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lntro · uction 

I..o be ore the terti aa )peotror;r or . 88 otro t~ tor 

o in te , e eri e ta b an o . ·r1· il out u ' rtort to 

laarn eo. eth n o .. the n cur o.. o itiv The 

oroon an • 'ion ork 0. ~ .t tep 

1 d.tns o · n.to 10 phys1oa. By tho u.pp11o t1on 

or leotrio .f.i l 11 to o,; t lyi rticles in a 

tu , t'le e the 

volooitt ta t r tio e/ ot tne c ar e to casu bot ot 

t h hich turned out to ve 1 uyB he s e value ot 

e/ . ' ~ icleQ, r~· h ch e/m s n· t 

1 oya e a ·e . 

ln l 19 lOlltSOil (l) 

crert in :po t1 t1ve r y x.per11 nts that t e eler ant 1 eon no oa ble 

ot . 1 ting ·n 'two t"orms · ith sa a 0 tu 22 respectively, nd 

ort y t r e.tter tou (2 , 3 ooTUJtruoted en irlproved aratus 

tor tudy1 t heeo ray;s . eCfiUil ot 1 · olo e an logy of t 18 

it t optical. sp otro )Jl , ·tUl t a eilJlilJU• na otrt n 

of shar lin ., obt 1ned on p oto phio plate · en . po d to t • 

posit.19e ray 1 in tror: it, ton cu,ll t tnstrwqent a 

" s a ctro 

l.y s 1 21 , ( ) ooMtr ct as a cttonet t • 



ich in t 1nv t1 t1o 1 o • t ions, 

an ez n tr~t , the isotopes o lit i , oalciun, 

d zinc . he t 1rst Uftlltit tive 

or o 1ons ero b un by Cos,; ( ) ho . (I 98 

s 1 1925 oa bl o.. co.ter accuracy tha any 

instr ent n exist nee at t t t1 In 19t:JO, 1nbr1 (6)• 

con 	tr nao o eotro eter ap pri c!pl 

o 	 v- locit OOtl ui . ~ . and on a ooount ot th h1 ·h reaolvin 

r, w a le to ake orittoal aeurc or unkno n isoto eo . 

tt uch ( 7) in 19.12 leVis a otro ter 

in hie a r s it out e oo l!.ll'lfJ.U""tio 

f1el • spt:tctro ;raph ot rosolY114 s con

at.r cte by at vard in 1936 s used 1n 

emon tr tin 1 obal"s . In 1956 1er e crib d nn 80 s o

tro eter 1 o0 type (9), 1m roved it in 1937 (10) and e 

bun m1oe ur nt upon tho 1ooto a ot sever l el ent • In 

1940 l«U' cribed 60° type sp~otro etor (ll) intended tor 

r tina 8 U'enenta upon t h l1 hter el ,ents. 

1 in oed 1nstr ent o y us 8 

8 ~ 1 0 w in the t'ollo ing: 

l) . 8 ' in t 1.n t1on o • abool te atom.1e 
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2) u ed 1 t }lO di ooverv an . 1dent1 1c t1on f 1 otope • 

v) )11 cl to rel tive bundMO sure ent 0 iaoto 08 

1} 1u bioo omioal tracer work. 

11) 1 isotope exo tange inveati ·t J.ons . 

111) in follol'li , 't o· cot •, e ot 1' otion r eo utn1 

kin Uo tu 1 s . 

4) sed in a ansly 1 

1) e only n 1!\inut. plo 1 nv Uahle . 

