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I. I~~ODUCTION 

This report ie a 8umnary of the results that were obtained from 

D. C. model magnet tests of the bevatron. T,hesetests were made from 4-.:; _I •· 

April through September 1948. The main purpose of this work was to 

deter.r.'line the 1nagnet design that would meet the general hpeci ficAtions 

laid down by the initial calculations for the machine. 

Four general types of measurements WE!re ~de: 

(l) MignetizlitiOl;l - t:te flux density at the gap center compared 

to the ampere turns applied to the magnet, 

(2) Return path flux - the flux density at various positions in 

the iron return pAth compared to the number of arr~ere turns applied to 

the magnet~ 

(3) UnifO:rmity - the verieti.on of the fluX¥ density with posi-

tion in the_ magnet gap, 

(4) Coil t:'lux linkage -the total flux linkages of the exciting 

coil compared to the number of ampere turns applied to' the _magnet. 

The d~ta for each model have been arranged in this generel order. 

~~ile these tests were in progress it ?~s decided to build the 

machine in two stages. The magnet for the initial stage would have a 

large aperture which would allow larger vertical and hori~ntal oscil-

lations of the ionse and larger toler.Ances for tbe R. F. tracking system. 

This larger aperture design also ~~uld give smaller losses from gas 

scattering. 

It has been assumed that the larger aperture design must be 

capable of being converted, by rewindiug the exi~ting con's end by add-

ing poles to the existing steel yoke, to a magnet which will meet the 
~ 

specifications outlined in Section II of this report. 

,. 



D. C. model magnets were used for these inittal tests because 

they can be fabricated more cheaply and q_u ickly then A .• C. models. /J.so 

at the time these tests were made, D. C. magu6t1c measurements could be 

made with greater speed than the A. C. measurements. 

MOdels DC6A.3 end DC6.6 were. chosen as the large aperture (4' high 

by 14' wide) end the small aperture (l' hif,h by 4' wide) design as a 

result of these tests. It was decided et this point that further tests 

should be made dynamically on A. C. models. Yne result~ of these A. C. 

tests will ·be covered in another report. 

The results of the magnetic mee sure1nents on the auarter scale ., 
operating model which is now being constructed will be given in another 

report. 



II. GENERP~ SPECIFICATIONS 

The follovnng ~re the general specifications fo~ the bevatron 

magnet~ 

A. The maximUm stctred energy of the magnet is not to exceed 

eighty megejoules. 

B. 'lbe rise time to peak current should not exceed 2 seconds 

with 100,000 KVA. (A shorter time is preferred.) 

c. The total· weight of steel is not to exceed 10.000 tons. 

D. 'Ihe peak ampere turns is not to exceed ?35,000 ampere turns. 

E. The peek magnetic field at the center of the gap is to be at .. 
least 16 kilogauss. 

F. The value of n is dependent on theoreticAl fActors.. 'Ihis 

value was first taken as 0.75 and leter changed to 0.73. 

G. The radial width of the usable magnetic field et the injection 

field is not to be less then 48 inches. At the msxUmwm magnetic field the 

useful radiRl width is not to be less than 18 inches. 

H. The inside dimensions of the vacuum chamber ere to be at least 

12 inches in height and 48 inches in radial width. 
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III. QUANTITIES USED 'f·O COMPARE .MODELS 

Abdels 1•:ere made to scale in linear dimensions and coil placement. 

The results were computed for ·the full scale magnet from all quanti ties 

which were measured on model magnets. These results were compared directly 

with the full scale spec ificet ions. 

A. i~e weight of the full scale magnet steel w~s computed from 

the weight of 'the model magnet steel scaled up. 
·' 

= 

where 
TFS is the weight of tne full scale magnet steel 

TM is the weight of' model steel computed from model dimensions 

Q is the "angular length" of the modal in degl"ees 

s i~ the scslin~ rector. 

B. 'Ihe gap heigh. t scales directly as the scl"ling factor, s. 

c. The radial pole width scales directly AS the scaling factor, S. 

D. The flux density in the model and the full scale' magnet are 

equ'al. 

E. The number of ampere turns on the full scele magnet is computed 

from the model mAgnet. 

where 
(NI}Fs is the number of empere turns on the full scale magnet 

{Nl )M is the number of ampere turns on the model magnet. 

F. '!he average volts per coil turn is· computed trom the total coil 

loop flux 1 ink:age measurements on the model magnet. 

