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A_DTRDLUCTION

The University of Washington Cyclotron has been designed and
constructed to produce a 20 MeV deam of deuterons, but with facilities
avallable for the mtilisation of other particles. The bdasic clement of
this machine is a magnet having 60-inch pole pleces. A magnet of this
sise when used with detuerons, is about the optimmm dimensions in whish
deuterons may be accelsrated prefitably without resorting to fregquensy
modulation. The machine, therefore, will be initially used as & conven-
tional or constant frequency cycloetrem with the instrumentation designed
uwmdmhmmu—ahm

This oyulotren is installed in a bdullding specially bulls fer
the purpose and is on the University of Washington campus. It 4is de-
signed 90 as Lo taxe maximm advantage of naturelly eecurring shielding
of a ssall revine., In sddition, the bullding has been designed to pre-
vide sxcallent shielding in the vicinity of the 'eam to permit experdi.-
ments requiring low backgreund, Purther instrumentation is planned which
vill perwit analywis of the beam into well-defined particle energies for
various exper~mental purposes.

'Mwm-mml-hhmlm“
cane from both the State of Washington and from the Office of Newal
Research. In addition to State of Washington support, the project has
been supported by the Joint program of the Office of Nawal Resesareh and
the itomie Energy Commissiom. Sinee July 15, 1950, outaide support has
come from the Atomic Energy Commission. This report constitutes the firet
yoarly report under this comtrect. As of the date of this report the
cyclotron is an assembled machine ready for initial test.

Total expenditures to date from all sources, exsluding Univer-
sity of Washington overtead and stalff salaries, bas bdesn $642,000. This
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inelndes not only the comstruction of the melotron dut the cyuletrwm
bullding and ite associated shop dullding.
1.1 AspesQedgement s

The University of Washingten Qyeletron which is described here-
ia fellows basically the Crocker Cyelotrom at the Umiversity of Califeormia.
¥e have had avalladle for our use a complete set of the Barkelsy plams
which was kindly placed at ocur disposal by Professor E. O. lawrence. These
drewings have been followed clesely on the masmet design, and have been
invaluabls % we in the major design work em the machine., In addition,
we have enjoyed the competent advice and ald of wany members of the staff
of the Radistion lLaborstory st Berkeley. :

I the later phases of our work we have received axcellent ad-
vise and counsel frum other laberetoriss; notably, Massashusetts Institute
of Technology, Univereity of Pittsburgh, Breckhsven Rational laberstory,
Department of Terrestrial Mag: etism Carnegie Institution of Washingtenm,
and Washingten University et St. louis. All of theee we greatefully
swmnowledge.

We are partisularly greteful te the QOffice of Naval Researeh,
San Pruncisce Branch, and to the Atamis Energy Commission, Hanford Works,
who have not enly given w financial support but have aided w in many
other wvays over and adove the norwal @ wotstions. The Puresn of Ord-
namse, U. S. Navy bas made evailacle to © most of the machine tecls neces-
sary fer the comstrustion of the cycletro.n. Many suppliers, teo numerous
to mantion specifically, have given w an unusual asount of techmical as-
sistanee in the wiilisstion and adaptse..om of thedr produste. Withowt
this kind of cocparstion the machine could oot have besm bullst, W
accordingly acknowledge this assistamce.

-2~
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The Nuclear Piysies laberstory bulldings are located oa the
extreme northeast cormer <f the University of Washington campus, and are
shown in photographs, figures2.0l amd 2.03.

Figure 2.01 shows the cyelstrem bullding as it was cempleted in
1949. Half of the 5,000 square feot conarete buliding is bdurded in the
hdllside. A minlmmm of ten feel of carth has been provided fer redistion
protecstion in all directions cwept on the top of the AD feot diamster
eyulstron recm, where there 15 & pool of water two feel desp. The clren-
lar fence sscloses the water pocl. The flseor plar and equipment lagewt
is showm in figwe 2.00. The beam chamber is of water tight construwstien
and cam be filled wit' water for shielding or used for experiments aleng
the beam. Prelisinery plans have been completed for a 36 x A0 foot lah-
oratory bullding addition to provide research ares and facilities adjecent
te the beam chamber.

Pigure 2.03 shows the cyclotrom shep bdullding. This bullding
is &0 fest by 100 feet, glase walled, redisnt heated, and prevides the
mashine teols and electromic fasilities fer construstica of the cyelestrem.
It is equipped with adequate machine teols required fer muclesar research
work of Lhis type. Almost all of the msshine work is belng performsd in
this shop exsept fer the large vacuum, dee stem, and trensition tanks.
Bafere the shop bdullding became avallable in Pedruar 1949, aachine and
fabrication work on the magned cedils was perforwmed in the besemsnt of
Pigyeies Hall,



The Creletron Bullding
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Equipment Layout - Cyolotron Building
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The Cyclotron Shop Bullding






L MAJNET

3.1 latredesthlen

Por efficisst operstion of ths eyulstrem the magnetis field
sust be of & rether large intensity and smet be carefully shaped. The
requirensnts on the shape are: (1) 4in the sadian plane the varistiom of
the intensity with redial distance must conform clesely te a falrly well
dafined relation, and (2) inside the exit redius and near the median plane
the fleld must ve sccwrstely symmetrical with respect to the axis and with
respect Lo the median plane.
3.2 Msaetiaalion Prepariiss of the Cors

Apparently the comtrol of the magnetic properties in the mamw-
facture of steel is rether woertain, In erder to obtain nigh permeabdl.
1y the namufasturer advised the chemics)l compositien as specified in
Table A.

IALLE A
CHEGCAL COMFOSITION OF STEEL FOR CTYCLOTRON MAGNE! CORS (SPECIFIED)
0.15 per cent maximm
.., - L ]

004 =
O.0M8 =
0.2 =

[+
">
r
L]
M -
A Bovland ring was machined from a plese of ferged stesl from
the same heat as the cyuletrem magnet, and & magnetisation curve was
detarunined by the elementary metnod ampleying s ballistic galvencmeter,
The resulite showm in flguwrs .01 were very sstiafectery. Valuse of the
sagnetis industion at the center of the magnet gap for wvarious exoiting
survents were caloulated by means of slementary magnetis cireult theory
and were greater tham had bdeen amtisipated. These predicted values were
later verified by Cdirest msssuresent. The sagnetis induetice o &

funetion of cwrrent Lis showm ia figwe 3.02.
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3.3 Zhe Madel Masnat

the desired redial dependence with sufficiently intense fields. A one-

twelfth soale model of the magnet was censtrusted for experimental studies
of shims. The advantages in using a model instead of the eyvletrem magnet
were: (1) A variety of shims could be constructed, installed, and tested -
with considerebly reduced expense and working time; this point wes emphe-
siged by the possibility of using special alleys whish are costly and To-
quire hest trestment after machining. (2) The investigation could be car-
ried out before completion of the cyclotron magnet, thus accelersating the
construstion program. (3) Investigaticn with a model would remsve these

activities from the cyclotron itself and eliminate interference with other
phases of construction and testing., (4) Some measuremsnts of minor impor-
tanse could be comveniently carried out with the model. (5) Sinee it is

anticipated that the cyclotrem may be redically altered inm the futwre with
the imtrodustion of frequensy modulstion, further magnetic studies may be
required which can be carried out withk the medel while the syvlotrem re-
maine in operstion.

On the other hand, the use of a small seale sodel entalls Aif-
ficulties which can consume considersbls time and effert. These are
prineipally sssociated with: (1) the problem of obtaining high spatial
resclution in the flield messsuremsnts, and (2) the problem of heat dissipe-
tion in the ceils. :

In the model progrem the amount of testing required te arrive
et & final shim design was mmch less than antiscipsted. This was due in
part to the fact that the geometry of parte limited the possible varis-
tions more cleesely than was expected. The final design daid not empley
any special alleys. Censidering all aspects it seems that the advantages



and disadvantages of using the model were fairly closely balanced.