11) o <11 t1 n ishin iao er 1n a1mr • 

111) sotl ..: l ea i n petrol ro peoti • 

iv) 1n opar. ti 1 co trol -or • tn the rettnery . 

v) In the ·study of reaction in 1os in aeot~s syat s (12) . 

e e .s cctro ot r to b d aribed 1 a oditt lHer 

l 0° ty The od1t 1cnt1ons devised y us emu a1ze th use o• 

preo1si n et od in o n truotiou . nd no er l nn t tures ot 

esi .l ~ b n or l 1 te • 
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se bly or t Tube. 

e tJ eotro t r t ube built e tir lY pon jl • 

A8 tro t ceo p nyi p ot o ha , the ji 

p1eee or teel 1 ina t hi o , OXi · tel.f 

l 1n d it ill 1'1 t . p ose 

or t 1 j1 18 t o hnve l ent , 0 b tanti l support upon 

1c 11 t eoe o r lY or1t1o l 11 1 - u y bo done . In 

or r ·to anpport th 0 th tube, et l " loc a 

i ned lat and o ell 80 as to re t perf' otly 

b a o!' the j 1 • er opar 

eo a to to t tt sa 1'1t" , n t e blocks cont 1n1 th 

ere 1 1 over t ·e oles 1lled in t e base to r oeive t en. 

turt er nenoe , · " o p • or a ere ed. to t ten 

· . e blooko to th a e . extension con iatina ot part tly 

t'lat ah et ot' l/ ate l ~o bolt to the b ae , d an d 1t1on l 

"V • u r er ot upon tht to y th WU" aeot1on ot the 

tube. outl1n ot t envelo fllld the proposed co~ r e or the 

ion b or toh u n t e baao el a t e 

1 0° d l 0 b ue linea h1o aerYe to ohook t h 11 ont of' he 

and pl t i n the v r tio pl e . 1u e t ure o t j i 

18 in 1 ur 1 . The #la a envelope t t1 be 8 

ooor 1 to lue 1 t her 1 i nolu ed . 
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ll'igure l. 
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a support upon ioh to con tr ot the plate eeo bl es , 

t o rod t'ro rlftch.in stee~ and cc ately turne to 

eter reepeotively, th outside die tars 

ot tbe inner l9s se ls . Oylin era ware then · aaohined, 

ali htly t . r d on the 1ns1 e at or end, so e ·to !'lt en ~ 

over the e ds o the above rocta . The cylinders · ere de 

sutt1o1 tly lon e as to · Uo ~ pproxtmately 1 1noh to 

·protru a bc;yon the end o_ the rot!. This oonb1nat1on or rod 

and cylinder then accurately placed i n the r!J'11 blooke and 

ti 1tly olftlll ad in ;place. The lws envelope u now slipped 

into the "V" block bed and the inner ass seals sl1 oaretull.y 

into t protrud1 portions t the a,ylinders . The tube was 

thus held t1rmly yet oouratel.)' 1n plaoe hUe the sb1el in • aa 

lippe into t he tube prior to ling the t o 

halves. to oth r . T is itt Ulu&trate in 

etbod ot shiel 1 presented a r t er diftioult 


robl t 0 oth r speotro ter tubes hmre be n sh1 el ed.
• 

y p Vid1n . · co p r analyz r tu e, o telt t t t he 

of suo a body oul 'be too t llo aWJ en ion inside 

t tnner ·· eaJ. reover it 18 1ttioult to kee ouoh tube• 

aoour tely o nt by eana o envel 

opu. e ere hes1to.nt about try1 t plate a ahi 1<1 11'181 e the 

tube, tor h t h is etll! d orks ell f'or uo;. ot1 · e, t pla t ius 

t nds to tl ·e ay tro the 118 all, 1 ·v1 a in te pinhole 

IlUI 1 d n c inoe t hi o os r1ou luot . t1ons in th 

http:rlftch.in
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:rtgure a. 
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10 be , t L1B xpe ient ndoned, tompo 111, t l t • 

