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In this wwk# a now peta rar 9'! ýa0t? 'o mtqr in ts*ad 

for the rowu'ranent of gnCe' 8POetra. `Mis apTAmt'. tw, 

like the reat of thie t; rng, is baaod, on ttio aeleotive 

toaue3m act ion of a WTetio long on, ßeta rays of 

hotei'oMnemu3 volaaity. It differs, hcarmr+rer, frm then 

in aize, shape and omstructioraa. l detaila. 

The epeotý, rm-Oter is dasi8w on the ftevý': ýtria"A 

nodal of aleotr. on trajectories In astandnlw-1 field, 

e'btained frM the deterrdmanto of their parar'WtSre and 

re. dial diaplaQer2m to. The da®ipm adrAts about . 5% of, 
4wr in Solid angle of pou rays into the field of selaaG- 
ive foOwiuý=; aatiara. It is beftuee of these egoartial 

vansicieratims in Its construction that tho' etr"MMtuS 
Is e2petsted to hM" high effteiena+r and emniatently 
'RdequatA NMOr" The U8SfUln0ss and ad'4ý;. "§ ý}- 

W, WN) e-11PeetOd ®'tt1eaiemay 4x'td rmalvinj mmr wc, 

prcnrod WMI veritied by the results of eorLwnts. 
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i. ? ýritýductian. 

TARSnetio 31e6trm Lsnsoe are ususllg uaed for orsseen- 
tratlM oleatron bestee in eleatran diffraotior, apparatus 

and in cathode VW osei114gnphs and for the prodmtift 

of enlarged L=gos of objects emitting oleetvang in 
ýM 

MIor4eoop" . 

Lapitamal appeared to have Sti(`., 668tEºcl that a large 

solesMid esw3, d be used as an electron Iwo to focus prta 

rays of deltermwaZs enwgs on some kind of reooräing . 
CiMioe. An ineI 061%ýV irnrolrind this principle are 
Wilt b3r i'r14ft1PP-. A. tEewmordS X3=mm! Pear3 bas constructed 
an eleoUM lame type spsotsmetec& ratºking uweº of the 

aeleeti" fosusing aotion or a flat eoii an pete, partioles 
of G-A. aeý11,1111OV1,11M V111lu, 11atyº. 

Davies and oeeeýitaiA04 , t3oeslºeºtsßs and M. Dwteohd' 

have soseeptsn. tl, yº improved Us flat ewrwil tM mainW 

=5difyºing leere aDeartasrss and stops which arrest umszee" 

oºt'ved rars along the asdas. The arewae11vim poseor of an 



electron lens kta ray eýeotrmeter is da^tearmined by 

the abee7eattone of the elebU%on lens as well as by the 

fs0arm, eise and position of the ßeta ray GCKWCeo recording 

device and focusing system. In those stiibseguemt speot- 

rows, iýmspýwývesrnsasnte eeare maiua. y affected either by 

lens aperture or by the aperture of the recording device. 

in these msodela, the rasarletio 01eot, son lenses beinc thin$ 

deviations freaR h, enity ehould be exceptionally great 

due to the and efifeot, and tbrereý'tWW the intlueaýoe of 

aberrations should be owsidearabl®. 
In thick tsmonetio electron lensaes, the field is 

axially e, ymssrtrioal and very nearly hooaoýec*ise, and the 

influsnoe of aberrations in such fielda in expected to be 

I%duCºsd to a satisfactory degreel. 0. it. witohexS made 
urere of a thick ssmetio electron lens an a®et. a ray satpeot- 

rý. in this msadewl, as in all other fear'saaer types, 

the distance between the point of depesrturre and the focal 

point or Pets partiolee was long end this at length 

with the relativelyº epae), l dlauerLeQr of the body of the 

ssapebýoeeartesr could be detarimntal to the intensity or to 

the ef't'itrleoM. Owing to the lang foeasZ di. stenee, only' 

aocqmrntiveX, y e®ali percentage of 4a in solid anGle 

could be aqlayod in the thick magrAetio elsetrm Ions 

eoý designed and ossnas'Etýrtýteýý sasºp by W'it. oherg. With 
this mosdal, Ore,, only 1.5% effiCiOncy mould be 

obtained. 



goo -0 

$. : '_: Qti of oiao 
:L ; O't c _. 
Mm the study at the energy spectra of artificial 

rudIte-aetiTe e10110Mir, it to oltft difficult to obtain 

sw#tieiently strong sNere". I-11th weak wn"so It to 

dea3sable to have a spMeer of oaqparatively ht*L 

ei'tieieney with adequate resolving perrear. it is with 
this ob jeelt in vier that a thick magnotio eleotron lms 

beta ray speowaerrtet bas, bean Aeaisaed, ooastaruated and 

mslbe nee of tar the enerfW speotrraaetrioal study with 

eat adtsntage. The design of the ýtrueftion is based 

ion the esansidee+atUes of the aation at electrons in 

memmetic fields and of the mamesioal shape of electron 

tr, ajectaries in sally e-ALirieal nette fields. 

TO eameýerise these oansideeratiaew of 'an analysis or 

the nagnetio electron lens phsmoil I on an ohieh tw principle 

of the deign of the epeeýt. raesrtes is based, let it be 

seposed that a netrs+asr bees of elºesUmm leaves a point 

sari'4e 1� on the g-ex, s of a e, Iin&io81 eomoe'dibette 

systee+e n, r, p, that the field g Who" d*vlatUm from 

ýity in nee%Wble, Use along the axis at an Image 

forming sYsteae and In devoid of rt ooeponent and that the 

ma9ztetie field S! s *Val to the curl at anYM+sr veotor A 

eueh that 

9" 'u! 1 A. 
AN -AS is anew" to be lyIM allmg the eucis at an #mSe 



forming eyetse, the axis Is enairoleit by A. Alp is the 

tanýitial oamporýxct Of A and the 'treatoarýº itself is almg 
the ßaumt. ROMOe Ai " A. 'i'hOn, there being no 

other' ýt®, As .w Ar " Q. Lot it also be 

aemsed that 12te elsOtrwtatiO perteetfal. is aadal2y 

sys; srtrieal. If this potential be denoted by V and the 

ratio at the eleate+oststi4 obasge to the rase of the 
iadiriätrel elections by X# the elsoftommoticm my be 

wimcp essed by 

NA+ 

ö" Dx 
ý-ýý. NA V) 

vM a 11A. 

li 

Iu 

Let the MIA elloa6 the IsmaXls rhieh is txsomýv 

MA v+oat= tree be No (Z, 'rm0 ). Svf! ýOeas the be= at 

M3 4etsens is quite mrres< and týýrlýdare with m]1 r. 

Them lrM the sariorsssiam of the fi4ld distributiesct, we be" 

A"2 yHa( x)_ 
ý= k 

Ho (x) }, 
ý1 

6 
Flö ý(z) -... 1T 

ý" 

asd tbs e1Mý+osbat% potential T at asaº point is r) 
within ß3te eleetrm "tiosi sTstM, 

s 
T" y(s) -; yý(Z) + 

h; 
4 
y4fsj,... 



With 

Y8(B) " v«(z) + ap($), 

Y4 

I. 

