wire wound around each inner and outler leg slab, The radial

variation of thé field and the vertical position of the medien plane can be varied
by currents in the pole face windings, Currents in the leg windings can cause the
field to vary in azimuth and so affect the radial position of the beam,

The fl&wheel'gengrator pcwering.the'magnet is rated at 3000 amps at 180 volts

pulsed, Ordinarily the current>iS)1imited to about 2000 emps maximum. Control is

by means of a contactor in the magnet circuit which closes at the start of the pulse

and field relays'which (1) apply a high field voltage to build up the generdtor
voltége in preparation for the pulse, (2) hold the field current at a set value
just before the contactér closes, (3) apply = high reverse voltage to limit the
maximn current after the acceleration periodjis over, (4) bring thé generator
voltage to as near zero as'possible‘before the confactof opens. The contactor and
field.felays_are controlled by adjustable electric time delay relays and the cycling
ratenis controlled by a mechanical timer., Repetition rates up to 20 pulses per ° - |
minute are obtainable, The system was designed to make use of existing equipment

and is not recommended fér ; permenent installation., A considerable mnounﬁ of

outage has been causedby defects in rela& operation and for maintenance of the

relays and contactors.

;

Magnetic Measurements

At the time of starting Wofk on the model only de model tests had been made
on the design to be used so that = verification of the field shape and magnitude .
under pulsed conditions was desirable. This was the reason for construction ¢f

the 20 degree quarter size magnet model which was completed cn Septeﬁbef 21, 1948,

This model consisted of four 5 degree sectors with an air cooled winding similar
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to that of the oper&ting ﬁodel but with a lerger number of turns, One end winding
had the shape réquifed for the operating model %o make possible measurements of

. B v
the stray field beyond the ends of the quadrant., Tests of thiz model verified tius
shepe of the field predicted from the d.c. tests, .The effect ¢f edd& cgrfents in
the ircn in decreasing the field in the center of the gap was observed but amounted

oy _
to only abouty3 gauss., The residual field was measured &s 15 gaus s and its shape
determinsd. It was proved that The residual field could be reduced or reversed as
expecfedo The magnetization curve was checked and the flux linkage messured to
calculate the full circle inducﬁanée and to verify the generator voltage required,
In séme‘of the testing the field wes determined by the use of an electronic circuit
integrabing the v?ltage induced in the pick up.coilso This integrator required
congidetsble development but operated very well in its final form.

Wnen the firsé sémple vacuun tube sections were available two were tested in
this model to determine the effects of eddy currents on the field shape, This
effect was the order ;f one gauss, This showed that tﬁicker sheet could have been
used which would have greatly decreaéed the ﬁumber of weld leaks, The liguid
nitrogen trap tube was #lso in place during these tests.

Magnétizationg radial and azimuthal uni formity, residual and stray field and

1

median plane height measurements were made on the complete model magnet, The

result of these tests are covered by megnet test group gurves and will later be

collecteg intc 8 report, The azimuthal uniformity was measured around the compl ete
ring at‘éhrée radii, Aleng ‘each radius the variation was within 3/4 peréent

except near the quadrant ends. The position of the magnetic medien plane in one
éuadr&nt was determined fo be wifhin 1/4 inch of the centerline of the magnet gap
Ey measuring the velfage picked up in & coil whose plane was verticals Tests

were also made to measure the time jitter between a peaking strip in the magnetic

field snd the pips from the peaking transformers on the magnet current leads
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{described under instruments), This jittér was fpund to be less than 10 micro-

seconds up to 150 gauss,
%
»

Vacuum System - Tanks

4

The vacuum system also followed designS»which were beihg worked on for the

full size machine, It was necessary to use a design‘for the tube on which con-
struction could start immediately with good assurance of success without sn ex-
tended development period, Calculations indicated that a stainless steel tube
section using ,031 thick sheet ﬁould have sufficiently low eddy current effects

on the shape of the magnetic field, provided it were made in sections of about ons
foot each with insulated joints. A "gasket frame" was used between each psir of
tanks. -To'support the atmospheric load a rather elaborate system was necessary,
The ,031 inch shéet is‘reinforcéd by "hat" sections of the same thickness spot
welded %tc the'outside surface, These sections are spaced about 8 inches radially
and tﬂrough each is run a 3/8 x 1 stainlesé steel bar acting as a beam., The. ends
.of the bar rest on étrips”backing up the flanges of the stainless sheet and through
which pass bqlts clampihg the tank flanges to the gasket frame, The gasket frame
itself is of.l/Z x 1 1/4 stainless steel bar to which is welded 1/4 x 1 1/4 vertical
bars called "skyhooks,"™ The skyhooks pass out through the spaces between the mag-
net yoke slabs to ”stools" which transmit the tension load of about 2200 lbs, per
hook to the surfacesof the yokes, The radial component of the atmospheric loed is

\

taken by radial rods which hook under a projection at the outer lower corner of

each gaskei frame, pass between the leg slabs and thréugh & hole in a plate attached
to the lower yokes on either side of the slot between the sectors. A similar

radial rod is provided on the imner radius to permit radial positioning of the tube

section,

Two 1/8 X 3/16 gaskets are vulcanized to each face of the gasket frame., The

inner gasket holds the vacuum while the outer gasket which is outside the bolt

¢
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hoies balances the force on the inner gasket preventing rotation of the tank
flanges and provides a seal for helium testipg the space between the gaskets,
This space is not vacuum tight due to leakaée under the bolt heads ané nuts
but 1is edequate to confine the helium used in leak testing, Two small diameter
tuges are carried alongside of one of the top skyhooks and coﬁmunicate with this
space between the gagkéfso An isolating gasket between the openings to the tubes
permits helium to be paé;ed in one tube flowing entirely around the frame and out
the cther %o check for leakage of th; inner gasket at any pointol