¢M is the average flux in mP.XVJells linking e coil turn on the 
model me.gnet 

(¢t )M is .the totel measured flux linkage on the model megnet 1n 
maxwell turns 



where 

where 

NM is the number of turns in the coils of the model 
t• 

--
¢1's is the average flux in maxwells linking a coil turn on the 

full scale magnet 

• Q is the angle in degrees over v.111ch the flux linkage measure-
ment was made 

(V/N)FS 

(V/N)FS is the .volts per turn on the exciting coils on the full 
scale magnet 

t ia the rise time in seconds. 

G. 1be peak ICVA is computed in the following manner: 

KVA = (V/N}FS {.NI )P'S X lo-3 , 

H. 'l'he useful gap width, the radial dietance from n = 1.0 to 

"' n • 0.5, WAS determined from the rediAl uniformity curves. The value, n, 

is computed from the change in magnetic field in relation to the change 

in radius. 

-n/r ::; (1/HJ (dH/drl 

n = -(r/H) (dH/dr) 

whore 
H is the magnetic field at e point 

H
0 

is the magnetic field at gap center 

r
0 

is the r.Pdius at gap center 

r is the radius where field is H 



\ ' 

I. 'Ihe efficiency of the magnet is computed from 'the ratio o-r 

the mm:f that eppeers across the center of the air gap to the totel .mznf' 

produced by the ci!rrent in the e.xci ting coils. 

{NI}g = 2.02 (H)g(L)g 

where 
(NI )g is tbe nwnber of ampere turns across the air gap 

(H}g is the magnetic field in gauss at the center of the ai.r gAp 

{1;, )g is the length of the air gap in inches 

then 

% Efficiency :=: (NI)g 100. 
NI 

~where 
Nl• is the number of ampere turns of the exciting coils. 
'' 

J. The stored energy of the full sc~le magnet is CP.lculeted from 

the totel coil loop flux linkage measurements. 

where 

where 

WM is the stored energy on the model magnet in joules 

I is the current in amperes 

(¢t )M is the total flux 1 inkages in maxwell turns 

WFs = WM {360°/9) (s}3 

WFS is the stored energy of the full scele magnet 

9 is the angle of the model mAgnet through \lhi.ch the flux was 
measured 

K. Ave~ge coil leP.kage coefficient is celculeted ~rom the totel 

coi.l loop flux linkage measurements and the mAgnetizetion measurements. 

L - ¢t /NHA -
where 

L is the average coil lealn=:ge coefficient at ~:~ given current 

¢t is the total !'l•1x linkages in maxwell turns 
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N is the number of turns on tpe exciting coils 

His the tlux density atthegRp center 
' 

A is the :pole eree calculated from the minimum specified useful 
width at the :i.nj ection field. 

NOTE: It bas been a saumeq for the cnlculatiofl. of these . 

quantities thE>t t'he :flux density at the 'gP.p center is e;onstent inside the 

'·magnet quedrant, but th'et it falls to zero immediately outside the end of 

the quadrant •. 
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IV. TYPES OF MEASUREMENTS MADE ON DIRECT CURRENT MODEL W.AGNETS 

A. 'Ihe flux density in the gap center vJAs meesured at '\Tarious 
.. 

·currents with e. General Electric fluxmeter (Cat. No. 32C247G6) and a 

calibrated ,s'eerch coil. 'lhe search coils were approximately one centimeter 

high end 1 centimeter in diPmater. 'Ihey were wound with l'l large number of 

turns of small wire (A. W. G. #46} which gave them an effective a reP of 
t) 

approximately 1500 turns em'"'. Two procedures were used to meke these· 

meAsurements: 

1. The search coil WP-s held stAtionary while the exciting 

current was turned on and off. (The reiidual field must be 

added to these measurements.} 

2. The exciting current was held constent while the see rch 

coil was flipped through 180°. 

B. .Flux· in various positions in the magnetic path was measured at 

various e:tciting currents. A loop of wire wl'ls placed around the magnet part 

in which the flux wes to be measured. 'D1is loop wes connected to a flux-

meter. 'Ihe observet.ions were m~>.de when the exciting current wes turned on 

end off. 

C. Coil flux linkages were me~sured by plAcing wire loops across 

the magnet pole end between the coil pies in such a manner that each 

exciting coil turn ·corresponded to a coil flux loop. (See sketch on follow

ing page.) The exciting current wes turned on and off and dtflections ?rere 

observed on a fluxmeter. 