(a) +1 aw ( z) - $2(m). 
00 . vi 

vhar" Yts) is the elaotroatat. ie lialä along the axis, the 

aitParantiatioos being with respect to at ac(a), asws) eW, 

are the OoaTtieiente or powwo of r of apace ehargo 8o, 

4"4ýeý, ýse) +raý.. m) + vii 

It the aa]. aes of A aaä vaim by the acMnsicW IiM' 

asf! Y be ea*atit+ar6ed t+de A eMä vIn the OrprasaiMS I and 
II, we have aqMatioana at m&tion of the lbada,, 

! _-YýýNýx. )-ýö(xJf ý3C. 
BLNo(2}Hnlxý- yý-ý(ý, 

t -' 11`IiI 
h =Jý 

;"ý NYcz) 
_ý 

$notx) Ho _ )1 Z(z 
)] 

. }. 
1"x 

In the oeAe of a rarrarr beam Of elOOMM . s3'nos the tOMM 

l. mnolrºW all pvoars of r abms the flswt ray be A491SOtsd� 

the squatitsnb of wtictrt VIII and IX spay be written as 
Z, w dýz tdI ý 

_-r 'ý2H (z)- dzs dx k°ý' 

azA 

ý" ýY tx) , dz, aY (Z) ,ý 

mats ca , wa oe9owiaot or lstteemsim is lasntieal to the 

la4todinal voýn1ý at eeloestrom vaºlcooitf, 1(4, )" vow a" 



beinc; the dirsßtion Of the sartDA� vttt'h root to the 

lines of Pcroo and v the uelQOiti" of olaotro-o. ) 

RM if the valuen rAver by t¢'b. o or-^ºrQssion XI be 

, 
I, 1'h a4 ý, t 

' 
t ý. ", ý? ý`ýý? ýýt ý, *0 

ý=z Cwa ti7ºý(xý-ý aY'tz) ju 
16 

H6czº- cýý 

.r,. .` .Lt 

? iaMeý'i14 clt3©ý'. Ptiý". 13,. '3.0,3tr3Qe t``: ß aioetrc>atatio ! 'idld nap 

be taker to bo varishin,; lv oýn. ll P. md nerglit; ible, the ex- 

:°t .>., 
I , ). ;4y or b7 1C? ,-', ^_, ' , te n in the faa"s 

oý .w- ýý ý_ 

d2= 

.ý 

XIn 

XIV 

: 1' T, rnvrl©aa� , 

) 
ý 

a6 
ý 

t- aý4L)- (ýO) 
3l 7.0 

J. 

_ �r 
(1H ýx l 

s0 
s : r, ý 

Hycyoý 

d's'-'--Y ýý Z 
_ý 

AHo", ýlx)11 ý (1 

-ýº i( (Z) oCýt- \ 2w J2w xv 

_... 
T. f.. 

_ . 
'. ý: 1' 

... _ . ..... a.... 
ýi ý rý{ 1.. ýn . ý, e. ý Y+ýl(? I-. 

.. 
TwT'D 

týhiob relates the trio Variab3. ot3 r and z and as n first 

approximation , it deter-Linea r(-,. ) ca.. Y olootxon trajc3ot- 

oriem. 
An eloetron tra, leotor-, S'rcx. i t="c mmrl-mm rr, to to 

fooal point -my be viewed as a steadv differentiable mirvo 



whoee ordinate diFfereroe b©treen a naxiýn rmom and the 

Curv sA . 1'2zj, ý- 
ýM. 

ý 
n ,. ý^ý: t iý"+-7- -. 

._... 
'ý.. ý ýs; -ýc". _, .. ý`,.. 

Z 
ýc 

dts'dx 
t1 C£ Za. Z, ý" 

n 
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r (r "'rf of the electron tratfeator-r be tokern as zero 
points the point of aeparturo of the eloctrOTI rays 
(2 e SG2 ) nap, aNälosm to the equation XVII, be 
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given by XVII and R'Si"III, bein. Fý the reeinrooßl value of the 

fool len *ý' have a. r expros: ýior for the reciprocal 
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Ther fron the reoiQrotml value >ýAver by the oxpreesto. a XIX, 

we obtain the Bunch Lar of fooal lengthg of rtia, 7retta alactrm 
IiTY", 1't l rý ". 
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Lot a ý©ta p.: rtlelo b^ ýavvln;: , frtn a point sawce at 

t 

»24, with e*ý initial voloaitv v in a Clir®Ctiop nakLn, an angle 

auri. th 'C? 'te dSreeti^ A of the lines of foroe o: r an a2iel. l-7 

gymotrloftl liel. zx. 7, the r3arLlar of the pu"tßal0 In qu0l'= 

afieid, the vslcsai. tv rentArn. corýst-r. t. Th. aºrofore its 

dy7ulmlil MS äö 0 ?ý is. 
tf and its ? ! ý! iýý! tun ý am constant. 

orm of ojrotilar -: ri. l t. be Then ite trajectory o^ '-;;, r 

of ý'! liý$un 

P 

i; dtb a ran; v R or a parmseter at aij atrriiiajvr variabl, q 

O ý' 1'V 0 rýIven by 

JR (z trwo) 0 1)f001,10 , ,,. ( r . 00) '. ). "li. 

wo oanside3r a paraxial or vQr. T 

rayo trarorw9lng a arýeý; ýrýtica eloatro¬ý Ions ayotýa. ýn the 

fowl longt2a Ft cx s Ci'o, r. 0) oý' tttlo Ions syat on c"hen 

trnvasscd by royc T. l. t,..: aa 9°f ýyº bo ©oneider+ed to bo 

idgn. tle(Al to the narawt®r of yýýe alootrar. trojeotw, y 

ý(fit ß f), Qn '100 
so Vint 

ý'ýe ý 04, r 0) " P(a 2 00 g 



since a. " 00 and Cloaa is mit?. lyrharýfaro, the paro. *ýte 
p(aj) rj09 ýwY, ?, po) of ol-ýc r, ro"! tr1 joCto1''`r rlitiý e» 00 

at -, .:, a'tx1liary vertabie 9r 1340 and the focal 

F(ar+o°, r" 0) bears the swe roLntiný- the are betmen 

the longitudinal cemrwanent of veloalt,,, a) -nd the electron 

velocit =v on condition that ti-I in either case 

be of th^ on. ~. ý: o value. Honoa rm have, 

P(at>)0°9 A) ° F(0006 r"o) . 0000. ýi . ,....,. 
XKZQ' 

thQ ar%.; le vhioh the tra jectcrT subtends with 

iea of foroo, ^-nd 0 tho auxiliary variable of the 

traj®otory, (®(. Za) " 09). 

Frm th® relation bet. n011r, Pp 

by the em)r®s3ion. MXI, XXII KX: LII and the -®cm. x9trieal 

characteristics involved Jr- theoe relations, t7e derive 

an eacpreeaion for the diopladewnt of the electron fram 

the . ̂.. -uxie, or, Jr, oti-tor words, for the radial extenslar 

of an electron trajectory frm the z-axis at ai. auxiliary 

vari: 't>l. ̂ -. 9, ý'ivan by 
Sna'. Si53g ý "w+w , tilýi 

t. l'exrn :. i'j t`io z-n-d. Ini of ü- 

ory ~ the angle a is appreoiab3v -eater than %ero. 
Thud the exMrssaiona XXIV and UT rospeativelv (-ýivo 

the parameter along and the radial astemion, fro; the 

axis of the r. aegnatie field.. '1'hwr therefore detor-i~is 

the aasolitud® and the ý; eawtrioal ®hapo in a( zor ) plan® 
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of a tra joctory of an electron traversing agiven a: ýially 

e, ymmtrioal ma . ý, netic fioid. 

