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CONFIDEN TIAf. 

v I K. Shlllll!lt'V 

(Notot The i'nllowine 111ill~flr:l.t1l ci:ml'li!I ~' 01' four port:l.MD cuct:rt1ctod from tile 

bMk ll~nt11enov11kiyo l.}lporllt.:,1'1 written by v. K. Shm11lcv and pulJlhhF.:d l9h9 in Moflcow/ 

Ltminerad b:,i th~ :;ltato Powor Preu. !fM©ly 1 tho following 1'our1 

(l) 'l'he l'usda.n 1H.litnr1t1 comm~nt, paL,e 2 (of tho orieinol)J 

(?) 'l'ho tmtlwrta prcf.'atl'lJ pn11trn .3 11ncl !11 

(3) 'l'nble of e:ont111nt.s, vn"ca S, 6, 7; and timilly, 

(4) T~rn laat chopter, the 7th, en ti tlctl ll:l.1;1h•Vol 'ttU/i.e Appu·v.tua, fJllt,llB 279 to 

)001 wHh l:!.et ot: sourM!I used in orJmpil1ng t;.hls last chapter.) 

(l) 'l'h~ Fluaaian Eclitor 1s comment: 

'J.'his book raprHents l\ 111:~noeraph devntatl to the 1:1le(Jtt•:l.ce.l oide o!.' x-rey appa• 

re.ti.uses, Tho i'ir:Jt tw1i chapters t:ivo c~rllain elementary in£,mnatior1 on x•raye and 

x•ray ·~ubos. 't'he computatinnal mt1teriul expounded in ~11e book concerns rectifier 

circu:I. ta that nre nmployed in the construc:t:lon o.r x-rsy apparatus. The book is 

intl'ndod for engineering and trchn:Lcwl workers who have to do w:l.th t.he production 

and maintenW'lce o!.' x-ray apparatus and :I. ts ins tllllutfoil on the spot. '!ha book oan 

nlso serve as e. tex't. for students in elaotrit'al•ene:l.neer:Lng and powe1•-e11t,;ineeri.ng 

colleees or£er.l.ng courses on 11 roen·~t11Jnotechnice", and also !.'or student.ti at elec• 

tri cal technical schools o!.f.ering courrrns on "roentgen apparatus 11 • 

(2) Author's Preface: 

The x-ray apparatus assumes an isolated position in electrical engineering, as 

demonstrated by its specificity, This has led to the s:l.tuatlon t.hat in the elec~ 

trioal engiMerintJ lit.arature small attention is paid to x-rsy appara:l:.us, In 
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~1mcrol ttxtbook11 on x•rny cm1;:inr.or.l.n1i aml praeUca~. appl:l.co,tionu of x•rayu 1 x•HY 

apparatucieo lire de1rn1-;l.blld only amcmg othor thinGB• At thv 1rnme ti-111111, the 11Hd for 

a s~·fl t,flmnt:l.i:od Hork devoted to the ellict.r:l.oAl aide (.If x•roy apparat.u:11.1s 111 vocy 

~rut. Such a wor'k is recrn~,rod mainly \.ly enf);1neor1n11:•technieill workini hovinc llu11• 

inou with the product:l.iin and l1t'p11ir ot x-r~ appar1rtum ond its in:Jtfllllition "" the 

opot.. Tim present lmol< 111 1n ttmclfid to .1.':lll thia ~np, 

In cnmpiUnii this book, tht' a:.1thM' mrnd his own pn•monlll oxpr:rir.ncos catm;d in 

the field of x-ray appa.1•at•10 cons~ruction, boci·ldos tho i,usual lit.@ratur,, Tl'ie cal• 

crnlations can.Led out in th!! book concorn rect:U'iar circuit l'Jf x-ray 11opp11rlit.m1es. 

'l't1P. 1111tllor did not 1rnt 1u1 M.s t;oa.l Lo t.iv11 all the com11u~ntlcm11l matorllll ncod tar 

dellignins and constz•uctint; ru1 x-ra)' appl!rat~is, '!he ckocr:Lpt.:Lve 1iort ccmtll:l.na the 

mos~ t)'p:l.col exomplos of e:x:l.stinc .Y.•r&y app1J1•1d;usos mainly !lu11uio.n, Tha number or 

dN1cri'oed modelFJ :l.s held to r.i min.lmum: the develop1nt1nt of x-rcy npporatus construe• 

t:l.on goea at a l'npid pace, and to allot too much opaco to a duscr.Lpt.ion or Dct.uol 

desif,lns would be :!.nex~;ediont. A.t the soino tir1it;l 1 l.y coinr.rttfiendi:i~. sufficiently tne 

theortltical i'oundai.ions and having ttirltiin pr:.ctiCJol cxpori.,rioes, on~ can without 

special dHfic:ult.y, t1cqui:re x-NIY technoloe;y from rult<lyzln& any model. 

The :!'i:rBt twn chapters of tht> book are devoted to x-ra,ys and x•rcy tubes. The 

1111aterilll 0£ the:.ie chaµt.erG docs nnt pretend to completrmeas, and contains only the 

infornm:t.ion necessary fer unde:rstMdini; the operation ot x-ray apptirat1111es. In 

the list 0£ H ter11ture irl. ven are placed irnly those sources which wer1:1 used in the 

compilation o:f th:Ls book, 

The author EX!)resses his acknowledgement.a to p:ro£essor v. V, Yasinskiy1 who 

reviewed the book; 11.."ld also to engineer V. A, Vi tka, cencl:Ldate-of-technicol•sciencea 

v. V, Dmokhokskiy, a.nd engineer o, K. Yevdolcimov, who read the book in m!lliuSCJript 

and gave valuable comments. All eorrections of mistakes in this book are to be 
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I CUlvffDENTIAl . 
I. 
l I tion·~ t,Q the 1'ollow:Lng adclreae 1 !f.n~ct:1w, Shly1rnoveyA mibel'f;ll.lhnaya {fiu.@i/ 1 cl. l.O. 

1 vooemn•ciei?.dat.. /}tate Power Pre3i/. 

(3) Tnble nf Contf;lnto1 

ln~rodu1,1tion 

Chapter !. Corto:Ln Information on ~-rD.Ya 

l. Gcmerntion eir x-r:iyo 1md thflir rimin prope:r•t:l.oti 

:.i. Dapl'mdenco of: x-ro;y11 on aMdfl volt.11su om! 1modo ourront. 

flJ' x-tubo 

3, Quont:l.tfit:l.\'C Md ouol:l.iotivo llViilnation of ;:-rays 

4, Appl:Lcoticm 01' x-rnys in rml1c1ne and 1mgineer1nc 

11) ,- .x•ny di.1q;;11os:Ls 

b) ::i-uy ~titirllVY 

c) x-1·uyinc or materials 

d) x•ray 11~,oct:ral a:1alyois 

Cha1,ter II. X•Foy Tubes and Hi&h-Vol't.age 1rub~11 

s. x-rl!Y tubes 

6. variou!> t;. pes of ;:,, .. :r11y tublllll lll'ld their properties: 

a) di111£noc t.ic tubas 

b) therapeutic tubes 

c) •.tubes i'or x-rsying mo.teri11ls 

d) tubes £or str~ctural analysis 

7, Characteristics 0£ x-ray tubes 

8. Passa1::.e or current through x•ray tube with poor vacuum 

9. High-voltage kenotron 

lO. High-voltage gasotron 
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16, 'tlc.,cia•ical c l.rtni;ith ot' t.l1e i!uncu•:i tc1r 
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20. ProHAIOS or elet:t.1·ic11l aorr1ty 

21, iUfh-voHllCe X•l'S.i' c:nble 

23, Dlock t.r1msrorme2•11 

24. !'umps for cool1 n~ the u11oclos or x-r~ tubes 

2$, Mensuring the anode current oi' the x-:rey tube 

2b, Meosurcmcmt CJf hit;h volt.age 

Chapt.er IV, R@•c·tii':l.er Circuits or Y.• Jl.li\Y Appartitus 

27, IJeneral discussion 

26, Holf•wave ·t:.ubelass circ11:!. t 

29. computine the currents encl tube power in a hali'•wove tubeless 

opp&1•e.tus 

30, Voltage drop in half-wave tubeless apparatus 
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69, ~~etroototic £enor1tor1 

70, !Jflt!itron 

L:l:t.er11turm Uud in t.he1 Writ:l.nfi: ot the f.look 296 

tilph~bPt1cnl Inde~ )00 

(t1) Chapttii• VII. Sup®:rh:Leh Voltll!iC! ;\pp&r;;.t1J1.Hi~ /)foto1 L"J11.1n•f1a D.ro ~:!.von 

lH ~he nppencl:I.~, 

6$, Ocmernl C'nnllido.rationu 

In th:Lt: book SilJ'flt'•hi~h velhe;cs mean vol totes hii.hr:r tlwn 400 lcVmruc' lliish· 

vol ta1;,o appnr11t1J:i io uud for fc•cd:l n& Y•rey tullll8 tl1a.t i;enerutn vtrey st.able :it•r1ys 

tor thorupy aniJ for x-ra,y:Ln~ of n1ott1rials. ~.upvrhieh-voltlige appa1•nLus however 

is 11sod mainly £or tho 11ccelern l1:l.C1n nf t1l1Jctrons unrJ ions in t'lpr;ciel discharge 

tub&S, with the etl;jl'lct o!.' bomtn:rd:l.nc by t.ho1 .. c particles various tareets tor the 

invevtigat:!,on or problems ~~r 11tomic phys:Lcs, 

1.rh:Ls .f:l.eld 0£ stL1dy has brought about. :l.n the last 15·20 years a veey rapid 

cleveloprnent o.I.' spacial superhi&h•vt1ltat;e co11st.1•uc:~:ton. Simult1.111~Msly there hove 

ltppeared installations in w1d.ch ell'ctrons Md iol'IB are then t:rernend,,us cnerghs 