3.31 Iepdel Nesnet - Core spd Cover Plates
~mdﬂ..ﬂ*~“ﬁu-

and it can be assumed magnetic properties are idenmtical. Rmept fer small
detaills, sush as bolts and carrying lugs, the modal was a precise one-
twelfth seale replica. Ite weight is 227 pounds. The ceover plates fer
the model were made of scraps from the plate that was used feor the large

3.32 iedel Nasnet - Colls snd Besiletien

Sinse only the Jress distribution of the emziting curremt is
impertant, the detalled strusture of the model departs widely frem the
full scale coils. The construstion features are compared in Table B.
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Power »
Temperature Rise 3
In sealing a magnetic device the grees current demsity varies inversely
as the linear dimemsions and the heat generstion per unit volume varies
a8 the sqguare of the cuwrrent density. Therefore, in the sodel Lhe preo-
blem of hest dissipation is & seriows one. Sech codl was emclosed in &
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tank and coulad by direst contact with weter flowding &t the rete of 10
GFX amt the resulting tempersture rise was only 5° C. vith continuous
operstion. ﬂ-m-‘dﬂnmm.m.nmw
of strustural support amd when tests were sssentially completed, the sup-
porting structure for the colls falled, presumably under the magnetis
forves. The colls becane distorted and short clrouite developed. The
solls will be rebullt when shop time is svellable. The model magnet ie
shown in f.gure 3.03. A sotor-generstor set supplied the direct current.
The differentiasl method of asssuring the field described below made clowe
Wdﬁ“mﬂ.ﬂwmm
stat provided sstisfectory comtrel. Pigure 3.04 shows the arrangement of
the apparetus.

41 field messurements with the model magnet were meade with flip
sodls indicating on & MNumseter (Ceneral Kleotrie Fluxmeter Ceat. 320247,
#32C28), and calibrated with & standard sutual induotamse. Absolute
values of the imduction at the center of the gap were measursd with an
asscuretely senstrusted flip coldl of 2 twrme wound on & redive of 0.25
inohes which is showm in figure 3.05. The seasured wvalues were about 20
per cent smaller than predicted on the basis of the RMowland ring msasurements.
This discrepancy was the result of short circults which developed soon after
the sodel was put Lato wee. Lisdtations imposed Uy the generetor did not
perwit incressing the current Lo compensste. However, the simple expedient
of placing sdditions] steel around the outer face of the magnet yoke ralsed
the field iz the gap %o ite proper valus without affesting ite shape appre-
clably and the model was used with this modifiscstiom.
333 Nedel Negnet - lassOmestatiss Ler Bedisl Ressodsecs of Pisld

An sccurete deterwination of the radial depencience of the sagnetis
industion is lmpertact only owt Lo the polmt where the industion has decressed




This photograph shows the core, coil tanks, and cooling water
ccumections. The threaded nuts on the coil tanks are electrical tersinals.






The photograph shows from left to right: generater (30 wels,
AOO amp.), overlsad cirouit breaker, resistance bex in smmster circuit,
veltmster, mmmeter, model magnet, water secling semnectioms with ther—
Mﬂm~.ﬂmm






The eoll 4is twmed thevugh 150 degrees by hand and the lead-
in wires are brought out thsough the hellow stainless stesl tube.






By sbout 4 per ook from ite value at the center. A precise measuressat
dmmhmurm.mwc
sheclute values i3 sufficient. The follewing differential method was
therefore indicsted: Twe ssall flip coils were sonnested in Sppesitisn
in & cireuit with the flmumeter. The f11p solls were roughly spherisal,
with Slamwters of .17 em, affestive areas of 36 en?, soastiwected as clesely
identical as poessidle, and finally sdjusted to have nearly squal effective
wress. The twe ooldls weare sounted in & shalt, whoss axis was in the wedian
plame, and censequently were rotsteu simultanecusly tarough equal angles.
One remained permanertly at the magnet axis, while the secomd, sliding on
ways along the axis of the shaft, was sdvanced to any selected redial die-
tanoe by means of & lead screw carried in the shaft. The cancellstion of
the major portion of the sisctyomotive ferce genersted in each coil per-
mite high semsitivity in the msasuremsnt. To sstablish & percentage scals
A% was necessary o make an obeervetion using only the fixed coll and with
reduced semsitivity. The mechanical construction prevented readings fer
poimte nearer to the axis than O.4 inches, cerresponding te 5 inshes on
the cyclotron magnet, but the date Justiflied confidence in the extrupelstisn
to sere redial distanse. This differestial msthed eliminates the Lupor-
tance of many instrussntal imperfestionms whish would seriocusly affest
dstersinations made with a single cell, sush as drifting of the exsiting
surrent, insccurste flipping, incomstancy of the flwmmmeter, and tempere-
ture sffecte. Diffioulties were ensountered in securing in the fMippimg
sscharisn the necessary streagth and rigidity within the small available
spate and in meking slectrisal comnectionms witd wire paire whish were
tightly twisted, well insulsted, light, and flaxible. The experimsntal
set-up Ls showm in figure 3.06.



Apparstus for Measuring Radial
Depandence of Field in Model Magnet

o -






3.4 ede) Magnes - Desica ol Jhimm

The experiences of other cycletron groupe amd considarstion ef
theorwtical discussions led te the following prelimimary formulation of
the prodlem of shaping the magnetic fleld: (1) Inside the exit redius
the field should be as wiform as possidble and specifically it may decrease
W 1 per cent fyom fte walue st the semter. (2) If & cemtral spike is used
e deporided below, one must take ss the value &t the cemter an extrapo-
lated value, in which the effect of the spike is ignorsd.()Between the
senter amd the exit redius the decrease wust be momotonie. (&) Outeide
the exit redius the flield sho.ld decrease as repidly as possibls amd spe-
eifieally st the exit redius the paremster & * ~ (»/B)(dB/dr) shall have
the value OA. (5) T™e exit somentun, a8 ssasured by the value of Br at
the axit redius, shall be as large as possible and consistent with these
. requirwsents. The space available for shimuing inside the vecwm tamk
was an amsular ring against each vecwum tank cover plate. The Lmmer
redive was 25.75 inshes, width 3 inches, and helght 1 inoh,

The firet shim tested ccoupied the entire available spase. It
had a Wess-section eguivalent te 1 ineh x 3 inches on the cyclotron magnet.
This was fellowsd by four other shims having eroes-eectisns with smaller
aress and various shapes. The flald aren Dear the exit redius was sensd.
tive to both the ares and “he shape of the cross-eectisn. Externsl shime
4in the eme-half! inch gape between pols faces and cover plates were found
to have no apprecisbles added effect and weare not included in the shim
design. These studiss imdiceted for the eptimm shim design a restan-
sular srons-ssction egquivalent te 5/68% x 3. Mith a field of 15,000 gauss
the exit redius was 25 inches.

A the conclusion of the tests it became apperent that this
solution would result in & value of the exit momestum larger than had

-lis .



boen orginally anticipated and that this large value would demand a dee-
voltage above the value that ocould de axpected with reasomabdle certaimty.
Unfortunately, with this shim design s redustion of the exsiting currest
produced a minlmsm in the redial dependemce, which is an objectionable
feature. A coapromise solution was tharefore adopted. A 3 fineh x /2
inch shim was wsed, and 25 inches was selected as the axit redive. Wit
this shix the shargness of the transition at the exit redius was redused,
but it is believed that the field will have s usesble shape for values of
the induction bdetwesn 13,900 and 15,000 gausses. At these flelds the in-
duction st the exit redius is reducwd from its central value by 1.2 per
cent and 2.2 par cent respectively.
3.35 Neds) Masnet - Incidental Nessurements _

The model magnet was weful in making two minor measuremssts:
(1) The stray field at the lecation of the cseillater tube was mecsured,
which datum was the basis fer the design of a magnetically shielding bex
for the tube. (2) The magnetic force on the cover plates, & miter of
importanse in comnestion with the structural design, was investigated and
the results ‘ndicated a ferce greater than 35 tons for the oyclotrom
magnet. For comparison the ferve of stmsepheric pressure is 24 tens.
3.1 Cysletien Mechet - Radlal Rependence of Fleld

It was considered necessary %o make fleld messurements of the
redial dependence directly on the cyclotrem magnet rether than teo rely
on the results of the sodel work. The same scheme, esploying & paly of
differentislly commected flip cells, was smployed. Pigure 3.07 shows the
apparetus. The colls were of 28 turme with an average rediue of O.507 em.
With the larger equipment Lhe mechanical difficulties were greatly redused.