4. ' 'Pracin"; of electror traJootorios in (2. r) -o7, anb 

In trAainr, electron trajectories in (z, r) plane to 

.......... ý. er" tp ýcs ý©sii rm Qa ? mýet o_ o on ons 

det4rmine our design of a nia etio electron lens ßota ray 

spectrcmeter, the choice of the range of u-values of the 

trajectories essentially depends upon the dimensions of 

the tube Which forms the body of the spectrometer and the 

effective oentral atop which arrests unresolved rays from 

roaohin the focal position and upon the percentage of 4a 

in solid angle to be employed for the required efficiency. 

The diameter of the tube which we had in hand for using 

as the body of the spectrometer is 9.5om. In a 

oylindrioal tube of this diameter in conjunction with a 

central stop of effective mg iitude, about 5% of 4't in 

solid angle permits those trajectories having; ouch direc- 

tions which subtend angles with the lines of force, rang- 

from a= 150 to aa 20. 

Lot F of the magnetic electron nl ins bo lenity, then 

in equations XXIV and XXV the parameter at 0= 1100 and 

the ma3dn= radial extension at 0- 900 of an electron 

trajectory with a= 320 are 

P(a"32o, G-1300)" 0.14 )04 and r(W32ogAwý00) - 0.16ßä77' 
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Thiý MXLIý= x'a. 1 d°:: l Q*Xte-)3io: -. of' the o1. ectý. °cfrý Lralo0toay 

with aa 320 at 0 ae 90a is ta'mn to bo 1tnltßt?. to the 

radiu3 of tbm speßtran®ter tube. r 
, ereºforc, 

at 4"1"'1077 r 1.75 on. 

Again frcm eaProsslý. 'A YXIV I_*kn(7ý : )rVV c3. ýci ý: ý. ý ý. ý' ",;. 1ýß,,, 

p and rmü. ues for 'I -ýx1Pý^ Of tbls auxiliar"º veriabls 

(frcr :A" ü0 to 0 10 1100) of five different e1ootran 

i 
ty---Llsý©'q': 

YVO/ 

and h®n®o 

-7 to 28. l60M. 

t31)()0 with with 0" 16°0 ý'! ')ý ý "' 0, -, 30oand! 320 rea; 'tiocºt- 

ively arq obtained. ýý; a. t 5wc"', values the tre. lvctcýý3. cýa 
lp!. ~ hg hav^ boon traced in. t , 'ac ( y! r j-ýýe as shMr. in the 

In order to dote; -Ano t? 2ö shape and di1"3c'? s$ona a*ý: d thu3 

also the desfrr of the mgneºtie lens imemtromter r*lt?: I% 

erfioien". Frcm t3, -o trnloctm-7 traQin -ý3 ir the (E, r1- 

y)ja: n-e, ehOM in the F1«'., the paoiticrs, Shape and 

size of the at-on W°. hio!: ar_'rost S the liurt93tllv'ad M, qZ . ̂. nd 

the front rW, annular and windvt; aperturoa wb. ieh. 

fVro" tný roaoivir- pormr are ýýý ýn- t-, -Iicatad in 

ý ,.., F'i. ý- " :,,:, } t. 



LIfCTR(`ý ' ýJFCinRIý IN T&yp. yjQy{IyyýJ-YKNLTRIC l N: 9NLTIC FIL 

ytD 

IöL OAS i, d9 S164 Of AN Afjyf. TlC L I, Li LROyjf yyý{IA-. 9A1LbSGIýt0. 

Fig. 2. 



;, 'd: ý . . at3c i. 'lectro: Y f,. oi? g q. 16, its 

(. ̂ . ) iAa gnetf o Rloetror. Lo. n s, Soven air cored ý-ralti- 

layered straight sfllQnoide, ®aoh 5 on. long, amncotod 

toý; ether in eeriea and mimmted o,.. ao f1lrdrioa]. bro99 

tub ii"3e. 
, torn a thick mawwti o electron lvr a. 

The total nmsber of coil-tv_® Zr tho ria -matte 
oloatrcý lene of Ziýan, long b41°, :Pý n=> v s,. .ý 4480, the 

avorar, e nunbor of tusme per oentireter to 
ý 

The magn®tiß field of this electron fo0usä. xnr-, ; stem, 

oaloulated ft-am the relation r; ivon Vv 

4, 
-ML ýPý um 

where n Le the nm3ber of tur13 or on,. the c13rr4_lt 

amperea and H the momatict fialci in ýauss, has Vao ä'olZtx:; - 

val. ues (Table 1. ) for c? iß`Foroni va;? ttoa of -maCrotizirg 
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These values giver, in the Table I na" be valid in 

the ver :r oe"tre of ol3atron lens w, the ax13. The Mold 

alonf, the axis at other parts, ®opeeialiy tenmrda the 

ends of the eleetrom fc>eus; n - syrotore nn r r. -Ty fron that 

of the centre aiw- ; the axis. These variatiors in the 

field distribution and the reematEant : t. ýý. ationna of 

the field from hamogenitF are to be taken ý t, "o account in 

the actual construction of the peta ray spectrometer 

from the basic deol. m. cAvor in the Figure 2. tferaae the 

field of the mgnetio oleetroal lens ia mensured at the 

e®ntra of each one of the ecave-, solenoids alonj the axis 

in order to det®rn1. ne the field distribution and the 

field-our*er: t ei. rgotoriaticse of tlir raaMetia electron, 

lo- r. 
(b) 

of the field distribution of the magnetic eleatrm lei, 

The imMetica field In deter! N: in;,,: ov orAll"bratod In ter-, *,,,.,, 

of the saat-ýoti? i curro^ ü b"- obseanrirý - t',, - deflneztion of 

a bal. listio, Sl31van4d3eter ! nroduoeri bar tb4 dh8rpc induced 

In an explorinp, 0011 when it to rotated V^"ugh 1,10 0 

In the field at the centre or ono'-. snlanoid aa. or - Via 

axis of the . ria; , nßtie ezlee! tron lo*tS. The ra1va'n"5trio 

deflection to calibrated by breakiri, Y as well as rcnrer®ir. ra 

t=te wwront throupA amttt»al, induotanneea. The e'tt3erime'. ": ta, l 

ararar4prsent for the detorrij, ýnA, AY- of the mQpTýetia fiele. 

to t3 i'io"wiD In the P`i'ý `3 "i "' ý"- '.:: ). 
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If m be in henries, iQ current throiz-l: V, e 

primary of the rattual induotarýce measýAred In aperes 

and the effective area nA in sqzxýe oentLneters, the 

natic field if is givor by maer 
-1 ý-1a 1d gauss - 1'ri l- v =:,. ýtl , (V. 1) Iýw so 

, ý. - 

t&iere a ia the Ga1. vanonzotric deflection prodtteed. by the 

*harps induoed in the easnlorlxa. s coil whon rotated t`: roueb 

1800,9o the pslva.. uoraatrio deflection due to current 10 

thrcýz Yh the pri"ary of the matual iýT'atczýeo ýw 

9. t=. �o ;0 9ýforin3Yitaý. arý° . au .: t, 
qýýtý7ý In ý'iý". ýý, oiý. ýße 

the o0offioi+azitt of ritual induotanoe m 4.0,01 henries, 

the offmative area nA " 645 on, and k.. 0.03077 as 

dot ermined frm the meavironentQ plotted in. the graph I 

(Fig. 4), the o: sý. +reaaior- (V. 1) for H the rýrmetio field 

beoomea 

T-T .r 1©ß x 0.03077 äC A Or. II' 
r., " 

The emlflrinq coil is rxmted at co ure of naoh 

solenoid along the axis of the raapetio ®lootron lava. 