(up to 100 mill:l.0t1 11ncl more electron-volts) without the ust' c:·f supl·rhi~h volta1;.e, 

Installations o.r the cyclotron 1i.11d betotr<m type a.re releted to them, Here are 

briefly described some o.r these apparatuses 1u1d inst!lllntions 1 mainly fer obtid.ning 

~-r~s in practical applications, 

Ordint1ry two-electrode x-ray tubes a.re manu£1wtl1red tor v·olt.eges up to 400 kV , 
"l!lllX 

F~ndamental obstacles in the way 0£ creating similar tubes £or hi~her voltages ere: 

l) spontaneous electron emission due to the great intensity of the electric .f':l.ald 

in the electrodes and lcn•dinr; to e. powex•.i'ul discharge through the tube; and . ;, 
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2) Mn•1m1tcm11 di.atriln.1t:l.gn of vol tBe;e illlonc; the 111.irfiuie ot the tubll 1 For th:l.11 

r• auon, :l.n 11i1p11rh:l.~h VCllt.ll1;:e11 the 110•01.illed llectionea ( lllHioiided) tube11 a;rn ~aed, 

:l.n wkh:h tho eleetrielll L'illlcla are em!lotluid b,y the ullo Cl! :l.nttirffled1al eleotrr:idfle 

w1th 1mpr1mcied pot1mt11illi, 

.Ft•ot~eticm .from x .. rft,,}'11 1u a, Vli':cy frnrlou11 r•uro11t:l.nn :l.n ~rnperh1t;ll veiltai:es, Pro .. 

teeticm :to moro crnsil:y Hciirncl :l..i' tho l\lourcc Qf r;;dhit:l.on ill a .roct~IJ npot, o:l.tuutcd 

:tn the dopeh o:r 11 hollow i;rou:1ded MOOflo For thi11 :raasQn1 acwt:l.onod tubta a:rtt 

usually mado 1dth a hollrw imoclc, ultho1~ch croundinu r:it th~ 11noc1e does complicate 

t.hi< iniml11t:l.on of the tltrth'e :l.m1tllll11tion. Anobh<i:r 11clv.ont.a.~e of t.lrn hollow 111odo 

:I.a thl!t 1t practically complt!tel:y r~cov<'ro the rri'lecte>d eleut.1•m111, M unsoldoi•ed 

HcUonod x•ray t,lt·c ,.,r 500 kVm<tx-v"ltnge with a hnl.low 1>roumkd minrlc :le showr. l.t1 

: J t,ur1J 181'), Int.H.11c(Unl r.l1:·:i.1•or.ino 1 n:1.•r{'11(·•· 1.tnil hollow t;'J'lindns, nro ht:lcl .Cast 

t,.:;1 ''-'1,.11Uic rings made t'll' .rernic nll<:Jy fh'Jltini•~l lo i,.ltwi:, The t.11bu 111 tlGGif;ned to 

operate in oil. The leneth o.t' its immlotud p11rt is nbout 700 mm, 1md its dillrnetar 

lEJ about 90 mm. ThP. hollow onocle is mode !'rom a nickel tube 600 mm lone &nd ;o mm 

diometer, The rrd.1•1•or or lha G.11ode :Is mr1clt1 or tungsten. The Mode is surrounded 

by a w11ler .i acket to cool :Lt, and a mass:!. va leud hnod letting in r1.ys onl:y through 

·~he window, The tube pos1;1011ses mu~m,tic .L'ot•uuine and n controlling grid su:rroundin11, 

n cathode 0.1. ordinary design, 

In Fit:u.re 181 aro shown such tubos oi' 1 and 2 MV tension voltai;;es. 

These tubes are des:Lgned for gaseous insulation under pressa:re, The l•MV tube 

consists ot l~ sections, the length of :Lt without the hollow anode beine ?SO nun 

and its diameter 90 mm, The 2-MV tube consists of 24 sections, :I.ts length beintl 

spprox:l.mately twice ss great, The t.ubes do not have controlling urids. 

Some sectioned electron tubes operate with s pump. There tll"e also sectioned 

:I.on tubes, The most unusuel electro-vacuum apparatus is the ring vacuum tube, which 

:Ls used to aeoelsrate electrons in the betatron ( 70), 
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66, App~rlltuo w!th Vnlt11~e Multiplication 

To obb:Ln eui::u·lrl.sh voltlli>~ll cma CM employ c:l.rcu:l.te that double md tt•:l.ple the 

wlt1;t;m:i, aonciider!ld Dilrl:!.er in C:lrnpter IV, 'l'hue 1 t .. o do moo tic appllr1.1~1.111 dcs:l.~nod 

Er,r ll 11,1'lll!nc~ric voH<11.><: of 500 kV mruc' ~.= lll'c:c.itod accortUnl;\ to c. <lo1.1blo circuS.t or 

Vl"}lioll~o doul.il:!.ne .LL:t.t1.1rntu1·e 6tJ. In Lho 1;1ppu•at:1.i11 h:!.~h·vol t11.1;1e tr•11n11.f.'ormer11 and 

Mndcmaoro fol' voHft,.!!!ll of 110 kVmflr. 1.wa employed, At ouch voltat,;etJ one r.11.imt €1nou:ro 

th1,1t the Hciendney w:!.nd1n~ of tho t.:rana.fonner ill :l.naulat.ed from the body, '!'his 

l'fil"lUirtltl t.lw ~naultit..:l.on oJ' the \.r41n11rormnr cr:mt.11:1.nero from ~he t,rouml and the int.ro• 

d1.wt.1on or H!"IU'Gto ·t:.rlintii'or·meru into tJ111 mllin circuit. (Fii;urc 182), 

Tho cot.h"clo i'ilarnonts of the l<cnotrona a.nd x-ray t.ubc arc £ed by fl.J.wnent. t:ronl!• 

£orrnf!rs 1 for tho:.w rif them which ere, \l'i th l'Gl'l[lect to the Ground, undn double or 

tr:l.ple vol t1.1fle, the supply ia feel nlso throut4h one 01• two sepa2•ote t:ro?1sforn1crs, 

Fil&m1mt trnns.f:Cz•1111u•s anti l'.he trn~orate transformers .roedin1t. ·tticm aro placed in the 

i.eme:r11l containers with the transformers of tht1 mGiin circuit and \.:'ith th~ conclensne 

Kenotrona wit.h closin~ volhage of 220 kV ore uHd in the app&ratus, 
!!lflX 

FiEure 183 show an apparatus constructed according to the double circuit of 

voltege doubliniz •:i th pulsati.ni.; vol tese arid ratocl for a synunetric tension 0£ 800 kVrnax, 

The f:enerstor installntit'.ln comp1•:l.ses a high-volt~.1.4e 400 kVmax oil transformer l, 

with o;rounded middle point, two h:l.gh-voltege oil cor1dem1ers 2 ancl two high-voltage 

krnotrons. •r·he condensers are desi~ed tor 200 kVmax voltage, atid the kenotrons 

tor 400 kVmax• For the incandescent x-ray tube and one of the kenotrons small 

eetH:rators are used, which are mounted in the interior of the e»trodes .3 and set; 

i11to motion by n1eans of 11 mC'ltC'lr1 situated in tho in·te:rior 0£ 11. grounded electl'ode 4, 

w:i:~h the aid o:r. insulated axles $. Another keMtron, whC'lstt cathode :l.s at i:;round 

potential, is her.ted by means or filament transformer. 

- 9 -

GONf IDENTIAL 

< • < :j, '· , ·' ' 

~eclassified in Part- Sanitized Copy Approved fo~'·Relea~e 2012/04/17 ': CIA-RDP82-00039R000100140018-7 



tutrfJflENTIAL 

ln 1nwta1lht10M c:li;il'!i~rrnd tor 11till h1iat1e1• vol tasee rme hEl!i r!ilcouree to ~l'Jrte/1! 
( c1rn~11'11i) oc:inrntction :l.n ordflr to a1mp11fy the ine\llet:l.cm, 'l'hg1rn :Lntlttillnt:l.ons no 

t,enrrrtill,y ueaii;;ned for inVFlilti~{!t:l.onc in the .field ol' lltom! o ph1e:l.ou, Fieuro 161.i 

rcrrreeont11 the o:l.i•cmit. nf ti lO•mf, ine ~nll1d11n c>!' 1 .. z:v w:l.th :r1111pect to the ground 

hav:l.ns !'our 011!icaclli1:11 bu:tl t llet:t:lr<Jinc to the oon11 t:i.nt•vol ta~o douhl 1.n~ o1.rcu1t. • 

Tho im~ L{1llf.l~l(ln conu:LrittJ ot: tiva vllrt.ic1l 1Jolunn11, Ono col1.1mn cl'lrrh:Lno h:l.sh• 

vo:H11t!e '~r.:innfo1moz-a; fl 1111concl contl\:1.na 1ntt;t'flledlol (l!Upflrata) tr:11'!1!'t1rmo:rs 1 a 

tll:lrd Md toui•th column nro rr:J1H"Vflcl tor htH1t:Lng h:l.gh .. voltase kcmotrono, The 

konn Lrcina 1u•r d:Lop¢1Hld llw~wt<rm th{' coluflll'lo. In l:.hll J.n tN-;l.or of llM.:h of th~tH: two 

r;:oluru-1~ 'is a:l.t::.wtmJ a mot.cu·, whieh m.>~ l.!w co111u•tttri.tv :l.n motion. The mt,t.or :I.a 

ClllifHlCl:.P.rJ by liltHU1S Qf ti Vlll"t.ic&l tmml.at.ing S.'itlft W:l.th n l!;illell'a~ul' Of 'Che lOWCll:' 

t1111:1cnd111 ~he• 11rLter :Ls conrmc~ed 1'y ma.ans of the umi; kind of shaft. w1th t.he .follow• 

ini c;cnc1•utor, and ao torth, H:l.t,1h•voltllt.;e condGmHn•s 111r.1l<t1 up ~ho .r:L:r~h cr.-lumn, 

The tr>t•rl heicht or the im.1·tW.htion ill 7 m. 