D. Uniformi<ty ·measurements (variations in flux density) at constAnt 

current were made within the model mAgnet gep along a rAdius end ~long en 

arc. A roving search coil, a stationary bucking coil~ and a flux meter were 

used for these measurements. Differences in the magnetic field at e constant 

exciting current were measured by moving the search coil from point to point 

end observing the deflections on the fluxmeter. 

.,· 



E. Residual field measuremen.ts were made on the model magnets by 

flipping a search coil through 180° and observing deflections on a flux 

meter. 

F. Stray field (flux density outside the magnet gRp) ~?s meesured 

by the sarne procedure described in nntt of this section. 

, 
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V. RESULTS 

/:., Table 1 

B. M:>dels 

Two types of DC model :nAgnets "~~.>ere designed and tested con

currently to predict ;r,ngnet performance on the full scrle bevatron. One 

type had the exciting coils ecross tbe air gwp (referred to as Typs -~L 

and the other type had the exciting.coils ebove and below the air gap 

(referred to as 'l~ype B). Type B WBS designed with "v,i~gs"-.to increase the 

useful gep v.1dth et the injection field. :hese ."wings" will sAturate at 

the higher fields and give a smaller useful gap width, hence, a greetE!r 

magnet efficiency. .. 



)0 \ 

1104-el Iron Ge.p Pole Width 
(Tans) (Inches) Inches 
Full Full Full Scale 
Scale . Scale 

~-
Revi~ed. · ,Jo~·-~A-9 

-/!.P.~f;;. tE'_,I.94.3 4-~ 3 
~oD•, , D.C~o 

.BEVATRON M~L fiAqml:r TESTS (PA"tF 1) 
··--.. 

Field Amp Tums Peak KVA Usef'ul Aw. Volts Efficiency Eltergy 
(Gauss) X 105 Full Scale Gap Cou· Per · ctfo Megajoules 
Center Full Seale (1 See. Width lsakage .Coil Full Seale 
or Gap · Rise). (Inches) coerr. TUrn 

ar-:1/~ to ~1 .. . . .. - - .. 

/ 

Del 

DC.3 

DC.3A 

004 

DC4B 

DC~ 

96oo 

7950 

8650 

9800 

9800 

9800 

DC5A 8900 

005 8050 

Ideal 

oo6A. S?oo 

l4 

14 

26 

l4 

l4 

l4 

26. 

l4 

l4 
26 
54 
54 

006 =!JT$1!1 l4 

DC(,./ .J-130 .14 

DC C,A.J ~700 S4-

48 
(t wings) 

( 7'2.. } 
54 

lOS 

48 
. (+ wings) 

(66 ) 
48 . . 
(t f4~) 

(66 ) 
66 

108 

54 

48 
96 

168 
179o25 

16000 
. 245 

16000'"• 
2.30 

8600 .. 

16o00 
379' 

160oo 
208 

16000 

aooo ~ 

197 
l.UOO. 

205 
16ooo 

8000 
4000 
50qO 

9o0 

5.0 

. 5o0 

7.0 

7.1 

s.o 
4.4 

4.3 

4.52 
4.20 
4 • .36 
6.63 

ft wings) 16000 7.27 

(66 ) 

4<6(+ WINGS 6~) /6000 7. O:) 

236,000. 

127,000 

126,000 

206,000 

2'56,000 

5 . 
. 46 

22 
'26 
~n.J 
-/f) 

1$ 
ro./40 

20 
,..J • 52 

100,000 94 
95 

107,000 .. , 44 
44 

84,500 . 48 
78,500 - :9(, 
71,100 168 

147,700. 

217,800, 

2.04} 900 

179.2.5 53oo 7.orc IS7,oot:> 135 
, 

1.40 

1.35 

1.26. 

loSS 

1.76 

1.20. 

1:.40 

1.00 
1.oo 
1.oo . 
,.19 . 

261 

253 

251 

·293 

320 

226 

250 

187 
187 
163 . 
223 

'· "' 2:99 

I 5'5" 2g9 . . 

l. I 2. 2.2.. 2... 

50 

.. 91 

.. 91 

65 

64 

56 

.94 

94 

100 
Ibo 
100 
82.5 

67o9 

63.2 

. ~6).2. 

80o3 

""'96.5 

62.2 

42.3 
39o3 
•35o5 
·67.,0 

62o2 i/.3 

bJ,9 J9.2. 

.e2.'t G3.l 

'' 

.... 

., 
.. \ 

'I 
! 