. e fin · ly arrived t olution to th a 1uld1 pro le by 

oonst oti eri o o l l " e' aeotio R 11 tly 

ta r ed ur 3.) so that one ould tit ell 1nto the 

j er . Th o o~p ent ore 1oned fro 

0 . 0004.. iohro "V" a'lle t , nne\ 1 e surttoiently e ll 

o b o uso to round my b v neatlY. The only r strio

tion i .po e 1a tha the· teleooo , in ot1on ll out off 

ae a or t s posal le oo ts not to o.xttm into the path o t e 

ion be • 

i•ure 3. 



s 1.el unde by s pot el 1 on pioce 

ot 6 • 1olir0 e wire an. runn1 t is 1 throu the 

el e uap lea to t ~sten seal . r ore insertion . eaoh 

section o the ah1 1 was 1ven treat .ant by 1pp1ns tn hot 

conoe tr te uo.. re 1e followed by thorough waah11 s 1th 

1 tilled w tar. 4ry1 In this rmnner a br1 ht . Met ll1o 

surtace a expoaed n th1a prov1aea ood eleotrical contact 

front one aeo-tion to the n&.J:t . As soon as the shield hKd been 

oo.t'lplet d and inserted , th tube a l oed upon the jig and 

the t o halv a ero aoaled to other . 

The plate assemblies wer no constructed. 088 

eyl1ndrioal ou ere de antl und oo aa to tit snugly 

over eaon ot the lnneP lass seals . lt i well at this point 

to hav the ou ali htl.y lar t n th ot ts14e diameter ot 

the eels and to 1nd sl ht taper in 1 the cups so tbnt 

t e t rther own t hey e pressed u n the eala , t t hter 

they , yet may be rea 1ly :r moved . uall)' s oed bo t 

t e oirc erenoe ot the oupu ere throe alot- s toh 

1 b a d to oauae tbe o ps t o s 1p o re ti tly or 

loosely des i re • uso provided upon the cups at one 

en ere tbr . 8 ott.oWll tl a b nt t ri t 8Jlgl.es to the 

oups ; t e purpose ot these is to prov1 e a bli&*' upon which the 

·entr nee and exit . s it plnt.es . -'1 b oou.ro.l7 a t - · eldod . ln 

or or o lo ood ahield1n8 , it is neoessary that ese oups 

be 1ono in a 10 a "flY t t to ourtn.oes ot tll.eae 

http:oou.ro.l7
http:8Jlgl.es
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be even i t t end or tile ou so t h t hen 

pl oe p otly fl t nurtnoe, no 11 ~ DaY bo seen 

1oeu1 throu or ck b t een the end o:r t e cup en the 

fl t aur:t ce. s ll 1:ndent nt1on 1n the tom ot key ·as 

l.Cllllt18l"ed into t he top ot eaoh oup, ita purpose beiz to al1p 

i nto a corresponding groove ground into eaoh ot the inner ass 

seals. it t his nrre.ngement, the oupo y ·be tai:en ott the 

seo,la and 1 t er repl oed lth the o.a uranoe that they will be 

in exaotlJ the a ~e position be~re. Figure~ sbowa the 

eoaent1 l teat ll"ed or the oupa. 

8 4. 
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In be tt co toly out eire ten.4 

•on •• 1ck, have • e o. ie 3 . 5 cut . in or 

lli y at• d 0 t . It 1 

to ichro o eat i n 1 1cult 

to wor , o h t t p ·o uo 1 tes o oth r t 

1 pro · ly t r.toat oo v niont. Upon e circle 2. 7 • 1 r.eter 

t our ho1 s 3 r • in · e 1lle into eac1 p te to 

I" oeive t 1 sup ortin ~ at a . urther 1 a rovi 

l t t o st hole!'J 01.' t o D. lat nil on .f'o o trap. 

1 t c utr or the te us rilletl 1/16" hole t t1i0 

t e su to b 1. tuoe into tho r e ..1on o the el ctron 

b root ul section 13.5 • lon an 0 • eep e• 

out .f'ro . t to arv a an openin ilto t e lectxon ox. 