The firet msasurements were of the redial dependence without
shizme. The results were in clese agresment with similer data obtalmed



T™he sluminum eylinders te the laft are secured at the cemter
of the gap and the brass framework to the right is engaged with the
sdges of the pols feces in order to position the apparestus in the gap.
T™he search ceils are inside the bakelite tube. The movable codl 4s
shifted by means of the strings showm colled at each end, and can be
losked in place by the brease peg axtending threough the holes in the
tube and inte the coll., Lead-in wires are heald at & constant tensien
and restrained laterally by the sheet brass holders at sach end of the
device. The bakelite tube twms through 180 degrees whem the cateh em
the right is released.






from the model as may de seen from figure 3.08, and showed that the sodel
data could be weed as & basis of prediction with confiderwe. Shims for
the cyclotron magnet were constructed in accordance with the design mem-
tioned above., The predicted redial dependence was verified and the re-
sults were considered satisfactory.
3.2 Crsigtren Masnet - Ihe Csotrel Onlkes

After the construction of the shims fer the cyulotrom magnet
information was received from the University of Califormia concerning
the remarkable inerease in beam current in the 184 inch eyclotron re-
sulting from the introduction of central spikes. The fumction of the
“uum.mmhmmnm*
of gap without producing & minimum anywhere in the redial dependence.
T™he spase avallable for sush a spike was lisited, and it seemed certain
that the largest possidle spikes would still be smaller than the optimum
sise. Spikes were installed which essentially filled the avallable
space. Esch consists of a cone-topped cylinder with & redius of 1 /2
inches and 1/4 inch height for both cone and cylinder. The final ourves
of the redial dependence presented in figure 3.09 show plainly the eflest
of the spikes. .
3.43 Grelotren Mesmet - Messurements of Asisuthel Veristiss

With the fleld properdy shaped in its main owtlinmes it remained
to discover and cerrect arny sppreciable assymmetries. Such imperfectiens
wight be mxpected to result from: (1) the wnsymmetric shape of the magnet
m,(:).*dﬂ.ﬂﬂ“d&m
construstion, notably the bolts securing the one-inch thick sestions of
the cover plates, the screws holding the copper liners, and a gap vhere
the shim is relieved to sccomodate water lines, (3) ascidental assymmetries
in the construction and placing =f the colls, and (4) mon-uniformities in

A VAL, (i R
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the stesl of the core and the cover plstes. Teo determine t™» asiswthal
dependence of the field in the medisn plame st various redii the fellow-
ing instrument was constructed. It cemsists of a besm witn suitable
clamgping and leveling attaschments capable of retating about an axis oe-
Snslling with the axis of the sagnet. The beam sarried a oodl of 1000
turas vound en & l-inch diamster spocl, located in the median plane st
& variabls distance frem the axis of rvtation, and with i%s axis parel-
Jal te the axis of retation. With the bDeam in retetion any asissthal
varistion of the field generetes an electromotive force in the oodl.
Alse, where the field is wniform and commected in oppesition, & similar
ooil wousted clese to the axis served to cancel alwoest exactly aay eles-
ommmww—«mmm This
part of the instrument is showm in figuwre 3.10. Comnections were made
Shrough & paldr of twisted leads running along the axis of retstion amd
out te & recerding flumeter (Gensrel Kectris Pheteelectric Recerder
Sat. M20104). The drive of the recorder was geared to one of & palr of
salayn ssters as shows in figwe 3.11. The other mmmber of the palr
Shaough & gear and pullay system drove the rotating bear in cocerdinstien
with the reserder tape. The pericd of retation was LAO secomds. The
device proved to be capable of detecting an increment of 0.0l per cemt
egual to 1.5 gsusses in the magnetis industion with a reselitice of ome
insh, MISh this device date was rapidly collected and immedistely
interpreted. A total of 100 runs ware made.

Moet of the messuremerts were made with the vac.um tank opem,
twt iz erder to obwerve the affect of stmoepheris loading on the vaswum
tazk, several messuremsnts were made with the tank closed and evacusted.
Por these measuremants the selynm motor driving the beam was mounted in
the des stem tanks within the vaowmm system but outside the fleld. Ne
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The horisontal beam carrying the seareh coil showm at the
extrems right tuwrms freely on its vertical axis whixh can be made per-
pendisular to the magnet pols faces by msans of adjusting seress in the
triangular base plate. The vertical position of the deam is adjusted
by the horisental arm ot the top of the instrument. Lesd wires frem
the coll are bdrought dowm throughk the hellew spindle and commect to &
terminal strip on the base plate. T™ the laft of the base plate is
shown the selsym moteor and a small cylindrical drum which is twoed by
the soter shaft through reduction gears. T™he small eylindesr is linked
to the large drum by & dlal cable, The selmym setor can be soumted
outside the magnetic field thws previding a ssans for synohronising
the rotstion of the beam with the tape drive on the reserder.






A commercial Genersl Electric photoelectris recording flum-
seter has been modified to per=it the clockwerk to drive a selsyn moter.
The contyol box shown on the right is used to correet galvanometer drift
and to comtrol the position of the trecing pen st the start of & measure-
ment, The ssall slectric lamp indicates the time at which the seareh
coil 1s st the starting positiom,
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effect aseocisted with the evarwstion was detected. 3Since the magnetis
forces grestly excesd the stasepherie forces and pull the cover plates
tightly into lecatioms deterwined Yy spasing shims which had been in-
“hﬁﬁnﬂ.--“
Sk Craletien Masnet -~ Correstion of Aslmsthal Variation
y The firet set of msssurements revealed 2 consistent 180° varis-
tion of the magnetis industion which was gqualitatively the same &t all
radii. These msasuresmnts indicated sems nomparallelism between the fases
of the poles and the cover plastes. Previcous mechanical messurements had
shown that the pole faces were parallel witiin 0.007 inches whils the
cover plates deviated from parallalism by 0.031 inches in Just sush &
direction as would scoowt fer the varistion of the magnetis field., The
sorrecstion of this conditiom had been delayed with & view toward using
the atjustesnt to correst the field and this covrestion was made the
eriterion for final adjustment rether than reference to mechanisal
ssasurensnte. As o firet attemgt to correst the field, spasing shime
which were designed %o hold the inner faces »f the cover plates accuretely
parallel were imserted imte the air gaps between pole faces and cover
flates. The wristion was grestly reduced, byt a ssall component of the
origisal gredient resnined. This was suwecessfully elisdnated by addi-
tional spacing shizs of the order of 0.001 inmches in thickness whieh were
evtimsted by sxtrupolating the effecte of the firet set of specing shime.
Bemsining imperfections in the field were corrested by the in.
sertion of wild stesl extermal shims imte the eme-halfl ineh air gape be~
tween pols fases and cover plates. Bventoslly & cendition was obtained
beyond which further improvement was impossible becsuse an sttempt to
“ﬁ“‘ﬂ”h“m The effestive-
mses of these correstion precedures is showm in Table G,
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EXTREME AZINUTHAL VARIATION OF NACKETIC FIELD OF CYCLOTRON
Central Field = 15 Kilogausses
Original Data u-o--u-.n-l. rioal
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The wost significart value of the extreme varistion prebably corresponds
%o a redine of sbout 21 inmches, bDecawse st smller redii the field i»
uniform, while larger redii correspond to the comslusion of the accelsre~
tien process wvhere misdirection of the deam does not have serious
consegquences. The asimuthal waristions at varicus radil after final
ad Justment are presented grephically in figure 3.12.
3.45 Srmagtren NMesnet Medlan Durfase - Dispiag Needle Cheervation

The median surface is the losus of points st which the magnetis
induction is vertical. Ideally the medisn surface will be the planme
parallsl to and midway between the pole faces. Apparently, it is net
unusual to find appreciable deviation from the ideal in an uwerrested
sap. While it is neot known what devistion may be tolersted, it 4 clemr
that any reduction of the devistion is highly desirebls. Correstion of
the asimuthal varistion will usufilly alse impreve the shape of the median
surface; however, the two problems are basically separate and an asi-
mthally symmetric fleld may still have a dish-ehaped median surface.

