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2 DR 

The University of Washington Cyclotron has been designed and 

constructed to produce a 20 MeV beam of deuterons, but with facilities 

available for the utilisation of other particles. The basic element of 

this machine is « magnet heaving 60-inch pole pieces. A magnet of this 

sise when used with detuerons, is about tne optimum dimensions in whieh 

deuterons may be accelerated profitably without reserting to frequensy 

modulation. The machine, therefore, will be initially used as « conven- 

tional er constant frequency cyclotron with the instrumentation designed 

to take advantage of the large currents that should be available. 

‘This cycletren is installed in «a building specially built for 

the purpose and is on the University of Washington campus. It is de 

signed so as to take maximm advantage of naturally cccurring shielding 

of « emall revine. In sddition, the building has been designed te pre- 

Vide excellent shielding in the vicinity of the team to permit experi~ 

ments requiring low background. Purther instrumentation is planned which 

will permit analysis of tne beam into well-defined particle energies for 

various experimental purposes. 

‘Active work on the project began in June 1948. Initial support 

came from both the State of Washington and from the Office of Neval 

Research. In addition to State of Washington support, the project has 

deen supported by the joint program of the Office of Naval Research and 

the Atomic Energy Commission. Since July 15, 1950, outside support has 

Come from the Atomic Energy Commission. This report constitutes the first 

yearly report under this contract. As of the date of this report the 

eycletron is an assenbled machine ready for initial test. 

Total eaxpentitures to date from all sources, excluding Univer- 

sity of Washingten overhead ani staff salaries, bas been $642,000. This 

-li-



imeledes not only the construction of the cyclotron but the cyoletren 

building and ite associated shop building. 

1-1 Ageperdedsroment s 

The University ef Washingten Cyclotron which is described bere- 

im fellews basically the Crocker Cyclotron at the Utiversity of California. 

We have had available for cur use a complete set of the Berkeley plans 

‘which was kindly place? at cur disposal by Professor BE. 0. Lawrence, These 

é@rewings heave been fellowed clesely on the =eenct design, amd have been 

invaluable te we in the major design work on the aschine. In aidition, 

we have enjoyed the competent atvice ami aid of many members of the staff 

ef the Radiation Laboratory st Berkeley. 5 

Tm the lster phases of qur work we heve received exellent od- 

viee ami counsel frem other laberateries; notably, Massachusetts Institute 

ef Technslegy, University of Pittsburgh, Breckhaven Rational Laberatery, 

Departaent ef Terrestrie] Mag:etiom Carnegie Institution of Washingten, 

amd Washingten University «t St. lewis. All of thee we gratefully 

erknowledge. 

We are particularly grateful te the Office of Neval Research, 

San Prencisoe Branch, and to the Atemic Energy Commission, Hanfurd Works, 

who have not enly gives uw finencial support but heave aided uw in aay 

ether ways over and abeve the normal a wctations. The Duress of Ord- 

namee, U. S. Havy bas mde eveilacle to ‘8 most of the machine teols neces— 

eary fer the construstion of the cycletro.. Many suppliers, teo cumerous 

to mention specifically, heave given us an unusual emount of technical as— 

eistanse in the utilisstion and edaptc..)com ef their products. Without 

‘tnuie kind of cooperation the machine could oct heve been built. we 

aecortingly acknowledge this assistance. 
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2 BIS A FAC TAT ORS 

The Muclear Physies Laberatery buildings are located on the 

extreme northeast cerner <f the University ef Washington campus, ami are 

shown in photographs, figures 2.01 and 2.03. 

Pigure 2.01 shows the cycletren building as it was completed in 

1949. Malf ef the 5,000 equare fect consrete building is buried in the 

Riliside. A minis ef ten fect of carth has been provided fer redistien 

protection in all directions emept om the top of the 40 fect diamster 

eycletron reem, «here there is « pool ef water two feet deep. The cireu- 

lar fence encleses the water pool. The fleor ple and equipment layeut 

is shown in figure 2.02. The beam chamber is ef water tight construstion 

amd cam be filled wit' water fer shielding or used fer experiments aleng 

the beam, Preliminary plans have been completed for « 36 = 40 fost lsh 

eratery building addition te provide research ares and facilities adjacent 

te the beam chamber. 

Pigure 2.03 shows the cycletren shep building. This building 

is 40 feet by 100 fect, glass walled, radiant heated, and prevides the 

machine teols and electromic facilities fer construstion of the cyeletren. 

Tt is equipped witn adequate machine teols required fer cuclear research 

work of this type. Almost all ef the machine werk is being performed in 

this shop exept fer the large vecum, Gee stem, and transition tanks. 

Befere the shop building became available in Februar 1949, machine and 

fabrication werk en the magnet coils was performed in the basement of 

Puysies Hall.



The Cyreletron Building





Equipment Layout - Cyclotron Building
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‘The Cyclotron Shop Building





pie.” 9-4 

3-1 Jahreduehion 

Por efficient eperetion of the eyelotren the magnetic field 

must be of « rather large intensity and emst be carefully shaped. The 

requirenente on the shape are: (1) in the median plane the variation of 

the intensity with redial distance must conform clesely te « fairly will 

@efined relation, ami (2) inside the exit redius and near the median plane 

the ficl4 must ve sccuretely symmetrical «ith respect te the axis and with 

Pespect to the median plane. 

3-2 Maspebisshion Properties of the Core 

apparently the contro] of the maguetic properties in the manme- 

facture of steel is rather umeertain, In erder to obtain nigh permeabil- 

Sty the manufacturer advised the chemice] composition es specified in 

Table A, 

TARA 
CHIBCCAL COMPOSITION OF STEEL FOR CICLOTRON MAGNET CORE (SPECIFIED) 

A Bowland ring wer aachined from « plese of forged steel fran 

the came heat as the cycletren magnet, ami « magnetisation curve was 

determined by the elementary method empleying « ballistic galvencmeter. 

‘The reeulte shown in figure 3.01 were very satisfectery. Values of the 

wagnetio induction at the center ef the magnet gap fer various exciting 

currents were caloulated by means of clementary magnetic cireuit theory 

emi were greater than had been antisipated. ‘These predicted values were 

later verified by <irest meacuresent. The magnetic induction as « 

function of current is show in figure 3.02. 
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3-3 The Medel Meacnat 

The first problem was the design of shine which wuld preduse 

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

twelfth scale model of the magnet was constructed for experimental studies 

ef shims. The advantages in using a model instead of the cycletron magnet 

were: (1) A variety of shims could be constructed, installed, and tested - 

with considerably reduced expense and working time; this point wes exphe— 

wised by the possibility ef using special alleys whieh are costly anid re- 

quire heat treatment after machining. (2) The investigation could be cam 

ried out before completion of the cycletren magnet, thus accelerating the 

vonstrustion program. (3) Investigation with a model would remeve these 

phases of construction ant testing. (4) Some measurements ef minor impor 

tance could be conveniently carried out with the model. (5) Sinse it is 

anticipated that the cycletren may be radically altered in the future with 
the introduction of frequensy modulation, further magnetic stuiies my be 

required which can be carried out with the medel while the cycletres re- 

maine in operetion. 

On the other hand, the use of « emall scale model entails dif- 

ficvities which can consume considerable time and effert. These are 

prinsipally associated with: (1) the problem of obtaining high spatial 

resolution in the field measurements, end (2) the problem ef hest dissipe- 

tion in the coils. 

In the model progrem the amount of testing required te arrive 

et « final shim design was much lees than anticipated. This was due in 

part to the fact that the geometry of parte limited the possible varie- 

tions more clesely than was expected. The final design did not empley 

eny special alleys. Considering oll aspects it seems that the edvantages



emi disadvantages of using the model were fairly closely balanced. 

3-32 Mode) Magnet - Core and Cover Plates 
The core of the model magnet was constructed from fergings 

important, the detailed strusture of the model departs widely from the 

full scale ecils. ‘The construstion features are compared in Table B. 
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Im scaling a magnetic device the gross current density varies inversely 

es the linear dimensions and the heat generation per unit volume varies 

ee the equare of the current density. Therefore, in the model the pro- 

bles of heat dissipstion is « sericus one. Each ooil was enclesed in « 
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‘tank ani cooled by direct contact with weter flowing at the rete of 10 

GPM ami the reoulting teupereture rise was only 5° C. with sontinuous 

operstion. Tide effective cocling was eckiovel, however, ot the expense 

of strurturel wupport ami when tests were ensentially completed, the sup- 

porting structure for the coile failed, presumably under the magnetic 

forces. The coils became distorted ami short cireuite developed. The 

@otle will be rebuilt when shop time is available. The model maguet ie 

Show in f.gure 3.03. A mvtor-generstor set supplied the direct current. 