In or r t l dr1111n oo1l be ne in a eiae nan er, 

drill oonatruot , ao t~t it as orely necea r1 

to o1 t e ji over tho pl t an ke th rill ol~a. 

vry 0 t ccura.t l.y •OUttin slits 1n the p1 tea 

by th achi iat. J reot!:1rtgul die 11th alant 

o tttin et 1IJ 0 t into a prena (a e 1 t r t) , 1) . lU~ t pltt 

t bout to slit 1 ooure.toly pl oed an . cl pe OY r 

in tool u n iorc> eter justed bed. 

ie 1 f i 1n such nn r as to be abl to ·r netr to the 

1 t.e only to ut " ( 1 ur 5, 2 ), t uo uoing sort or 

to uo in t h pl te 1 110 airt lat r lly b 

1or te ent n ount unl to t 1,th of the slit 
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ur i ) d t.h ! do once re ( ro 
• ' w 

This o ta out piooe o etal e u l to t a t 1o e a o t e lit, 

( 1 ure 5 , .<>) . he plat 1a t m1 turned over th · t ll6U8 

er fl t oo1nc1 it t e p te 1 ure ). 
lit ( may e turnsl out 1n re• 

d t. ntire , oo . a 1 ill t :z: nt d 1n 1 • 
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Figure 5. 
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r ot rulnr pl te ll • 14 ' • out fr 0. 02 " 

sb t to un drilled tor t o tu a; t is 0 1 prise t e 

pl t • ith 1c ooul out e 

11 t 9 0.0 " sto t e 0 . 008" s eet re 

cut t tor bent into t e electron d trap boxes 

r paot1vely. The trap >late nd collector ere ao out 

trot t e took and bent to shupe. 1 ure 6 l!'1 ll'e 7 

t a il or the platea boxes 

J'i e 6 . 
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1 ure 7. 
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or he t r 1oua prooe s ot . s ll nut , 1e 

as .hie un r nuto aoul<t be 1 nkcd out 1n 

nuts . er e t'ro the 0. 2b ·' nicllr e atoc nd 

er :t t ·o 1t tbe tuds . Th studs ere 

ir out to len t nd thre& to 

r eo iv t e nut • 4h stud len•t s. er s t ollo s : 

4 atuda 26 • lo or the 0 and pl tea .' 
4 tu s 1 • lo for t 8 plates . 

3 tuds 1 • l o for the B pl te d tr p • 

e •1 8 cera u od to s parate th lates re do tro 

-7rex c pillary tubing 6. 0 • • X 2. .• bore , i n tho 

t ollo· i n 1 ths . 

12 s cera 6 • lont bet eon th , 0 nd l a t es ; md between 

t e '" 5 plates . 

11 8 . long bet een th e pl te an lookhuta; between 

. the pl te locknuts . 

3 b en t e B d pl ates ; n bet we n 

te. 

aoers er J: tor us by t 11n1Tors1ty o 1nn sots. 

lfere ound 1 t o.t both 8 CC U1'6 t.ely to the 

1 hsr I n order to 1IW ll8to t he l ates on ro anot.h• 

1 nt t :r.•otl 1 th , 1ntorn l sp«usera oby 

l1 0 OQ ill or inary 8 • t ub1 or ouoh u 

1 e·t r t t the ali p ov ~ th tuds .. f()uld t1 t tnaide 

o G oors . T c inn r 8Pf10tn" on the source ar• 

1. 6 o • lo l t ose on t e 1. 25 0 • 
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Before the final assenblJ, the D plate was olam~ed upon 

one of the cups by means ot the sectional fl nges. B.Y twisting 

hard one was able to rotate the plate slightly in the clamped 

position. The oups were now placed upon the glass seals and 

the tube was als.Jiped in the jig. Into the end o1' one of the 

accurately machined rods mentioned previously, was set a knife 

blade with a tapered $urfaoe that the blade would slip accurately 

and ti tly into the slit in the D pl te. At the opposite end 

ot the rod a ~lat surface as ground 1n the same Tertical plane 

as that ot the knite blade. Thus by applying a square to the 

flat aurtaoe and getting it at right angles to the base of the jig, 

we war certain that the knife blade was likewise perpendicular 

to the base. See 11gure a. 