In order to provide some flexibility to permit compressing the gaskets and
avoid exces;ively close tolerances for the stack of tube sections in the guadrant ,
an expansion joint is provided at each end of each séction0

The tube through each quadrant is made up of eiéhteen tank sections of 5

degrees each with 19 gasket frames, Zach tank section and each gasket framé is

grounded through & wire which cen be.disconnected to check for the insulation re-

sistance, Esch gasket frame is provided'with a strip spot welded to its inside

edge to shield the beam from electrostatic charge that might accumulate én the
rubber, | . Y
It was hoped that the full 12 inch verticalrap§rture 6orrésponding to 4 ft,

full scele could be obtained in the model but this was soon seer to be impractical,
The pole face winding sendwich required 5/16 iﬁchq the gasket frame bar 1 1/4
inches, the electrostatic shield had to be set 5/32 inch inside the bar and 1/8
inch was sllowed for clearance, This reduced fhe 13'1/2 inch ﬁagnet aperture at
the radius of the centerline of the quadrant by 1 27/32 inches on each side to
9 13/&6 inches inside the vacuum tank corresponding to 3.3 ft., full scale, The
radial aperture came out 38 Q/B inches corresponding to 12,9 ft. full scele,

‘The tank in éach straight section is made of 1/2 inch mild steel with openings

in the inner and outer face and in the top in addition to the openings in the
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sides comnected to the quadrant tubes, These "tangsnt" tanks are approximatsly

1

%3 irches wide, 45 inches deep and 60 in&hes long in tﬁe redial directicn.

‘A’¢anifdld éupporting two Westinghouse 20 inch diffusion pumps is attached
to the inner face of each tangent tank, uach manifuld contains valves operated by
air c¢ylinders on top'of the manifold for the inlet of each pump. rface plates of
these tacks are provided with doubie gaskets and pump=outs,

Betwsen the curved tube in sach quadrant.end each tangent tank is a straight

i L{ G

tank seetion of sheet stainless steel construction 51m11ar to the "curve" tanks

.
exceot that the two flanges nearest to the tangent tank are bolted up irom inside

and the flenge next to the tangent tank is provided with a flat gasket, This con-

struction whilie undesirable is necessary in order to permit assembly of the quadrent

and tangent tanks after the coils are wound. These "transition" tanks each carry

(2
.

ports in the inner and ocuter walls intended for the insertion of probes, These
ports are two inches wide by five inches high which is the largest o @nﬁu* tha
will ¢lear the magnet coil end windings, Probe locks are designed to boll on to

these perts using a special molded double gaskel sinilar to the RL standard pipe

top and bottom covers. Port opening are pr rovided for the full Yength fou
sides, The vacuum Load on each cover is Taken by a siagle boit sorewed lnto & blind

hole in the sentsr of the cover and passing through the magnet core,
The inside kurfag es of 81l the stesl tanks were painted with Glyptal lacquer

to prevent rusting, This coating was removed from the cycletron tank as 1% was
¥ '
believed to be outgassing and increasing the difficulty in helding wf, vortage
.
which cceurred on first starting up., This trouble, however, was probebly due %o
N - = - . - - - <
inadequate baffling of the pumps which was later corrected., o such difficulty

has coecurred on the bevatron system,

&



UCRL 464

of

~15-

)

Vacuun Paups

It wags desired t; do everything possible to increase pumping_spéed in order
te reduce the gas scattering of. the beam, Accordingly two 20 inch pumps are used
at each tangent tank., Each pump has a baffle section cooled by Freon 12 from a
commoﬁ gefrigeration cdmpressoro A 3 Hp air cooled compressor was first provided
but as &his was unable to hold the suction pressure below 5 1bs., corresponding to
~22% C evaporation temprature on hot days & 5 Hp water cooled compressor was in-
stalled, A good deal of trouble occurred with this system due to freezing up of
the thermostaﬁically controlled expansion valves at each of the eight baffles, The
troﬁblq wes probably due to moisture remaining in the system after starting up,
Thermometers are-installed at the baffle outlets to check the operationlof the
expension valves, These showed excessive hunting which was corrected Ey relocating
the thermostst bulbs, Meny of these thermoﬁeters which are the bimetal type ceased
working sapparently dué to moisture.condensing inside the bulb, They are to be re-
placed with mercury thermometers,