For eaori value of the mapnertizing current vith eaoh one 

of the aol. moids, its aorra". ocadtnýa ý*ajvnncmtrio dofloo- 
tion is recorded s&en the e. xploorin,,,; coil is rotated 

throurlt 130The current deflooi; 3on rolations are 

plotted s+epar8tely for each one of the aeve'r. ooleº=coi40 

as shown in the FiM.. 5, ß, 7,5,0,14 and 11 (n7apbs 

?, 3,4,5,6,7 and 1, ) `"non for a roar1y ontin-aticm 
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of the varie. ticin® of the, ) field distribution in the 

different solenoids for each magnetizing wwretxt, tie 

olTrent-defleotion relat#. Ors are PlOttOd in the ý7ýetic 

field strvee anp shm-': in Fir-. .1". 
coý=rtýS- Vin value Of the raM. Oti^iýý c'''C'rc:; 'ý'i, I. jr. 

pondinr galvancune3tric iteflcotify, A for the different 

solenoids giver i'* thc s`'$'"nc In) ar. d tb: e value 

of the constant k give? l in the Maph (Fig. 4) are o.: ýeri- 

rerte3lg d®tePI. ined aoQMc? ir f° tr. s the outlined deflection 

method in order to cormute tl»ro: f'rom the rngnet3. o fieid 

R for different waltma of rAM-eti! zixr, 43rMrO? 3t, ! al0ttOd 

In the graph ný T"ý! '. ýý ! 1'' a... r? ~"ý* L^"$ ý ý", ̂ . fri ýr -ý :is ö" 6try 

ecaýtion (V. ýý) . 
(%/ý oG 

. A., .. 
}. ' 

_ . 
'.. i. 

'. i'ý. A .u 
Lý. i Jý '/- ". ... ... J' . . 

OS. ý v3.. 
i 

Li.. 
JiJ+i1l", . t. rtl.:. \c) 

Magnetic 

the pote ray 3;? oetrmotor in the rmrr.. etga ml. -otror logo. 

Tho rk= M. ýati^ f told for 't-he r. asMletizir: - ýlirr9ntv 

of 1 Amp., 2, Anp. and ý. : ArsMa, obtainM i'ren the 

meamwed vnIu61,1 are rrtý'! b-i+ý. 'tl? 'tr reT_ýmQ13z1ted an 311ot'JY4 

" 
in ar', d 1"'inlrýý d. 

Lýtrou! '- 

tion it t i"t80c' V; I.: 1` C?! Px`ont. "ho 

fia3dwe'ýrr©-- : _: ýxýraotorý. etiae ý; ive^ iý Fäý. lý aý. ttýao 

field di atrl'+ a' Ior oinmoa 

for amr Gurrelt, the fiolQi to a =dmra in 
the rddd1. e of Wo fomazinrl 07713tem. r. " ºr? . '"'" C36n; 3l-l°* dacreemm 
QII either o3. clra tdEwmaa the end. m, that the rairieuio floid 
at tý±e ßontreo of the first and the seventh ®v13noide 
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Differs as much as over 20% from the maxi-m. an t tat 
the field at the centre of any one of the rest along; the- 

exis does not differ acre than. 3 or 4% frog the axim , 
no that the alittt deviation from horx4Wity of the field 

along, the axis of the rest o° tho solenoids (excepting 

the first and the eever_th) rur be considered to be 
ne 

, ig ble. Therefore a spectrroa eter oonetructed acoord- 

inl to the basis demi{n given in Fig. 2, when ra ted in 

the body of the focusing system, begin from the 

aeoond up to the end or the sixth solmnoid, as shorn in 

Fi;. 15, where mmMietio field ray" be taken to be 

neorly axially n etrtoatl, should be quite s atisfactc 

for the energy so trieal study of over week 

artificial radioactive el1ertn. 
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F--] I I 
/n the boundary of 'he dotted lines, where 

Me 7gaynehc fie/d is nearly aria//y homofeneo- 

the 13-ray JPecfromefer is mounted. 
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6. The co. -: c{:, ruction of the s actr tor.. 
(a) The body of the spectrometer with its acoes orieo. 

A brash tube % an. In diameter, with walls aboit 
3 mQ. thick, is use? ' for the construction of the Pete ray 

spectrometer, based upon the design shown in Fig. 2. 

The tube in provided at either and with a brass lid about 

1.5 on. thick, Bach end of the tube, covered with a 

greased rubber vJaahor, is inserted into the recess of 

the lid. These t lids at either end of the tubo are 

firmly clued together over the tube so that the joints 

betty en the tube and the lids are vacuum tight. This 

brass tube with lids at either end clamped. toceli'lar forms 

the body of the spectrometer, as shown in Fig. 16. 

one of the lids (Fig. 17a) has an outlet port, fitted 

with n oonduating tube leading to a high VnODUm pnWit 

system. Throu this port the spectrometer, together 

with a source holder chamber, is exhausted to a pressure 

of nearly 10.4 mm Hg by insane of a single stage Apiezon 

oil 41ffuBion pr backed by a rotary rur p. The free 

path of the residual moloouloa at this pressure beinc 

larger than the length of the spectrometer and the 

collision frequency being comparatively very low, the 

scattering of the traversing Peta particles, which is 

detrimental to a satisfactory energy nnnetrcriotr1. C. r'. 1 

eMlysie, is practically elininatc,:. 
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The lid with the outlet port for exhaust io ý is pro- 

vided with a Beta ra, r er.. tranoe aperture 5 rye. in diameter, 

exaotly at Its verv oentre. This aperture, starting 

from the outer plane of the lid, extends ttzrour-, its wall 

to its inner surface into the body of the spectrometer, 

forming a taper with an arttrle of 3^° with the axis of 

the speotro netor. On the outer surface of this lid, 
11 

ourrduadin» the entrance aperture, a tubular brass ohaor 

with a diameter of abort L. ` on, $ which contains a radio- 

active source holder,, is firßl't fixed by means of screws. 
The joint between the lid of the spectrometer and the 

flanPle of the sourco holder chamber to rendered vacuum 

ti:: tt b: v moons of a otaitnblo greased rubber veher. 

The second lid (F i. . 17b) at the other and of the 

emectrcteter has a oiroular arxartur s, i. an. in dieter 

at the outer end. The rata rag a utlcat a"rture passee 

fron the outer end donn throu º the v m3.1 of the lid into 

the sneetra eter In the fay of a taper with an angle of 

k', n°, f%. electrical bovnter, ahem in Fi; .l%, p- , 
th its 

vzindotw facing directly the eta rev outlet , aperture, is 

rtozt. ted rAth a suitable ºenond rubber sher o>t tºte 

outer eurfece of this lid is fir .t it fired by rinar s, 

of ncre'r c, so that t, n axis of tho electrical counter 

re! ainn in perfect alig eat with those of the spectra- 

roter and the radio active source holder ah mbar. The 

O1 ing oorev bat seen the lid of the epeetro ter and 



r 
ý) 

w 

the flan; 'e of the aleota"ical ookvuav :. 2ro cm 

as to let the rubber moher aeal the lrt©r"nir dead 

s3paoe of the joint and thus rialc4 th,,,, joint vaouum ti°tt, 
Tl?! t3 the radio e, ctiva ocxt... "co holder chanber In 