ftgure a. 
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'l'he bl e ·· n run 1nto the tube ( till pon the j1 ) by 

al1d1 t e rod oarryln8 the blade 1n its "V'• bleoke n the 

late w s rotate until the blade :as ble to 1"1t aoour tely 

into the slit . 'l'hus we ere sure t t the f,l l1t s o.r p n 1cul 

to t he se o't t e j i • '1' e hole process was repeated usin 

t he s5 pla e tUid th.e otter cup , and a.fter this simple ooedure 

e er oerta 1n th t tho lit an~ 5 alit ere absolutely 


allel it eaoa ot er. 


vi all the foregoing parta v 1loble, the aosembl1ea 

ere t en oo. lete • Tho . lat as opot el t to one or the 

})late to the other. Into eaoh o'l these, atuds 

er e t U" dod and the ends riveted 1n place. Tb.e inner lass 

apaoers r pl a oe<l above t 1e studs nd then 4- 6 • s oars 

were ins erted. e C plate as no laoed upon the a aoera 

abov t e plate and tho s3 plate above the plate. 

set ot - 6 • spacers eaoh were ad ed alld th 3 plate assembly 

co at by locknuts . Over t he 0 plate as plaoed the A 

pl a te to 1oh were spot elded 'both t e leotron d trap boxes, 

while th B plate nd trap l te ere ttxe to 1t by m ana or a art 

studs, 2 • s e o ro d loa · uta. additional 4 o aoere 

oomplet the aaso bl.y and the whole tUI t11"nl1 tixed to t er 

by locknut • TO t as elded a a art piece or 

· e ic o e 11r e a len , and a1 l r w11•ea er · .spotted to 
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upon 

1n 

to the I> ,pl t • 

pl te, 

• 

1 t e uroe .o 1 

e rap . 

In o 

00 

e uu 

ur t con,n.eot to .. e B 

1:1 

1 o o n 

bJ.:y l ooki 



t he upon 

t innor on the 

lipp tl co t al into 

1r 1n to t 1ohro 

1 . 0 t, ol 1n tn l II 

a tn :.o t 

'\ltts 0 alao 

t th r1 th ' ;; 1 te. '26 wna pot 


th 1 te an le out tbrot ten saal 1n
s5 

t 1 to he nd trn > l n e ' er 

nickel ju.natione to t b.e o r 0 nil tun . t ·n 

i r a th s l . 1-1t'ter bein ut ly in ulo.t.ed by Yl' x 

r o 1.1 1nc • 

co11 otor box rn1 ocor 1 to th pl an ao 

ailv r re to avy t u l whol sealed 

to th cto:r nv lo e. Th tour wi • prea o 1 a 

tuao 1 pl oe nd the ump lend oo plete • ter apotweld1ng 

t• aten 11 t • X l 10 • in place, the 

1n !)l noe · n t entire sa a ctro· et · 

tube tor l n s . ever 1 1 6 ere tound an repQ1red. 

t ats rev 1 d the Lot t t t tubo aa vi ently 

leak- e • 

http:ulo.t.ed
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s:p ot tor tub no woun< th 0. 005" 

1 olio e by • Utd G. 

ere o m<l . 1 f urnace con ot d 

1r ounc tr t ear ot • 
curve t o t r i on ot t e 

conn ot1 n 1 . run t n ino t o • t ur lC8 

_a t cover 1 r r et conneote 

t i nn co 1 1 0 lun1n1Ul4 1 yrtr 

t lrO hut, 1'1 on a 1 ycr o :t.• he t beotod ' u 

th sb 1.0 ry OV' 111 ht , i t 

o111c 1on l t ll 

t o t 110 volt u ply 1n or ·m· to dry 1.oldy . ftn dey , 

3 s1l1 e p 11 t hole .e-dr1 Tills 

00 three t 80 tthb urn oe r c iVed 

1ll 11, ater a 

und -1er , aroun t leo. 