Each 20 inch pump is backed by an 8 inch.booster whichvdischarges into a
manifold running completely around the magnet, A 2 inch isolating valve is used
between ezch booiﬁer and the manifold. The roughing connection is made to the
east tangent tank, A 300 CFM and a 105 CFM’Kinney punp are provided, either or
beth of which ca; be used for roughing or'backing° 'ThGVSOO CFM pump will pump the
tank down to 100 microns in about 40 minutes, The ténk volumé is 630 cubic feet,
The 300 CRM pump is crdinarily shut down except.during roughing and the first few
hours after the diffusion pump gates are opened, A Model GM1 Hilco oil reélaimer
is connected to the mechanical pump oil system to permit changing the oil in batches

or circulating purified oil through the pumps under manual control. As designed

the rate of flow is excessively slow in changing oil due to the small size of the pipes

for the aveilable gravity head,
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The cyclotron injector has a pair of 6 inch pumps backed by a separate 105
CIM Xinney, It was expected that a considerable flow of hydrogen gas would have
to be hendled by the cyclotron pumps hence the large fore~pump capacity; Shortly
after gtarting the cyclotron a refrigerated‘pﬁmp baffle connected to the freon
system was provided as one of several stestaken to reduce the cyclotron »ressure.
A common manuall? operdted valve is used on the cyclotron diffusion pump manifold,

Bach of the 20 inch diffusion pumps is provided with an oil level sizht gage,
1% )

-
"

a barrsl water temperature cut off and a boiler temperature cut off, A "geisslar'
spark plug is installed in the main tank to close the pump gates and turn off the
ion gages at pressures above 100 microns, _This system has failed to protect
against small leaks in the forsvacuum systeﬁ or failure of the refrigeration
which!has cdntaminéted the ion gages so thaf a cut off operating when the Ion

2 . .
gages go above full scale has recently been installed. Ion gages are lacated cn
each bevatron pump manifold and on the cyclotron tank, Western Electric gages
are used but Distillation Precducts VG1A tubes are preferred when available as they
seem to outgas more quickly, |

Al 1/4 imch stainless steel tube is provided slong the outer radius inside
each quadrant tube as a liquid nitrogen trap., One end of eaéh trap tube enters

. - &

the vacuum system through the probe ports in the transition sections on the East
end West sides. Liquid nitrogen flows through an inner "sqpivt" tube to the far
end of the trap, The liquid level is maintained by a cafborundﬁm resistor partly
immersed in the Iiquid in the end of the trép tube outside the vacuum. The tempe-
rature of the resistor controls the air pressure which forces liquid ﬁiﬁfogen
from & dewar thrgugh the internal squirt tube.in‘the trap, Conventicnal bottle
traps are providéd in each tangent tank and in the cyélotron pump manifold. 1In

cperation these bottle traps have not been used, When the minimum pressurs is

required two of the four quadrant traps are kept ccoled, The consumption of
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each of the quéﬁrgnt traps is 8 1/2 pounds of liquid nitrogen per hour,

}

Vacuun ‘Tesbing

As is usual with complicated vacuum systems as many of the individuel parts
as possible were tested before trying to obtain a vacuum in the complete system,
This was especially important in the case of the curve tank sections which had
many leaks in ﬁelds'due.té the thinness of the sheet metal used, Helium leak de-
tectors menufactured by the Consclidated FEngineering Co., were used in 8ll the testing
and broved extremely valuable,

The tank sections were individually tested when received from the fabricator
using a 6 inch diffusioh pump system, The pump was permanently installed under a
plate which formed one head of the tank‘sectiono A spacer was placed inside the
taﬂk‘and the top head attached, A hood fiooded with helium was lowered cver the
tank while under vacuum to check final tightness, Leaks in the welds were repaired
by hard soldering, As‘many as 100 leaks had to be fepaired in & single tark sec.
tion, The first of the tank séctions were given an external pressure test at 1 1/?
atmosphereé pressure difference to locate any mechanical defects such as poor spot
Weidingo No such troubles were found and as the pressure test was disﬁorting the
taﬂks appreciabely this procedure was stopped when about one-eighth o} the tanis
had been tested, | | ;

* After the individual tank sections were tested they wsre assembled a half
quadrant at a time and tested with their gésket frames, In this test one of the
tangent tanks with its two 20 inch pumps attached was user;‘i0 A supporting frame
was used inside the tube to prevent collapsing.and to permit leak hunting =1l
cver the outside, After repairing leaks thé half guadrants were covered with a
flexible plastic sheet and the space under the sheet flooded with helium for an

overall check, Finally the tube sections were agein tested a quadrant at a time .

when installed in the magnet, For this test the top magnet yokes were left off
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[ and spééial steel beams used in their place to support the top skyhooks to allow
access to the top surface for leak hunting, The top and sides were reasonably
accessible at tﬁis time but the bottom was nbﬁb * At this stage some gasket freme .
leaks were stopped by blowing thiﬁ Glyptal through the helium testing space., When
completed there were a few leaks sensitive to the helium leak detector, Howeverg.

from the rate of pressure . rise and the volume of the system the total leakage rate

of the finished system was abouf 5 micron liters per sec;ﬁdu With the pumping

speed available this flow accounts for a pressure rise of about 3 x 10"’7 mn Hg.
Pumping speed ﬁeasurements made at varioﬁs times duriﬁg the assembly work

showed & speed of 2200 liters per second for a single pump measured in the pump

manifold, The speed measured at the outer end of a half quadrant with one pump

" in use was 900 liters per second with the shpport structure in place, In the

finel system the épeed at the center of a quadrant would be more than twice this
value,

In present operation'(Juiy 1949) the base pressﬁre‘with the system cold and
without liquid nitrogen in the traps.is betweén 1 andilOS X 10“6 mm Hge Duriﬁg
the operation of the magnet the pressure rises to 2 to ¢ x 10~ without liquid
nitrogeno. Liquid nitrogen in two quadrent trapsvlowers the pressure 0.4 x 107% 1m
when the system is cqldo' TWith the\pressufe 1.5 x lO“"6 closing off half the
pumps approximately doubles the pressure, This indicates that most of the base

=3

preséure is due to gas coming from the tanks and tube from half to two-thirds

of which is not condensable with liquid nitrogen.