To obtain n constcll'lt. h:l.uh volLaee, tho c:lrcuit ,£'or 1.ho 1nult:l.r.le i!iultiplicntion 

o:f' WJlta~e is rildo used, IL is d:l.st:Lnuu:i.ohi;d by tlai l'uct ~hat. it usos a.lto1:1o~he1• 
onl;,· one hinh·volto.gei tra11s.f'ormor, who1111 volt!lL:,e is i11c:t·eased 111at\}' .f'old by inul.lfls 

tJf hit:h·v·~lt.ar;;e condenMrs. 'Xhis c:l.rcu:i.t ~.s shown in Fie;ure 18), Trt1ns.f'o2•mer 'l.'1, 

co11de:1ser c1 tmd tube v1 const:l.tute the doubling circuit with pulsatins voUaee 

charging tho conder1ser c2 to a volt~.1ga toqual to twice the vol toge amplitude of 

the trans£ormer. The same volta~e is charsed across tube v3 and condenrrnr o3, 

Continuing thu discussion 0£ the succeeding st.Ager; we are cor1vincecl that during 

:Lcllin1: all ·~he other condensers obtain ·~he same volt.age, Thus the voltage of tho 

installation equals n• Um1.1Ju where n is the number ol' stages (number o.r condensers), 

and U1nax is the voltage ru'llplHude of the trnns:f'otme:r, He:re the WC!n stages give 
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rellltive t".o the sround f.l oi:metant volLAr,e; tho odd atnsea howeve:r, Rr1t pulaaUns 

with a pul11atim1 lit"llll\l to Lhc rloubletl volt.Ase Alllpli tude ot th it t:ramifomt:1r, Thi! 

eoun~er v1,1l hge of the tubc-11 111 equ~l tn tMa cm.mo q~u111U ty, 

~'hi ubsence o:J.' 11 compl1<rnt11d e11ecade cif the main tronl.'lformera 11:1mplitie:1 ·~ho 

com1truct:1on oml r>orm:l.ta decre1111in~ ~llet obc oi' the 1nijtulht.1on in 001~1~cir'.111on with 

th1.1t o.J' U'iguro 164. Mni•etmJ:r thi1,1 c:roatH a i;reat loH ~i' volt.a{!ll during loctl, 

wh:lr!h rttp~.dly :hrnrca~etui na the m1mber at i'ltt1gH :Lm:ire11H11. 

trtgm•ii 106 cho1-:n thll circuit c•i' an inot.llJ.lat:l.on of l,2,$ MV wi·til rm1peot to tlle 

i;.round, Tile main c:l.rcrn:l.t ln this 1natnl.bt1on lu fed by o l~tnorator 0£ :l.nere&tled 

£.roqurmc:y (200 oycl11s/1oc), which p11rrn:l.t11 dr1cr1.u1!:Ln6 tho ocpac:l.tMce of the oon­

dfinuere, Ooaotronm (eas rec~Uiora) aro uaed OB tubes with closing vol taeo oi: 

225 kVmnx' The incmndflucent. .filiamonta of the ~uotrons a.re suppliad from a. hish• 

frequency tube 1.::enerstor (500 k:!.locyclH) norou srnfJll auto•trans.f'orr.iera. Current 

c!: high frequency goos :l.ri series ocrou contlan:rers, nu·to•tN111si'onners Md :resr.ina.nco 

filters, which ri;p:res~mt tor n $00 kilocycle current a small reaist1111ce and J)roc­

t.J.cnlly do not nllo~ El constnnt curre1it Md current 01' low .l':requency, Thu .filters 

should adm:I. t a pulsot:l.nt; vol tnt:e wit.h a me.xbmm of 22$ kV111ax. Thi!! nuto-transfonners 

are pro·~ecterl by resonat.,rs, •rho cDpacitanc~s in the circu:l.ts of tho tube cathodes 

coinpens1Jte for the :l.nduchncc of: the auto•trarts!o:rmers, The load :is connected to 

ttle electrode, which is connectetd to the inst.Hllat:l.011 across hil.lh•voltase buffer 

resistance %• High voltage :l.s mstisured with the aid of a multi-ohm divider of 

i•esistance ~m &md a elect.roatllt:l.c voltmeter eonnected :Ln J)Sl'allel with a smsll part 

0£ the d:Lv:l.tler directly joined to :I.ts grounded end, The totul heieht of' the 1nstsl.­

lat:l.ons :I.a S.S meters. Such an ir.is·t.allat:Lon was manui'act.u:red":f'or a symmetric 

vol 1 age o:f' 3 MV /j::I. terature 6 Md fl. 
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._•tic .,, .. ur;,.,..,.,,.h inau;u;., hove .,,.,.,l•ti"'' ot •P<l•io.t manu­
t .. ,.,.., It ia """'""' to ncUoo thot ''"'"'°" i .. Lolloti""' ,,. vo.,. ou1t•blc 

to• '"''""' '""""' (, .. .,,..,) Lub,., Int.,.,.,., olcotl'odco ct the tubo .,., 
onnn~ot~d with aooandeo ot the inot~llation. 

67, flalf•w.ive apparat.ua H:l.th .t'l!Llonwico t.ra.nsto1in&.r, 

'°' ''"''•e •••ti•nOd ""'"" tub", it olao '""' "'""'"'" t.o "" a holt-wa"" 

tubo1 .. , ''""'" l'.h thi• '"' tho """' <tl1t,.,but1cn ct voit.,, "''"• '""'"' 

., ... tub .. " '""''' ., "'""" .... "" "'""'°"'ol .1 .. ,,..... ,, ••• .... ... 

tho unooldol'Od pcrtiono or the ''''"'""' "1nd!na ct a hlah·volt.,o tr•nstcnnor, 

'loving at '"' • • d!opoaol on •• ,.,, tubo In o ••••""1 ,j "'k•t With a hlBl•·VOl t,., 

,,.,,.,,....,, 0110 can •blaln • muoh •ore '°'""" ""'"'"""' ot a '""""'Bh·•olta"' block· t:rnnstorm11.r. 

In "" appontua ot •lmllru- 0011aL>.,t!on tcr 500 kV- With "'°"""'' "'"'" Iha 

hich-voi t,., .,. .. ,,,,.,. ""' """•oed x-r., tube with hollow onodo '"'"" 180) 

oro '"'Orood in oil, Tho "'""' of tho tubo "'°"""'" "'''"''11> and b •<ool•d "> 
"'""'"• ••ter. Tho high-voitogo t.re'"'""'" '"' • "''"'"' ''"'"'' •ith air K'PS, 

Whoao .,.,,,,., lo to ·-""'" tor tho """°'..,,"' """'"''"' ot tha ""'"'"' ournnt 
dUE (!, •· ,,. .. nan·•) to the no<orol .. , .. , ""'" ot tho '""""""' Winding ot • 
hi~h-voltaee transto:rm~:r. 

!'urt1,.r work on tho Por.t'act!on or thie conot.rootlon led to tho mation ot the 

"""'""ul'""' hloc1c-.._,,,,.,, with '""''" of 1 MV with roopoot to the """'""'· 

Hore, high VOltage io eonoratod "> a ••••n•noo tr.,oto,.,, •lthout a •tool co,., •• 

• "''"' t ot •hioh the •PPoratuo lo muob '"'"' •••J•.,t, "" l'!ru t '"""'''"' o1 "''' 

..,,,, ""' o '""'"'' ,.,., tubo •i th holl.,, "'"'', '"""t:lne •<th • """" ffe. toraturo. • 

?!fl, !n th, '"'"''"'• ""'"' "" unoo1;,.,,, tubo -•ood it (F!guro 181). Bolow 
a short d~so.r:J.pt:i.on Of this 11ppan1tus is given Ltitel".\l'bul"e ?'J], 
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Tiie theoreUelll et.ihemo of the appa:rat~111 io uho1m in f'11,lure 167 • The motor 

net.uotmJ 11 t-;,(lnertitnr cir ti•:l.plfl froquency (180, eyolee), ~'fl• ~tnerat.,r is oonnweted 

to tile pr:l.r~aey w:lndins of 11 re11on11n1:0 tr1m11.fon1u:ir ilcro1n1 ii Oil'llC1tMee, 11erv:l.n& to 

rom,enHte t'nr actlon at ~hll f.l1Jn\lratoi•10 lcak1.1t;e rcmotnncrn, 'l'he aeec:md~y w1ncl:l.ns 

of thfl h:l.i'jb•v"1 hgfl tl·ano!flrmu:r 1e eo111po11ed of eepllrA~e flot 1.11rntions, Th1; vol wge 

of the ~r1.11111i'c:>rm• t• inorMilllti lllons t.he w:l.nd:l.n~ :l.n propot•'t11m to the dilltonec .from 

the i.;rouncled cmd, flitua.t"d :tn thl.l :11M1r.diat.111 vicinity ot the imimar,y w:l.nd:l.n~. Inter• 

modi.al 11l11ctr1,dH ciJ' a DE!• t:l,ont>d :i:-w1y Lnb" aro .connected t.c ~ecrt.:l.ona of ~he l'lfl• 

Mndors wincl:l.nr, t'lf th@ hich-voltoef.! tnnd'crrmlif•, Tho i':tbment of t.110 cathode :l.11 

hut.ed by or1cicial w:l.ndin~11. 'I'ho h~.at.ine•l'ilamont cuz•1•1mt :l.11 rnt1ulst, d \:!y 1n1um11 o.r 

chol:o coil actuated by a moto:r connected to ·the choke coll by aid o.r &1 ~AH ohart., 

An x-rey t~1lle posHsaes mneneUc :f.'ocuas:l.nl.l of the f!lectron berun, 

1'he leak at a :llld:.wtance o1' the ti·nnsi'cmnor 1 s secondary w:l.ndint: and its capo, .. 

c:l.tllllces sene:rate an oso:l.llaibory circuit, by which the p111•amete:r1 L and c are chor.ion 

so that. the con1.t>llr turns 1mt. ~o be tuned Jn :rosona.nco with thu e:fto:rn&l (primary) 

voUage, Owing to th:l.s, the oscillations :Ln the secondary circuit. acquiro n i:,rect 

ampl:Ltuda and ~ha secondaey vol tace exceeds by nian,y times the primary volta~e, 

Tho induct:.nnoe 0£ the apparatus d\9sr.·2•i,.ed ill eq•!lll t..o 151600 li, the equivalent. 

c11po.cit11nce ts $0 ~.c2•01nic:ro•F, Ths capacitruice cm•r>ent in the sucond.iu-y winding 

:reat'hes 56 mA. Since the anode current or th& t..ub«~ does not excet1d 3 mA, the pre• 

sonce oi' the lond does not show s. substantial in.l'lu~nce on the eleot.rical osc:ll-

lations :l.n Lhe secondary c:Lrcu:l.t. F'or the stune rei<ison otie can c\is2•egs.rd the dii'­

:f'erenoe 0£ the maxima of half-waves of the seconc!u-y voltage, 

The secondary winding o:f' the transformer :Ls grounded across a measurinu c.:ircu~.t. 