e'Cit , 6 0 or . ot 2G· Uiohro o. th1r<l 

oe by in 11 • up n . i n cyli ndsr 6 1uohos 

lo 6 . in 1 • d1 et r , r 1n 1ng 1n t 1e 

•t bov • oe 08 

i nt t o b · 11 p d t h e ian 

so ·oe. o l t pr o e o, oes l nd 

c eot 1 aeries tuba t ap rox1r l y 

22 ° o. r or e t i c 

t. tub to 1> rod tely 

7 o. 

cas ore 

connect 
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The r.JB.ss spectrm11e ter was then sealed in place between 

the pole faces of the electroma~et and connected to the 

vacuum system through a one inch glass pumping lead 

controlled by a 15 mm. bore stopper . In order to remove 

as much strain as possible from the pumping lro.ds , the 

tube was supported by a semicircular wooden cradle lined 

uith asbestos . The vacuum systems on the mass spectrometer 

t ube side and on the sample line side were constructed 

according to the pla n Hlustrated in Figures 10 and''/1 .• 

Figure /f>. 



Figure fJ',. 

In order to have as small a volume as possible , the entire 

sample line uas constructed of 6 ~. O. D. PYl~ex capillary tubing 

with 3 1TII:.1. . bore . For obtainii'_g the vrhole of a very small sample 

for ana l ysis , a Toeppler pump was provided ; it was connected 

electriua lly through tungsten seals with a relay system so as 

to operate automatically . ·The relay system is illustrated in 

Figure /2 . 



( 

Figure 12:-. 



'l'he NJB.gnet Base 

lnasmuch as the concrete floor of the mass spectrometer 

room is covered with a rather thick layer of mastic it was felt 

the placement of the 3000 lb. magnet directly upon the floor 

would eventually result in a gradual sinking of the heavy yoke 

into the flooring. Further, since the raagnet stands but 34 

inches high it was felt that a base upon which it mi~1t rest 

would add to convenience in routine repairs and operations. 

A base 1 foot high was constructed of heavy timbers of British 

Columbia .l!'ir 6 inches thick, 12 inches wide and 4 feet long. 

In order to add strength to the base, it was constructed of 

two thicknesses placed cross-grain to each other. To lend 

greater permanence to the base , the upper edges were protected 

by two inch angle iron placed about the circumference. The 

timbers of the base are, in addition to the. weight of the ~~gnet 

held together by 5/8" cold rolled steel tie-rods threaded at 

each end and provided vri th locknuts and washers. The overall 

area of the base is 8 square feet; thus the vreight distribution 

is approximately 450 pounds per square foot upon the mastic 

flooring, well within the limits. A plan of the base is given 

in Figure J3, • 



Fj.gu.re JJ. 
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The Electromagnet 

The electromagnet for tbe mass spectrmooter was constructed 

by the Canadian Ferranti Electric Con:rnny at Toronto , according 

to specifications. The following data describe the design of the 
ILl 

electronmgnet illustrated in Figure 1. 


A field of 6500 gauss is required in the air gap, 


therefore B=6500 x 6. 45 = 42000 lines per square inch. 


Total flux in gap : 202 x 42000 = 8,460 ,000 lines . 


Total flux in pole shoe = 1.36 :x: 8.46 x 106 lines. 


B in pole shoe = 1 . 36 x 8 . 46 :x: 106 = 75,000 lines per square inch. 

:X: 122 . 

Total flux in pole 1 . 63 :x: 8 . 46 x 106 lines . 

Area of' pole -rr x 62 ~ 113 . 2 square inches . 