‘The differential method of neasuring the field described below made clove 

vugdetion of the curvent wmeceseery ond 0 manually epwretes ficlé sheo~ 

etat provided estisfectory contrel. Figure 3.04 shows the aerrangenmt of 

the epparstas. 

41. field measurements «ith the model magnet were made with flip 

e@ile indicating on « flummeeter (General Klectric Flummeter Cet. #320247, 

#52028), and calibrated with « standard sutusl intuctamse. Absolute 

walues of the induction at the center of the gap were measured with an 

snourctely construsted flip coil of 2 turns wound om « redius of 0.25 

imshes wich fs shown in figure 3.05. The meapured values were about 20 

per cent smaller than predictet on the desis of the Rowland ring measurements. 

This dlecrepamey was the result of short circulte whieh developed soon after 

‘the model wae put inte wee. Lindtations imposed oy the generator did act 

peredt increasing the current te compensate. However, the simple expedient 

of placing e@titions) steel around the outer fave of the magnet yoke raieed 

the fiel4 in the gap to ite proper value without afferting ite shape appre- 

Sisbly and the sodel wes wed with this modification. 

3-33 Medel Neen - inetrwmentstson Lor Betis) pepeasence of Fiela 
an eocurete determination of the radial depemiense of the magnetics 

induetion is impertant only out te the point where the industion has decreased 



This photograph shows the core, coil tanks, amd cooling water 

Camections. The threaded nuts on the coil tanks are electrical terminals.





The photograph shows from left to right: generater (30 volt, 

400 emp.), overlead circuit breaker, resistance bex in ammeter circuit, 

voltmeter, ammeter, mode] magnet, water cooling connectiom with ther 

mometer and pressure gauge, and field rheostat.





‘The eof] is turned through 160 degrees by hami and the lead 

in wires are brought out through the hellew stainless steel tube.





by about 4& per cent from ite value at the center. A precice measurement 

of relative valuse is required, but a moderately arcurate seasurenmt of 

absolute values is sufficient. The following differential method was 

therefore indicated: ‘Twe smal) flip coils were connected in eppesitian 

in 2 cireuit with tne fluumeter. The flip soils were roughly spherical, 

“ith diamvters of .27 om, effective areas of 36 em”, constructed ap closely 

identical as possible, emi finally efjusted te heve nearly equal effective 

«ress. The twe evils were eounted in « shaft, whose axie was in the wedian 

plame, ami consequently were retsteu simltansously through equal angles. 
One remained permanently at the anagnet axis, while the secomd, sliding on 

ways along the axis of the shaft, was edvanced to any selected redial dis— 

tanee by weame of « lead screw carried in the shaft. The cancelistion of 

the uajer portion of the electromtive ferce generated in each coil per 

mite high seusitivity in the measurement. fo establish a percentage scals 

St wes neceseary to wake an observation using only the fixed coil and with 

redueed sensitivity. ‘The mechanical construction prevented readings for 

pointe nearer te the axis than 0.4 inches, cerresponting te 5 inches on 
the cyclotron magnet, but the date justified confidence in the extrapolstion 

te sero redial distense. This differential methed eliminates the impor 

tance of many instrumentel imperfections which would seriously affect 

Goveruinations wade with « single ceil, sush es drifting of the exciting 

ourrent, insecurate flipping, insonstancy ef the fluueter, ani tempere- 

ture effecte. Difficulties were ensountered in securing in the flipping 

mechanian the necessary strength and rigidity within the emall available 

@pete ami in making electrical connections with wire paire whish were 

tightly twisted, well insuleted, light, end flexible, The experiuental 

set-up is ghowm in figure 3.06.



Apparatus for Measuring Radial 

Dependence of Field in Model Magnet





3-34 dude) Maeost - Deion of Shim 

‘The experiences of other cyclotron groupes ami consideration ef 

theoretical Giscussions le¢ te the fellewing preliminary formation of 

the prodles ef shaping the aagnetic field: (1) Inside the exit radius 

‘the field should be as wxiferm as poosible and specifically it may decrease 

‘ey 2 per cent from ite value at the canter. (2) If « central spike is used 

= Gescribed below, one must take as the value at the center an extrapo- 

Usted walue, in which the effect of the spike is ignorsd. GjBetween the 

eenter and the exit redius the decrease must be monotonic. (4) Outside 

the exit radius the field should decrease an rapidly es possible ani spe 

eifiealiy ot the exit radius the parameter n © ~ (r/B)(4B/dr) shall have 
‘the value 0.4. (5) The exit aomentum, as measured by the value of Br at 

‘the exit redius, shall be es large as possible ami consistent with these 

vequiresente. The space evailable for shimxing inside the vecum tank 

wes an eumuler ring against each veowm tank cover plate. The imer 

wedius wee 25.75 inches, width 3 inches, and height 1 inch. 

‘The first shim tested cocupied the entire available space, It 

had « sress-cection equivalent te 1 inch x 3 inches on the cyclotron magnet. 

‘This wes fellewsd by four cther shims having crovs-coctions with smaller 

qpeas end various shapes. The field aren near the exit redius was sensi- 

tive te beth the eres ami “he shape ef the cross-section. Externs] shim 

in the one-half inch gape between pole faces ant cover plates were fount 

to hawe mp appreciable edded effect. ami were not included in the shin 

Gesign. These studies imticated for the optimm shim design a restan- 

gular erons-coction equivalent te 5/6* x 3*. With « field ef 15,000 gauss 

‘the exit redius was 25 inches. 

a& the conclusion of the tests it became apparent that this 

solution would result in s value of the exit momentum larger than had 

ee



been orginally anticipated ami that this large value would demand a deo 

weltage above the value that could be expected with reasonable certainty. 

Unfortunately, with this shim design « reduction of the exciting current 

produced « minimm in the radial depemience, which is an objectionable 

feature. A compromise solution was therefore adopted. A 3 ineh x 1/2 

inch chim was weed, and 25 inches was selected as the exit radius. With 

‘this chim the sharpness of the transition at the exit redius was reduced, 

but it de beliewed that the field will have « useable shape for values of 
the induction between 13,900 ami 15,000 geusses. At these fields the in- 

cent and 2.2 per cent respectively. 

3-35 Model Mesnet ~ Incidental Nessurements 

The model magnet was weful in making two minor measurements: 

(2) The stray field at the lecation of the oseiliater tube was meceured, 

which datum was the basis fer the design of a magnetically shielding bex 

for the tube. (2) The magnetic force on the cover plates, a antter ef 

Smportanse in connection with the structural design, was investigste’ ant 

the resulte ‘ndicated a ferce greater than 35 tons for the cyclotron 

magnet. Por comparison the feree of atusspheric pressure is 24 tons. 

3-41 Gyeletren Meenet - Radial Depemience of Field 

It was considered necessary to make field measurements of the 

wedial depentence directly on the cyclotron magnet rather tnan te rely 

‘om the requlte of the model work. The same schess, exmpleying « pair of 

@ifferentially coumected flip ceils, was employe. Figure 3.07 shows the 

apparatus, The coils were of 28 turns with an average redius of 0.607 ox. 

With the larger equipment the mechanical difficulties were greatly reduce. 

The first usasurements were of the redial depextence without 

chime. The resulte were in clese agreement with similar data obtained



The cluxinus cylinters te the left are secured at the center 

@f the gap ami the brass framework te the right is engaged «ith the 

edges of the pole faeces in order to position the apparetus in the gap. 

‘The search coils are inside the bakelite tube, The movable coil is 

shifted by means of the strings shown coiled at each enti, and can be 

Iseked in place by the brase peg extending through the holes in the 

tube anf inte the coil. Lead-in wires are held at « constant tension 

amd restrained leterally by the sheet brass holders at each «nd of the 

Gevice. The bakelite tube turns through 180 degrees when the catch on 

the right is released.





from the model as may be seen from figure 3.08, and showed that the aodel 

Gate could be used as « basis of prediction with confidence. Shims for 

the cyclotron magnet were constructed in accordance with the design aen- 

tioned above. The predicted radial depenience was verified and the re- 

wulte were considered satisfactory. 