'.!'he filter consisting or low-voltal(e choke coil and condenser separates the direct 

and alternating components of the secondai:y current. The first, rer,i:reaenting also 

the anode ourre1rt o.f' the x-:ray tube1 goes through 11. magnetoelectrio clevioe; and 
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the lle<:oncl (whieh :reprtiilente w1 th 11 1rn.l'L':!.eient de&roe of eirnctnEtllll the ul te:rnat:Lng 

curz•ent of tho re1ommce ci:reu:lt) soon Mrcu10 nn 11hctrom11~netio clev1c:e, 6:1.nco t.he 

ul te:rnat.ins cu:rrent. of tile rc11ona.nco circrn1 t 1e propo:rt.:Lonal. to the mwt:!.mu.m 110• 

cmndary vol t11f;lo 1 1 t turne out tc be po111l1ble to sraduate tlui electro1nar.;not:l.c appa:ratua 

d.\raatly 1n kilovolts. 

lil~r~ric&l e:i11c1llat.iom1 ln tho 1rncnnd11r,y o:Lrcuit alwaya peiH{IDO 11 hormon1o . 
chorm::te:r 0von if thfl pr·:Lrnary voUaco stronGlY dtJvtato11 from s:l.nuso:Ldol, Ow:l.ne to 

tlio tact that tho c:trcu:Lt :Lo rtJsonont, ono need not J.'uar overloacU.ns whcm owitch:l.na 

tile apparat.ua ln or out.. 

A schem11t.ic cross-section ol' a t•lock•t.rans.t'ormor ia s:l.ven :Lr1 .l''i11ure lOB. The 

nboonco or A st.eol core porm:l.ta puttinlt an x•rey tubo in tho center or the block•, 

trims.former, on the axis o!' windini;, which led to a very ratlonlll utilization of 

l:.ho vc.1lwno and crentsd n more 11011rly p!1r£act sc•rQenint: of!'ect o.I.' thci tube, 'l'he 

1ne.1>netic current or tho soconclory ~d.nd:Ln,;, in completed t.hrouch n steel yoke, con• 

titructed to lessen the J.oss fl'om individual st.rips o.l' plate s·t.eel, rr.rnn.l.'orced with 

the steel jackot of the blocl<•trans.i'orn1er over all :I.ts diWMiter, F.reon gas (CCl2F2) 

under '~ 11tmo11;:1heres of pt'l!ssu:re is the in1ml11t:Lng mtld:Lum. Tho el11ctriclll stability 

o!' freon is app1•o:dmately three timeo ":rea.ter than air under the sa111e pressure. 

Lffote: A still better i.;as insulation in elegas, l.:l.tcm.:tnru 7'{1. 'l'c :i.nc:rease heat. 

exchange1 artificial circulation of the gas is employed. The j4cket of the block· 

transi'ormer b 1.2 m hi13h ancl 0,9 m in diameter, 'the weight 0£ the block-tranefo:rrner 

is about 700 ka. 
The apparatus described.con be used in deep-tissue therapy and x·re.ying of mater­

ials. In the latter case the block-transformer :I.I fastened to a travelling hoisting 

crane and thus acquires great mobility. To photograph with its aid steel objects 

200 min thick for a rocal distance ot 0.9 m requires 
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m th@ pHt yfrnra a l.5 mA app11r11t.Ya e,r aueh a tvpe with vnlt11ge 2 Ml/ relfl'li1v~ 

to tl1e E,;rouncl hm1 b11en t>"leMed ,lt':l.terature 7fl. 'l'he block•trenli1'orrner :l.e 2,h meLere 

hi~h Md l.$ 111t1ter in dill.mater, The .x-rny tubti itJ fllrnwn :in Fi1:1qre 161, One heo 

liluoeeeeled '-n ahort1m:l.nc ~ri !i·S mA•min the 11x1:ionro in .x-ray:tns: oi: 11te11l objectu 

200 Jllll\ thick for fim1l dietimce 0.9 md,ar. 

6B, Impulso 1>eneratore 

'l'h~ 1:i·a«toat adv11ntat;e or :l.mpul.:rn roedlni;; oi' tin x•r{ly tub1J !'cir aup1n•hiGh vol tasotil 

:l.11 tho abU:lty oi' :l.mrnlut:l.r.m to 111rnh:l.n, uni.lflr vririy sho~·t impulses (o.f the ordoi• o!' 

micrcrnoc:cmds) 1 u noticeably f.lrn.iter voltot;os thM by ord:l.m1:cy L'ead:lns. Owi·.,g to 

thia, rntperh:l.Gh•voltflt;o :i.1~pulso x-r·oy apparutusH can ollta:ln wide•apreud uso :l.n not. 

only il'\Jcro1H1cond) uu'L also ord:l.nacy .x-ray:l.ng 0£ r.ii.ter:l.llJ.1, 

l'he l·MV :l.inp\llse 1.enerator (rolut:.:l.ve to the r;round) L'i:':i.terature ?k? represents 

a l':l.n:l.shr d indmrt,rial cks:l.en, Thi' IJO!HH'lltor :111 encloaed :l.11 a steel jackP.t 0£ volU1ne 

O, 73 rn3, well-!':l.llcd d t.h dt.hum:l.d:l.1':1.ed t.rans.t'ormer oil wHh increased electrical 

stahil:l.ty, The c:en1m1tor consists of 2.$ condet11lo1•a (n:t' Lo kl/ enoh) 1 i:;enur•at:l.ng ce·l­

urnns, nrrM~ed vertically, !nsul.!.lt:!.on inr.Lerial. is spcci.v.lly prepo11red eu t:.inax (or 

textoli te) , 

'!'hu :!.nipuls~ ~c111:r1.itor :i.s i'ed i'ro111 an x•ray hi uh· vol hiJe tr1:1ns.formcr o.f 4 kVIL 

pt'lwer 1 s:Lt11ated out.side the jacket. Oas d:l.scharaers are located in the interior or 

tho j11cket in oil, :!.n insul. '.'te'I conta:l.Mrs, 

'lhr. lo11 d:l.scharite tube with grounded aflc1cle :!.s situated :l.n the upper :part of the 

jaokat and is distinguished by its small d:l.mens:i.ons. It consists oi' insulated and 

metallic cl:\.so11 1 assembled olternalely, The insulstsd discs are made 0£ barium 

bo:roate m:l.Mlexj their number equals 20, The tuba is 22 cm long and 21 cm in diarneter. 

Tl:e tube wol'ks by pump uncler pressure o!' the order o:r 10'"3 mm mercury, The focal 
.---( spot has a diameter o.f 2 .. 3 mm, It fluctuates !rom impulse to :i.rnpulse and is dis-:: 

;" placed alone; Lhe anocle. It attains a nmge of 1·2 cm. 
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The generotor deecr!bed wor~ed euccmoo£ul.lY for vol~a~eo of the ~rder cf 900 kV 

m1d Wllll ul!lcd in peyeicrnl cxper:l.ment.o, 

69, n:l.ftctro:itflt:l.c t11Jner11tor 
Thll opOl'f•tln~ princ:l.plt> o:l.' t.he hi~h·voltillf:l'I olr-ct.rostut.:l.e t;tmer11tor :I.fl reprcs1mteli 

:t.n F:l.i:,'Urti 169, A eonotiint volt.o.i,;lil aourclil or 20·~0 1<1/ :l.e conni::t·tcd to tho eclt;ini c. 
l'he urMnrd moving 'oe.nd !! ma.do of insul.atin~ m:rt.crinl cont'inuouflly obtA:l.ne, throue;h 

tho corona, ch11:r1£<l!! Q.r 11 dd':l.n:l.~e si~n. Inc:l.do elr:ctrodo A, chu&H nre removed 

throu&h d:l.ncha,•ge '(lf'lintu Ii ond c:rou i;iver to t.ht? uppc1• aurraco or tho clectrodu. 

Tho dect:rodc; ifl char1;.ed to tho vol't.111.e ut which the cur:ront 11croH tho lo11d (on• 

cloMd bctwe"1n fllooti·ooc n;:d ,,round) beco1nes eq\1'11 t:.o tho innow oi' char1£11S• 

Pres1mr.-dey olt1ct.1•oi:tatlc uenerfft.ori: rne.inly 01•e constructed !'or physical exp1n·1· 

rntmts. •rho croateot number or theso iz1ve vol t.agl!B up to ; .. (; MV rol11t:l.vu to the 

gi•ound nnd ropi•osout 1;::1.(lantic nt1•uctu:r&s lO·l$ m :l.n hdi:;ht. To decrenso the di• 

mansions~ r;sssous insul:ition under pressui·e is employed. 