.•I 



_,,\ 
. ........ 
~J 

..... ' t ,, ~ ""'. ·---. 
~-

~' 
~""' 

AP!:.II..- 2-6>1,94:!} \, (' ~-r ..... 
·~171-8 

c 
M c.,;. 

. : .$EVATI(ON~WDEL MAfjNET TESTS (PAGE~) .. 

!'fOD ELl' I RON : GAP. ~- POL~ 
(TONS) ·'(!NCII£'S. WIDTH 
( ,... s·) · (,..S) . (INCHES) ,.., • ,.., , _(F,5.) 

FI~L.O- · :AMPERE -PEAK KVA .. -~ U.5EFUL· --'AVE:~. ,VoLrs 1~_-EP~. _!Rv'Ee~V {GA().ss) :;TURN~ (t slCOt:tD (~o4P_wtDTit -~otL ·. · ;::,E.R. ·· (tN ·%)i(M£GA · 
GltP - . >< lO~ _ . RISC)' , -~ (INC-fiES). · -_~E"AkAB.! CO/L 1· -!JOULES) 

·l 

CENTER. (;:iS) (r:;s.) · ~ r->-t.=o-~_-ro· S0 fFI:. -TVR¥ .I · ·t· . 
· · · · ~ 1 - ·- i 'h s\ .. 

I . '.1 . ' . ··-~- . - .·• ,· ..• , I v . 
- • 173 .. Z:J'sooo G.t.3 /4~7oo _ ·. · _'· J.~i$ .' 223-·"t c?z.s-! 61--0 

t;"Jk ·- • • . .. • • • • · ...... • ::. ~ \ • • t ~ I 
g,?()f) 54: DC6A 

oc 6·- f;,_ -_-,9~ r
1 

14 ·. · 49 ~~ ooo 7: 2...7 · ~~~ ~oo ··.. · .· ·. ;. r, i li, g ltc. £
1

t ·_,g, • .3 -__ , 

-k 
" f'·/•lo..l.I"C.' .-. ) . - ' 1· ,. ·.' 

- . .. ~, . . . . ·. . . ·G:- . . . . . • . .. . . . . . ! . . -
. ' . ' ~ , . . - vv'lr.vo.~ ·'. , .· . . . ·. . ., . . . ' -~ , _, ' j . 

--~- --- - ,• . -~--:-- -~- --- . . . . . . . --L- ... t ·• . I . : 

JCb-1 l"!'g_g;so z4 ... ·: 1~- t-.'' _It;. obo. 7• o9 . z·o1 ;>oa .~!, t.S.r · l ~-?9 .· 1~63;9 1·79 •. 2. l 
I . WINGS 661 " . - . -. . . . . .i . . " • ,, - , . • . t . . . . . 

/C"A./' 9700 _ :5"'4 · 179,ZS" 1 .5~do- 74 ;~ · ?_E7J·o';d-:--t--·l.~?' . -~- I.J Z.- ':. 2,z.z.l82 . .9 _·
1

6.9, / ~ 
)C6A-2" ~790- 54- 179~2..5' 53oo 7.c.l· . . . . . ·;35···. >, ·. ··. tgo.7.l. , · 
'C(0.2. l0/:90 /4 ·491-IU!NB /6oO·O t~.l>S . . · ·· ··- ·. ·.- •. ··- . -~f}.O .··. _ _, 

" ·............ #/ . •· ·' - • .•. •l ':" '!o -. .\. '-~ 

>c '. 3 10.450 < .. + . :rz:w;"'J!> /6000 r t::,.47 .- . . . .. .. . '_.·· ,. ' .· .. !' - . b._.f.. 7- .' ·l 

c74-·TJ-()····:...., · I <f. 4?t 1/ oo- 0 · f/1 . · · 1 . ·. . . < l -. · ... 1> / 4· . . 1 
. c..f.7V WIJI6~ '-E. tl . , <:....- • • ·~ t. . . . '. , . :!,. . - Ho<o· . ' ., 

c re..s . t 10. o~ .i 14 4$'r. ·,. ;t, ooo . c,.:~.s- · ·
1 

.1 g~ ooo : . . . . I 4 .7· , ·_lZ-75 . !66- o !1 73~ 0 : 
'I I }})1NGS610 , . · · ' . ___ ---'-· • . -I ·I · ·• _· ' 

o;. 6 IJ~f'lO /4 )4~tw~- /6·ooo . /,S6. i l r· __ J t;q,ol : 
c r:. . 7 J /4~/{0· /4 .. fJ:t6s66 !6 ooo . f 6:4Y. · . · ·L_ --~ --~-1 : · . 7Q .. z:. 1 