Injector Ion Gun

Thé injector ion gun design was based on the pressure Van de Graaff in use
with th® linear accelerator, The vacuum tube uses the identical porcelain rings
and the support structure uses herkolite tubes of the same cross section as those

of the Van de Graaff, To hold the required 460 KV on the high voltage end (40 KV
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is obtained from & focussing voltage supply) it was decided that the column shoul 3
be 75 in., long and consist of 27,sectionsg The sparking distance from the high
voltage shell ¢ ground We.s made 44 inches, ‘Thirteen rectangular hogps of 1 1/?
in, dismeter aluminum tubing surround the structureoﬂ

The structure®consists of four ﬂorizontal supporting tubes with two smaller
diagonal tubes to fake the vertical load. As no pressufized envelope is required
much.more-space is aveilable in the high volfage end than with the ususl Van de
Gresaff, Teking advantage of this the electronic units are designed o slide into
their supports as drawers into a filing cabinet,

V‘Pcwer for the ion source and equipment at the high voltage end is supplied
by & 400 cps permanent maghet generator driven by a leather belt from the ground
end, The ion source originally planned was identical to the Zinn source used
with the Linear Accelerator, One departure from Van de Graaff practice is the use
of 1/2 inch square gaskets in "metal to metal" type grooveé between ihe sections
«f the accelerating tube, Bleeder resistanceé are used in place of a corona gap
system of voitage distribution. ‘ |

The ion gun has not yet been run as its plate was teken by the 20 ianch cyclo-
tron, A%t the present timé‘it is being modernized for use in teAthof the 10 Mev
linear accelerator to be ugéd with‘thé full scale machine, Modernizaticon con-
sists of changing to the PIG type‘ion séurce‘developed by Gow, instglling the
differential pumping system using a DPI Model MCF 275 diffusion pump backed by &
Cencc Hypervec and making minor éhanges-indicated from experience during assembly,
A high frequency Cockroft-Walton generator is being developeduwhieh.ft 1s hoped
ﬁii} fit'inside the ion gun supporf structure making the unit self contained,

The ion gun is provided with jack screws for vertical and horizontal ad-

justments and casters can be bolted to it for portability?
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Injsctor Cyclotron
The lnaa tor cyclotron was designed following tests made on a simyler cyclo-

wa

tron in en eristing magnet, The design was based on producing the m&xnmm&p055ib1e

beam current at an energy in the neighborhood of 1 ilev, The low magnetic field

]

of 7 kilegauss was teken to give the maximum radiusg for the first turn to enable

more boom to clear the ion source, The oseiliator was designed for the highest

&,

itage taking advantage of the duty cycle of 1 mil lisecond at a repetition

rate of not over 1 per second,

-

The enwrzy of L Mev ab 7000 gauss requires 2 radius of 8 inches which can be

obrained with a 20 inch pols diamefer, The masgnet core was desipgned as 2 C rather

o

than the convenhional H to improve access %o the tank and avoid interference with

-

the deflected beam, A strub was plenned inside the vacuum tank to limit the de-

flection rat as the latter amownted to only 7 mils ab operating fieid the strut

was omitted. The core was built of 1 imch steel plates interleaved a 0d welded at
the corners to resist the maxirmm bending moment than could exist wirthout the strut

[l

Tha sycictron was originally designad to be mounted with the pole faces
vertical, Hewever it was later decided to r&tain the conventional position as

there was no great difference in the spread of the beam in vertical snd horizontsal
A L]
i

directions, Trunnion blocks were left on the core, however, for use in case the

(o

s

verbical position is ever desired, The cyclotron is mounted on & stand provided
with leveling snd lateral motion screws, In additicn the svand rests on skid
and has eyes for the attachment of horizontal pullers for large horizontal motions,

Eyebolts are provided in the bu11d*nw wallis for attachment of the pullers, The
complete syclovron weighs il teons and the horizomtal force required to pull i%

fiooy is 3 tons,

Yo magnet coile are sir couled by four Radar biowers rated at 4 inches
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static presgurs and 580 CHI each. The copper cross section is.1/8 by 1 inch

|
wourd 3o 14 layex

973

the conductor weight being 3350 lbs, Insulation is glass

3

cloth sad transitve, The temperature rise of the conductor above the inlet air

= I}

temperature in present use while dissipating 5 KV is 18 degrees C as indicated
by & thermo.ouple wound in the coil,

The maznetic field shape, a linear decrease of 2 1/2 sercent in 8 ianches, ig
&

produced by removable shim plates fastened to the pole tips which are imbegral
: X

with the tspxe The shim shape was arrived at by re-mechining efrer meagurin

oy

mia

the shape of the resulting field, The gep av the cenber of the pols iz 3

,.‘.
~
o]

inches sna 2% the oubter dlameter is 4 13716 inches,

The vecwm bark and pumps have already been described uvnder the vaceuwn
systmm,

yvstem is conventionsl except thst no cooling is used, Cooling

tubtés se provided 1nside the dee stems but have not been found necessary., Twe
;