Ind! v:l.duv.l senerat.ors are roservl!d £or o\:!t.a:l.ning r.ind using veey strong :r.-r~s, 
A l•MV t<lectroio t:it1 c generstrir or such type (rel a ~:I. vci t.o the r.;rollnd) nnd current 

trodo is 3 m high. ChBrGeB !ll'e t.ranEli'1u•recl a.lone six bands 0.9 fl\ wicleJ movr:d by a 

motor with Vt'lloc:l.iy of about 2 m/sec. The tot.al power required by the apparat.us is 

A eeneri.tor. or x-rays is t.he sectioned electron z-ray tubl'l that operates with 

a pump. The t.ube is co1nposec1 or 20 aeparate porcelain sections. In ·Lhe 1ilaces 

whet•e the sections join ll.re outlets o.t: interm!:disl electrodes and spr:cial sealine; 

is used. The tube is pl~ced vertically. Lensth of the tube without snode is 3 m, 

The grounded anode emerges from a p1•ocsdurel location~ si tunted under the base or 
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tlrn gemer11tor. Un:U'nrm d1etr;t.'r:mt1011 of voltllGi'l nlone tlv• hbe 111 11ttll1ned with tile 

Aid or cort.ma noecl1.o eleott>od~m, set p11r11ll.;il t" tiec: ttonfl o.i.' the t\\\Jll uml joined to 

it. by J.ntr.rm!lu:l.31 11l.c11Jtf'P.rlee. 'Ehc i,enoratoz• dcr;cr:l-he!J hli1' be1.1n ur.11ul for cleop >:•rey• 

:Lnt.r. for fliW!lNll .ve1n•s, 

In anotlrnr med1;l or th" l'locl'.<re>(\lt:.at:Lo ~mHn•ator 1.1:rnd :fer x-roy ttirrupimt:l.c pur• 

po:ie11, n:L' l. 2 $ MV V'1lta1;e -reh t.:L vo to tht' ei·ount\ and l ml\ current, i:a:itJoue in11 ulnt.ion 

unfle:r prco:rnrc ifl amplo;yed, a;ucnit;u·o 7r[1. i.ir wa11 tm1ted ut 10 at.In anti f1'''on 

et 3.3,$ atrn. 'rho ~e:rnr11to:r, imclo:i!'.ld Jn u at.col ,]ticl<1;l. ~.$ m hit.h and 0,8$ min 

clillincter, :i.c sit1wLcd vcrl..:lct1lJy. ii hMcl 0,35 in wke inovcw with tbl' !H111\t' volodt.y 

111!1 in tiHl r11·ecc;d:Lnc model. 

l'he x-rny tube is similer to \!Hi .one t!trno:ribod nbove; howeve1•, 1 t is oonaidor­

obly short"'r 11ml hns 16 seotion::J, The ruiodn or the ·t.ubo 1.ll co~'f.H?r oovcrl-ld with 

gold, Uni!'or:n distribution of volte.Ee al.on() t1·w tube iu attainfid w:t th the aid of 

multi-ohm volt.11sa cllvidel', sot parallel to the tube and connected ·t,o tlrn int.Ar• 

mticlilll. electrodes of Mil!' tube. The res:l.stence of oaoh section or thr: divider is 

400 me11£10h••1s. Lat.cil', simil:a· tkcrt:.rostntir,- &ennrut.ora wo1·0 constructed wi.th 2-MV 

;;-:ray tubes (relative to the uround) L'I:it.or:Jt.'.\.l'C! 7§7. 

In the Sovist Union i::ltl:ctr·o$tatic F,errnr1.rbo:rs have been constructed i'ol' 1ihys:i.c:nl 

e:q erirnents, 'rhe pfl%'.f.'ection of electrostntit (OMEH'atiors is prooead:i.nr.; ut ropic! 

pao~, ancl i'I:. is rossiH~ in the no-~·too-d:i.stant i".it•xre that they will bllso be used 

as ~mpe:rhii;h-vol tni.;e i,:;NH'l'otcns oi' t,;refat power. 

70, betatrnn 

In all the above-described instnlla't,ions £or impar"b:tng !Orca.t kint;tic energy 

eloctrons it was necessa:ry to apply to the tube total aoceleratine voltage, Con­

structional. di!'!'icul ties also have increased with the increase in volt11ge £or which 
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the inti tal:lat!.crin were don1gnfld, !ncst~lli:ltiorn:i 7'<'lll1zeu in ,~rfic'tiee, opt•l•t11tins w.tth 

voHtttf.lfl o! thtJ n:rdor o!' 5·6 M\i rr,•li:it:l.vo to the;; t-round, are V{ll':/ ce>mpl1eated {Ind 

t:ll!llbl.irtH,11110. 1:1uum~.Uei it J.e 1HrncitH1ru•y foi· e11prf':l.mentol phyflic:Lete to accolerate 

elnctnm@ 1.o r,ncruiflfl mMy tintr.tJ aurpmt!r.1:1.nt; ~-G Mr:'!, Pox· Ill.Le roane>n t1t·~ornpto h&wo 

ht'cm modlil in reccmt ;ttHll'll to crent@ "i'FAl'<itu"o11 ~,ri whicili rlficlil'nnc (,;ind !onn) woulcl 

~" t;ivrm vory i;r1.wt l'lr11r1;;:tc·ti withilut tM; i.lllfi r·f l.'.i11pC>:r·hil)1~1 vol tllt;es, 

Jn fact, 1a :l t. 11flfll.lf.HH•l'Y fr:ir ~I:~ !lCMlCl'll\,ir.111 flt' Cl!llr£:flcl fJ<Wliioloo to 1311C't'l,l:l.!lll 1 

:r:i H ~mp1wai'L·lf' to i,,H't 11lonc »d.tl. Cl'll'l!lidl'frdily lN1;:r voltauvrJ, by irr.prr.rrnin~ 

them cm thf!fJGth nf the f-ll:rtJ.clrw r11';.1r.r.tn.ll,Y1 l'Ol' tho :rct11iZ&tion 0£ this problem 

in the yurs l9n - lSl32 1neMwJfl 1~1:r€l pt·opllsorJ fnt· 1,hu 1111.lltiplCl' linear ttcc:r.1lea•nt.:l.on 

~~l c!i11cu1rn. thm:e 1.11<th1;1clr. 1 we 1d,ll ut.atc {inly ·t.lm\, Uu: mmthml or accolrwntfon 

11lcme 01 :LN1ll\1 l'ClMi v~ci widr1 t1:'pl:tc.11 t:l,on in ·l;ho S<MHillcid cyc:lotrcma 1 which :l.s used 

'rhe cyc:loti•on, u11fortunr.tt1y, connrrt l;e 1•mf•loj'f!rl to sc1H1ler1.1t& c-ltct1•ons, posr.css­

:1.ns in c:ornp1ri1:1on viith ~.01111 a. much smaJ.le:r mus, '!'he point, is th mt the charged part­

icles Mn h~ ~ccelcnt.ed i.n tht cydot1·on only up Lo lh<rt point who:rCl the1·0 bo1.11ns 

to appta'lr .<i notict!nble inc:rease,viith v.locity, o.r the particle's mnGs. fi'o1• tnergy 

of 2 MeV the velocH~ or t.he riroton is 6.$!{ ot the velociW 11£ light and its mass 
rn:ittr 

fJY.ceeds the rest,..,o.r the proton by O.:?~dl but the vsl11city or M electron with enert;;Y 

2 MeV equals 98% oi' the velocity oi' lii:;ht, and its mass is approximately five times 

i;;ren ter than the i•est matis or the olect.ron. For this r·eaeon, the electron could 

s.ttain in ·Lhe cyclotron an energy many times less than that whioh is impat'ted to 

it :Ln ~uperhic;h"vol tage charcing tubes. 
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'fiw 12ff9:rte oL' phy~i:l.d.~tfl tmd "rtiii1nu)r;; (Jl n11: ~!ld tmuJrl! Uw 411Hwv1n~ t!I: § 

:~r~~~t1ri;l, 1rnH~blF.1 m~thg~\ nf ri;pf;l1Jted r.eor.ltn•1Jt:l.or1 pf rlN•trQn~ WU'F. rlifllhed \ly 

\,lie crfi<•iion of rn 1JH nrntun. w!1ie!'l 111;;01;<;1.vtid thf.' fill. .f.! L~,~•1 trcin Li:'Ht•l'f.li-wre 7'11 ood 

7rfl. At thi;; p1·1111tm t. tinie 1 n i>11t,~tNn h~:i f.!fltl eon~ir1,1ctrd in 1-hieh i;lectri;in11 ~mi 

t1C~'t'l"il'<ittid t<l fl.fl <•H\!J'IW' ro! 100 Ml:'V !f.1tftl'' tl>rtl 7'£'• 
Thff r,1p(;t•oti11t;; p:r1ndphi n1' tht1 \Jrot.<tt.:rt"Jn 1f.l b'-~t'd on tmi [•l,fnowmon o! iilt~L:re• 

w•s• ,,t;io :lrnJuctiF,>n, l\vl'lr,y v~1·.!.nlilc 111ti&l1<·t:l.c !'lv.x ca1.<1rn:: n vor·t1Qt1l 1,i1cetr1cnl 

t:l.eld, th•' <:lo;;r.cl Hnr1tJ 1.~· l'm•orn 1,r wld.th 1nn·i•ound cm in~'uction C<urrN1t. In t:ronri• 

.i'N'"l!:l'll tM.o \'rI'ti.t•:lJ, 1 luct.1·1c t.L1:ld l';llil~C~ tlw LJfl,•UINl.flCO CJJ' il<ictror.11f!l:'t-J.V(~ .t'OI'CQtJ 

in Uw 11:i.ntlint;s, I! trw rn"'.,IH tic t'l.u'll pr,it.ir.oMrns 1m Lrn.Jn n£ EJy•r111mt1·~· 1 tt.tn tho 