3-42 Greletrem Magnet ~ The centred Saikes 
After the construction of the shims fer the cyclotron magnet 

information was received from the University cf California concerning 

the remarkable increase in beam current in the 144 inch cyclotron re- 

sulting from the introduction of central spikes. ‘The function of the 

spikes is to produce « sharp increase in the induction at the center 

ef gap without producing « ainimm anywhere in the redial dependence. 

‘The space available for eush « spike was linited, and it seemed certain 

that the largest possible spikes would still be smaller than the cptimm 

ise. Spikes were installed which essentially filled the available 

epece. Esch consists of « cone-topped cylinder with « redius of 1 1/2 

inches and 1/4 inch height for both cone ami cylinder. The final curves 

ef the redial dependence presented in figure 3.0) show plainly the «f/ect 

of tie spikes. 5 

With the field properly shaped in ite main outlines it rensined 

to discover and correct any appreciable assymmetries. Such imperfections 

might be expected te result from: (1) the unsymestric shape of the magnet 

core, (2) « cumber of unavoidable sual) asymmetrical features of the steel 

construstion, notably the bolts securing the one-inch thick sestions ef 

the cover plates, the screws holding the copper liners, and a gap where 

the shim is relieved to eccomodate water lines, (3) accidental asymmetries 

im the construction ami placing =f the coils, ani (4) non-uniformities in 
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‘the etesl of the core and the cover plates. Te determine te aziauthal 

@eupentence of the field in the median pleme et various re@ii the fellew- 

ing instrument was constructed. It consists of a beam witn suitable 

Clamping amd leveling attachnents capable of rotating about an axis oo 

ineiding with the axis of the magnet. The been carried « coil ef 1000 

turns wound on «@ l-inch diameter spool, lecated in the median plane st 

& Variable distance from the axis ef rvutation, end with ite axis paral- 

Ial te the axis of retetion. With the beam in reotetion any aximthal 

‘variation of the ficld generates an electromtive force in the coil. 

Also, where the field is unifors amd comected in opposition, « similar 

oil mounted clove te the axis served to cancel almost exactly any eleo- 

_ Semetive force induced ty fluctustions of the exciting current. This 

part of the instrument is shown in figure 3.10. OCennestions were made 

‘threugh @ pair of twisted leads rumming along the axis of retetion ant 

out te a recerding flumster (General Electris Pnetealectric Recorder 

Get. @320114). ‘The drive of the recorder was geared te one of « pair of 

etlsyn meters as shown in figure 3.11. The other senber ef the pair 

‘threugh & gear ani pulley system drove the rotating bear in coordinstien 

with the recerder tape. The peried of retation was 140 seconds. The 

Gevice proved te be capable of detecting an increment ef 0.01 per cant 

equal te 1.5 geusses in the mgnetia industion with « reselutice ef one 

Ansh, Mith this device dete was rapidly collected and imestistely 
interpreted. A tetal ef 100 runs were mda. 

Most of the measurements were made with the vacuum tank open, 

wut iz erder te obeerve the effect of atmsepherie loading on the veswm 

tek, several measurements were made with the tank clesed ami evacuated. 

Por these measurements the selayn motor driving the beam was mounted in 

the dew sten tanks within the vecum system but outside the field. Be



‘The norisontal beam carrying the searen coil shown at the 

extreme right turns freely on ite vertical axis whixh can be aade per 

pendieular to the magnet pole faces by ssans of adjusting screws in the 

triangular base plate. The vertical position of the beam is adjusted 

by the horisental arm at the tep of the instrument. Lee wires from 

jthe coil are brought down through the hellew spindle and cemect to « 

terminal strip on the base plate. fo the left of the base plate is 

shown the selayn moter amd « small cylintrical drum which is turned by 

the moter shaft through reduction gears. The aml] cylinder is linred 

to the large Grum by « dial cable, ‘The selayn stor can be sounted 

eutside the magnetic field thus previding a means for synchronizing 

the rotation of the beam with the tape drive on the recorter,





A Commercial General Electric photoelectrie recording flux- 

meter has been modified to pernit the clockwerk to drive « seleyn mster. 

‘The control bex shown on the right is used to correct galvancoueter drift 

and to cumtrel the position of the tracing pen at the start of « masure- 

ment. The small electric lamp inticates the tine at which the search 

coil is at the starting position,





effect associated with the evacustion was detected. Since the magnetic 

forces greatly exceed the etusepheric forces ani pull the cover plates 

tightly inte lecations determined by spacing shims which had been in- 

evrted in the cir gap, this wan as eapested. 

Seth Greletren Maeno’ ~ Correction of Animutha) Variation 

. The firet ect of measurements revealed 2 consistent 180° varis- 

tion of the magnetic imfurction which was qualitatively the same «t all 

radii. These measurements indicated sem: nonparallelism between the faces 

ef the poles and the cever plates. Previous mechanical measurements hed 

shown that the pole faces were parallel within ©.007 inches while the 

cover plates deviated from perallelisn by 0.051 inches in just sush o 

@irection as would sccow:t for the variation of the magnetic field. ‘The 

Sorrestion of this condition had been delayed with « view toward using 

the adjustment to correct the ficlé and this correction was msde the 
‘eriterion for final edjustmest rather than reference tc mechanical 

mecourements. As « first attempt to correst the field, spacing shims 

which were designed te held the inner faces of the cover plates accurately 

parallel were inserted inte the sir gaps between pole faces and cover 

Plstes, The weristion was greatly reduced, but « emall component of the 

original gredient reminsd. This ms suscessfully eliminated by addi- 

t4domal spacing shins ef the order of 0.00] inches in thickness whieh were 

ewtimated by extrapolating the effertea of the first set of specing shim. 

Bemaining imperfections in the field were corrested by the in- 

sertion of wild steel external shims inte the one-half inch air gape be- 

tween pole faces ant cover plates. Swentuslly « cemtition was obtained 

beyomd which further improvement was impossible because an attempt to 

correct the field st one point hes exteniol influenes. The «ffestive- 
mess of these correction procedures in show in Table GC. 

-2-



EXTREGE AZIGSTHAL VARIATION OF MACKETIC FIELD OF CICLOTRON 
Central Field = 15 Kilegausses 
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The most significant value of the extreme variation probably corresponds 

te « redius of about 21 inches, because at euller redii the field is 

uniform, while larger redii cerrespemi te the conclusion of the eccelere- 

tien process where misdirection of the beam does not have sericus 

consequences. The esimuthal variations at varicus redifi after final 

ad justaent are presented grephically in figure 3.12. 

3-43 Green Memnst Metien Surface - Dimzing Beedle Qoeerration 
‘The median surface is the locus ef points at which the magnetic 

induction is vertical. ‘Ideally the median surface will be the plane 

parallel te and uidway between the pole faces. Apparently, it is ast 

wrusual te fini appreciable deviation from the ideal in an uncorrected 

eep. While it is net know whet deviation may be tolerated, it is clear 

that any reduction of the deviation is highly desireble. Corresticn of 

the asim:thal variation will usuflly alse impreve the shape of the median 

surface; however, the two problems are basically separate end an asi- 

muthally symmstric field may still have a dish-sehaped median surface. 

A Gipping needle was constructed of « soft irom red of «
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Giemster of 0.10 inches and « length of 1.50 inches sounted on « hori- 

senteal silk thread under tension and carrying « small airrer. The rete- 

tien about the axis was determined by observing through a telescope the 

image in the uirreor of « vertical scale. The field near the center of 

‘the gap was fount te be very uniform and was taken as the reference 

@irection. Te measure the height of the aeiian surface above the midplane 

the entire system was raised by means of screws until the scale reading 

indicated tnat the field was parallel te the reference direction. 

The height was observed as « function of azimuth at « mumber of 

@ifferent redii and was plotted in figure 3.15. A consistent departure 

of the median surface from the midplane is in evidence, but it was con 

sidered that the small departure of 0.5 insh maximum would have no ap- 

presiable effect. Therefore, no attempt was made directly te improve the 

shape of the median plane. Later shimming to cerrect the azimuthal varia 

tdons was entirely symectrical with respect to the midplane and could have 

mo appreciable effect on the median surface.
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MEDIAN PLANE LOCATION BY THE DIP-NEEDLE METHOD 
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‘The vacuum tank houses the accelerating electrodes, or dees, 

end alse the ion source and capacity compensater. The finished tank 

is show in photograph, figure 4.01. It is 5'~10" long, 6-0" wide, ant 

17 inehes high, having circular openings 4'-S" diameter in tep ani vetten. 