1C 6. 8"· . .11.).,!/f'~ . 14.. _· ~t65 6., jt. ~()~- ·. ~>f9 "·_ .· ' .'· : _ l 

ft""~.-9 ·;0.2..10 ~14- 4 __ fr: ·1.1/000 .J __ 6.S!/ _·--~··:.: 1.'' ·.·. t, 
I W!NE..S66 · b . · ] \ · ·· · . J 

CbA.J t.~8!JS"0l~1-=J79.~ . ISg~p'~q_:, r /:~_7- t,ii_ _ ?_},<i· ~~:Yf69.;7 · j 
. .- . . . .~ ! 'j 

C0A.1 ., 9!15'0 54 _· 179~.25 . 63oo b. 72.. - .· . · .-. -·· .\ .. :··-' •· . :- .~ J ~ :..-, ~g~./ 1 . • J .. . . ------ . . _-- .. - .· .. , .. - . . . . H '1 

~c c,,4.S 

7C6.A. 6 · .. _ .. ·~---~,;..... .... t-1·~·-·---~-±--,--. ---- . 
J, 

~ . f i '"'~ 

CZ7.5 ·· ·! 
·---- -!' --- -, 

I' ~ • 'gl.O •v I , 

i 
-i .r 



l I.ibdel I~oilgnet DCl Index 

A. Discussion 

b. Sketch 

c. Photographs 

BEVA 15 

3EVA 13 

d. Graphs 

L-DCl-1 {cor) 

H-DCl-1 

U-DCl-1 

U-DCl-la 

F-DCl-1 (cor) 

F-DCl-la (cor) 

E-DCl-1 {cor} 

S-DCl-1 

i1fficiency and leak:flge coef'fic ients 

Flux density Around the magnetic p:rth 

RRdizl uniformity 

Radil'll uni.formi ty - Expanded 

Coil flux 1 inkage 

Total coil flux linkage 

Stored energy 

Str?.y field 

, 



1 fvbdel Magnet DCl 

e. Discussion 

Bevetron model magnet OCl. we~s the first Ptternpt to mP.ke "' 

DC model (type B) to predict perfo:rmnnce of the mAgnet for· A full scP.le 

bevetron. 

This J1l8 gnet failed to meet some of the generPl stec ificAtions. 

(See Section II and TP.ble I) The ampere turns required v."Bre 9.0 x 105 
specified 

5 instead of the/?.35 x 10 • ., The peek KVA required ~s 236 x 103 fore rise 

ti.me of one second. The specified 100 x .103 KVA is for A rise time of not 

greeter thl'ln 2. 0 secr.)nds. 'l'he useful g3p wes 5 inches when the :nagnetic 

field strength was 16 kilogAuss at the gap center instePd of the specified 

18 inches. 

The efficiency of this magnet wes only 50 percent. The flux loop 

measurements showed that e portion of the iron in the magnetic path 

reached saturation when the field in the gap wt-Js Appr<n:ime·tely 15,000 

geuss. It v.;~s decided that drBstic design chenges should be mede. 'Ibese 

ch~nges will be shown in the following model. (See model DC4) 
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2 Model ~gnat DC4 Index 

a. Discussion 

b. Sketch 

c. Photographs 

BEVA 17 

d. G:rephs 

L-DC4-l Effie iency ~nd leqkege coeffi~ i&nts 

H-DC4-1 F'lux density around the magnetic path .. 
H-DC4-2 H in the gAp center 

D-DC4-l RPdiel uniformity 

U-DC4-le Radial uniformity - Expanded 

.F-DC4-l Coil flux linkege 

F-DC4-lA Total co i1 flux 1 inkage 

?-DC4-2 Coil flux linkAge (Low field) 

F-DC4-2a Total coil flux linkage - ).ow field 

E-DC4-l Stored energy 



2 W.odel Magnet D04 

a. Discussion 

Bevs.tron model magnet uC4 vrns designed to corJ;ect faults observed 

in the tests n::tede on model JCl. 'l"ne thickness of the yoke slabs wes 

increased. The distance between the yoke slabs ~s decreesed. Tne height 

of the poles and the totAl radiel width of the poles were decreased. 