Hnco or J:o:•cCJ ol' tlw :l.nc'Jc:11d 1lc r;tdctll !'1t'1d l•l'u rqlrr:o:ien toe! \;y conci:m·tric cirt•ltm, 

~1ho1rn phne lo rA;rpendiculer t.t:i ti.t' :&>~in of me, Hr,t,:l.c .nu:r.J uml Utt' oentt1r cr.1im:idcs 

l-lith ·~hP. t.rt>CICI cf the gi;dt.1 rm t.11:!.s flll\M, 

We assume tho+, in thli cl:l.roi::ti<in o.f' o. clo:;ed el@et.rie 1't12•ce lim: :l.s s:l.t;.unted a 

ri11i:: vacuum tute, in ·,1!ir.r.rn ine~rio1' .:ltcitrons mov~ ci1tc:1•ibini circles of constl>l'\t. 

r:.illius (questioM 1:bou'l1 wl1i t. is tht :1ourco oi.' doct:.ronn, how -Llai ini t:lil vdcd ty 

~.s i::ben trwm, Md 11 .. nt hnltls tht>t'I 1'!1 1ll'i inv1n·iable t'lrbit1 rt•mair1 fo1• the tirne beint: 

mrnns11o•ed), With inm•eutie of volt.ai.e oi' tl1e mu~rn:tic: i'ield, a vnx·titrnl nlectric 

field accelernteB eJ.i:atLr•ons, ·1·,'ith t'lve:ry rot1ation \.he &leutron receive1;1 an increase 

:i.11 enerey, equal to eU, where U is \he :l.nsti.n-~oneous d:!..f'i'ere11re o! potentials, which 

1'i Vl)l'lmete:r wouln show, ii' conmicted to one tum or wire located aloni& the cl'b:l.t 

e,f 1.he electl'on. 

Th:Ls inc:l'eose in ensr£!Y 1 t;enerally speaking, is not large, It ca.n become very 

s:l.t;nii'icsnt, however·, :l.f the cilectron pcr£ornis many t•otations, Theoratirrnl cul­

cale:t.ions (takin!l into account the incresse of mass wHh velocity) show, :t'or e;.;runple, 
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t;L{lt; ;!.f tl)r; :l.ner1rn:i13 in enerey ll,ft•'r QllQ nit11 U0n oqm1lf! M eV mii:J th~ 1ul;l~<'t.l.G 

.Llur. VN'.l.\-1:1 unJ,!:or.rily 1 t..hrn f()r fl U;l.Ai'I•' ti;r cf ''r\J;!.t f•C)1Hll l·O lC QJll "11't~r one 1111.Ui• 

R1woml t.lw totlll p1rt..h trovenwd li;y th~ •'lf!~ti'"n flloni'; thlJ orh;U i;i 290 kmJ tllet 1:;1 1 

H wrf01·11\e 92S,OOO !'\J\.\'.UOnfl m1,1 H:i ltlni::-~le entJl'O' inN•nieeu by ia,5 11eV Li"itvrn• 

t l'< i'~7. 

!n th.ill l'IQ,ftfl''f1 11H!i the G.td ~{' el1:1ctrQNtlj)'l,tl.C indU'1t1on, it 16 vlllltiiblfl to 

i f.t,:Li'ln ,.,,. t.hl.r. :!.~kn, ho1irv1;:• 1 0 1111:;i<~o'0Ll« d:Li'nra'.1.ti~•IJ htid ti;• lli: 111u"w11mtP.d. 

';.hi; nr·llt 1;f1:Jr•PUal pN•lil1,111 ir. ~11,, quc .. ~Jtion - how c~m ttw ~ced!ilr11t:Lne f1l11ct.ron 
:.iri 

1.1• e•.;•,,trt1;lnr;cl r.n -i.h!lt J.nv1wif•bJ11 (;•t•bH, Ar; :!.~ \1,nown 1 <111 • li;(:tl'on £1,;'Jlini. 111Lh o 

t 1,.;. mt • .:tw tic ri •-l1J 1.H,2•c;i1(;t.l1 ria1wco 1 on the ot:1•.i· ht111ci 1 un inc·r•Jl\:J(• ol' • .. J\ll C!lt' ct.rrm' D 

(•ncrt,;Y tit ti;;ci mo"1'nku11, l!JJ ,, rotiult. o.£' whi1:h il\1, rudiu:i cf. t:,il'Vt1b'..l:re ahoult.l :tnc:i:easl!. 

C•.Jmt:·cnst:le ~me 11Mthcr, as a rosul·~ ol' vibit!h tht· ii'lrct.roti ·will move t\lori;; ti CUl'Ve 

o.r const.r:mt r11dius; thot is, '1J,onc a ci1•cle, i•:ithou·t, cm'cy:Ln~ 1..1ut th(• pl'not, Wt! 

sha1.1 morely- state that nccordint, to ·bh~.s law the st:r1;111~th 0£ the 11:1.1;..11utic ritld 

at poil1ts oi' equili· r:l.11111 of the orbit must ttt every moment. be two timNi s111a.J.lu ·Llw.tt 

the mean strength of the inauntd;:lo .:f':l.eld in the interior 0£ the 01•bH, 

'l'he condition indicated pl:'oved to be, however, i11sul'!'ic:i.cnt fo:r the 1:1uccessful 

~.oceleration of t:lectrons. It is still necessary to if":l.nd the :l.n:l. ti al ccndHfona 

gcvsminiz tho eluct.1•ona in Ol'der that they ~1ould .fall 011 ·~hi'! equiliu:rium o:rbi t. 
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no111'<;1Vflr1 H Wlirn nf]~•fi!'l!l!n'if i;n 9• ki;-i-•m.i1-u1 nl.ll~ t Ii~ r:11l'ldHii:mr. "i: ;;;ti;ii:Ll.i.ty of tl1t· 

rlcetNn on 1m ~~vrllJ.lq•;!1.1M or•nH1 iriivcl1ti:l.n~ " path tmnr;iPfci~ r;.f ld.1.<:1intte1·1} lon~, 

ev(lry rlr:otr(ln1 , vi;n :!.n '1 very ·w1;U rlr.,m~:U'kd tulir, tm.i'!'ev~ et:Jll;L~i~·nll Hit.h mo.ey· 

molcculr.fl, The eomU Unni;i nf :i LAb;l;l1t.y mu:it r·cturn al't•w evt.'Z:Y coll:l.Ciion tilt' 

tili•Ptrfln t" tho; \ rw.l.l1\w1un. orl•lt (·,·e rw1.Lt. t.iw .foz·mul~ t:L('.ln or t!w :i.n:!.tifll condi tiorw 

r,n1! 1111; r;;!'lndH:LonfJ n!: chtiUHy of Lhf.l clrcti;·on <'n tlrn 0\'1..t1ltbr1.urn c.n·b:Lt), Only 

nftr~r t.hc exr<l.Mtn.:Lon (1;· nll. thti;\IO et'lnf;l~tion~' did lt P'f.IVt !ifltltdbleo t" com1t.l·i.ict ,., 

1•r1wt.t.cnl l.l~tUnt-le wid!il \"It a twt1itron, 

:t.n f.l:l.t~o 1md in r1:1cily pl11c€id tm a Lt1l>l!.i (!"icuro J.~~O), '!'lie 20-M('I/ h1;t.d,ror1 r~~·re!J'liU~s 

c c11nsid1m!!bl,Y wwo st.urtJy ln:.:tuUnticm. !~ :i.~ l.S lon~ m, o.S m ~d.dto nncl 0.9 rn 

liii;h, Thr~ imi toll a M.on 11uit,1lrn about 3, $ ton:.i, 'l'ho 20 :·IeV bd .. 1 'L:ron :; (1l'V•1el, in 

t·tirt.iculni·, i'o1· itw1::d.!.r"d: . .lf1:; ·t,h1: postitHlit.y i:•.I: p1•:ic:tic~·l ut:i.li ntion <l!' Lhe i.lt.rv­

:1trd z-rays ;..•~11el't1·tcl b~r Hf• l'b1. l 1Y) i-kV bkbro11 is n colosaal in.tnlJoUon 

md..;h:i.ni:; l:I~ tons ttt1tl i=> i.11tonc.12d .1;·or ph,Y$it:nl A~~··n·i:ni:mt:;, ·rhr. f~l101~ini..; des• 

cHption Ol'IJli.f'.is to th~ 20 MoV btteitl'on. 