B in pole 1 . 63 x 8 . 46 x 106 = 122,000 lines per square inch . 

113 . 2 

Total flux in yoke -= 1.63 x 8 . 46 x 106 lines. 

Area of yokes (two in :rnrallel) = 12 x 5. 5 x 2 ~ 132 square inches . 

B in yokes 1.63 x 8 . 46 x 106 = 104,500 lines per square inch. 
132 

Gap length 2 inches B 42,000 lines/sq. in. 

Pole shoe 4 inches B 75 ,000 lines/sq. in. 

Pole length 17 inches B 122,000 lines/sq. in. 

Yoke length 54 inches B 104 , 000 lines/sq . in. 



If the electromagnet were made of Cast Steel the ampere turns 

required would be: 

2 X 0. 313 X 4200 26,300 

4 X 26 104 

17 X 500 8 , 900 

54 X 110 5 , 950 

Total : 40,854 ampere turns. 

The flux densities in the yokes are too high and blorr holes in 

the casting vrould cause saturation, therefore cast steel is 

unsuitable • 

For a magne t of SAE 1010 steel tbe ampere turns required 

would be: 

2 X 0 . 313 X 42000 26 , 300 

4 X 22 88 

17 X 350 5 , 950 

54 X 80 4 ,320 

Total : 36 , 658 Ampere turns 

Since the flux densities are Tll0re reasonabil.e , tbe J11..agnet was 

therefore cast of SAE 1010 steel and annealed at l300°F. for 1 hr. 

The coil s must be good for 40 , 000 a~pere turns , and since there 

are two coils, this r:Jeans 20 , 000 turns per coil. Number 10 

square Delta Beston copper wire was ~ployed for the coils , 

each coil consisting of 1450 turns wound in 23 layers of 63 

turns per layer. 



Dlinensions of coils : 


Width Thickness 


Thickness of wire 0 . 102" Thickness of wire 0 . 102'' 
Insulation o.o20" Insulation 0 . 020" 
Width per turn 0 . 122" Thickness/turn 0 . 122" 
Turns per layer 65 . 5 No . layers 23 
Width per layer 8 . 00" Thickness 2 . 81" 
Plus end checks 0 . 50" plus 22 layers 
Total width 8 . 50" of insulation 0 . 264" 

Total thiclmess 3.074" 

Since there are 20 , 000 ampere turns per coil , the current per 


coil will be 20,000/1450 = 13 . 8 amperes , 


and the current density will be 13 . 8YO. ll59 =11 . 9 Amp./ sq . in. 


l'!Iean turn length of coil = 71 x 16 . 32 = 51 . 4" - 4 . 28 ft. 

Total length = 2 x 1450 x 4.28 -==- 12 , 400 ft . 

Total ·weight {bare) of coils = 12. 4 x 37.93 = 470 lbs . 

Total weight , insulated -= 500 lbs . 

Resistance at 75°G . (2 coils) = 12 . 4 ohms . 

RI2 at 75° G. {2 coils) == 13 . 82 x 12. 4 = 2360 waJGts . 


The coils are uound on insulated cores , so that the heat will 


go into the core and into the air. Core insulation 0 . 05" mica. 


Drop through 50 mils = 0 . 050 x 250 x Ws - 12 . 5 Ws 


Surface drop = 100 Us (average value) • 


Practi·cally all the heat will be conducted into the core . 


Surface of the core outside coils = 3970 s q . in . 


Temp. rise of coil above core ,. 51 . 7°C . 


Total temp. rise of coil 34 + 51 . 7 = 85 . '7°C . 
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Cooling coils of copper IPS 0.27" I.D. x 0.405" O. D. 

Diameter of coil (bare) per layer 0.40511 

Insulation 0.10011 

Total , per ttu"n 0.505" 
For 16 turns 16 

Total: 8 . 08" 

Three cooling coils per whgnet coil, one next to core, one in 


middle and one on outside . 