&
o}
O¥

dees are used, mounted on 3 3/4 inch inside diameter by & 1/2 inch long zircon

porzeiain insulatovs, Three inch dismeter by 46 long aluminum stems are ate

tachad 1o the insvistors and the oscillator, tube is mounted betwesn the stems

st their cuber end to form the resonant clreuit, An Bimar 3 x 2500A3 tube is

\
ty

used with irns grid and fileament connected across & special disc fType series

4

~capacitor lorsted in the line bebween the dee stems, The plate is connected %o

4

a tap on the grid stem at a point 16 inches from the tube end giving the desired

goupling, Tne= series capacitor i1s an array of 72 - 100 mmf condensers wnich

- . 5 N . 2 ‘ J.
surround the oscillstor tube, The tube is cooled by forced sir supplied at 1 1/2

1bs, pressure by 3 46 CFM Roots blower, Filament leads pass through the center of

™m

the tubing usea for the plate shoke coil, This oscallater produces an estimated

100.000 weits between the dees, eight inch sparks to ground san be obteined from

the inzutatcs flan

Oy
1

o

™ -
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The cyclotron tank is lined with gheeﬁ copper‘wﬁich makes contact with the -
aluminum fgce plate thfdugh a- strip ofVSpring fingers such as are ﬁSed for radar
shielding. ,Céﬁdensersfbetweenithe dees and the face'plate inside the téhk pfoved

_ pnsuccgssful éﬁe to electrical discharges and were replaced by vacuum condensers
ihs£alled outside fhe tenk. The purpose of these ooﬂdensers was to increase the
dee capacity and thus increésé the stored energy in the dee circuit so that the
ion load would have less effects The nominal clearance beﬁween the dees and the
lin;r is 1 inch and<fhe clear opening inside the dees is 2 ,iﬁches° The oscillator
was designed and built by William Baker.'

The cyclotron ion soﬁrce is of the PIG type consisting of a l/é'inch diameter
tube at ground poténtial with an aluminum‘cap at each end, gThé caps are supéorted
from the dee féce plate on 1ong-rods apd carry the tube betwéen them on céramic
spacers., A small fube bringing the gas to the ion)source tube also acts as a
sground. A slot 1/8 inch wide by 1 inch high facing oné dee is the ion outlet,
This source has performed without trouble since a’palladium leak was iﬁstalled
‘in the hydrogen supply system two mbﬁths ago. It is a great improvement over
the filament source‘wﬂich required frequent filament replacements. The arc nor--
mally runs at 5 té 8 amps and 750 volts pulsed for the same period aé the osciiw
lator,

The cyclotron arc voltage aﬁd oscillator plate Véltage'are supplied from
pulse iipes designed for a 1 millisecond flat topped voltage pulse., The pulse
lines are discharged by spark gaps triggered by 5C 22 thyratrons. The arc pulse

line is rated at 2 KV and 168 joules and the oscillator pulse line at 20 XV and

[y

200 joules,

An elgbtrostatic deflector of conventional design starting 60 degrees from
the dee gap and extending 90 degrees is used, After leaving the deflector the

beam passes through an iron tube which acts as a magnetic shield causing a more
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sudden cut-off of the fringing.field then would othe?wise be the case. After
leaving the shie;d the‘begm'passes through a focussing magnet which focusses in

. both the ver?ical\and horizontal directions. The aperture of this magnet is

2 inches b& 12 inches inside the vacuum tube, and the,lengfh through the magnet

is 9 S/B'inches frém eﬁtering to leaving pole edges. The wedge angle is adjustable
by rotgting.the end sections of the pole pieces and thé enti;e magnet is mounted

on & rotating table with vertical and horizontal adjusting screws.

i

‘ Afﬁer obtai?ing the cyclotron internal beam about two weeks was spent in
bringing the begn out through the deflector channel and the focussing magnet and
improving the focus. Thg sectiong of vacuum tubes required for the external beam
were madelup as these engriments progressed,

¢ The beam emerging from the focussing magnet passés through an electrostatic
deﬁlector, now called the inflector, located in.the north tangent tank of the bevaw
tron, This device turns the beam through 90 degrees. Mechanical‘mofions of trans-
iation ét right engles to the entering beam, translation parallel to the entering
beam and‘rqtation about the entering beam as an axis.are provided., The right angle
%otion was intended for use witﬁ the ion gun beam which was,expected.to be quife
sharp., It ha; no effect with the cyclotron beam, The parallel motion éermits
-placing the inflector exit at any point across the Bevatron aperture, The tilt
mogion has a range of three degrees either direction from horizontal. In addition

the last 22 degrees of the high voltage electrode can be connected to & separate

e
power source to vary the angle at which the beam leaves the inflector. All the

r

mechanical adjustments are gade by screw drive and are furnished_with cyclometer
type counters.