~'lc;m•a 191 1.!hows tlrn coristruction or a bt>tatron. Setw&en the poles of the 

elec:tro1110.gnet, .:f'ed by nlternu.t:!.ng cu1"t'enh is loCD.ted a ring vacuum tube, The dectro• 

mai;;net in e>:t~:r11al "PtHiarance sner.;ests a trensfoi-mer of t.t1e tlrwn-w:l.ndinu type, The 

conduc to:r is constructed 0£ separats sheets of tr:insi'o nne:r steel. ri:speciall;y care­

fully ccnst:ructed are ·~he pole it,rminllls. Here the steel sheets are arrenged l'adially, 

whfoh c;ut1rentees a p<iri',ict axis oi' symrn~tey of the rnal,inet:l.c f':l.eld in the air eap. 
M• Cl.C 11no1.tt; h · ,, 

The electroma.e;Mt is .fad .from ~ electric netw(')rk ·~-&l.,~el'nating. cur-rant.aCHss 
I\.. .. --· _ -t11rler. · , , 

41~ static (magnetic) ·t;~at~~ frequency/\ The i'oed power .or the electro· 
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nwe.nH ;!r> ~6 kW, .;;:; \:1.l"GF,r tn !nan1•ui'' th11 po11er .t'actr.ir a rt:Mnanre teed e:l.reuit 

;!.11 m'nd, Tlw ti<1f1.1cit.1w.rn of the< lrnttery of tonclemrnrs iti chnl}(lfl Qf llileh Ii mfii;,n:l.­

tuclo th:d. t hi; n1:1t;.~r11l •'rf'q\1eney o.r ~ho i:ineU1 "t!'lcy eirau:Lt t1!·t1il11f!d @riuala th1'i 

f1•r;qi.:t;iney r,1.1' t.h11 1.'i;od civ1•rimt (160 eyc:loa), 

Jn 1tr fir:it 110 >'fJV \ r·~1·tr0n 1 11 r·.lnt; vueH11t11 tubt"f WCL'I e;mp.lri~·ec;J, made o.r c,:lcurn 

llf!d ('l(t• !'ll'~Nl With t.1 l'\Unb lat.or H tll:t:I r'!lftlCieocl b~· II lllO(! 1r11\df.; fro in ri11q::Le1l p•:ireo• 

l~ . .tn, uhh:li ;•r1•. !.t.tcrl !'lnr·l EWcnrnUo!'l t,o h• p1·!\1r:.1od nt tt1f' t.:L1,1tl r:t 11<uH1i'11Ct·UJ'll, 

Tho fokr·for w11•t;11.:e; t:'t tt1<;; tubP ill cov~:i·~d 1'1t.il n t,hfo t.1:1.lvr:r lvyor.with tho 

t•t.ttHt• c!i<i:rc;em •.·11 Liu: ~l\11•.!'et:f; 1:..r Um ·~ut>~, Hh:loh ch1.1rcr.s c1;uld :lnflLUHn;fi! the l'iove­

t':{:flt o.l' t.iai fi'lr.ctrt)i11J fo U1c 3wtn'iN• d.' Lh(.l tub~. Jd, i:h<i aoi~;, t.:l.111111, thh l!Jyer 

rr.i1rnmrn fl li II.:: ;'J.c~ • l'1t.J.y !d.t.h l'Ul:i~~L«rtce :111 •'1l'~it1r t.it.:.t VOl't:lo~l tl.ll'l'ClUb j,::duccd 

:ln 1t 'iJ'iJ l,trn '·'li.l'.iai la ·nQ1t;rwH1: .riolr.1 t•f. t!rn ohc~1·etnlitt1ct d\'! 1Jt"L d:lr;tltl"b the norrMl 

Jilaccd uncll'r hic;h vol tl!ee; tiit'l"WJ,IJ!i' lhr; ac:r:r lf'rn'\.it1t; c·lec:tr1x1e would influenc:e the 

drcul:.i:r mot:i.011 01: the clnctrons in the tubt::?, 

'flH! lxtf,t'l"on t:'j.'1'!l"«tell :i.n tlw follow:lnt; in.lllltlcr, rhe ffil.l{;nd:i.c .f'irld of the tlt•Ctl'o• 

mc1gnct varjes s:lnust1id~1l1y, !n the: brc:s:Lrininiz ci.' thr1 period, l'h'lm moment ~ to 

moricnt ~2 (Fit:ure 192) vnltl•J;;!'i is sur·plicd to the accel!lratit:Ji;: i:!lri>ctroc1t', l'he 

electrons thus <icc:~le.rat.ed st'e brought by the niacnetie .ticld 11£.' on dec::t.ronw1,;n~t. 
to r.n ~quilibrlum orbit. This. p:rcoess lasts only the time (t2 ~t1 ), because the 
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r~at,;ttrt:tr f:l.r•ltl rrm:it h;wn u <1d'!nl •' r 11" q,Ui, p'~r iimol'.l<:H' fi1;:hl 1,Jti'fni.:th ( t <.: t,) 
' -

•'leGt.1•Dnfl Wfluld not .t'G!ll pn tht' nquU1l rJ•1m ''r~i't. 1 flVtm :U' ln th:l.ll lime an ncot>l• 

1-I'h t.inr;; J'ieltl t·i· re <wUni.;, '.fiwy \1oultl only 11 cl·:i~ up11 HH; t\llie and lmpnir the arc;r­

!i tine eNitU tiorrn • 

:tn t.!ie Cf'«ll'!lt'i 1)l' ~iw1 t'ro·n t.2 ·to ~·/11 \,ho lilcctrems rnov;i ulone; Lit!il w1111lHwiu:11 

•n'IJH, i.ic(!r,lm•al.inl.{ ~" nncr!ij' 20 Ht:il/, r~t. tlw mor~ont t 11 T/h. 11 cu1·r·t1n\. pul:Jo ilil 

r;m1r;utl to Ji&U!l i,\irou1.1h th~ cr1111r•l;;rn1m·tncy ~:indirit. loe:.t .. r:cl on the r.lur:tro11111tnct, 

~hue clu:ne:tne 'l.h1o1 in11utHJtic f::l.tld, Tho nidius ci:i' our:i;nturo 0£ the 1;lecr~rt1n orbit 

.tnr.:renr.1w and thn 1itlf<'ctr0m stN1nn ntrilces a~ninot, the t.arer~t, ~hus crc<itlne; an x-:rtiy 

fl\llM!, '!hll cm•1 €11~ rul!Hi •:m1 br: dlSJ•hlc!!ttl in t:l11w 1 Uiu::i .!'oN;l.n~ thi.I l'lectrom1 to 

e.l.midori th ti Mu llil r:i: .. un orbit, mco11c1' t.h:m Lh·:: 1~;,iin i'itl'l n ~1;a:ba a rnl!l):l.mum. In 

thiz ct·ue t.111'! 1•le~~:rons, 111..tm'llll:r, cl!!celt>nl.e to loHM' uwrt;:l.es, 'l.'h~ second, ·Lh:Lt·tl 

rmd tour th f:1Uurt1· rr, "1· Lho :iM·iod ~11·e idh 1 t•ft~r which tht• cycle 2·~1p1H1 Ls nt;.&iin, 

(Ho Le: In ? , 3 HcV mid 100 MeV bttotrons 1 t •. & third qU!lt'tGl' oi' the fl~·riocl is olao 

activa. In the coi:rse or this qullrtu· ~in elod.rons 1rttw1.1 on ',h" equilibriUlfl or'tiit 

in thr.i opposite di.r(;Jctirm, Also the perte:il tif x-ruys srnor~c in the opposi·~e 

direction), 

The rad:Lm1 o!' l>ht? eriuilillrium 01•1.lit in the 20-KeV L<il:itron eq,tals 19 cm, In 

every cycla of ecc0lvr<d.ion the electrons pl'!l'fol'm o\Jout 3$0,000 l'llvolutianA 1 thus 

lrtivtrsinc; .!\ path a.bout 420 km long. Th«'l mean c1Jr1·ent, with respect to ·~ime, on 

the ·~orget is r;alculnted w be-~ 1 mkroampe1·e, At enerc;ieo or 20 !kV J 6S~ 0£ the 

1dnetic eMre;y of: tlie ell'lrtrons is convel'ted into x-ray ener~ and cnly )5% into ' 

heat. ~nertw, l!'"r this retJSoti the cooling of thtc tarr.iet is no·L an essential p1•oblem, 
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AtJ !lXperiml"nta 1Jh1m, the, prnr;iU ·:>f X•l't.>Yl:i t::lllln1:1Un~ fnim the t1arl>et !11 rJh~rvl.y 

\io1.1n'1ed in tlplMJ within the Hr11tri of 3 C!nne wHh m11;le 6·7" 11t tl1e v~:·~11r. (dC\lf'fl 1). 

'.i'h:l-o ill vnw Vf1l\l€il>lil !'1w x-n,y th~i·11py, 'r\11;1 powflr Qf t.iw ~J111>11 ut a d.t.11t1mee Qf 

70 <:m frqm tla1 ti1r•t;;,£."t ntt111n:i 50 l'%nt~f'ntl per 1r.in1.1te, A @ce1;ind )WC\!Jl>rty valu•i'Pl~; 

f.N· x•rlly tlwr;ip:.- lei thfi fM•t.\lm;Lc ctilltrl.liuU(ln F,/f \.rw c.lQf!t.JI i.r1 the deptha o.r Urn 

l:Jinl.:ii.;i1rnl ftbJm:t: U\1,; i•11L't;J..1mm clNrn Ues :rt 1.1 ~l;li1ti1mrn r1l' 3·4 em aem ~hn 1:11u1f1J1;r,. 

}::.:pt<1·:1.~1::n~'.l ln >;•r<iyln;,; tlir. \'''rtn 1Jf a rnachlnfl, e1nr:if.ld n.;t w.Lt!i the< IUcl of a. 