A dipping needls was constructed of a soft iren red of a
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diamster of 0.10 inches and & length of 1.50 inches sounted on & hordi-
sontal silk thread under tension and carrying & ssall mirrer. The rete-
tion about the axis was determined by observing through a telescope the
inage in the mirrer of a vertical scale. The field near the center of
the gap was found %o be very wmniform and was taken as the referemce
direction. Te mesasure the height of the median surface sbove the midplane
the entire system was raised by means of screws wntil the seale resding
indicated that the field was parallel to the reference direction.

The height was cbeerved as a function of asimuth at a mmber of
different redii and was plotted in figure 3.13. A consisgtent departure
of the median swrface from the midplane is in evidence, but it was con-
sidered that the small departure of 0.5 ineh maxisum would have oo ap-
preciable effect. Therefore, no attempt was made directly to improve the
shape of the median plane. Later shimming to cerrect the asimuthal varia-
tions was entirely symmetrical with respect to the midplane and could have
no appreciable effect on the median surface.



MEDIAN PLANE LOCATION BY THE DIP-NEEDLE METHOD
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A NIGENINE

The vecuum tank houses the accelerating electrodes, or dees,
end alse the ien source and cepecity cempensetor. The finished tamk
is showm in photegraph, figure A.01. IN 15 5'-20" leomg, 6'-0" wide, and
17 Anshes high, having circular opemings 4A'-8" dimmeter in top and bettem.
The tank was made of 2 1/2* thiek 615-T4 aluminum, heliare wealded (wish
argon gas) here, and mashined in an outside shop. Aluminum was shosen
over stainless stesl because of its short half-life preperty. This Sank
with the 1° alusimm side covers has been repeatedly pumped dowm and
found %o be vesumn tight at 2 x 1076 ma, of Hg. Derkeley stenderd deuble
greove gaskets with pump oute were uwsed om all Jodmts.

The vaswum tank covers are of the same heat of mild steel as
the magnet forgings and consist of a 4 1/3-4dneh thisk plate with a 1~
insch plate attached by screas. The cevers are showm ia figwe A.02.



The Alusminem Vecums Tank






One of the Veouum Tenk Covere
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2_JACTER_STIEN
5.1 Yasusn Buvelepe

The main vasuum emvelope consists of the vacuum tank, a transi-
tion section, and two dee stem tanks. The general arrangsment of these
components is indicated in figure 5.11. The vasuum tank will support
the deflector, probe target, ion source, target chamber, capacity compen-
sateor, and dee woltmster pickups. The transition section is an extermally
ribbed, welded, stainless steel structure which comnects the vacuum tank
to the two cylindrical dee stem tanks and to the vacuum pumping system.
The des stem tanks are rolled and walded steel tubes. The volume of the
entire tank is approximstely 4800 liters.

5.2 Pumps and Pizdns

The vacuum pumping system consists of a 20-inch oil diffusion
pamp (D.P.I. I-M)mmmuﬂmn(n.r._x.
#5-200), & Kinney DVD 8810 mechanical pump, and a Cemco Hypervac 23
mechanical pump which serves primarily as the seo-called house vacuum
systes punp but which may be used if necessary as a holding pump fer
the oil diffusion pumps.

The valve and piping arrengement is shown schematically in
figure 5.11. The piping from the MB-200 pump %o the Kinney is made in
sections of 3-inch seaiess steel tubing welded te standard welding neck
pipe flanges. The two air opersted valves are electricelly controlled
by means of four-way solencid vhlves and doudble scting air cylinders with
regulators for setting the speed of valve motion.

5.3 Gaskete and Sesls

Double gaskets with a pump-out space betweem the two gaskets
m“mmtnmmumm—ueuﬁ-.
Siugle stuffing box type gaskets are ussd to seal arcund water lines,
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m.—.-m.-nmu'.r.mmuh-.dm
flat gaskets are used under the larger viewport windows.

Double non-moving seals are of three gemersl materials: (1)
Garlock style 8474 hyear rubber, (2) molded hyvar sandwich gaskets, and
(3) standard O-rings. : '

Chevron seals are used on moving shaft seals although some
smaller moving shafte are sealed with O-rings. '
5.4 Qperation snd Performance

Initial testing of the system disclosed two leaks in welds,
both of which were in stainless to mild steel joints. Leaks have alse
been found in two of the single gasket stuffing box type seals and in
-dmmmmm.mmwmmntm
of the rubber itself,

The lowest pressure attained during the initial testing of the
system was 2 x 107° mm, of Hg. This pressure was reached without the
ald of vapor traps or the refrigersted baffle. Installation of the cep-
per tank liners, R. F. loops and loop insulaters approximately tripled
the interior surface area and the lowest pressure that has beem attained
under this conditien is 4 x 106 mm. of Hg.

! mmm--pdm“-uum
to determine the optimum power input to the Jiffusion pump heaters. The
results of these measurements for input powers of 3100 watts and 825 watts
to the MC-7000 and MB-200 pumps respectively are shown in figure 5.4,

Total pump-down time is approximstely 1 hour, 45 minutes being
required for the Kimmey pump to reduce the pressure to 50 microns and an
additional 10 teo 15 minutes being required for the diffusion pumps teo
'reduce the tank pressurs to less than 2 x 10”7 mm. of Hg.

-9 e
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5.5 leuss Yecwum Jywtem and Oes Supcly Syshem

The principal elements of these sywtems and their valve amd
piping srrangessnt are shown ia figure 5.51. ALl lines in these ayvbens
mdmm’&“m.ﬂm“mw
Joints are necessary for sase of disassembly in case repalrs should be
reoquired.

The gas supply switehing leep is so constructed that when the
loop is commected %0 any one of the thres gas lines & mioreswiteh i
tlosed whish will them permit operation of the corresponding lesk and
solancid valves. The vecumum opersted switeh in the switohing loop pre-
vepts opening of the amin gas Line solenoid wvalve shen the loop is not
svacusted. The lesk wvalves are not et completed bul they will be motor-
ised needls valves with slip cluteh clowing drive and positive opening
drive,

The house vacuum and gas supply aystems are lecated on the west
end of the magnet yJuke. Alse lscsted on the sane end of Lhe magnet are
control panals which permit operstion of all rewtely controlled compo-
nente of the entire vecuum sywtem. Dupliscste controls for the main 20-
insh valve and the diffusion pump hesters are lscated in the main contrel
reom af are indicator lights which show the conditiom of other components
of the system.

5.6 Qanges sod Pretectivs Deviess

Gauge locstions ere indicated 4n Mlgure 5.11 and 5.51, A selec-
tor switenh on the control desk allows one to resd the ouwtput of any of
the various therwocouple gauges either on the meter on Lhe control desk
or on & setar on the contrel panel lossted on the end of the sagnet,

At the present tise the diffusion pumpe are protected by an
fenisstion gauge protective unit which cleses the madn 20-inch valwve

-”-
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when the tank pressure becomes higher than a pre-set value. This methed
of protecting the pumps will be replaced by a gelissler discharge protec-
tive device. Provision is alse being made for a pressure opersted inter-
lock in the fore vascuum line which is protected at present only in case

of fallure of the Kimney pump moter. The entire system is protected by

water flow interlocks vherever water cooling is required.



S _RNS_AND LINESS
The dees and stew are shown in figure 6.01. The skin is of

1/8" slectrolytie high conducitvity copper with 1/4, 3/8, and 5/8° ecop-

per tubes silver soldered on the back side for water cooling. Fich dee

and stem is split longitudinal to facilitate repair, and the assembly

is supported internally by a combination stainless steel and sheldby tubinmg
suppert tube. The support tube is attached to a brucket on the dee tank
end plate, thus effecting cantilever support of the dees. The dess are

53% in diameter and the stems 9 3/A® 0.D.