#'ittE3d a.. -º. one erd and *.? aw elaatriw. 1. cow. t+sr on the 

other o? -, d or tr>4 t+rnf! ̂  tube naioh forms the rni-ý body 

of th© avem ý: ý=cýýat ,: ". 'h, o position of t°'io a©uree holder 

is ©v adjusted 
ý 

oeYýtrýo oý' ýC! ýej. ̂ vcý/ý.. ý^cn ä. l" 
Lý{1s'ýýý. jýthe l /tý^ 

. 'z. l. £3 of the ýit-'eVý+ýý+ýý 
ýt': '4t ýäýýiii of ýi!, ý`'IVib18üi7e 

apertui :. - dimensions and the `. ýamtrioEal foT'"t or 

the trýý ; E' Of fýo*n pa... tieles üotern- ? ne the dic- 

taý. c., týqtrýe-ý the radio o. otive oo:..: °Qe and the vrlr-dcx7 of 

tho G'pi. E#"tt'ýý 0 as iRt 

the Vf 

ca 
Aooo. rcitni 

4&- AEºm9 

'" tblJ distance balwesn tho 

oowoo a: rc's the oomtor»wi$äcv In f?. rod In Zr. .ý aetiv-Z 

ocmstruoti0n, 11i. uatratod ir : ; '. .'. 
ThE3 QVI tbEt (r'atlot 

oa , trea of 
ptýý. 

4ri 

_, 11c{ýnýRýr. ý 
of 

the o, 
/ýýýeý+yýt*cý! 

týýrr ,. ý. ýýºo, 
ptý. 

aý 
ý ýý{ 

ot38eT! V3Kl 
rý7ui3`y+6 

iIý. Vý. J 
tüý. i 

LiýVýiRwý VMryý. AýýC7. iýd t 4Y, 4eýdiýiiLTLS 

to those ap3rý'. ºur+aa, thC, rc s. ra Viroo c". ämmonont parts 

r: Zthln the body of the Spootromter. The fwn, sizo 

and pooltior, v those interml T)arts, the prelý.:. 'A: "? O107 

ePerturo, the central atop and the armulnr b9 S. t are, as 

War be coon In the basic dealm, detQrrAned by the ,: ro-- 

metry of tho helices the cIN-a, en no' t. a evApIa, 

tbi prSII-Armary an®r'.; . 
Trm b1M%s of oU>culnr "1i. qoe, oLýe oý law 



other of braes, auch about '. ' ci. in dimmt. er, are, 

Pasten-ed to? rethw to form e'r1irldricý. ý1 (! ISO. 

ý. 'tý. s dioe, tiith a cixci-Aar hole at its very oartre vapel'odV 

at an angle of 580 in elaýpa: l to tb, r innar mll of the 
lid of the spoct'v'On. 0t4r Innexilatßlýv adfloini-i; M the ia": ltt, 

so that the oiä. ;c Of rtirrow end' of the taper In. VAs 

Qarmmd dine overlaps that of th. l brmd. E'? nd of 
the In the lid of the onectrCtwtt3r. Tk. '! s taTAred 

hole 1r the t! mnelät'3ci dine at Its broad or(*., forrs the 

aotr$. aal preli! dnarv aportm"o. T",. ' rt about 4,4on. i{*ý 

dismater at'a distance of atto:. . nv: i, from the acyar+zfl 

: 3@Qsu. '"0tl 

lvel*, r than the o^t"mriný= ,,,;.. 

ý ili, oý'`t3 : 'OlC', Ir3 tOrß Off fl©Üso 

; ýzrý in the liä., vs-oce redla- 
ti4lbE3 T7bCfsL9 a-? '"ý. 9a of dCpE3rü,. 2r0 fT*On the 8O1rO0 Om 'Jithß, n 

t1a8 exLýl ä.: lýtt of th, t! ̀ itTl9'ýdt11 5`ý of ýt In solid angle 

into tho Moditan. The roSt WhWa aný., lvs With 

r©Qpoot *. Q tir, lines of $oree at the poirlt Of deT-Arttft 

amol this jimit, are '$'1ro! 'v'_^te3 on art¬! 1''i, %" It. If 

this nxýelýi. *ýiý. "ýry nwportvx'o vith adoq*. mtv load sh1eldlrW 

bo not mad, 3cobtered rmdlatiansý orrma ur. d¬tý., r aýf.,. o back- 

Mal. aud and the ¬Ote, týa,. ý`tiClc3 boVMP. the 1ý.:. ýit of the 

oýogett ; sc, läd or. g1. ý, e ýrýýdý, -ý =: jrst th#3 cmääa of the 

eTleotrcmter, May eonttar nrd rondor the re*aoluti+r, r of 
th^ S-P; iOtä"I ý, äý,; ý.. . (ý^. "ntts n^-ra ýý^ ta g . nf " 

(C) Coritr3l Stop. 

The csoýtral etorp 1c ^ 'ýr^ßz tliDO r4. oc© dianotor 

ecWx'ýnPM, $o to 2 r. r(ý"ýr0 00="0j It to mounted at 4 
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distance from the Sovrca eqva1 to nI QwZq, 4 
9Q'° qoo ý I- , quoh 

away that the axis of the nnoatrmwtor 
. 
p"As®eo threuch 

Its ao-0 , tre " T"o tapergc? ' b1ooEt. 1 or load,, s3C: b. ''ßý"3" üx". ý. c3ý; -ý 

Q, 
o'ýo .t 

noýi3ýO. on Qli+ýýý rLde of tä' ilo tI! "oaa disay as 

in -ä, . ý, . ý. ý ßartral stop ýs milto w3antit--I. for it 

{ývý41: ý ýc. c:: 1ý to the f'4dQý Te"ý. Iý Of all ýý! aýo1ýtaý 

of md. in. tions. The atoti Ir t3o! ̂ýýýiC; iýn With 

the tube restricts the infZucnoe of spherieal 
of V_. a tnýýt; 4ld nýoetran Ions to MoZ1 nt" e... '1L . 

'i. " 

I 

ab3ost t? i, 3 oP. tird line fomw of the Peta Partial4: of the 

aboeft soad ancae re-l-s #r... *. o t". ýj cflfwtiv: ý rcf,, ýiýr of the 

detoati. at, dev3. aa. 

(d) Annular 811'%. 

From the 

jeotariee of Leta fty. -) of tºao Choost" oolid aý#o bave a 

©aýý°:: overlarplw, tract, gave t": av raaor their reer. *ýtiva 

positions in the line forxm or. tbe z»axic, rso. 

poat. ticn of the part, of t! -r-, firajßGt4? ^, r tnrerlagpir.: c; track 

with rririm width arC the mwýr~itT. idei of Vile ninimn 

width d-c1inv the netst+ml ptaa3. ticn and tho d9mnaions of 

Di® tho a. ý. *±u1nr slit. It ^d? '±l. tC thQ ýý+ýºý;. ` "'r? , of ja T%O09 0 
v0lo01ty - to ý,: . ý, ß, a^ýrý. z'aQ": ýc ý'ioliý of ýto. 