Notches were cut in the pole pieces to form "wi.ngsn, but the S?.Jne red iel 

width at the bese of the pole WAS retained. The cross-sectional areP of 

the exciting coils w"es decree~sed. 

Model iJC4 failed to meet some of the genernl specifications. 

(See Section li and 'rebl e 1.) 'Ihe peak KVA required was 206 x 103 .for a 
• 

rise ti:ne of one second. 'Ihe specified 100 x 103 KVA is for a rise time 

of not greater than 2. 0 seconds. 'l,he !'fld ial width of the usAble field at 

injection field vms 40 inches instead of the specified 48 inches. 

A comparison of magnet performance on DC4 end DCl shows some 

improvements. 'I'he number of ampere turns required was decreased from 

9.0 x 105 to 7.0 x 10
5

. i'he peak f.Vfi. required ~s decreased from 

236 x 103 to ~:06 x 103 for a rise time of one second. The useful gap 

width at 16 kilogauss fi~ld wt>s ire reA sed from 5 inches to 12. inches. The 

efficiency of the magnet wes increesed from 50 percent to 65 percent. 

It ~s decided to change the profile of the pole pieces to increAse 

the useful width o.f the magnetic field at the tnjection field. (See DC4B 

end DC•1C.} , 
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3 N.odel DC4B 

a. Discussion 

Bevatron model ~gnet DC45 wns designed to try to increase the 

useful radial width of the magnetic field et the inject ion field by 

changing the profile of the pole pieces of model .0C4, me outer 3" on 

each "wing" of the pole \lt'13S bent slightly toW?.rd the gap center. T'ni.s 

was the only change from model DC4. Although this change did not give the 

proper shaped magnetic field it ~~s concluded from these me?.surements that 

the useful gap width at the injection field could be inc"re~sed to approxi

mately 50 inches by meking small changes in the shape of -the wings. 'The 

pole pieces were not further ·modified 'to obtain the desired field at this 

time. Otherwise, the perform.nnce of model .L<=4B li'AS similar to thAt of DC4 

on the ba'sis of the measurements which were made. 
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4 Model Msgnet DC4C 

a. Discussion 

Bevatron model ruagnet DC4C wt!S designed to observe ·the difference 

in magnet performance CAused by a solid pole piece. Tb.e pole pieces v:ere 

designed with straight sides, without notches or "wings'". This was the 

only change from model DC4. 

MJdel l'1lagnet DC4C fAiled to meet some of the general syec :l.ficntions. 

(See Sect:i.on !I and Table I. ) The number of ampere turns required v.-Ps 

8.0 x 105 instead of 7.35 x 105 as specified. The peak KVA required was 

256 x 103 for e rise time of one second. The specified 100 x 103 1.'V~ is 

for e ri~:e time of not greater than 2. 0 seconds. The maxim.um stored energy 

was 97 mega joules 1 nstead of 80 mege joules as specified. 

A comparison of magnet performance on DC4 and .;)C4C shows some 

differences. The number of ampere turns required was- increased from 

? x 105 to 8 x .105. The peAk KYA required v.'l'\ s inc rea sed .from 206 x 103 

to 256 x 103 KVA for a rise time of one second. The useful rAdial width 

of the magnetic field at the injection field was increesed from 40 inches 

to 46 inches. The efficiency of the magnet decreased from 65%, to 56percent. 

Tbe r1...aximurn stored energy increAsed from 8C megajoules to 917 m,egajou1es. 

It was concluded from the preceding compP-rison or ::odels DC4 end DC4B thet 
.. 

the "winged~ poles ere more ef.fic.ient for this type megnet. The next type 

B model wes DC6. 
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Model M~gnet DC;.3 

e. Discussion , 
Bevfltron model mAgnet DC3 Wt-Js the f'irst ~>ttem:pt to design 

, A DC model megnet of type A to predict perfor:nance of the magnet 
I! 

for e fUll-sc~>la bevatron. 

This model met the generAl specificfltions except thet the 

useful width of the magnetic field t1t the injection field w~>s 26 inches 

insteAd of the specified 48 inches. 