Through the end of eash support tube are passed 18 copper cosl-
ing tudbes vhich are fanned out and each comnected to an individually con-
trolled water cooling cireuit.

The R. 7. liner 1s of one plece construstion except for the 8%
x 61 3/4* wridge liner which is attashed to the vasumum tank covers along
‘the axis of the dess. Surfeces joining the split liner are silver plated.
mn—-mu-rvvmu‘muw*u
As 31" I.D. in the dee stem tank region. Aluminmus bar backing stripe are
iscated in the spase separsting the cepper and steel shells. The liner
i shown in figure 6.02. : ‘ |

In the region truversed by the spider (shorting bar) aluminum
bare are clesely spaced %o withstand the 100-pound pressure per limeal
ineh of comtast imposed by the spider. The spider mechanism is shewn'in
figure 6.03. Its purpese is to preovide an slestrical short between the
des stams and liners. Contact e the R. F. liner is effected Wy & mechan-
Soal arrengement of cabls actusted levers em AZ spring loaded, copper
fingers. Comtect on each des stem is made by 18 spring loaded coppew
fingesrw gear driven. A4 cepper shield comnests the fingers. The spider
is externally coutsvlled and is adapted for remote cemtrel,
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~ The Copper Dees and Des Stems
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The Spider (Short’‘ng Bar) Mechanism






L 200 NRCR
7.1 Pesian sod Gesstrwehian

The iem souree is the mechanisgn in the eyuletrom whish genereSes
the protens, deuterems or alpha particles to be ascelursted. This is deme
by bombarding hydregen, deuterium or helium gas with electrums emitted bWy
s hot tungsten filamamt. The ion svuwree designed fer this msshine is
basically the same as ion sources used at Berkelay.

Provisica is made to extrect the filament from the isan scures
sseembly without disturding the vaswam in the tank, by msens of a fils-
ment veswme lssk. This allows conmvenient msans fer quisk replacemsnt of
broksn or bumed out fUlsssnts. Alse, an ien souwres vasuum leck is pre-
wvided to make the replacessnt of the eutire ism source sassmbly as com—
venient ar possidle. The ion sowree vaswm leck is of heliasre welided
alusinum conmstrustion. It oontaims & swinging gate which closes agaimst
the end plate of the vasuum tank. The gate is actusted Wy teggle astiem,
whish applies emough pressure te¢ the gste to sause the gate gaskets Lo
seal,

The ism souwree losk door clamps te the lock with teggle-ectiom
aape. It supperts, through thres adiusting screns and 2 iphen, the
chovren seal which makes the vasuum seal on the iom souree support tube.
The thres adjusting serews allew for positioning of the iom souree ia
both the horiscotal and vertical plamss. The design feor moterising these
ad Jestaeot ecrews fer remote comtrel is cempletes but somstrustion of this
system has not beem started. .

4 4" glase windeow has besn lecated in the fon sourve losk deer
20 that the space bLebween the dess ¢an be sesm. 4 bress chutter is hinged
behind the windew teo protect the glass.

Pigure 7.11 shows the fsn soures losk in pesition on the vasums
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tark and the filament lock em the iem souree guide tresk, immediately im
frost of the ien sowree loek.

Pigere 7.12 shows the ion sowrvwe sssembly in positisn, From
left to right in this photograph are shevm the ir. couree and filameut
guide tresk, filament wmter cennccting blecks, filament insulster vesuum
“mm“u.nmm“u

Pigure 7.1 shows the ion souree sene and suppert tube as they
pase through the chevrea sesl and ion sowree wvacuum lock door. Twe of
the three ioa cowree positioning screws can be seen between the veswm
““d‘m.ﬂm-m
7.2 Damx Snden

Pllumest power for the ien souree is supplied by a J-phase,
copper oxide, bridge type rectifier that has an output of & velts ab
300 amp. é~e. I is & standard commereial plating restifier,

The are veltage i2 provided YW a 3-phase, full wave bridgo
restifier uwsing Gl 5558 meroury vapor diocdes. The maximm ocutput is
SO0 volts ot 8 amp. The wveltage is contrelled by & motor driven power-
stat in the primary of the trensformer.

Are surremt regulation is obtained by satursble reacters in
the primary of the fllament svpply rectifier. Since the regulstiom is
brought abowt by holding the filument exdssisn constant, the are wveltage
end cwrrent are irdependertly variable.









Ion Source Come and Support Tube






L RCLLATR
8.1 Ospsrael Princinhes eod Preblems

The development of a suitabls cscillateor te supply the high
voltage required on the dees is ons of the major probleme in cycletrem
design. The problem is made ALffieult by the dMgh voltage and frequensy
required and the low impedance of the des espesity.

The frequengy required for a charged particle in & magnetie
fiedd is given Wy t-**. I-Mhu-.ﬂom’t
shout 15 kilegauss this frequemcy is about 11.3 ms/sec. The capesity
of the dee is necessarily large because of the geomstrical facters in-
allswable. In this sacline the resctance of the dee is only abouwt O
ohmes at the opereting frequency.

I sy be shown, that for & given magnetis field profile, thare
existes & minlmm required peak veltage acrocs the gap between the dees
to aceclerate ssch type of particle to the exit redius of the mashine.
Calsulations bDased on magnetis field plots fer s central fieldd of 15
kilogauss and 2 chosen sxit redius of 25.2 inches indicste thet the mini-
s veltage is about 160 kv pesk acroes the gap for deuterons and alphs
particles. It is also apperemt frum the calsulatioms that & smeh higher
woltage would probably bde necessary te get a large beam output.

The only suitabls method te produse such high voltages scress
s low an impedance as 40 ohms is teo comnect sufficliemt industanse in
parallel with the dee (o meke & cirouit thet is rescnant at the desired
frepeemey. To kesp the power requirements as low as pessidls the in-
dusteanse mmst have & very high Q valus, Per this resseon a shorted so-
axial trensmission line is wsed. The Q of sush an industance is adbouwt
11,000, When losses in the dee and energy trensferred to the ion deam

-5 -



are insluded, the overall Q wvalue is reduced to about 7500.
The equivalent lumped constanmt cireuit of the dees and ghorted
line industances may be drawm as in figure S.11. G, represents the

| 1 1
“g Y naed b
LIRER 2.04
capacity frem dee to des. This circuit is one that contains twe parel.

lal resonant circuits that are capecitiwvely coupled. inalysis of the
eircuit will show that there are taw resonant freguencies.

e T T O

Ax the frequemsyiyy, the voltages from both dees to greund (the wvoltage
mﬂol.'ohm&mmh”dn.mhm
scress Cp . A% the frequensyio,, the veltages are 180° out of phase
producing a veltage asross the gap that is twise the veltage from dee te
ground. Thusw;, is the only frequency that is usable. 3insew) andwy
differ 2y only & few per cent, the firet regquirensat is that the csslil-
lster sxcite the aystem st(O, and not atly.

Purther analysis of figure 8.11 will show that when the Q
values of the resomant circuits are considered, the peak r-f voltage
ssross the gap (Cp p) will de

B = SVi where

B = pesk gap veltage

F = tSetal »nf power supplied

Q@ = Q value of the rescnant cireuite
E2 = pesctance of the dee capesity

Lo




“cmdlamlu_ﬂmﬂktmm.ﬁrﬂ
power required is found %0 be about 20.2 kw. If the peak gap weltage
required is raised to 250 kilowelts, the power requirement becomss 52 kw.
IX 150 kw of I power were provided, & peak weoltage of about ASO kv
would be produced serces the gap. It is doubtful Af the dee sywtem could
stand this large a veltage without areing over.

flowever, yon considering the spproxirations necessarily made
in this type of analysis, the figure of 150 kw maxdmus »f pover was
selscted. The dees with thedr conmected inductive stems and the outer
copper liner of the system have been designed to dissipate the 150 kw
and the escillater and power supply cvaponeants were selected with suf-
fleiently large retings o hendle & 150 kw osedllator. The type of load
in a syoletren cscillstor is such that seriocus aree may ocour om the
Gess. When this happems the resstics en the cssillater mey be very
serious and the tube wmast bDe capabls of withstanding heavy overlcads
without damage. :

The last regquirencut is thet the ocseillster bulld up inte
oscillation wvhen the plate power is spplied. Xlectrom oveillstions in
the vicinity of the dees and dee steme at low I woltages tend te ab-
s0r® energy and prevent the oseillations from bullding uwp. The method
planned to solve this problem is to wse & small self-axcited “bosster®
escillstor that does mot depend on coupling through the dee system. This
oseillister should provide sufficient power teo raise the dee woltage up Lo
& poiot where electyom oscillations can no loanger take plase.