The tank was unde of 2 1/2* thick 615-T4 alumimm, heliare welded (with 

argon ges) here, end machined in an cuteide shop. Aluninu: was chosen 

over stainless steel because of its short nalf-life preperty. This tank 

with the 1° alumimm side covers has bee repeatedly pumped dow and 

found to be vacwm tight at 2 < 10-5 mm. of my. Berkeley standard aeuble 

groove gaskets with pump cute were used on all joints. 

‘The vacwm tank covers are of the same heat of mild steel as 

the magnet forgings and consist of « 4 1/2-inch thick plate with « 1- 

imeh plate attached by screws. ‘The cevers are show in figure 4.02.



‘The Alustmum Vacuum Tank





Qne of the Vacuum Tank Covers
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5-1 Yequme Buvelepe 
‘The main vacuum envelope consists of the vacuum tank, a transi- 

tion section, and two dee stem tanks. The generel arrangement of these 

componente is indicated in figure 5.11. The vacuum tank will support 

the deflector, probe target, ion sourve, target chamber, capacity compen- 

eater, and dee voltmeter pickups. The trensition section is an externally 

Fibbed, welded, stainless steel structure which connects the vacuum tank 

to the two cylindrical dee stem tanks and to the vacuum pumping system. 

‘The dew stem tanks are rolled and welded steel tubes. The volume of tne 

entire tank is approximately 4800 liters. 

5-2 Dumue and Pindns 
The vaouus pumping system consists of a 20-inch of] diffusion 

pump (D.P.I. M2-7000) and ite associated 6-inch booster pump (D.P.I. 

8-200), « Kinney DVD 8810 mechanical pump, and a Cence Hypervac 23 

mechanical pump which serves primarily as the se-called house vacuua 

syeten pump but which may be used if necessary as a holding pump fer 

the oil diffusion pumps. 

The valve and piping arrangement is shown schessatically in 

figure 5.11. The piping from the MB-200 pump te the Kinney is mde in 

sections of 3-inch seaxiews steel tubing welded te standard welding neck 

Pipe flanges. The two air operated walves are electrically controlled 

by means of four-way solencid valves and double acting eir cylinders with 

regulaters for setting the speed of valve motion. 

5-3 Geskete end Seals 

Double gaskets with a pump~out space between the two gaskets 

ere wel wherever possible for making seals at the joints in the aysten. 

Single etuffing box type gaskets are used to seal around weter lines, 
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fon gauge tubes, ent the 8. 7. leep Snsulstere ant leepe, ant single 

flat gaskets are used under the larger viewport windows. 

Double non-moving seale are of three general materials: (1) 

Garlock style 8474 hyear rubber, (2) molded hyvar sandwich gaskets, end 

(3) standard O-rings. ns 
Chevron seals are used on moving shaft seals although som 

smaller moving shafte are sealed with O-rings. 

5b Qperation and 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 seale and in 

ee ee 

of the rubber itself. 

The lowest pressure attained during the initial testing of the 

eystem was 2 x 10~° mm, of Bg. This pressure was reached without the 

aid of vapor traps or the refrigerated baffle. Installation of the cep- 

per tank liners, R. F. loops and leop insulaters approximately tripled 

the interior surface area and the lowest pressure that has been attained 

under this condition is 4 x 10 mm. of Hg. 

Sore approximate pumping speed measurements were made in order 

te determine the optimum power input to the diffusion pump heaters. The 

Pesulte of these measurements for input powers: of 3100 watts and 625 watts 

to the MC-7000 and MB-200 pumps respectively are shown in figure 5.41. 

Total pump-down time is approximstely i nour, 45 minutes being 

required for the Kinney pump to reduce the pressure to 50 microns and an 

additional 10 to 15 minutes being required for the diffusion pumps toe 

reduce the tank pressure to less than 2 x 1075 mm. of lig. 

~ 37 «
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5-3 Howie Veouum Soeten and Ore Suonhy Srekem 

‘The principal elements of these syetems and their valve and 

Piping arrangement are shown in figure 5.51. All lines in there ayetens 

joints are necewsary for ease of disassembly in case repaire should be 

required. 

‘The gas supply ewitenhing leop is se constructed that when the 

oop is commected to any one of the threes gas lines 4 uicreewiteh is 

@leeed wiieh will then pernit operation of the corresponding lesk ant 

scleneié valves. The veomm operated switeh in the switching loop pre- 

vente opening of the amin gee line solenoid valve when the loop is not 

wvecusted. The leak valves are not yet completed bet they will be acter- 

iued needle valwes with elip clutch closing drive ami positive opening 

drive. 

The house vacuum and gas supply «ystems are lecated on the west 

ond of the magnet yoke. Alec lsceted on the sane end of tne magnet are 

eomtrol panels wrich permit eperstion ef all rewtely controlled compo- 

mente of the entire vacuum eystem. Duplicate controls fer the main 20- 

insh valve and the diffusion pump heaters are Ipcated in the main control 

room af are indicater lighte which show the cemiition of other components 

ef the syste. 

5-6 Gomeee sud Protective Devices 
Guage locations ere indicated in figures $.11 and 5.51. A selec~ 

tor ewlteh on the control desk allews one to reed the output of any of 

the various thermocouple gauges either on the meter on the control desk 

of on & meter on the control panel loested on the end of the angnet. 

ah the present tine the @iffusion pumps are protected by an 

denisation gauge protective unit which closes the main 20-inch valve
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when the tank pressure becomes higher than a pre-set value. This method 

ef protecting the pumps will be replaced by a geissler discharge protec- 

tive device. Provision is also being made for a pressure operated inter 

leck in the fore vacuum line which is protected at present only in case 

ef failure of the Kinney pump moter. The entire system is protested by 

water flow interlocks wherever water cooling is required.



&_ Dae AND LEURS 

The dees and stew are show in figure 6.01. The skin is of 

1/8 electrolytic high conducitvity copper with 1/4, 3/8, and 5/8° cep- 

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

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

is supported internally by a combination stainless steel ani shelby tubing 

Guppert tube. The support tube is attached to a bracket an the dee tank 

emi plate, tims effecting cantilever support of the dees. The dees are 

53° in Giemster ant the stems 9 3/4" 0.D. 

‘Through the end of each support tube are passed 16 copper eoel- 

ing tubes which are fanned cut and each connected te an individually con- 

trolled water cooling circuit. 

“Tue R. F. Liner is ef one piece construction except for the 6* 
x 61 3/4" trddge liner which is attashed to the vacumm tank covers along 

‘the axis of the devs. Surfaces joining the split liner are silver pleted. 

AQ] liner material is ef 1/8" elestrolytic nigh condustivity copper and 

&e 32” I.D. im the dee stem tank region, Aluninus bar becking strips are 

Ascated in the space separating the copper and steel shells. The liner 

ie shown 4n figure 6.02. : 

Im the regien traversed by the spider (shorting bar) aluminus 

bare are clesely spaced to withstand the 100-peund pressure per lineal 

inch ef contact imposed by the spider, The spider mechaniem is showin 

figure 6.03. Ite purpose is te provide an elestrical short between the 

des stems and liners. Contact en the 8. F. liner is effected by o mechan- 

Seal arrangement of cable actusted levers on 42 apring loaded, copper 

fingers. Contest on each dee stem is made by 18 spring leaded copper 

fingers gear driven. 4 sepper shield connests the fingers. The spider 

is externally conutsolled and is adapted fer remote contrel, 

a Alo



The Copper Dees and Dee Steus 









‘The Spider (Short‘ng Bar) Mechaniem
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7.) Rensen sod Comebreetton 
‘The en source is the mechaniss in the cyclotron whieh generates 

the pretens, deuterons er alpha particles te be accelerated. This is dene 

Wy bombarding hydrogen, deuterium er helium gas ith electrons enitted by 
& hot tungsten fileumt. The ion source designed fer this mschine is 
vasieally the same as ion sources used at Berkelay. 

Provision is made to extrest the filament from the ion seurce 

esombly without disturbing the vacwm in the tank, by means of « file- 

ment weowm leck. ‘This allows convenient means fer quisk replaceset ef 

troken or burned eut filemente. Also, an ion source veewm leck is pre- 

vided to make the replacesent of the entire ion source assembly as con- 

‘weniemt. ec possible. The ion sourse vaowm leck is of heliare welded 

alumi construstion, It contains a minging gate which closes ageinst 

the enuf plate of the veowsn tank. Tho gate is actusted by toggle action, 

whish applies enough pressure te the gate to cause the gate gaskets to 

wosl. 