A decision ·~\if's made c>t this time to design e model magnet 

with A larger Aperture, 2 feet by 8 feet, As an initi.el stage in the 

development of the bev.<>tron. 'I'h 1.s magnet WP.s to be designed so thAt 

1 t could be converted to t.!1e 1' x 4' aperture At B later time. ChP.nges 

were made to Adnpt model DC3 for the larger ~perture. (See model DC3A.) 
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6 M:ldel Magnet DC3A Index 

e. Discussion 

b. Sketch 

c. Photographs 

BEVJ. 18 

d. Graphs 

L-DC3A-l Efficiency and leakage coefficients 

H-DC3A-l Flux density around the .trf'gnetic path 

U-DC31~-l Redial uniformity 

F-DC3A-l Coil flux linkAge 

I 

F-DC3A-1A Total coil flux linkage 

E-DC3A-l Stored energy 



6 ikldel ~gnat DC3A 

e. Discussion 

Bevatron model magnet DC3A was a 1Frger gep design of 

model DC3. -.me general specifications (see Section JI) for the 

smaller aperture (1' x 4') Apply to this larger P.perture (2 1 x 8'} 

except for the_.meximum flux density At the gap center e-nd the \'o1.dth 

of the useful magnetic field. It W1'lS decided to accept ,vJletever WAS 

available for the maximum flux density and useful gep width \\':hen the 

other specl ficat ions were met, wi.th the additional 'Provision that when 

this model is converted to give the 1' x 4' aperture 1 all o.f the origi

nal specifications roust be met. 

The followin.g design changes were me.de in n:vdel DC3 to give 

this model DC3,b.. The pole pieces were increased in rAdial width from 

54 inches to 108 inches. The gap W1'lS incressed from 14 inches to 

26 inches. Extensions were edded to the legs to increase the distance 

between the yoke slebs. Tne cross-sectional Are.<l of the exciting 

coils was increPsed. An error in the design resulted in en n of 

0,40 instead of 0.?5 es specified. 

It ~s decided after testing this model to change the 

design to increl'lse the useful gap width at the injecti.on field. (See 

model DC5 and DC5~~-. ) 
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7 Iv'Ddel AfJBgnet DC5 

a. Diaaussi.on 

Bevetron model magnet DC5 wP.s similar in design tdmodel DC3. 

Chen~~s were mede in the exciting coils in an effort to incrense the use

ful gap width. 'lhe distance between the leg slabs WAS decrer,sed but th.e 

rAdial wid.th of the yoke slabs ~nd the thickness of the leg slAbs were not 

decree sed. 

A comparison of magnet performence of model DC5 with the performr,nce 

of model DC:3 shows some chenges. 'rhe peek Kv,~, required was increased from 

1.2? x 103 to 142 x 103 KVft fore rise time of one second. The useful 

radial gap width >\'?-8 increesed at the injection fielti from 26 inches to 

44 inches and at 16 kilosauss from 2~ inches to 44 inc~es. 

Model mflgnet DC5 wBs then modified for the l!lrger aperture (2' x 8') 

model of DC5. (See DC5A) 

, 
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8 ?Vbdal Magnet DC5A 

a. ·Discussion 

Bev~tro'n model magnet DC5A ~'s designed to ad~pt model megnet DC5 

to a .larger eperture. 'lne rad.ial width between the inner edges of the 

coils was increAsed from 54 inches to 108 inches. 'Ihe gap ~ls increased 

from 14 inches to 26 inches. Extensions were Added to the leg slabs to 

increese the distance between the yoke sl~bs, ~nd the legs were moved out 

to increase the distance bet~~en leg sl8bs. 

The n Vl'll.ue in the model mAgnet design was changed from 0.40 on 

DC~)A to 0,?5 on DC5A. The exciting coil placement was changed in an 

effort to increPse the useful gap width. These chAnges increesed the 

useful width of the magnetic field at the injection field end at the. 

higher fields from 73 inches to 94 inches. A decision wns mrde At this time 

to design a model magnet with ·"~ll even lArger aperture. 4' x 14', as an 

initial stage in the development of the bevatron. 1bis magnet WPS to be 

designed so thet it could be converted tu the 1' x 4' aperture at a later 

time. (See model DC6 ~:~nd DC6A) 
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9 M:ldel IJ~gnets ·I>Co and D06A Series 

a. Discussion 

Bevetron~odel ~~-ets DC6 ~nd 'DC6J. were designed ~o. incorporate 

' 
'' · .tlie. -~est teatu:res obs_ervea. on the previo~s x model magnets of bo_th 

._ typ~ ?··and type B/ A:d~c~siO~. was made at .this ti~e to enlarge the 

··. ~ ' '·apertu.Te fr9m 2' « 8' ·.to 4• x 14.' for the in it iel stage. 'lhe se were the 
. ., 
•-. n•rSt models desig~ed to· accomodate both a large ( 4 1 X 14 1 )' and a S!D.Sll . .;.. .. .. \: ·'- .... . ·. ~ 

. ' ' . (l ~ :x> 4 1
) a~erture wi tho~t leg.extensfons. It was decided to use pole 

, ,. ~~ ,' ,i;~ee ~imile.r t.o tho~ Used on model DC5A for the larger ape~ture {model 
, • ~. "-.~ ' ;~ .-.~ ':,: . t • • • ~' .1 . ' • I'~~ . .:.· ... 