The‘opter} ground, electrode is lined up by use of & radius rod turning in
& bushing in the support plate, The high woltage electrode is set with respect
to tﬁe.gréund electrode using adjﬁsting screws for all motions. As originally

installed the electrodes were four inches high with 1 1/4 inch gap., The exit
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Tip of the ground electrode i's made of 1/32 inch sheet metal and reduced

e

n

N

height from 4 to Z inchés in the end 4 1/4 inches, These dimenslions gavé a
C. . - . ’4;1. o ’ ) N : l:A -
zatiszfactory beam but operating reports should be referred to for the electrods
geometries used in the various tests,
1
The inflector high voltapge bushing is located in an exbension of the north
tangent tenk end contains a separately insulated center conductor for comnection

LY - : -
to the 22 degree trimmer electrode, This center conductor was originally insulated

withfa mica spark plug but this was réplaéed after electrical bfed;down with a
poréelain'insulator which now stands about 35 KV with respect'td'fhe buéhingo
The main eloctrode vol%age runs around 60 KV,  Comnection betwsen the bushing and
the elecirode is by cables Wouﬁd on‘spring;driven reels, as used in comrercial
xmray'méchinesp

The inflector mechenism is supported on a rigid frame_which is ioéated in
ﬁhexﬁangeh% tank by jack screws, Lhis pér&its assemblingténd aligning the opera-
tiﬁg'mechaniSms end electrodes in fhe shop, Connections to tne ojérating handles

]

are made through universal jointed shafts,

Acoelerat;ng System and Freguency Control
The accelerating electrode is located in the south tangent tann supported
from a singlé Zircon insulator 8 inches inside dismeter by 15 1/2 inchos 1opgo
The length of thé electrode is 23 inches and the gaps between the ends of the
eléotré@evand the tank liner are 4 inches making the distance between Tthe centers
of the gaps.27? incheso This is 2,4 percent of the full orbit }ength? Iae elec-
trode and tank liner is ﬁade of copper sheet, ©The liner is punched with 7/8 dis.
holes to remove. about 43 percent of the sheet area to meintain punping speed from
the tube to the pump manifold, The aperture of the elecfrode is slightly larger
than that of the tube and»its capacity'to the liner when inétglled is 260 mnf,

The electrode is powered by a single stage amplifier excited by an oscillator.

f
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Both the amplifier and oscillator are tuned by saturable reactors using ferrox-
cube III cores., The regquired frequency range is 400 to 1200 XC and electrode
voltage is 1200 volts,

Th? reactorn saturafing windings Were'originally connected in series and
the'currént WaS’contrdlied'by'an amplifier whose input was obtained from a shunt
in the megnet circuit.. After an initial period of operation, separate current control
units were used for thejéécil}ator and the radio frequency amplifier, Controls
are.available wﬁich areiequivalent to a potentiometer across the shunt (the slope
control) and an adjustable voltage in series with the shunt (the d.c., level con-

- trol)e In addition a digcriminatqr circuit is available proaucing a ;oltage
closely propdrtiona} to frequency, The output of this circuit can be-fed back
into the control amplifier input to improve the linegrity of the frequénéy re-
spon;e to input voltage°; The radio frequency power amplifier is keyed by changing
the grid bias of the ampiifier tube, However, a number of difficulties have
occurred with this equipbent, and most of the sources of difficulty have been
established, The princi;al troubles were due to starting frequency jitter and
lack of linearity in freéuency tracking, The first was reduced by reducing all
sources of 60 cycle humgtparticularly thatlcaused by diffe#ential ground vole
tages in units which-had’to be separated physically., The fre§uency trackiﬁg
error ﬁas a droop inherent in the ferroxcube saturé%ioﬁ characteristic, This is

compensated by the addition of suitable non-linear elements in the amplification

% <
circuit.

The control emplifier input signal is shown on an oscilloscope together

with a marker showing the c¢yclotron firing time to facilitate locating the

proper setting to find the beam.

Instrunentation and Timing

The primary timing gignal is obtained from one of two peaking transformers
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responding to gagnét current, These consist of spiral cores of about 120 turns
1 mil permalloy strip 1l &m wide'wound with a toroidal winding of 1500 turns of
No, 26 Fbrﬁex'covered wire, The magnet current conductor paéses thrdugh al 1/2
inch diameter hole in the coii° The current in the winding is controlled by a
regulator and adjusted by-arHeiipéf poténtiometero When the field of the magnet
conductor exactly equals that of the bias winding the magnetization of the pe;malloy
core reverses producing é pip on the regulator voltage which is used as a timing
trigéero This signgl triggers the oscilléscépes and starts two time delay circuits
one of which triggsrs the cyclotron arc and oscillator and the other turns on the
acceleraﬁing'voltageo 'A third timing circuit controls the duration of thevaccelew
ration, All ths peaking'transfomners dnd time delays are adjustable from the ope-
r@ting:positiono

Provision is made for installation of probes at fourteen places in the beva-
,fron tank and at a number of places in the cyclotron, Oydinarily pr;bes are used
only at the entrance and exit of the inflector for tuning up.and at one point on
£hé“inside radius of the bevatron for observing the accelerated beam although |
eny of the other probe positions may be uéed for experiments, All probe circuits,
timing pulses and varying voltages are brqught to co-ax outlets on an insulated
patch panellin the control robmo In addition all the connections to the oscillo-
scopes and to and from the variousntiming and control units are brought to the
same pénelo This maﬁes possible setting up any type of control or oscilloscope
display.thaf might be obtainable with the equipment in a very. short time without
making "haywire” connections, Great care must be taken to avoid multipls grounds
in these circuiﬁso