‘The iem souree look deer clamps te the lock with teggle-ection 

Clamps. It supperte, through three adjusting screws and « aylphen, the 

chevron seal which makes the vacuum seel om the ion soures support tube. 

The three adjusting screws aller for positioning of the icn seurse in 

both the horisontes] and wertical planes. The design fer moterising these 

sdjestment ecrewm fer remote control is complete but construction of this 

oystem has not been started, 

4 &* glace window has bem lecated in the ion source lock doer 

@o that the space between the dees can be sewn. A tress ehutter is hinged 

behind the windew te protect the glass. 

Pigure 7.11 shows the ion source leek in position on the vaeuss 

~ b-







‘tenk and the filament lock om the ienm souree guide track, imesdiately in 

from ef the icon sourse lock. 

Figure 7.12 shows the fon sourve assembly in positiies, Frou 

left te right in this photograph are show the ic, ovurce and filazent 

gvide tresk, filament water connecting blecks, filament insulster vacuum 

weal cupperte, filament vacwm lock, end ion source verum lock. 
Pagure 7.13 show: the fen sourve cone ant euppert tube an they 

pase through the chevren seal ani fen sourve vacwm lock deer. ‘Two of 

‘the three ion ccurse positioning screws can be seen between the vaowm 

lech dune ant chovwen ocak asusting plate. 

7-2 Bower Sraten , 
Filament power for the ion source is supplied by a 3-phane, 

copper oxide, bridge type rectifier that has an output ef 6 velte at 

300 amp. G-o. MT is o standard commercial pleating rectifier. 

‘The are weltage is provided ty o S-phase, full weve bridgo 

rectifier wing Gl 5558 mercury vapor dicdes. The maximm output is 

300 volts ot 6 amp. The voltage is controlled by « moter driven power- 

etet in the primary ef the transforrer. 

Are curremt regulation is obtained by saturable reactors in 

the primary ef the filement svpply rectifier, Since the reguistion is 

brought about by holding the filament exissiem constant, the are voltage 

end current are indepenientiy variable.







Zen Souree Gone ami Support Tube
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6.1 Qensrel Pransinles sat Probleme 

‘The development of « suitable cecillater te supply the high 

voltage required on the dees is one of the major probleme in cyclotron 

@esign. The problen is made diffieult ty the high voltage and freqeeney 

required and the low impedance of the des eapssity. 
‘The frequency required for a charged particle in « magnetic 

field ie given ty t* hp --- Por deuterons in a magnetics field ef 

shout 15 kilegauss this frequency is about 11.3 as/sec. The capacity 

ef the dee is necessarily large because of the geomstrical facters in- 

allewshle, ‘In this machine the resctance of the dee is only about 0 

otme at the operating frequency. 

Zt may be shown, thet for « given magnetic ficls profile, there 

@diste a xinimm required peak veltage across the gap between the dees 

te aceelerate each type of particle to the exit redius ef the machine. 

Calewletiens beset on magnetic field plots fer « centre) field ef 15 

Kilegeuss and 2 chosen exit rettius of 25.2 inches indicate that the mini- 

mm veltage is about 1460 ky peak across the gap fer deuterons emi alpha 

particles. I% is alee apparent from the caleulations tnat « meh higher 

woltage would probvebly be necessary te get 4 large beam output. 

‘The only suitable method te produce such high voltages scress 

ea low an impedance as 40 ohms is to connect sufficient industanve in 

parallel with the dee te mske « circuit thet is resenant at the desired 

freysemsy. To keep the pover requirements as low as possible the in- 

@uptense must have « very high Q values. Per this reasen « shorted co- 

exiel trenmemiasion line is used. The Q of sush an industance is about 

21,000. When lssses in the dee and energy treusferred te the fon dese 

~Sli~-



are included, the overall Q value is reduced te about 7500. 

‘The equivalent lumped constant circuit of the dees ani shorted 

line inductances may be dram as in figure 6.11. G, represents the 

“EE $3 ‘ 

, Capacity ef the des; the L, the shorted line imtustanse, and Cop the 

capacity from dee te des. This circuit is one that coutains tue paral- 

lel resonant circuits that are capacitively coupled. Analysis of the 

circuit will show tnat there are two resonant frequencies. 

EST Oe ae 
A& the frequensyin, the voltages from both dees te ground (the voltage 

scress the Cy's in figure 8.11) are in phase and no voltage is developed 

acress Cop. st the frequeney@., the voltages are 180° out of phase 

producing a voltage across the gap that is twice the voltage from dee te 

grout. Thusw. is the only frequency that is usable. SinseG, antw> 

@iffer vy only « few per cent, the first requirement is that the oseil- 

later excite the system sto, and net at@. 

Purther analysis ef figure 6.11 will show that when the @ 

walues of the resonant circuits are considered, the peak rf voltage 

across the gap (Cp_p) will be 

Ra 2 \Pe where 

Bua = peak gap voltage 

P @ total ~f power cupplicet 

Q@ = @ value of the resonant circuits 

xX ® weactance of the deo capacity 



Using « value of @ @ 7500, I © 40 clue, and By * 160 kilewelts the rf 

power required is found te be about 21.2 tor. If the peak gap voltage 

required is raised to 250 kilevelte, the power requirement becomes 52 kw. 

Tt 150 lew of ff power were provided, « peak voltage of about 450 kv 

would be produced aerose the gap. It is doubtful if the dee systen could 

stand this large a voltage without arcing over. 

However, won considering the approximations necessarily made 

ain this type of analysis, the figure of 150 kw maximus ™f power was 

selected. The dees with their connected inductive stems and the outer 

Copper liner of the system have been designed to dissipate the 150 kw 

emi the escillater and power supply componente were selected with suf- 

ficiently large ratings te handle o 150 kw cseillater. The type of lead 

in a eycletren cecillater is such that serious ares may occur on the 

dees. When this happens the reastion on the ossillater my be very 

serious ani the tube must be capable of withstanding heavy overloads 

without dammge. ‘ 

‘The last requirement is that the osciliater build up inte 

eucilistion when the plate power is applied. Klectron oveillstions in 

the vicinity of the dees and dee stems at low rf voltages tend te ab- 

ser> energy and prevent the oscillations from building up. The nethod 

Planned te selve this probles is te we « emall self~axcited "becster* 

cucilister that does not depend on coupling through the dee system. This 
evcillater should provide sufficient power te ruise the dee voltage up te 

@ point where electron oscillations can no longer take place. 

The problem thus decemes one that requires a high frequensy 

@ecilleter thet will excite the dees at the proper frequenty, develop 

large aucunts of r-f power, be eufficiently rugged to withstand severe 

Operating conditions, eni that will start inte oscilletion readily. 
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The next section of this report will give a more detailed 

description of the methods used te design an oscillator of the type 

described. 

@.2 Taser of Desien 
A grounded grid oscillator with the plate loop coupled iste 

one dee stem and the filament loop coupled te the other dee stem was 

Selected. With this type of circuit it should be easiest to assure 

Ovcillation at the proper frequency «ith the two dee voltages 160° out 

of phase. 

The basic requirements for oscillation in a grounded grid oscil- 

later are that the voltages at the tube frem plate to ground and filasest 

te ground be in phase and have the proper retic of magnitudes. If these 

conditions can be must, the circuit will oscillate. It is also important 

throughout the design te keep practical construction difficulties in mind. 

The oscillster design described below is one in which a coaxial 

line atout 2 meters long extends downeard frum the tube plate te ons end 

ef the coupling loop. ‘The othe~ end of the coupling leep is connected 

te a shorted coaxial inductive stub line whose length may be varied. The 

grid is maintained at r-f ground by vecum capacitors, ani ancther evaxial 

line connects the filament of the tube to one end of the filament coupling 

leop. The other end of the filament coupling leop is connected te an epen 

coaxial stub which can be tuned to have either a capacitive or inductive 

impedance. 