ýýo 

into t! ýý focc3 mqan. It prrwonts, hot°±evors and 
neattorod ¬'otý rmptj. oleo _iot3q r©loeý. ty deco not coýcýýº". 
pond to the oolootod £in? ,ýý,. ^orQo from roaahir,; ý tho 

sonsitiVo detoctinr Qereºi^ . .s slit in crir, junctior, 

with the t7utao$ aperture in t -ar, lid of the apaotýý: xrtor 



and the 'rAndow aperture of the sla^triac; l., counter, i°Mr-ma 

the resolving potmr and thus e., _ mtios the cl. ea. r-nýoc. of the 

spectral liner: ý re-t? out rurr? Joe-, of Tho 

autflr dioa of tho ar; nta, lar slit iý. `armUied, -mit! P, load and 
bmes ItAngs of about 
výrttG±ý of the o®attercfrm. reaahiret, .., 

the oou=ntor. 
ý" orIn or ý 31 sotror lo- ,3ý 

ýý 

I'; 
=7: 

- i'+. 
Si 

w`"f'. 
ý 

� a+. . w. " . w.,.. w. nr., 

U; ti'a. 301C. ''-iU1t: o, to=; Cý't, ý.: ̂r in 5lorios, 

ara no. ltstcad rm a heavy brass cy1 indrieU tubZn; F;, about 
in diamoter anti about 54cn. in lenwtti. 'ý. ia tube 

forms the body of the mamnatlo oleQtrcan lQro. The 

current for to V- oappliod. fron 102 volt 

naotmulat, ca. ýý.. `m. 3n. otinß. n.: - mwranta are rteaaurad bY a 

a3-a1ibratad connevtod to an arnetar. 
The mml-zeý°'aýlooLrop°} lens is so cxý°ia=. ýtatoci as to 

lot it: ) axis be in ßllmrlen. t with the eart$1OJ MW0ti0 

of f'o? "t3e. 1111W. the aý. aectr"talr, with Vie 301Vao 

`. cslrýar ý: anE3 e., d ^lec: tria4zl, counter on the other 

Qýzd, elx, i v4'Gh the o(Ym, wort parts -carof ul]. Q 

aaswO1od. to . ether, 13 nountod in the body of tho 

electron lons in such a t'ýt both of V1on are per- 

fleot3 ae>-axial, and 2a3 f'9.1s04`t 1- tqj7 . )act of z` e lens ' odT1' 

Vt-orc: the g-On-otic+ fie"1' 103 ±IeIM1777 

axla11y oymetric; na. 

,............ ý...,. ýwa.. ý.. ý .............:. !i 
.ý,. 

T 

~"ý 

,' 
ýr 

y'{: a ctceip, aiýc3,00: M9tri4ltion Of the ! w; ': t3tla; oloatr. aarN 
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lens epeotromeat®r, Qe ei^boratecý iýý thtý ýr. cýoediýý ; cý. 3cýio.; a 

and shoý+rn in the F1Eý. w, 1Cý and 17, ýtrA baa®d ýý the 

eiýe of thcý part of +ýt ir_ sol. id a, r, ýr, l. e aýployet'i and the 

ge0ýl4trioai for±ý of thý^ electron traýcýetari0© in a 

eta. r_. dard axiallF ýºyýetrioal rý3Qtia fiold. The diýan- 

sione and formg exP the ap®rt3ý, oantral etdrý and 

annular alit are chosen aoeording to the eon. clit. ione ýhioh 

determine the ßi^e ar_ýý+ atýnpo of the eleatron tra jootocýiQ^ . 
TliA rýcýantvm 9pread oA an e? ýerýr li^o obtai. nori bý this 

inetrurýant ahouý. ý' hc n d©fi,. hit© funotion of the paroýter 

linearr differarcc. ý`o aoocýrtai. y this femotion, ýcae eonr 

cider a parýial r? "ý'ý1 from a point aotý': bo on the axis at 

-ýý traver$iný a at., ýan8arcý r. ýnmtio fiel . '.: h©n the etný, lo 

a týioý: the ý=ireotion of the ßeta ravý c, t t' :, ý ^t'"artirnf, 

point eubter. ds týith the asia of the riold is so t3. '7all 

ttutt it aarý be asatýýed to be *ýýý. iý. ble (a " 0). : 3ir. 0o 

ooB o° is Unitýr, the f ooaý. length F of t2? o ýaeºgnetio 

electron lon. c . ý*or t'1ý ý'_": ̂.? oP3ý, -ý: * ßota rc ýr is nrLt'r`ýXý. rll, 

ffi`r ne t'. ý'iýý; r, ý, ""ý 
ý 1ºý vs 

ý 
ýi ýsýixY) aaý,. ' ý: {"e Fef: 

' ýz ýý fýý 
rýý;. 

ß0 tb8t, ß"": `s 
ýý 

., 1. 
y?? 

C, ý'ýý`: t , '' h`* `: ý 3, ': ! 'ýý ß8 Qfl 

stppýoýdsýaý.: ý oýý., ýa "1" ;,, ý. 

Hse=I 
ýlx) 

y 
:. Z: 

; ý; ... t1 

The opoctronotos,, oz-., over, i. 9 foi° tiee 

ommwwo+'! t of mowntm of feta partioles whose tra3eot. 
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oriee haven definite a range itith each individual a 

having; an appreciable value. The range of direotion® 

of the trajectories trithir. tho limits, *ainirvr' a , rti3 

mean a, with respect to the linos of force, have a 

oorreepondin. - ran., V of pai%mtere with i*º the l"ts of 

NtIm., r" 0) Ind T*win., r. 0) , -Avim, rise to 
pa. r. mu3ter 1iýýng iliZ'f. CTC_^. C^, 

A '' " *ý-:: In., r" 0) ., n(amx., r" 0), XWI 

^c f, ' . z'. } ýý x= we hav-g 

4P " F. ( oo© *min. - 000 Gma.. ý. )" 7IXffII 

Then the f0ani opronct o. ý-. either side of the t2wn footm at 

(romx, + pjn. ) nay be mitten 

df " -ý An and an=. ) ý[äVII2 

From the relatiow wnnreesed by XX-0 and 1QC9III, t: o obtain 

ctf NP(ceaa. ý, oK+ coaoý... "'º-"1 Un 
C, j HP 

zs 
vitiere fie in t', ': o noaenttm of tL- petr nt? rtio1^3 £(3ßtý. E? c? ý, 

*(p juLzImm +p minim ). 'J'her the resolving Do per of 

the spootrcrx ter whioh io t?, a reciprocal of the ratio 

between the momenta of Beta partioles fooused at the min 
toous and their odrredint; 

timittan 
0K> aP 

spr©ad a (HO ) 

- We -ý ý(Cýoý -+ Ceýaý+º+... ) 

rºýv be 

ý 

From the expret3©ion I=g it is obv ß o-1: V-11-Itut apart 
minor faotoars such as aberrations in the electron lone 



Lj " 

9' Ater , the resolving per in minly, doterminod by the 

ma itude of the fraction of 41 in solid angle ekployed 
in the desig. of the mnoetrameter for attaining the 

required effioio': G : r. In t':. ,e ease of the enoctroa ter, 

shown in the Fir . 1$, a further inorease of t'-; o reaolvinß 
porn r oar bo oftooted only at the expense of the required 
officlonc". 1 or the study of the energy- spoetra of 

vk arts ici radio active and other souroea, high 

of fioi; y1o, 7 is very desirable. In these eases where 
the spootra are often sixle, the resolving poar®r ascoo- 

iated with the attnin. oCl of ioio: ^o17 ahonld bra quite 

eatisfaetory. 
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1. Iztroadtýot Son. 