The control room,i§ equipped with six type 512 Tektronix de.c. oscilloscopes
with loﬁg persistence (P?) screens for obssrving the‘time varying phenomena on

which the results of practically all tests appear. The meters are ordinarily
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used onl%'fer tgning up and occupy & very secondary position, These oscilloscopes
are each provided with a calibrated sweep speed control exteﬁdiﬁg to three éeconds
and with ; voltage calibrating circult for the vertical deflection. They have
proved excellent in use, What difficulties have occurred have been méinly due to
minor bugs explainable by the fact that these were the first six produced on &
production line by the manufacturer or to obvious faults in their application,

4 tyﬁical use of the six oscilloscopes is the following: (1) Probe current
with bevatfon.mfoenvelope as a marker. (2) Magnet current or volfage showing |
complete cycle, (3) Frequency control ampiifiér input with peaking transformer
as a marker, (4) Cyclotron arc voltage and r.f. envelope as selected. (5) Cyclo-
tron beam wheﬁ probe at inflector entrance is inserted. (6) Available for mise-
cellaneous testing, These conditions are of course frequénfly changed,

The controls arellocated in a room built inside the bevatron building, Two
wells of the room are formed by the relay racks, The room isvdarkened'by ¢losing
the doors and dimmiﬁg the lights by Varisac controliduring alﬁost all the operation

to improve the visibility of the oscilloscope displays,

v Building : .

The bevatron model is installed in the south end of & building 50 ft, wide
"by 100 ft, long. The building construction is a light pressed steel framework

“¢overed by corrugated aluminum sheet, About half the floor area is required by

e,

the bevatron megnet, Of the remainder, approximately 220 square feet are taken
by the controlvroomp 125 square feet by the inflector power supply, 150 square
feet by the cyclotron and its accessories, 100 square feet by a tool crib and the

remainder is used for mechanical and electrical service facilities., No machine

toocls other than e band saw, drill press, grinder and sander are installed in the

building,

‘Trenches 44 inches deep by 24 inches wide are located on the northesouth
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and esspwest dlameters of the magnst rurming to the wﬁlis @Xoept at the iorth,
The nerth treuch connects to a tremch runining to the east uﬁxi putside the magnet
which ccamanicates with the conirel room relasy racks,

A ~ue ton slectric ﬁonarali noist is instailed in the building. A radial

rall supperted Prom a4 colwmn at the center of the megnet and from a circuler rail

PN
above the msgnst ring carries the hoist when working a2bove the megnet, lhis radial

snects with a fixed spur track running to the north door of the buildinge

?his ryseem iy installed fo take advantage.of clearance between the frames of the
building stces ths magunet and to avoid interference with the high voltage powér
qupply -1 the 1gﬁ'guno However, with the cyclotron injector’it igs probable that

a convan”iouwsl moncrsll crsne covering the entire building would have been more
gultatle sud no more expensive,

Th=r ¢ 18 nuyspeia corresponding to laboratory space in the building and mno

e

elda

ad

prewizsion for sh ig A8 the bevatron model i1s ceonsidered as a temporary instal -

oL

is o expesctation of using it for nuclear resesarch,

[
o
&
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H
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The tetal cost of the bevatron model as completed and in condition for its

Ihe analjs - of this cost 1s given in Table I,

The fellowing are the persons responsible for the various phases of the

Worke
Cy: lotron oscillator design and censtruction W. Baker
s Mechenicsl design of magnet core , J, Bell

Elacffoni%s englaeering : Go Tarly

anicsl dezfgn of magnet ceil and ion gun H, Gordoun \
F.ovtcicel power engineering C. Grauer
Lie:srroal 1Astallation Tapnrvision _ 7, Harris
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Mechanical design of cyclotron and general

design consultation . E. Lofgren
¢ Mechanical design of vacuum system . R, Peters
I -
Supervision of magnetic measurements " Do Sewell

Particle dynamics and theoretical physics
problems : ) L., Smith, R. Gluckstern

Mechanical installation and vacuum testing
supervision W. Twitchell

The contributioms which most of these persons have made to'this report

-
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TABLE I
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SPECIFICATIONS OF MODEL COMPARED WITH FULL SCALE MACHINE

Hominal agerrture inside vacuum tube

Radius *c center of tube
Length of s rsight sections
Length of orbit

My e mazdetic field
Maxiﬁvm‘ptoton anergy

Magnet gop
Injection sonergy
Injection radio {requency

Haxima sadio frequenzy

Frequency ratio

3

sun §

i

by

~n

e

[
.
3

njsct

Uzeful width of fisld st injection

(1/2<n<y)

Relat .ve rad.al width

N

Relative height of aperturs

Acceleraricy Tine

Initisl ratve of rige of field
Final rate of rise of field

Magnetic f<eld exponent "n®

Tnitizi energy gsin per turn

Finasl energy gain per Lurn

Injection time (time for beam to
rrogy hnlf wadth of useful field)
< .