·. · : 1'>96~.); ·end s~ilar ·.to· tho~e 'used on _model DC4 for the smaller aperture 

.. • 
' . 

• I ' 

r., ~-; . I .. 

lm~~el ·p.Q6).' It wa,s··d.eoideO.~ ~~at •at a. later date the <t.'ctur-~1 s~pe of the 

'.·:wings c.o~ld _be determin.e.d. tq give the mexumun width field I'Jt the injection 
,. ... . ., ,... . . 

'< ' • . <J'. ·: • 

·rr~ld. (see m·del DG4B). : •. The rt:idius o·r .. the initial stage (4' x 14' a.per-
• I . . • ~ • ' . ' I· 

~··~-·~'~'"''·,I 'J •· ~'' ' ~ ·., 
· tuieJ. wai set at :Bp2 inches instead of GOO inches as on the models DC5A 

...-;: 
' .. --··. 

• : 'I:. ~-.- •• 

• o !!f'l~l', ·,_ •· 4 j ', )"~'i- , ... '• ~·· ~. I ' <' '\. " I • ' '• ' '·,· ..... 

,;" , .· .' '.·. . .. _ . afi~··o'cl5!~ ·: The ~di.us -~n: .~the: final stage {l' x 4' aperture) re.meined at 
~' ?~:-~- -<i~ · .. i >. . ... . . : ·---., .. .. '. • . ·_ 

;_'"';.·., . 
,;, . 
I 

' 
~-

· ..... 

600 in~hes~ These. were 'tb.E3:'tirst mOdels built in 2~0. sectors on the arc 
~ ,• ·._ - .: ,. . .:~ . . ... -~---' ·.. . .... ' .. - ·- '' . . .. 

y'ot .-$.·, eir¢le.-. 'lb.is s'eri es .-w-a1i 1/12 1·Scale. 
' 0 ~ ' - " \ I ~ ' ' ~ 

. . . . . 

.-. 
-~. --~ ' . 

· ., . ,·(~.) . DC6 series 
-~ .'· 

· , ,, ,. ;, Bevatron: model ··magnets DOG through DC6. 9 ere the de-signs fo;r 1;he' 
'I''' . -.:.:. 't. > •,~ ~ ; ._, ~w ' r• . ~ • ' I ' ' 'II ' , , ' 

- -~.~ ·., fr-.. ,· 'Jt.••r '• • ~ ' • 'i: ';• ~ ' ' ,~ L • 

•, · ~- . .t' ~··x 4-'. apertu-re for this s-eries. . SmiUl changes in the placement _of the 
• - .... -~,_ 7 :;. f •• ! • • "' • • • 

l' 

'' 

,• ,K:'.. •: I :~;'l: ~. :• "'",• '. =:_ : l.l 

·~tee~ end ;the· cfe~1gn pf the coils were msd.e on these .zoodels to obtain the 
"';_. • . • . ~l ' . ' <" I · .., ~- ,. " I ' . -

ma~G:ti.m m~gnet effi~~eney .f'6:r' th'e- 'minimum amount of steelend' copper. 
' r. "' ·: . • • • l • • : 'j.. ._-:. . . . . • . ~- ... •..; . ' • . ~ 

· {Se~ eket~li~Ei for the- 'actuaJ, . .'meell~~icel. cha,nges.f M>del DC6c6 was ahQsen 
' _..,l: : . ~- . ~_... ' .. ·', • . .. 9.:. 

-as the fin~ clesien -tor this mo4el• -. . . ~ . . ~- . . ..... ' ""' ... 

, (2->' · Dd:S,t.. ee:ries. ··' ·. . :~ _: . . 
. . :~ 

/"1 
.;. 

Beva.tron m3del .magnet .DCSA was the original design of the larger . . ' 

On m·odel DCGA.l, the erld of the • _, .. . 
·ex_ci tirig coil. we$· be:nt u:p ei.oser .to the edge of the yoke for mechanical 
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