As a dete3otint device of Beta ray energy spectrum* 

a counter, cahich embodies the electrical effeoto of two 

produced by the paaea a of charged partielos of euffiotent 

kinetia per yº, to used, in can junction with the eloo- 

trioai caunte , the oguip*ient im o3®c pri secs of an lif or, 

an adapter, a soalinC, svatern together rdth a circuit of 

a thyraton operated rsohanlenl recorder and the sources 

of pour supply. 

tootrioa1 counter 

An electrical counter of Geiger Muller type is 

fitted to one end of the epoatroh for the detection 

of peta»ray particles oonoentrated on the effoctivo ref lon 

of the outer by the aeleotive focus it action of the 

na; do lex-9. The counter, shn in Pit . l9, is made 

of a brass tube % off. In diaieter and 7 et. long, with 
its inner E lls oar'efttlly, wwothened with ceded emery 

paper and hi ly polished with metal polish till its 

surface is free from lines and ooratoheo. As the 
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: 

ýr 

Fig. 18. 



ester is oon: nsOted directly to the spec tro ph with- 

out an7 sleotrieai insulation, it is esoential to keo' 

the balls o! ' the tube which torn its outer eleotrode at 
earth isere) potential. 

The other electrode of the oounter, at on wire 

0.2 m. in disaster, nomted on a brans red and fired 

alooa the axis of the tubes is positively elmwf .. The 

tºer appears to work the hest When the positively 

ehsreed axial electrode is ball ended. 8e oe a ball 

of pyrex glass, nearly, s rherloal, about 1.5 rya. In dia- 

Roter, is sna rated on the tree and of the tungsten wire 

by to lor. ft o ban is wed by a layer of Indian ink 

not only to render the ball a duotirr but also to make 
it. spherical surlaee oreu. 

The ttss ten wire is held in position by inserting; 

its other end, slightly bent into a hook shape, into a 

fi., hole nearly 1 esa. ! leer axially drilled along a brass 

rod lo S =a. in die eter, and is firmly looked by mewo 

of eoldor. he brass rod, on which the tungsten wire 

electrode is mooted, passee along the' axial pasete of 

ebVWS W end is fixed by MMM at a sUll (11 1 
51gß?. The part of the brass rod within the Dod7 of 

the adunte! &M ite and on ftiah the tungsten wire 

eºleertir*to IS Wwted tomttw with, * an. of the twx 

Kir® near ti-a laaksd Joint in Saoäotad by rAmns o° a 

D7M &, am opü, umy, so as to 011mianaLs aVurioM Q:. 
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Ohargo. One and of the onpillsr4 jacket io ! cxod to 

the in=per sundaes Of the brise cap, while the other er. d, 

veil road by fusian, extends 1.75 em. further Into the 

body of the brese tube frm the inner wall of the pririsry 

brass 'suing gazed at one eat! of the tube. ': ' %is 

eapillary t arrang t has been found to have oor- 

l ributed not a little taesrds the aohieveoesnt as tho 

flatness with abrennt ondir°r-t of the counter oharriotor- 

iatie curve. 

The hiss sap which supports the axial electrode is 

fixed to a mall pyrex tube fitted in a ssa1l brass rtnr. 

mtin. ý. This seoondar r b"e moemtim-', finish nay be 

utilised, it neoeasary, as a and ring, is in tin 

slanted an another pisse of pyrex tubinc of the sexes 

length but of eli fitly Urger di eter than the font er 

aDA. This latter pyrex tubing is fixed in the priaeary 

brass mobntine;, fitted and waxed to one end of the brass 

oaunter. tsbe. These tve pieoSs of pyrex tati*, z,, One 

between the and sap muntit and the nownda ry ring. ' 

notating and the other between the pt wry and the seoorzd- 

art Minds, beep the two electrodes perfectly inoul- 

ated and aspirated frGa one another after aese*li. their 

toter to fors the sleetrieel ester. 

A battle plate, With a oiroular grid 3.6 era. In 

di rtoar, riled earerully by aseuwr at needle files, is 

silver soldered, to the other Wed of the oowter tube in 



snsh aNoy that the omtre of the grid lies on the axis 

of the Ube. The Daff7l, s-grid plate of the eoutrtw is 

firsll ailvsar soldered to a rinn"f1ano. 

AsisR wlnkw (fr0es 8.9 to 2 . A5 mgm, per oaP thiek 

equivalent to a stowing, Popair of 1.0 to 1.5 ees. air) is 

malted and sealed on the gt, 'id plate of the oomter by 

Apieson max, An aaadliarr Us"aao -grid, whieh is equ®11y 

as transpererrtt an the ! 'mrraer, is fixed on the mdoa windm 

in the body of the ring flange in sash a way that the 

spokes of the ons nearly overlap these at the other, and 

is than sealed all round to the timer walls of the ring 

fla nr* of the amteor. 

The whirs oau rater is thus kept pefleetly air*ºtirt. 

A accidental varlatiaas of pressure either in the 

eoaate r or in the speatrog eph dose not dim@& the idea 

Winch,, as it is supported an either side by the ao inter 

and the "vsiliary grids. It is essential that the aiea 

window and the cuter grid lie within the body of the ring- 

Mao of the Oounter so as to avoid any asohanieal strain 

to the sealed aisa window, rid and their joints, when the 

ooxmtsr ring ! lands is firstly rind an the side lid of 

the speoU4 steer t.. 
Ths eouater ! "tads, with a lightly greased rubbor 

uaebw. is uaa: ted an the olds lid at the speetremeter in 

sash a weer that the axial electrode at the eountsr lies 

111=8 the axis of the spectresetei tube. The eo mtear 

t1 s mod, the aids lid at t; ao apaetrar sr tube are 
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elaýed t. ometbsr and tightartted firmly by raaane of et3. arap- 

tAp, screw to render the joint vacuum tight. 

As to isatearnal extinct iem eouctiter with the resistance 

In series and a simple aMlitvW srsteee, has NAM advaxtt- 

ages in Mcarisoo with the resistance extinction oaueate'ro, 

the counter is fitted with a pa+aaaaeeat arrangumt to 

pro+riäe an Internal means by which the disoharme is 

extin404 . aetried. In this ae. rr'angseient a eenl. l leak, out 

a =, >. in ei#nnt. ar, drilled In tim primary brans notmtIng 

OC trte ooasttor is oerr, -ooted to a oonduetin¬3 capillary 

with a stap cook, joine6 pormai; ently to aleohol vapour, 

arcois as$ filline* Mteaare and an e%hetuet putraap. 

lirstlJºo the ooaaester Is esdsausted thoraugUy almost 

to s "+sare of about W3= Ng by the rota" extaoust 

ptýp, and is täarn f illsd. with ethyl alcohol vapoisr and 

argon to the required partial pressures so as to provide 

the rAsaarau Of Internal extinction of the diseharaaº and of 

the operration of the ecsmAer. After filling the esomteT 

with aloaaml vapexW and aratW, the UPS of the alcohol 

and as gm We reserroirs and the stop cook of the ooriditet» 

iesg +rapi, tlerlº are sM so as to isolate the counter frcra 

the e2haust ptý and the fillftfý system in esarrier to 

eaainta. in the neýassar: r partial pressures of alookwA 

Mow and anrnin we in the body of the oounter. 
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s (a) MOM 9AMIOMIE11119 
The ester, filled With a rnisture of ethyl alcohol 

vepoenr and argon gas with partial preeewres of about 

1.3 set. and 7,5 on. respectively, bas proved eatisfaot 'y 

for operation over periods eaetendini; several weeks. ? he 

tree olei eeuttia ; voltage has been in the n"lghbourbood 

at nearly 19300 volts. with a resistanes of about 10 M . A. 

in series, in ec jetnotion with a three stage aalifter, 

the counter has given a consistently reproduoiblo 

charaeteristio eve with a flat rs ion of about 200 

volts, as Bean be noted tram the a im tal data plotted 

in the araph given in lip. 19. The ewrve (A) refers to 

oc to rear's as a cause of ionisation, wile the our" (B) 

y -rays from an artificial radio active element as an 

ionisation soee. As the voltage is increased, there 

is first no courting rsbateoever, than almost at the veer 

thareai*. oid voltage of outing the number of cuts rises 

quite stooply to a flat region. In this flat recion, 

the so ntinc rate in independent of the voltage. At a 

f g'ther increase of voltage, the nvaeber of oovnte In both 

of these ovrres Win increases a and this increase appears 

to be independent of the source of ionisation. 

ms co=ter Operation bas been eheeked from time to 

Use by observing the co rtie ray background at a par- 

tiOtUAVewtt in the flat regiena, and the eOuntinn rate 

of the ä-line of ' *p+C tsC1 or a$f into standard, 
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defined by an arbitarily chosen ni ber of y-counts 

'ivrar by the. source. 