The cecillating conditions can best be determined by using a 

schematic equivalent of the system as an aid. Such a schemstic drewing 

is show in figare 6.21. The equivalent plate line is show in figure 

0.22 and the filament line in figure 8.23.



rm
 

a
 

Be
k 

Cae. 
¢ 

Coe = Iterclestrode capecity plate te grid 

Cee * Interelectrode capacity grid to filament 

Ing * Inductance of dee stem 

Sy «= Dew capacity to ground 

Sp. * Dew te dee capscity 

i, @ Plate leep te dee stem autual inductane 

M, = Filament leop te dee stem mutual inductance 
Ty» Ig = Dee circuit currents 



A= 2 mwerens —— a ———— 

Za = Re jk Za=Ra+jXia 

r
p
g
e
r
e
g
 Induced plate loop voltage 

Plate te grid rf voltage 

Loep to ground mf voltage 

Coaxial plate line length 

Self inductance of leop plus intuctance of shorted 
stub line 

Reflected resistance from dee circuit 

s 

Ra 

ie 

xe



Fits Eig’ | 

g. 

& = Camhined impedance of Cpe ont ed 

Cg * 

Bgr = 

m= 

My, = 

a, =



Referring to figure 6.21 1,, the induced plate loop voltage, is given 

by Hy = IMt,t) and Big, the imtuced filanens loop voltage, is given 

ty Bag = Pipl. At resonance I, = -I2 oo that 

= * <= @ 

Prom figures 6.22 and 6.23 the requiresente are that Er and 

5, must be in phase ant in the proper ratio 

Prom €,23 (filament line) 

Mg’ = Bdeesl2 + Jigt final, 

4 +e 

Smrttenion Se = ty Am both equations 

~~ oa ie 

Tg = Sea +? See 

The above equations fer Bj,’ ant Ig my be put inte the equation 

Big’ * Big - Ighg- Upon doing this amt collecting term» 

Gt s wees Se Mingig ( + &) 
ar a %& 

Prem figure @.22 (plate line) 

fie 
= Mm (CoeA2, + 3 o—_ 

Combining these tw gives 

2°2 (Goat, + 5 Zn) ©



Gaubaning (1), (2), and (3) 

2° s® (moon + 3 simon: ) 

[omwore (2 + He) . 2 snare (+ &) | w 

imte this equation one my substitute 

O° tt Me he at mo 

‘Tris results in o rather long ond eioverd expression, but for this pam 

pooe St Se enfficient te say thet the reault may be pub inte the fore 

2° R + 3X where & te the real part ant I is the 

imaginary part. 

If Ry aul Ry are to be im phase I must be sere. This sete the 

phase relation. The retio of waguitedes is then BR. 

To use these equations a1] the variables concerning the plate 

line are fismed se that the oncillater will see ite proper leet resistance. 

Alac, the leet at the tubs of the filasent driving line aay be determined 

from the grid to filament capecitance and the equivalent resistanse Ryr 

Pepresecting the required driving power of the tube. When «ll these 

festers have been determined, the value of I, the terminating reactance 

om the filament leep, any be varied to bring about the proper phase re- 

lation and the ratio of depth of the plate ant filament leope may be 

varied te bring about the proper mguitude relation. 

Atanowh the fers for the eywesction for X ant TR ave eomplt- 

sated, the values any be celowlated quite readily by setting up the 

warieble quantities in « tebular fore ant following a step by step 

proeeces. This has bee done over « frequency range from 9.25 to 13.25 me.



The calculated values should not be considered as exact since 

there are many uncertainties in the determination of constants used, but 

the calculated values serve well as « guide in initial adjustment of the 

oscillator. 

In some cases {t has been found desirable te add capasitame 

at the tube in parallel with the interelectrode capacitance to reduse the 

@onstrustion problems on the inductive plate stub line ami capacitive 

filament stub line. 

S.3 Medel ect lister work 

A quarter scale model of the entire rf system was built. This 

was used to find the required lengths of the dee stems and to test various 

Since all dimensions were scaled dow by « factor of four, the 

eecillator operated at four times the frequency of the full scale machine. 

‘The Q of the dee system was only half that te be expected in the full 

scale machine. Measured values of Q in the model were about 3500, « high 

value considering that no special precautions were taken to insure good 

jeinmte or ideal surface conditions on the dec stems or liners. 

Tt was found in the model that the caloulated values of line 

Lengths and terminations were sufficient te have the model oscillster 

werk properly with only mincr adjustments thereafter. This provided geod 

“xperiense for later work on the. full scale job and provided « basia for 

confidence in the methods uset in the design work. 

Pigure 8.31 shows a photograph of the model. 

8.6 Conmtrushion 

A Giecussion of the actual construction of the osciliater must 

begin with the selevtion of the tube to be used. The Machlett 354 has 

been chosen. It is « high power, water and forced air cooled tricde with







@ rated plate dissipation of 75 kw and a maxism allewable power input 

of 225 kw. The tube ie ruggedly built with heavy metal parts and all 

terminals co-aexially alined. ‘The use of Kovar to glass seals greatly 

improves the mechanical strength of the terminals. The built-in wter 
Jacket on this tube also facilitates its mounting and replacement. 

The tube is mounted ancde dow in a copper lined stes]l enclesure 

34" x 34" x 52". Out of the bottom of this box a co-axial transmission 

line (4° diameter inner conductor and 12" square outer conductor) con~ 

mects the plate of the tube te one end of the coupling leop. The other 

end of the coupling leop connects te a similar co-axial line that ax- 

tends up alongside the oscillater bex and is terminated in a short circuit. 

Inside the bex a metal shield is connected to the grid flange. 

Four 500 suf vacwms capacitors serve to ground the grid for r.f. voltages. 

Another co-axial line (2" diameter inner conducter and 6" square 

outer coniucter) extends from the top of the bex to one end of the file- 

ment driving leep. The other end of the filament leop connects to a short. 

section of tranemiesion line that is terminated in a bax housing the file- 

Gash us <eten, C2ianms tomieterese, ghase corvestion vevemn capustieve, 

end the grid current and plate voltage metering equipment. 

Gooling water for the ovecillator is brought in through the inner 

Conducter of the plate transmission line. Sinve the plate is operated at 

@-q ground, no insulation is needed in the water lines. 

Filament power to the tube is brought in through the inner con- 

ductor of the filament transmission line. This peruite the filament 

chokes to be placed et the end of the filement loop atub line. 

8.5 Rooster Oscillator 

‘The booster oscilistor’to be used with the main oscillator is 

@ converted BC 677 reder transmitter. The schematic fe shown in 

~ 62 -



figure €.51 and photograph in figure 6.52. A small oscillator rumming ct 

half the cyclotron frequency is used to drive the BC 677 as a frequency 

Geubling power amplifier. This will help te prevent energy being fod 

back inte the beoster when the mein oscillator starts. 

by means of a selsyn driven variable condenser. 

8.6 Instrumentation 
The d<c plate voltage and current are measured using « standard 

high voltage multiplier for the voltage and « standard 50 mv shunt in the 

quvunten che of tae Mine tee the current. The plate voltage and current 

will be shown on the control console and alse on the duplicate oscillater 
contrel panels. 

With the filament of the tube operated at high negative voltage, 
the grid current cannot readily be measured without having the meter at 

high voltage. fo aveid this difficulty the grid current is passed through 

the control winding ef a saturable reactor and the a-c winding is in an 
inductance bridge. The current in the control winding varies the indust— 

ance of the e-c winding and the voltage at the bridge terminals may be 

calibrated to indicate the d-e current. In this manner the high veltage 

is taken up in the insulation between the control and a-c windings. 

Shunt type r.f. voltmeters with capacity pickups have been pro- 

vided on the plate and filament transminsion lines te facilitate testing 

and initial operation of the oscillator. 

The dee voltmeters are series type peak meters that are coupled 

to the dees with emall capacity probes that face copper paddles soldered 

te the dee edge. The probe leads are brought out through Kovar seals te 

the diode voltmeter units located in magnetic shield just outside the 

vacuum tank. 

am
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8-7 Power Supply 

The power for the oscillator is supplied by a 3 phase, full 

wave bridge rectifier using type 869-B mercury vapor diodes, and is 

shown in figure 4.71. The e-c power system ahead of the rectifier cen- 

sists of a fast acting circuit breaker in the 2400 volt line, an indus- 

tion regulator having an output voltage range of 512 volts to 4100 volts 

and a 300 kva high voltage transformer with 14,400 volts output having 

two five per cent taps above and below thir voltage. This combination 

provides for output voltages anywhere from 2 to 19 kw at up to 15 amps. 

This equipment is show in the photograph, figure 8.72. 