The problen thus becomss one that requires 2 high frequency
oscillstor that will excite the dees at the proper frequensy, develop
Jarge ssounts of r-f power, be sufficiently rugged to withstand severe
operating conditions, and that will start into oscillation readily.
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The next sevtion of this report will give a more detalled
description of the methods used to design an escillator of the type
described.

2.2 Ineoxy of Deslsn

A grounded grid oscillator with the plate loop coupled icte
one dee stem and the filament loop coupled te the other dee stem was
selected. With this type of cireuit it should be sasiest to assure
oscillation st the proper frequency with the two dee woltages 180° out
of phase.

The basie regquirements for oseillstion in a grounded grid oscil-
later are that the voltages st the tube frem plate to ground and filament
to ground be in phase and have the proper retic of magnitudes. If these
conditions can be met, the circuit will oscillate. It is also importamt
throughout the design to keep practical construstion difficulties in mind,

The oscillstor design described below is one in which a coaxial
line atout 2 meters long extends dowmward frem the tube plate to one end
of the soupling loop. The othe~ end of the coupling loop is comnected
to a shorted coaxial inductive studb line whose length may be varded. The
grid is maintained at rf ground by vacuum capacitors, and another ceaxial
line comnects the filament of the tube to one end of the filament coupling
loop. The other end of the filament coupling loop is connected te an open
coaxial stud which can be tuned to have either a capacitive or inductive
impedance.

The oscillating conditions can best Le determined by using a
schematic equivalent of the system as an aid., Such a schematic drewing
is showm in figure 8.21. The equivalent plate line is showm in figure
0.22 and the filament line in figure 8.23. '
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Induced plate loop voltage
Plate to grid »f voltage
Lowp to ground r-f veltage
Coaxial plate line length
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Interelectrode capecity filamert to grid

Eguivalert resistance due 1o driving power requiresesnts
ia the tube

Grid %o flilament »-f woltage
leop te ground voltage 4
Indused filament loop veltage

Comddned impedance of filamert loop selfl industance
and filament stud line resstance



Referving to figuwre 8.21 By,, the induwed plate loop woltage, is givem
.l. s *“”ﬁ““h“h“

Wy T I, M rescnance Iy = I e that

-

(&)

Prom figures 8.22 and 2.2 the requiresents are that Ep and

K, must be in phase ant in the proper retic
Prom 2.2 (filament line)

Bg' = ROsssly + JIASnsl,
L xpux,-..:z-n.
ng Lo in both equstiens
B = l,(o-lx,o-:‘i: stad 13)
b .

The sbove equations fer By’ and I, may be put imte the squation

Wg' = By -~ Igly. Upon doing this and cellesting terms
?- Ceetlg (1 + 55 )v P (5. %)
Zr & &

Prem figure 2.22 (plate line)

%H"‘!

= By (Ceedy +» 3 am&)
Combining thess two gives
i- a (Coafly + 3 tmh)

o)



Oeubindng (1), (2), «d 3)

2B (v v s @ oseen)
[m:.(x+¥) . :m:.(e..t)] o

inte this eguation one may substitute
é't&-”‘“l..l.fmditta.

T™his results in & rether long snd eviovard expression, but for this pur-

pose 1% L sufficient %0 say that the result may be put Lnte the feem
k « B & 3T wihere R 1o the real part and I 1s the

Lmaginary part,
If B, and Be are o be ia phase I must be sere. This sete the

ghase relation. The retis of magnitudes is them R.

To use these eguations all the variables conserning the plate
line are fixed se that the ossillator will see ite proper load resistance.
Alse, the leed st the tube of the filasent driving line may be deteswined
from the grid to filament capscitance and the equivalent resistanse Rge
representing the required driving power of the tube. When all these
fastesrs have been deterwined, the value of I, the terwinating resstanse

on the filament loap, sy de varied %o bring about the proper phase reo-
lation end the retis of depth of the plate and filamest leope Nay be
varied te bring sbout the proper maguitude relstien.
Mhut_bﬁlw-hldtm-lﬁ-
ssted, the values may be ssloulated quite readily by sebting wp the
variables quantities in & tedbular form and following a step by step
presess. This has bewn done sver & frequency renge from 9.25 te 13.25 me.



The salculated values should not be considered as exast since
there are many uncertainties in the deterwmination of constants used, but
the caleulated valuss serve well as a guide in initial adjustaent of the
oscillstor.

Jn some cases it has been found desirable to add capasitamce
at the tube in parallel with the interelectrode capacitance to reduse the
sonstrustion problems on the induetive plate stud line axi capacitive
filament stud line.

6.3 Medel Oscillster Mok

A quarter scals model of the emtire r-f system was bullt. This
was used to find the required lengths of the dee steme and to test various
methods of caloulation used in the design of the min oseillater.

Since all dimensions were scaled dowm by a factor of four, the
sscillator operated at four times the frequency of the full scale machine.
T™he Q of the dee system was only half that to be expected in the full
scale machine. MNessured valuss of Q in the model were about 3500, & high
value considering that no special presautions were takem to insure good
joints or ideal surface conditions on the dee stems or liners.

It wvas found in the model that the calsulated values of line
lengths and terminations were sufficient teo have the model oseillster
work properly with only minor adjustments thereafter. This provided geood
aperismse for later work on the. full scale job and provided a basis for
confidense in the methods used in the design work.

Mgure 8.51 shows a photograph of the model.

8.4 Copstruetisn

A discussion of the actual construstiom of the ocscillateor must
begin with the selevtion of the tube to be used. The Machlett 354 has
besn chosen. It is a high power, water and forced alr ceoled triode with
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a rated plate dissipation of 75 kw and & maxissss allowsble power input
of 225 kw. The tube is ruggedly built with heavy metal parts and all
terminals co-axially alined. The use of Eovar to glass seals grestly
inproves the mechanical strength of the terminals. The built-in water
Jacket on this tude also facilitates its mounting and replacement,

The tube is mounted ancde down in a copper lined stesl enclosure
34" x 34" x 52%. Out of the bottom of this bux & so-axial transmission
line (4" dismeter immer conductor and 12" square outer conductor) con-
nects the plate of the tube to ome end of the coupling loop. The other
end of the coupling loop connects to a similar co-axial line that ex-
tends up alomgside the oscillater box and is terminated in a short circuit,

mﬁmammumumﬂm,
M”ﬂ'“o—uhnmummm'rnr.t.-w.

Another co~axial line (2* diameter inner conductor and 6 square
outer conducteor) extends from the top of the bex to one end of the filae
ment driving leoop. The other end of the filament loop connects to a short
section of transmission line that is termimated in a bax housing the fila-
-sr.r.m.num.puu‘m“muu,
and the grid current and plate voltage metering equipment.

Cooling water for the csecillator is brought in through the inner
sonducter of the plate transmission line, Since the plate is operated at
é-c ground, no insulation is needed in the water lines.

' Pilament power to the tube is brought in through the imner con-
ductor of the filament transmission line. This perwits the filamenmt
chokes to be placed st the end of the filament loop stub line,

8.5 Resster Qeclliater

The booster cscillstor'to be used with the main oscillator is
.mwmmmuc. The schematic is showm in

-62-
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figure £.51 and photograph in figure 8.52. A small osecillator rumning at
mmmma-&umwnm-.n—.'
doubling power amplifier. This will help to prevent energy being fed
back inte the booster whenm the mein oseillator starts. |
by means of a selsyn driven variable condenser.