Turns during injection time

¥
*Ax planned st Eime model was desigued

gauss

inches

% of radius
7 of radius
secs

KG/sec

KG/éee

ew

microsec

1/4 Scale Initial

Later
Model _Stage Stage
ix31/2 4'X'14 1 x4
11 1/2 46 50
5 20 20
92,4 569 394
1000 £300 16,000
- 0059 1,48 6,44
13 1/2 54 14
0,528 4 4
0,39 0,260 0,230
1,19 2.4 2046
304 10,0 11,3
326 206 190
36 144(est,) 48
26 26 8
7ol 8 1/2 2
0.3 1,5 1.85
4,45 4,45 9,60
2,44 5,90
0,60 0,80 0.60
43,5 700 1750
385 1075
5900 2415 318
1530 627 74
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TABLE I

UCRL 464

SPECIFICATIONS OF MODEL COMPARED WITH FULL SCALE MACHINE

‘ (continued)

1/4 Scale Initial

Later
Model .Stage Stage
Radial motion per turn during injectiom
(rof. off) . inches 0,012 0,12 0,32
Scattering loss at 105 m air
pressure ' percent 96 12 57
: . r
Distance betwsen accelerating gaps fto 2 1/4 10 10
Electrical angle between accelerating
gaps - : degrees 8,8 9.8 9.0
Peak accelerating electrode voltage - 570 8200 22,300
Repetition rate at full energy pulses/min° 20 10 10
Stored energy in magnetic field megajoules 2040 80 | 80
~ (epprox, )
Peak magnet current v amps 1780 8333 8333
Number of series turns on magnet ) 16 88 88
Peak ampere Lurns : 28,500 732,000 732,000
Initisl voltage on magnet volts - 250 18,000 18,000
Voltage at maximum current volts 12,000 12,000
Peak instantaneous power megawatts 100 100
Allowable time averaée dissipation
in magnet : KW -~ 30 3500 3500
Conductor welight tons ‘ 5 360 351
Conductor cross section . 89, in, 0,273 1,31 1,31
&
Number of conductors in parallel A . 2 2 2
Conductor length ft, - 6360 139,800 136,800
Coil resistance at 65 0 - 98%
0,268 0,262

conductivity v ohmsg .053*

At 50 C
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TABLE I

UCRL 464

SPECTFICATIONS OF MODEL COMPARED WITH FULL SCALE MACHINE

(cdntinued)
| - 1/4 Scale Initial Later
Model _Stage  Stage
Initial inducthnce henrys - ,026 3,6
IR drop at maximum current - volts . 94' v %250‘
“R.F. oysles per phase oscillatién.Ai injection . 280 167 105
) At maximum ensergy oo 2010 2140
R.F, cycles per\betatron oscillation Vertical L.14 1,14 1,15
' Horizontal . 1,69 1,69

i

1,69
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TABLE II. .

CONSTRUCTION COST OF l/@ SCALE BEVATRON

Stores . Contract
_Direct Tabor Total Issues & Equip-
" Mechanical Electronic Building Direct & Small ment Pure
Shops Shops Trades  labor Purchases ochases
Bﬁi}ding'and éite $ 1,990 $ 114 $6,797 A$ 8,901 @109168 $17,404
Magnet 12,225 998 - 8,984 22,202 12,275 45,100
Vacuun System o 29,766 854 8,559 39,159 189491 31,953
Injector - Ion Gun 10,348 857 A 50 115255_ 5,168 6,044
Injéetér u-Cyeiotron 1091é8 2,494 - 1,817 14,439 8,341 1,834
Accelerating Syst em 1,234 1,312 56 2,602 . 1,152 606
Miscellanebus 1,625 1,716 692 . 4,032 6,087 10,008
TOTAL $67,316  $8,339 $26,935 @10295é0 $61,682  $112,949
% _Overhead _ ' ' Total
Mechanical Electrical Adm. & Research  Overe Total
Engr. Engre Service Personnel head Cost
Bﬁildihg and Site $ ) 36 $ 566 $307 . § b2 $ 961 |$ 37,434
Megnet 1 7,994 6,466 46 6;553 21,059 | 100,636
Vacuwn System A 14,004 364 - 231 14,599 | 104,202
Ihjector - Ion Gun 13,234 29162 - © 185 15,521 | 37,988
Injector = Cyclotron 6,090 1,808 - 1,285 591é3 33,797
Accelerating System 1,186 f 4,795 - - - 5,981 10,341
liscellaneous ~._ 1,333 1,313 . . 1,053 3,699 | 23,826
TOTAL | $439877‘ $17,414  $353 $9,359  $71,003 | $348,224

K}
<

NOTE: Building and Site includes electric power and water service,
magnet foundation, and cranes,
The building proper is estimated at $24,000,
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Beva Moo 174 : ; l

MAGNET BEING ASSEMBLED. "SKYHOOKS", POLE FASE
WiNDING “SANDWICH" AND GROUND WIRES FOR TANK
SECTIONS SHOULD BE NOTED.

0z 625



STLINLESS STEEL TANK SECTION WITH GASKET
FRAME

T e ~nal FE /NN

QUADRANT VACUUM TANK IN PLACE IN MAGNET
SHOWING "SKYHOOKS "

02627



INJECTOR ION GUN - REPLAGED
BY CYCLOTRON

Seva Mode/ 137

mmmn

?.T.“T‘,

INJECTOR CYCLOTRON PARTIALLY ASSEMBLED




BUILDING UNDER GCONSTRUGTION NOVEMBER 10,iS48

GENERAL VIEW

OF OPERATING MODEL



CYCLOTRON CONNECTION TO BEVATRON
SHOWING FOCUSSING MAGNET
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MAGNET WITH COILS PARTIALLY WOUND
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BEVA Mop 250

vONTROL ROOM. PATCH PANEL IS IN LEFT FOREGROUND.
OSCILLOSGCOPES INCENTER AND MAGNET TIMING CONTROLS
AT RIGHT. OSCILLATOR FREQUENCY AND TIMING CONTROLS
ARE |IN THIRD PANEL FROM LEFT.
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