~o ·~a.I/ lin{i~r,.n, ll~t'ltl O!it:lllli H:i (Jl')!llphl,rc npplicobJ.l1t~· riw thi~ pu:rptllHi LCH@Y'lltlll'f; 

Srfl, f;t•<::·~rtlini:; t\1 <1 l'l\ltn'blll' 11f (;'\~lt!ld(r:.·.ton:i wl1'\di fit; C'l.'111'\tlt llt<:iF to dlCC!Ulli llin'fc~ 

:a \:; tll.'lil'r<ily !}J:pccl·l 'int fo t•l"llf'Mcol Y.•l'IJ,Yinr; to lli>Pl.I' Llit1 :-:-rays .,Nwrati;d hy 

di.'< tr1•n <•ne1rt;if':: 11•1r1":1so:l.n1. 20 l•:av, ;·.vim 111,w ri.1ch t•1;t~,t:rn1rn n:ru n.,t t,fln cmmti,,,:r• 

!l•~ml'!, :ln t;lti,; nC'xt !'t:fl j'i:•tl:rll M' llMi t>:pt •·t tli!;ir t'urthffr 1~·M?'fcrntior1 lltitl \d.clt>•ll: read 

1,1;1e fnt purpr1;;etJ (•/' ;:•'l'llif tlHo'l'Jl!';)' lllld :<•t'liylnt!, of lflBl.~·:r:tnls, 

/l:J .!'or t•h,Yl!l.i c<il t.>:i ·ct•I w·ntG 1 ht;t';, Li it •.~J:l'orta o.L' rihys:lc:ll:.1 ~:; micl tfl~lne~rs ~12·0 

cll' twtt'icl tei~W2'd lnl'.\fulill)JllC furt.nrt' th>' !·r;t;~l't:,i' "f th!? :lC:C:Pl S'l'!!~t'tl !'.•lirtit•l!'JS, 1'0 

nccr•l1•1•1J' 1i 1Ar~i:: lrotrn tt'I (';nd·t::itr; hit.her thvn 100 M!'.!V, rrnw r.iy1J tlms o.r ac:cde:rfit.ion 

/:il'e propt:itli'i(l, chid'ly t.im ~y1~chrot;ron, Wh()t!Gl Ofl!U'U~in£; rrJ.11cipll'l ~ll'lS L'irs·~ J'l1'0!JOl:l()d 

by th•: Sovi~t:. sd.•·ntis·i; V. J;, Vekslt.r, r.e<1der: :le;.!.r:i.nt t.o beccrne i.;cqutiintrid in 

lll:>I'e tletnU \::I. th ~his pt·obletn al'lil recommt1nclt.id Lo read the p1.1blishtcd work on the 

!JCC:hll'Jl"llthm or CliHi't;Od p._rticlt.iS by ProhHor A. A. Vcrobev. 

'l'll!-: tIURATIJnE USED IN COMPILINU CHAPTl£1t VII 

69, A. V. Filippov and V, V, 'llilnakiy1 11 A $00,000·voH X-Ray Im1tallation11 1 Uspekh:I. 

Ill'rrt.wmotekhnild, No. 1 1 Moscnw1 1937. 

70, r.. E. Chsrlton 1 w. E, Westendorp1 L. E, Dempster, and Q, Hotaling, 11 .A New 

Million Volt X•Flll,Y Out:l'it11 1 J or Applied Physics, Vol 101 Ho. 61 1939• 
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n. C:lrnrlt.on an~ h;;~·~"ndorp 1 11 A Pol'tabli;> lUl:Ucin-V":t t X•flay 01.ltfit for Indu11 t:r;!.al 

l.qj,,1r.itN•'l.11e'', Ci~;R, Vol 44 1 rtp, 12 1 l9lfl, 

72. i;, M, O~l{hbN'ii! 1 "l'~ttieaa, All f,lt;C"Jtr1elll ClllfJt1~u11 I11:Jul11Hon 11 , Uekt.r:l.cht>t1Lvi;i, 

'fo, ,;, 1947. 

73, Clwrlti:in ancl ;1\lfltfnrJo:rp, "Mobile In(hlfl~rJol X•F.ay Un:Lt 11 , lile<ltror11ce 1 DOCQinPflt' l94h. 

74. ~'. F. LMi, fl 11m! L. r. l':Lvc:wm·, 11 C:Qf0jl11Ct M:tll1on-Volt Appar~tue" I Izviwt:l.yo. 

Aknt:l~mJ.i Nink SSS~, Sr:r:Lya l"ht<ihl11J!rn,r111 Vol IV, Ho, t!, 1940, 

75. J, Cl, 'ri•urftf) l'.l11r,J !'7, J, Van dr GrFili.!'f 1 ''A Cr)1111·1H.iL l'r!':Jll•.ir'il•!r•ni.lll~flu r,J,i;c;~ro• 
nt.fJ't.,lu X•Ro;y \.l(lf!f'!'IJ~<:'f' 11 , rhy(lj,{•!il F.c~v:Lr:w, Vol SS, t-il:i, 12, 19391 

76. ·,.;. \v. ·;;;ci>~l',1 r. ,J, V11ntlfl Ot'IJIJ.r I {}'~ al:L:i., "U1.ctJ•1,111 t1i ~J.c Aceelna~t.)i' !or· 

~::l<tch'N11: 11 1 f:rvkw r.f: Sd.m1~ii'k lm;t:rwncr1ts, Vol l8; N,,, 10, l9!i7, 

77, !J, tt. !ittait., "l!t1 tutr(it111 1 U11wukil:t r·h1ellt:~kild1 Nnuk, Vlil 261 No, 21 l9Ji4, 

76, A, l', urJ.nbt:t·i;, "Ace el N'€1tfon n£ Ht:r tro11:. by Elcct.:romnt.;11tt.ic J:11c!ucM.on (!\t·rst•s 

!let.1tron) 11 , ,l:!!.1ol<hi i":l:t;lc:hosk:l.kh t1:nuk 1 Vol 27 1 No.1 1 194$. 

19. W. ',\£>stm1dorp 0!1d E, Clwrlton, 11 im:lL1l't:l.o1• A.cotilt.ra~rJ.t• n1 Eli ttt·oM to 100
1
000

1
000 

Vol ts Li;:rti11s:Lot:i.011 i';,f mi ll.nt;lfoh lMi;uoi.;e :.irticle i11 to Rm11Ji8£l7", Us11okh:I. 

F:i.zlchcsldkh iieuk, Vol ,301 Jlos l-2, 1946. 

80, J, P, Oira:rd and Q, D. i\dru11s1 11 ApplicaL:i.on of ·the D11tt1trdln to l'ra.c:t.iclll Rad~.o­
e1•nph~"1, Elc<:t1•icol Ji'.ne:l.nn!rinci, Vol 6$, Ho, 5, 1946, 

ffiote: Figures follow~ 
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1'. ,, 
'., 

Af'P~r-n:nx: 

FiGUre 160, Soot1rmcd olootron tube or ;oo kVl!ll!X' / 
.'--~ 

1 • CIAthOdO ~g_s~ .. I • ' f ' :/ : ' 1 !' ' 

2 • intorm11d:L11l elootrodo !_, l 3 • hollou anodo .!. "' u • wol!ram mirror (target) "" 
S • water jQokot 
6 • lt.tad hood 
7 • !oouuo:l.ng coil winding 

1 F:l.sure lBl. 

f X•ray ·cubes 
of one and 
two million 
volts. 

::;. .. 
... ~,,..:-,· 

c .~ .. 
;.1.-1,. 

1/f'igure 184, 
?' Schematic diagram 

1 •' llhow:Lng an :Lnsta.l­
lation o:r one 
million volts 
rola.tive to tho 
grouncl with 
cascade connaction 
of the voltage­
doubling circuit. 

'I 
c, --~'-!<:r-

_ .. .J:Lgure 18$, SchemaUc. d:l.a.grrun showin!l 
~ repeated (multistage) 

vol ta.ge•mul ti_plice:l:.:1.on, 
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k,1 
h':.~.·.:):Fc.\;' 

. JI _.,, 
:· ~-\" 

:'.;.~./~~!"'"''-

, . . 
t •. _. 

' i~ " ' 

"' F:l.gu:rm 106, Sohcnnnt:l.c dins:rwn 
show:lns an :l.natnllat1on ot 1.2$ 
~W rolative to the ground, 
bu:l.lt according -~o tho mult.:l.­
plicat:l.on ci:rcu:l.t soheme. 

l • motor 
2 • GOnorator o1' tripl1J !'roqm11noy 
3 • exciter 
4 • pr:Lmar,y winding os.· raoonMoo transtonaer 
$ • o.a.pao:l.tc.noe 
6 • ueoondney wind:Lns o!' resonance trano!ormer 
7 • heater wincl:l.na (coil) e • choke coil 
9 • aeot:Lonod x•ray ~ubo 

lO • foouseins coil. 
,. ....--

.,e:::: Fisuro 188, Sketch showing a blook t:rans!'o:nne:r o:r 
. ~- l MV rolative to tho ground. 

l • cathode of the x•rsy tube 
''/ 

. ./· 1 2 • intermed:Lal eleotrodos of the x•raf tube 
. /. ~- J • II It II It II II 

1. • • • ..-~· •••• /5 4 • v:l. treous tie bolt 
J- ~ .. ,... ,,,~·' __ , 9 S • pril111!ley w:l.ndins 
2.-- .i- 6 • heater regu.1aUon ohoke .. ooil 
~--~-·. ... · ·--- ··• · ·1.'C; 7 - heater windinp; 
;; __ .... ~- ·· · · --: .. _ if 8 • seoonda:ey wind:l.ns 
·1 9 • steel armature 

·"--·':-"':!~·---..... ··· f 2.10 • :l.nsula.tins; clev:!.oo of the heater choke-coil 
.. '"ll - outlet of tho inteml!dial electrode 

t::- .-. .. , 12 • glass envelope or the x•ray tube 
... ~, , ,., : • ~ ~ •. • 1 J? - motor for operating heater rogulation 

-~"{.;.;:;...~~- -~· .. /· .J.-.1.ij • a.node or the x•rar tu'bo 
1L.~ ~--:.~~ , __ ·-;;,f '· ~~~q ... u•' 

···1nr~ 
f'l 

tt1 ,L.\ 
-..._Jlfii~ 

W~:?zi 

HAL 
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Fiauro 169, Schomntic dinRrlllll 
show:Lns the principle of operation 
employed 'o:'f ·ehe Van do Oraat:!' 
eleotrostntio genera·eor, 

.:i\.,...,.·:'r.11( 
./ ,J 
j I 

Figure l9l. Principle of 
construction employed by 
the betatron. 

l · core 0£ the electromagnst 
2 • main 111a;gnet:Lz1ns wind:i.ns 
3 • c:l.rouline vacuwn tube 
4 • souroo of eJ.eo·trons 
S • supplemen·taey displacing winding, 

F:l.sure 190, A 2,J-Mov bot11tron. 

Figure 192. Curve illustrAting 
the operation ot the betatron 
(see the text), 
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