8.6 Instrumentation

The d-c plate voltage and current are measured using a standard
high voltage multiplier for the voltage and a standard 50 mv shumt in the
grountes side of the 1ine for the surremt. The plate veltegs and cavwest
mum-mmxmhmnu-map'uuum
contrel panels.

With the filament of the tube operated at high negative veltage,
the grid current cammot readily be measured without having the meter at
high voltage. To aveid this difficulty the grid current is passed threugh
the control winding ef s saturable reactor and the a~c winding is in an
inductance bridge. The curreat in the control winding varies the indust—
ance of the s-¢ winding and the voltage at the bridge terminals may be
calibrated to indicate the d-e¢ curremt. In this menmer the high veltage
is taken up in the insulation between the control and a~¢ windings.

Shunt type r.f. voltmeters with capacity pickups have been pro-
vided on the plate and filament transmission lines te facilitate testing
and initial operation of the ocseillator.

muaun-umm'mwpukmm“wu
to the dees with emall capacity probes that face copper paddles soldered
te the dee edge. The probe leads are brought out through Eovar seals te
the diode voltmeter units located in magnetic shield just outside the
vacuum tank. |

S
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8.7 Pewsr Supoly
The power for the oscillator is supplied by a 3 phase, full

wave bridge rectifier using type 869-B mercury vapor diodes, and is
showm in figure 2.71. The a-c power system ahead of the rectifier cen-
sists of a fast acting circult breaker in the 2400 volt line, an induo-
tion regulator having an output voltage range of 512 volts teo L100 wolts
and a 300 kva high veltage transformer with 14,400 volts output having
twe five per cent taps above and below thir wvoltage. This combination
provides for output voltages anywhere from 2 to 19 kv at up to 15 ampe.
This equipment is shown in the photograph, figure 8.72.

No constant current network has been employed in this powesr
supply. !homzm-rhodho'-‘qmm.
10 per cemt and 110 per cent of reted load curremt. The plate dissipe-
tion of the tube is 75 kw and the breaker will open in 6 cycles or less.
Upon taking into consideration these factors and plamning to use a bank
of glo-eolil resistors for initial operation, the choice was made to eli-
minate the constant current network on the basis of cost.

The cireuit bresker was supplied by the ITE Cirouit Breaker
Company and the induction regulator and transformer was supplied by the
General Electric Company.

The filmment power for the tube is supplied by a high reactance
type filament transformer that is reted for 13 volts 225 amp. output.
Its high reactance limits the starting curremt to 500 amp., the safe limit
for the tube used. This transformer, built by the Sorgel Elsstric Company,
is rated to stand the full d-e¢ plate voltage from secondary to greund and
secondary to primary. : .



3 Phase Pull Wave Bridge Rectifier
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9.1 Pripciales

The unifMed control sywtem developed has followed closely other
eyclotron aystems. Major emphasis has beem on making the system one thst
requires the least effort to operate the cyeletren while at the same time
keeping the cest of installation and upkeep as low as possible.

The prisary requisite of a comtrol system for a machine of tids
type is that everything be so imterlocked that serious damage to equipment
will sot ecour in the event of any type of fault, whether 1% do operster
erver, loes of water, vacuum leak, ete. :

The control system finally adopted provides fer starting all
majer equipment frem the comtrol room in & definite sequeance of operstiom.
Suffisient pilot lights are wed %o show the eaxact state of operstion and
ummmnm-tgma_*. Fgue 9.1)
shows & photagreaph of the comtreol panels in the cenmtrel room. Provision
has been made for the addition of other units into the comtrol system
with & sintss of affort and rewiring,

9.2 Master Rex aid Ddieh

 aywtem is swpplied tireough a key type switoh lecated in the msin comtrel
bessd and & teggle switeh on the cenmtrol consels. Whem both of these are
turned en 1t is possidile te bagin the process of starting the cyuletreoa.
hﬁm*-m*m&.mcm&m
equipment in case of an emergensy.

9.3 Deslisleary Oeas ,

Bext in the start-up precess are the preliminary gang unite.
T™his grouwp ineludes the therwsecwple and iomisation gauge soutrol cirevdts,
bean cwrrent istegretor, bean anplifier, des voltmeters, magnet current

-9 -~
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regulater, and are currest regulater. These units may de opersted as &
gang or separately Wy switches on the main comtrol beard that plase any
desired units inte gang or separste operstiom. mmm_-_u-
switehed to gang operstion may be turned on and off with ome switeh em
the comsele. If any wnit is in separete epereiion and twmned off, & red
light en the constls lights when the gang switeh is twwaed en.
9.4 Mala Gens

After Swruing on the prelisinary gang the main gang is ready
to start. This growp is divided inte two sub-groupe. The firet contains:

Cooling towers

Cyelotren ceoling water pump

Oseillster and defloctor ceoling wter pump

Macmet oll pump

Magnet MC set
The secend comialns:

Main cscillator rectifier filament

Main oscillster filament

Booster oscillater filamemt

Arc voltage supply filamemt

lon source filamemt

Deflecter veltage supply filament
This second group of umits have time delay relaye in thelr interlsek chaine
'dmmu“mmmm

~ Selecter switches on the main contrel beard perwit either gang

or separate operstiom of all unites. With these switches set in gang opere-
tion & push button switeh on the control console turme em the gang. This
is done with a three step time delay relay to divide the instantanecus
starting losd. The firet step starts only the magnet M) set, the mext

oo
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step starts the cosling towers and the water and oil pumps, and the third
step starts all the remaining main gang units. As with the preliminary
gang, & red 1ight on the comsole will light if any main gang wnit fails
te start or is turmed off in separste operstion. The mala gang “eff™
butten ea the consvle operstes a shut—dowm time delay that keeps the
ocoling towers, water pusps, and oil pump running five misutes after all
other unite are shut off.

9.5 Somsele Operstism

With the main and preliminery gang units in operstion it is
mu-—-—mmcmm Figure 9.5l shows
a photograph of the coutrol comsole in the comtrol reem.

On the right hand panel of the consels are & set of alx com-
bWastion push buttens and lights, The lower bDuttem is the “off* buttem
and the uwper one the “ea”™ utten, The gresn Light in the “off* butten
serves as » ready light and whem I8 is en, it is safe to push the “en*
butten. VWhen the "oa® butten is pushed, the unit is turned om, & red
light in the “ea® butten lights, and the green ready light goes out.,.

The firet of these push buttoms is the set fer the main gang
described sbove. When the main gang is on and all the necessary inter-
locks are sctusted, She ready lights for the magaet current, lem souree
Sas wvalve, deflecter, ion sourve are weltage, and cseillator will come
en. Them it will e possible to go down the line pushing buttens —2mtil
the last butten puts plate wvoltage on the oscillator and them the oyeolo-
trea 4is in eoparatiom.

Alse it is possible te comtrol from the consels the other equip-
mant of the cyelotrom. These contrels include the are current and wveltage
snd the gas flow in the isn souree, the main sseillator plate woltage and
mmm.m--u-—..mmm
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and the position of all equipment with moter drive.

The console also contains all the necessary wmsters to aeter-
mine the state of operstion of the maschine.
9.6 Yaousn Syytes Comtrels

Sinoe the vaouum equipment will be required to operete omn & 24
howr par day basis, the controls for it have besn separated frem the rest
of the control sywten. The control power for the vacuum system is sup-
plisd through & ciroulit breaker in the control recm that is leaft om all
the time.

T™he vacuum equiymsnt control is divided between the contrel
roon and & ssall veacuum control panel en the west end of the aagnet frame
whish is shown in the photegraph, figuwre 9.61. Diffusion pump and main
gate valve comtrols are duplicated in both lscstions. Starting controls
on the mschanical vacuum pumps are located adjacent to the pumps so that
ﬁlmnm“ﬁ-”“m.