16 turns per section, 48 turns per pole , or 96 turns for two poles . 


Mean turn length 51 . 4" :::.. 4.28 ft . 

Total length 96 x 4 . 28 + 10 =- 420.8 ft . 
Weight (bare) 0.29 x 420.8 =+22 lbs. 

RI 2 loss at 75°C . : 2360 ~~tts 

Water rate = 2360/ 3 . 2 = 0 . 738 gallons per minute to dissipate 
2360 ootts . 

Cubic inches J.Br secdmd 0 . 738 x 277 . 2 ::. 3 . 41 cu. in per sec. 
60 

Area of pipe ( I . D) 0.272 x ...,.,- =- 0 . 0572 sq . in . 
4 

Therefore flow :. 3 . 41/ 0 . 0572 =- 59 . 6 in . / sec =- 298 ft . /min. 

All nine cooling sections were connected in parallel to reduce 

rate of flow. 

Total weight of electramagne~ 3893 lbs . 

The plan of the magnet is given in J!'igure /'If , and several photographs 

in Figure if. 
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Figure 11.4 
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l''igure ~~ 



For the present, the magnet is to be energised by means of 
30 

a hig~ ~ capacity battery supply of 1m volts which will be 

described later. The energising current is supplied to a 

master switch fused at 15 arnperes after which it travels to 

the control panel through a triple pole single tl~ow switch 

in a pilot light indicator circuit . Two 1000 watt , 10 ohm 

Ohmite vitreous enamelled variable resistors in series are 

used to control the energi sing current. The energising 

circuit is illustrated in J'igure .(.f!). 
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lt thi . ithi :r n e of: lu · o inus 

. o.r ere or '11 nt onrr • ' • t h eetti ot a 18 0 9.J et't 
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B'igure 18. 
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FP-54 Tube Unit 

As ment 1oned previously in the description ot the mplitier 

unit, the F.P- 54 tube itself is housed in a steel chamber . In this 

mariner the tube 1 shielded both eleotrostatically and magnetically 

oreover the air in th chamb r may be kept pertectly dry by the 

use ot a dry1 agent • thus raaintaining a non-conductina atmosphere . 

some orkere advocate maintaining the tube 1n an evacuated chamber , 

while still others (18) recommend coating ,the envelope of the tube 

to within 1 inch ot the Qontrol grid cap with a wax such as 

natural Ceresin which has very high dielectric properties. The 

inside ot the chamber and the lead through plug are also coated 

with ceresin and the chamber maintained at 0 .1 mm. pressure. 

The W- 54 housing is illustrated 1n Figure 19. 
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Figure 21. 
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!Pigure 22. 

Since the panel is completely covered, it provides 

shielding tor the various instruments contained therein. The 

vertical portion ot the panel contains the master control switch 

tor the magnet, the pilot light, shorting switches, magnet 

current rheostats, and 8JIIIleter tor measuring currents 1n the 

turnaoes about the mass speotro~eter tube. Immediately below 
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1'1gure 82. 

( 

thia 1• the galTaDO..ter aoale upon bioh the tntens1tiea or the 

ion and eleotron b.... are 1Dd1oated by the reepeot1Te galTaDometer 

b..... The eloped portion ot the panel eupporte the TOltage 

diTider oirouit, the t1laMnt rheo•tate, the potent10JUtar unit, 

and the bank ot 12 togle ew1tohee which are used u on- ott n1tahu 

tor th8 Tarioue puape, turnaau, galft!lometer laap•, aD4 tilaaent . 
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Figure 23. 
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ll'iCUX' 8 24. 
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Figure 25 . 
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Figu:t•e 26 . 
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P'.l.gure 29. 

4 

' 


\{) 

l 6 
~ 

\~ 
CJ 

<: 
K 
'1\ 
' 
Ill 
\lJ 
~ 

I 



0 

-67

J'igure 30. 
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