Wo constant current network has been employed in this power 

supply. The circuit breaker may be set to open at any current between 

10 per cent and 110 per cent of rated load current. 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 

ef glo-coil resistors for initial operation, the choice was made to eli- 

inate the constant current network on the basis of cost. 

The cireuit breaker was supplied by the ITE Circuit Breaker 

Company and the induction regulator and transformer was supplied by the 

General Electric Company. 

The filament power for the tube is supplied by a high reactance 

type filament transformer that is rated for 13 volts 225 amp. output. 

Ite high reactance limits the starting current to 500 amp., the safe limit 

for the tube used. This transformer, built by the Sorgel Electric Company, 

is rated to stand the full d-c plate voltage from secondary to ground and 

secondary to primary.
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2.commmels 

9-1 Pxhaciales 
The unified control aystem developed has follewed closely other 

eyclotren aystems. Major emphasis has been on making tne system one that 

requires the least effort te operate the cycletren while at the same tins 

keeping the cest of installation ani upkeep as low as possible. 

‘The primary requisite of a control system for « machine of this 

type is that everything be so interlocked that serious damge to equipment 

A211 not occur in the event of any type of fault, whether it be eperater 

errer, less of water, vecum leak, etc. ; 

The control aystem finally adopted provides fer starting all 

majer equipment from the control room in « definite sequence of operation. 

Suffieient pilct lighte are wed te show the exact state ef operation ant 

te determine the reason for failure of any unit to operate. Figure 9.11 

ahows « photograph of the control panels in the control room. Provision 

hes been made fer the addition of other units inte the control systen 

wath « minteem of effort and rewiring. 

9.2 Masher Keron Daseb 

ayetes is cuppliei tnreugh e key type switch lecated in the main control 

beard and « toggle ewitch on the euntrol console. When beth of these are 

turned om it is possible te begin the process of starting the cyclotron. 

Kise the master sxiteh on the consele provides a means of turaing eff al) 

equipment in case ef an emergensy. 

9-3 Exabiminers Gene . 
Bext in the start-up process are the preliminary geng mite. 

‘Irie group inslutes the thermeccuple and fonisation gauge eoatrol] cireuits, 

beam current imtegrater, beam amplifier, des voltmsters, sagnet current 
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regulater, and are current regulater. These units may be eperated as a 

gang or separately by ewitehes on the main control beard that place any 

desired units inte gang or separete operstion. All unite that have been 

ewitehed te gang operation may be turned on and off with one sxiteh on 

the consele. If any wit is in eeparate eperction and turned off, « red 

light om the console lights when the gang ewiteh is turned on. 

9-6 Main Gene 
After turming on the preliminary gang the main gang is ready 

te start. Tris group is divided inte two sub-groups. The first contains: 

Cooling towers 

Cyelotren ceoling water pump 

Oseillater ami deflocter ceoling water pump 

Magnet oil pump 

Magnet MG oct 

‘The secend corains: 

Main oscillator rectifier filament 
Main cscillster filament 

Booster oscillater filament 

Arc voltage supply filament 

lem source filament 

Deflecter voltage supply filament 

‘Tis second group of units have time delay relays in their interleck chains 

" qu eve therefore oct aside fven the £170 group. 

Selecter svitches on tne main contro] beard permit either gang 

er separate operstion of all units. With these switches set in gang opere- 

tiem © push button exiteh on the control console turns om the gang. This 

is dene with a three step time delay relay to divide the instantansous 

starting leed. The first step starts only the magnet M) ect, the next 
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step starts the cooling towers and the water and oil pumps, and the third 

step starts all the remining main gang unite. As with the preliminary 

gang, © red light om the console will light if any main gang unit fails 
te start or is turned off in separate cperstion, The asia gang “oft* 

Dutten en the consele operates a shut-dowm time delay that keeps the 

eooling towers, water pumps, ami ofl pump running five ainsutes after al) 

other unite are shut off. 

9-5 Soneele Querstion 

With tne main and preliminary gang unite in operation it is 

poecthie te process with epevetion of the eycletsen. Pigure 9.51 shows 

@ photograph of the control console in the contre] rem. 

Om the right hand panel ef the consele are « set of six oom 

Bination push buttens and lights, ‘The lower butten is the “eff butten 

amd the upper one the “en tutten. The green light in the “off* butten 

serves as « ready light and when it is om, it is safe te push the “en* 

butten. When the “on® buttem is pushed, the unit is turned om, « red 

light in the “en* butten lights, and the green ready light goes cut, 

The first ef these push buttons is the ect fer the mxin gang 

@escribed above. When the unin geng is om and all the necessary inter 

locks are actunted, the ready lights for the magnet current, ion source 

gas valve, deflecter, ion source are voltage, ami cecillater «ill come 

em. Then it will be possible te ge down the line pushing buttens atil 

the last butten puts plate voltage on the cecillater and then the cycle 

trea is in cperetion. 

Alse it is possible te control from tne consele the other equip- 

ment of the cyclotron. These controls include the are current and voltage 

end the gas flow in the {on source, the main esciliater plate voltage and 

beccter cosilleter frequency, the mgnet current, the deflecter voltage, 

«=
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end the position of ol) equipamt with acter drive. 

The comsele also contains all the necessary asters to cote 

mine the state of operation of the machine, 

9-6 Yeoum Sytem Controls 

Since the veows equipment will be required te operate on « 24 

hour per day basis, the controls for it have been separated from the rest 

ef the control] syeten. The control power fer the vacum eysten is cup- 

plied through « cireult bresker in the control reom that is left on all 

the tim. 
The vacuum equipment control is divided between the control 

veom end « emall veows control panel en the west emi of the aaguet frane 

“tien is show in the photegraph, figure 9.61. Diffusion pump and main 

gute valve comtrols are duplicated in beth lecations. Starting controls 

en the mechanical vacuum pumps are located adjacent to the pumps ee that 

the oreruter may see that the pumps start properly. 

Pressure messuresents are made on the fere-vac side with therm 

couple gauges. A sclecter eviteh on the console perwite reading any of 

the four gsuges in the fore-vac system or the house vacwm gauge from the 

comscle. On the high vacum side of tne system standard ioninstion geuges 

patterned after these used in Berkeley are used. 4 protective unit is 

“eed that turns eff the gauge tube filament and cleses the usin gate valve 

af tne pressure rises ahove a pre-set level. 

9-7 Runbieshe Oecilister Controls 
A camplete duplication of controls fer equipment necessary te 

operate the cecillater as well as special components for te-ting have been 

provided in panels on the baleony ef the cyclotron rem adjscent te the 

@eciliater and are shown in the photograph, figure 9.71. This should 

fesilitate the initial eperstion ef the oevillater as well as being helpful 
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later fer routine test procedures. 

9-6 Wsane Presetore emi Drewioee 

: The general plan for wiring has been to use « cross-connect 

system vith main terminal beards in the cycletron, control, «nd meter 

generator set rooms. All control wiring from reom te reom gues through 
tnis network, Terminal strips are provided in the control console and 

= cach pans] unit in the main contrel beerd. Wiring diagrams fer cach 

‘wait show the designation of the terminal strip on the unit and the 

G@estina.ion of all wires leaving the strip. 

Que complete schemstic drawing showing the relation of all 

umite and the lecstion of eomnesting wires is mintained up to date. 

Boek records keep track of vacant terminals and wires in the cross- 

Connect network and vacant relay contacts in the relay panels. 

9-9 Power Distribubien 

The power distribution system is straight forward and standard. 

Pigure 9.91 shows all the msjor features of the system.



E==-=— = 
H LIGHT eee ai 

1 1 PANEL 1 

“ae nd ash 
BuUILOING 

MG SET VWCLSTRON CYCLOTRON 

x. BR phe all fonn eonno] SS 

1eTKVA a am Zia 
SIZ v—4096v 250 HR i HH Z 

SooKnva [Taw 150 Kye ¥ 3 
4096V—14KV) x TR. Dc. 

3g i 
Fun RECTIFIER! 

BRIDGE 



22_ S26 SESTS 

The cyclotron cooling system consists of two distinct parte: 

Magnet coil cooling syuten 
3 Gyeletron ~ components cooling systen 

In each ayutem the hest is absorbed by « coolant in the sachine 

and the ecolant then pumped umierground te the outdoor cooling towers 

shown in figure 10.01. Cooling ie effected by wraporation of spray water 

from the surface of tube bundles. ‘The tower on the left cools the magnet 

12 ant the tower on the right the cyclotron weter. 