Pressure msssuresents are made on the fere-vac side with therwo-
couple gauges. 4 selecter switek om the somsole perwits reading any of
the four gauges in the fore-vac system or the house vacuum gauge from the
cemscle. On the high vasumm side of the system standard ilomisstion geauges
pattamed after these weed in Berkeley are weed, i protective unit is
used that tuwrmes off the gauge tude filament and closes the main gate valve
AL the pressure rises above a pre-eet level.

9.7 Runlieste Oecillater Costrols

A complete duplicatiocn of comtrols fer equipment anscessary te
oparste the cssillater as well as special components for terting have beem
provided in panels on the baleony of the syslotrom roam adjecemt Lo the
sssdllister and are shown in the photogreph, figure 9.71. This should
fasilitate the initial operetion of the oseillater as well as being helpful
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later for routine test procedures.

- 9.0 Mixias Pressdirs snd Dredioss

" The gemeral plan for wiring has been t0 use a cross—comnect
system vith main terwminal boards in the eycletron, comtreol, and meter
generster set recms. All control wiring frem recm to recm gees through
tals netwerk, Terminal stripe are provided in the control conseles and
en cach panal unit in the main contrel beerd. Wiring diagress fer cash
‘wndt show the designation of the terminal strip om the wnit and the
destina . lon of all wires leaving the strip.

One cemplete schemstic drawing showing the relatiom of all
units and the locstiom of ecommecting wires is maintained up to date.
Boek recerds keep track of vacant terminals and wires in the cross-
comnect network and vasant relay comtacts im the relay panels.

9.9 DPewer Ristribublen

The power distribution system is streight forward and standard.

Pigure 9.91 shows all the msjor festures of the system.

¢
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pIVEEvis.e 8o cFevecre - |
The cyclotron cecling syvtiem censists of twe distinet parts:

Magnet coil ceeling sywtem
m Cyelotron -~ componerts ccoling system

In sath sywtem the hest is abeerbed by & ccolant in the mechine
and the seolamt them pusped underground e the swtdoor cooling Lewsrs
showm in figure 10.00. mumwwclww
from the surfece of tube bundles. The tower on the left cosls the magnet
oll and the tower on the right the cyelotrom water,

DESICE & OPTRATING CHARACTERISTICS

Oecling Wemoo *C* Open

. ETESGEGGERESERO B ¢ gk s

o
Cemponent.s Mater Clesed 360 & Spares ‘ﬂ'-.

2 Punpe )

e M e P
Clreoulsting pumps are showm in figwe 10.02, and are located in

the service pit dealow the magnet. Bagiaming fruom laft to right there is
the 75 GFN water pum, whish supplies 50 GPM of water to the cesillster tube,
Daxt is the 175 GPY water pump for general cysletrom componert cooling amd
on the right Lo the 175 GPN oll elireulating pump.

Heat is abwerved from the Lmmer surfaces of the cycletrom by
water flowing thoough 1/A, 3/8, /2, and 5/6° dismster copper tubes silver
scldered to the copper surfeces. BEach water cireuit cools « given ares
and the flow is set and flow conditions indiceted by means of & modified
0.E. flow switoh whish is interliocked with the slectrical comtsol system.

A Nowrstor with wvalves and interlosk 1s specially provided for the .




The Outdser Cooling Tewsrs












eseillstor tube located on the messanine. The tube requires 50 GFIN.
Primary cooling at the towers is dependent upon the outside’

wet buld temperature. The system was designed on the basis of 65° P,

W, B, which occurs in July and August. A mimimum W. B. of 36° F. cccure

in Jaruary. Provisions have been made for future installation of an auto-

matic temperature regulator to maintein uniform temperstures when required.

A flow diagrem of the system is shown in figure 10.03. ‘
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1.1 pellesier

Removal of the ion bdeam from the vasumm chamber is effected Wy
the deflecter which is plased ot the end of the asceleretion cyele and
oauses the beam to suter the region of weak magnetis field. Upom the
complation of magnetic flield plets the preliminery design of an extermal
type of deflecteor was cempleted. Machining work will begin xfter the
ossillator is opereting and an internal beeam prodused.

The deflecter will have a variable greove and will eperste with
both deec and r.f, current, A power supply of 60 kv and 20 ma. will be
installed.

With the cempletion of the interma) and extermal magnetisc field
measuremsnts, it has been poseible to design the beam deflector, and te
caloulate the sxpected phase, smergy, and intensity charecteristics of the
beam. The ordigimal plan of 90° deflecter has besn modified ia erder te
give grester mechanical stability to the deflester control mechanism.
Caloulstions show that & deflecter of 70° length, starting 60° beyend the
dee gap in the west des, will be able to daflect all types of Lons weed.
The deflecter will be designed to take advantage of the r.f. elestrie
field, vhich may be supplemented by the sddition of & d-¢ field wvhen the
eyclotron is operated with & smaller oseillating voltage tham 120 kv,
T™he deflecter plate is kot ab r.f,. ground and the Lone enter in suwsh a
phase that they feel the ferce of deflection from the field betwean the
plate ad dee edge during the entire deflection.

A study of the phase charecteristiecs of a deuteron beam indi-
cates that & minlsmm of 80 kv dee to ground r.f. potential is necessary
in order that the ions do not enter the regiom of decelersting phase at
any time within the dees. Mom-amduu:.dﬂtv




@ o the daflecter in ite present design. Fer protens, whish require

& smaller deflecting fleld, the width of the deflecter channel mey be im-
ereased by remste contrel. The mechanical mobility of the deflester plate
insures the adjustment of the chamnel widih to meet all axpected cireum-
stances of deflestion. In the svent thet & grester ios flux is destived,

the chamnel may be widened at the exit, or evem aleng its emtire length.

Por a greater energy selectivity, the daflector chamnel may be narrowed

%o & constant width of 0.90 em.

Under the moet faverabls circumstances, an energy spresd of about
1.5 MV abovt & sean energy of Z1 MV is expected for the deuteren beam
st the deflecter axit, The most emergetis loms will exit tewards the outer
part of the beam. It may be shown however that there is an Antensity
gradient across the emergent beam which tends to greatly diminish the flumx
of the lons of axtirems ensrgies. The beam with weful intensity may thue
be limited to areound 1 MoV spresd. The eartermal velosity selester will
be expected to reselve this beam inte « semevhat smaller energy spread
wvith a verresponding less of tetal iem flux,

A plet of the path of the beam has been made extending imte the
target chasber region, and out inteo the oyuletrem reem. It 1s now poe-
sible te camplete the design of the extermal apparatus sush as the target
chasber and various pleces of researeh equiyment direstly aseceiated with
the beam.

1.2 Epsha
Mashine work has started on a probe assembly wsing an intermel

target. A water ecoled tube extending through a vacuum loek rans above
the west dee to a varisble target lecation between the dess. The posi-
tion of the target may be varied from approximately 10° teo 25" magnet
radius by reewte contrel.



T™he beam current may be messured in either of two asthode. One
may meesure the tempersture differwnce of lmweming and owtgoing water and
thereby fimd the power sbeerbed by the target from the bess, OF one way
insulate the probe frem ground and measure the beam curremt on the target
direstly bWy measuring the current frem the probe te ground. The latter
sethod is prefersbls because it is & direet messurement, and sesondly,
because the tempersture differencse for an appreeiable flow of water is
very ssall and more difficult to measure.
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- Page 3

DEE SYSTHM - Comt'd
Spider - Mechaniocally opersted, sxtermally comtrolled Two
Deflector - Variable Groove, 1/4" to 1%, dwo and r.f. 9 kv and 20 mn

YACUUM SYSTEM
Mechanioal Pamp

Elmaey, MNodel MNo. DVD 8810, Speed ; 110 afm
43 Diffusion Pumps
DePele MO-TO00 (20%) Iiters/Sec. at 10™% wm 5800
Oll « Wywane 20 2 Gal
Hea ter 3.8 e
Rafrigerated Baffle. Design Tep. -20° r.
PP I, MB-200 (0°) Liters/See at 107 mm (Booster) 200
01l « Wyvane 20 1000 °s
Heater i w

Mgud Alr Trepe 2