DESIGN & OPTRATING CHARACTERISTICS 

Installed Deg. F. 

—_—_—_——— Ee rs, 

Magnet ou et 275 Gm 1 = 
Cooling emo “O* 170 ky Lower 

se Coil 200'ms. 

ma. Components Water Clesed 340 xe & Spares Bont 

2 Pummpe ) 
i RR RR 

Circulating pumps are shown in figure 10.02, and are lecated in 

the service pit dbelew the magnet. Beginning from left to right there is | 

the 75 GP water pum, which supplies 5O GPU of water te the ceciliater tube, 

mext is the 175 GPX water pump fer general cyeletran component cooling and 

on the right is the 175 Gk ofl circulating pump. 

Hest is ebeerved from the imer surfaces of the cycletron by 

water flowing through 1/4, 3/8, 1/2, and 5/6" diameter copper tubes silver 

ecldered to the copper surfaces. Hach water cireuit eeols « given ares 

and the flew is set anf flew contitions indicated by means of « modified 

9.5. flew aiteh whieh is interlocked with the electrical centre] aysten. 

4 flourcter with walves and interlock is specially provided for the . 
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evcillator tube lecated on the mezzanine. The tube requires 50 GPH. 

Primary cooling at the towers is dependent upon the outside’ 

wet bulb temperature. The system was designed on the basis of 65° F, 

W. B. which occurs in July ani August. A minimum W. B. of 36° F. occurs 

4m Jarmary. Provisions have been made for future installation of an aute- 

matic temperature regulator to maintain uniform temperatures when required. 

A flow diagram of the system is shown in figure 10.03. y
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11.1 Detlester 
Renewal of the ion beam from the weewm chasber is effected ty 

the deflecter whieh is placed at the and of the acocleration cysle ant 

eausea the beam to enter the region of weak magnetic field. Upon the 

completion ef magnetic field plete the preliminary design of an external 

type ef deflector was completed. Machining work will begin <fter the 

escillater is cpereting and an internal beam produced. 

‘The deflecter will have a variable groove and will eperate with 

both 4-c ani r.f. current. A power supply ef 60 kv and 20 ma. will be 

installed. 

With the cempletion of the interna) and external magnetic field 

measurements, it has been possible toe design the beam deflector, and te 

ealeulate the expected phase, energy, ami intensity characteristics ef the 

beam, The original plan of 90° deflecter has been modified in order te 

give greater mechanical stability to the deflecter control mechanism. 

Galeulations show that « deflector of 70° length, starting 60° beyond the 

Gee gap in the west des, «ill be able to deflect all types of ions used. 

The deflecter will be designed to take atvantage of the r.f. electric 

field, whieh may be supplemented by the addition of « d-< field when the 

G@ycletron is operated with o emaller oesillating voltage than 120 kv. 

‘The deflecter plate is kept at r.f. ground and the fons enter in such « 

phase that they feel the ferce of deflection from the ficld between the 

plate amd dee eige during the entire deflection. 

A study of the phase characteristics of a deuteron beam indi- 

eates that « minimm of 60 kv dee te grount r.f. potential is necessary 

im order that the ions do not enter the region of decelerating phase at 

ony time within the dees, This will mean a necessary addition of 34 kv 



G<« to the deflecter in ite present design. Fer protens, whieh require 

@ emaller deflecting field, the uidth of the deflector channel my be in 

creased by remete contrel, The mechanics] mobility of the deflester plate 

ineoures the adjustment ef the channel width te meet all expectet cireu 

stances Of deflection. In the event thet « greater ion flux is desired, 
the chamel may be widened at the exit, or even along ite entire length. 
Por a greater energy selectivity, the deflector channel may be narrowed 

te « constant width of 0.90 on. 

Umier the moet faverable circumstances, an energy spreed ef about 

1.5 MeV about a mean energy of 21 MeV is expected for the deuteron been 

at the deflecter exit, The most energetic fons will exit tewards the cuter 

part of the beam. It may be shown however that there is an intensity 

eredient across the auergent beam which tends to greatly diminish the flux 

ef the ions of extrem: energies. The bean with useful intensity may tus 

be limited te around 1 MeV spread. ‘The external velocity selecter will 

be expected to resolve this beam inte « semewhat emaller energy spread 

with « eorresponting less of tetal ion flux. 

4 plet ef the path of the beam has been made extending inte the 

target chamber region, and cut inte the cycletrem reem. It is now pes 

sible to camplete the design of the external apparatus sush as the target 

Chamber and various pieces of research equipment direstly associated with 

the beam. 

11-2 Pxeke 

Machine work has started on a probe assembly using an internal 

target. A water cooled tube extending through « vacuum lock runs above 
the west dee to a varisble target lecation between the dees. The posi-~ 

tion of the target may be varied from approximately 10° te 25" magnet 
radius by remte contrel.



The beam current may be measured in either of two astheds. One 

may measure the temperature differmee of ineoming ami outgoing water and 

thereby find the power aheorbed by the target from the bean, or one may 

insulate the probe from ground and measure the beam current on the target 

@irectiy ty meecuring the current from the probe te growl. The latter 

method is preferable because it is « direct seasurement, and secondly, 

because the temperature difference for an appreciable flow of water is 

very emall and more difficult to measure.



The following is « list of personnel active on the Cyclotron 

Project since July 15, 1950. : ) 

a 
Executive Officer 
Department of Physice — ow 

Mocipeerios 2tett Farwell, G. We 

ercnretoen, Bod. sxse"tedlest Paneneen Agaghanss ge ag meee Eng'r. 
he Ae, A't. Electrical Eng'r. 

serena, fe, Avett. tag 9g “cross, ¥. B. 
Hareld, Aes't. Mech. Eng*r. Livdehh, P. v. 

Thompson, B. J., Dreftemen Wegner, H. &. 
po ogg 

yapemaguea ierlow, ?. i. 
laird, Mre. Derethy . Meyer, D. I. 

‘Mectropis Teshaiciens Mechiniste 

Grtn, J. We Bennett, H. Poreman 

Rilistt, Robert ae ao tee oe. 
Savage, Stanley 

Berguan, Ralph 
Morgan, Ted *Pursel, Weldon 

: QGrubb, Robert 
Serensen, o.



Voeremntnenvr Cr Kr tronS 

CYCLOTRON PROJECT 

PE RSONNEU : 

sect gummed 

DESIGN 

Evcecrricar 

PLUMBERS 

SEcaETaARY 



Gwangarne 

OE SIGN 

DEPARTMENT OF PHYSICS 

CYCLOTRON PROJECT 
PERSONNEL —GROUPS 

1951 4 eet 
ee rt 

FIGURE 12.02 





e
e
 

F
y
.
 
F
P
 

> 

San end Nuclear Physics 
Oo B. R., D.C. relative te 
Contract Task Order I 

Sete Segre Set H- 2 ee tates gee Bo wo 

Quarterly Pregress Report No. 2 for Period Osteber 1, 1948, 
to January 1, 1949 

Quarterly Progress Report Ho. 3 for Pericd January 1 te 
april 1, 1949 

Report Ho. 4 for Period April 1 te = 
Quarterly Progress Report No. 5 fer Period July 1 te 
September 30, 1949 

Quarterly Report Ho. 6 for Peried Osteber 1 te 
December 31, ' 

No. 7 for Pericd ite ee Jamary 

Final Stetus and Quarterly Progress Report Ho. & for Pericdé 
april 1 te Jume 30, 1950



ik | 
Payrell & 

$51,500 Payrell & Miscellaneous 

TOTAL EXPENDED ( appre.) 





E
a
 

e
s
 

ii 
itis 

Fi 
| 
H
e
 

uy 
sti 

i 
: 

i 
= 

1
 

7 
| 
' 

i: 
Li 

ul 
hi ait 

Nighi 

laa 
i
a
 

il 
{i 



Page 2 

QOCTIEATOR ~ Contra. 
T
H
 

R
t
,
 

§ 
@
 

‘ 

s
a
l
i
 

* 
o- 

° 
o
k
 

i 
i. 

| 
th 

f 

i
 

ud 

BO-67T7 Transcitter 

an meer 

es



. ge 5 

DRE sreTIM - Cont'd 
Spider - Mechanically operated, extermily sontrolied t= 
Deflector - Variable Groove, 1/4" to 1", d-o and ref. 60 kv and 20 mm 