Fua ailfi. er acl au ar tor. ýý1//. r111 Mr . ate   ý"ýý. iýtl. 

(a) Three Steps edifier. 

Tho i aulses of oleotrical couxtter are usually 

of the order of len to 10464- volt. ýI'ith ouch a low 

ar plitude, ' thoy are not adequato1; " of,..: ativn as to render 

the thyratron operatod mechanical recorder operative and 

consequently are incapable of being, recorded by the 

autertatic reoordin.; device. The counter, therefore, is 

provided wit), an arqlifler, e) n in 8ig. 2O, to erplify 

and equalize the anplitude of the irpulsee in order to 

secure the rein iatration of the ooimter lrwulae frequency 

with satisfactory degree of accuracy. The operatioml 

principle of this amplifier, like that of the linear 

amplifier of V ynn-t . 111 lu and lrardlO , is in a way elm- 

liar to that Of an audio frequenctT a-in iffier. 

The eMlif ier, an shad in Fig. 20, employe three 

3ta ; es of reaietax! oo-oapaoit7, r eouplin. ;. The greater 

port of the auplifioatiott is aecor, 4pltahed with the first 

two pentode tubes and the shot time ooretant to between 

the second and the third tubas. ' °, ' uses . Cr e., 18. 

raitted to the mid of the third tube aft , 'ý, tivo and wits 

the poeltivo tprid bias, minor. Impulses l, oautsed by the 

secondary electrons in the counters and by the rsioro- 
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phcý: aiQO ' of the first tube, are suppressed. 

A resietaaee. "oapaoity ooexpiin:; of a fairly large 

t1ne constant has boor amaloyod bettryee^ Vie first a". A 

the second tubes so as to obtain equalization of the 

pxal. sos in the seoond atagol, which Is important from Via 

of the short time constant of the resistance-espeolty 

ooupling betrreaen the second and the third tubes. The 

levollin;; of the irVuloeea is in fact found very advant- 

aroous for easily bringAn, g the aoottWaxtyinLj sealing 

systeen into a worldn{ ,; order so as to accomplish a very 

reliable aüalin; 'r Of the 3TWUISe frequertsay. 

The output pulses of the third stage,, beir.,! - of 

positive potentia)., may be directlTr transmitted to a 

thycatron opelrated n. otaharioal recorder for , automtic 

regiatraticm Of the counter impulse frequene-T. The 

e3. eotro, -meehanioai re©arder, hcAvVer, to unablo to cope 

with the hiý. t rate of impulse frequenoy. Hence the 

imwu3Leea are scaled de*m by rumna of a eoalin, ýý eyatem, 

shown in ri6.2?, and are then transmitted to the neoh- 

anicAt rs3Cºorder . An thin eQalin: ° sysotmrrt, hcemver, to 

ineffective to 0, (-) -ai, e, taen of positive potential from the 

third ataM of the ssraplifier, the output negative pulssec 

of the SeCon, 1. stage of the a, -°ýli. f for my directly be 

applied to the srappresgors of the firnt stage scaling 

valves tflrou. r.! Yi a oondenser of a reaaonably, l+ori oapaoiGan®e, 

(b) ij%ýioj� vnliºa ýý+riýrtbx. 
g. 20, the rnutput rn11800 of In the unit shown in ºý'ig 



positive potential from the third stage of the plifier 

are applied to the scaling system through a triode valve 

adapter whose output pulses to the scalir! 
-xroten 

tire of 

negative potential. : "aiithh proper aeleotion of RD. value 

of the ooup3. izv bet is ' t' l oo -000-- c. 'A ,stho third stages 

of the erlifiev, V, r, «r lifioatio ao time Constant 

of the adaptor atape, the a plitude, torn and time constant 

of the iut pulses applied to the scaling- eysteie enn be 
I 

readily moulded with greater flexibility and degree of 

freedom to a ma itude and form ne©essarv for easily 

aoocxplishing ec alirr{; aotion, An i therein lies the advant- 

age of the adanter unit. 

4.9oalinr" system and a circuit of a Pontode 
ýonlö 

07-812t in y tcuum u0 yar+wr. r,., ý ýn... w. r+r r rir+ý+ra rriý  Fr  ýrý(n) 

Introduction. 

The opectrograph excels in efficiency i ny other 

epectro ºphs, both the semi-oireular type and the rj 

nectio electron lens typo. The electrical counter, 

which is fitted to the spectrograph as a detecting devioo, 

receives a large maker of Beta particles even from con. 

paratively weak sources. She . frequency of the electrical 

counter IMPAI o+ , on this account, being great, the r h. " 

enioal recorder to quite unable to cope with the speed. 

Howe it is essential to earstruet a unit by which 

randomly distributed imnu1ees of him rate of frequency 

can be Scaled dorm. to a rate at which a relatively slow 



machanlc ý, l roc ordo ©ý? 07''y to 'ti faotorily. 
(b) Types of Soal .n; Circuits. 
There have been tm tvnes of noalina eta circuits, 

the one usini'morourv Thyratron tube n based on the welt. ' 
k own dooi. p of the Thyratron 3oa1e of-two of 0.2. Wynn- 

willis au, or a circuit eM1o ing W- 3 Argon filled tubes 

based an the de ni,, P, n of Shepherd and AnadbYý'` 'and the other 

a form of niultivibrator eirouit1S of bard vacuvz tubes 

adopted for use in sealing circuits. 

(a) Thyratron Scale-of. tvio. 

The Thyratron type of sealing Circuit of W7nn". Ti1iiane 

Is used with advantage for many purposes. Its speod, 

hcmever, being limited by deionination time of Thyratronn. 

is not aatietaotorg for hieh Qounting rate. The resolution 
time of these o 1roulte bean, long,, if the pulses arrive at 

oar aratively short intervals, which my odour eornetliase 

even at lour eountin, rate, the circuit MV be rendered 

inoperative. These limitations, inherent in the msrc wv 

Thyratron tube sealing system, which forms a serious Nandi.. 

cap to high, rate impulse frequency neaeuremnts, are over- 

ewe to extent in the counter oireuit12, employing 

type 085 Arm filled tubes, because the operation of them 

Ma filled tubes, unlike that of secretary Thyratrons, is 

independent of the tetperature and also their deco nization 
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time is shorter than that of mercury Thyratrono. This 

circuit, horrover, has one disadvantage - it involves the 

use of ovuplin tubes for arresting the largo negative 

*. )ulse and thus preventin the ooeurrenee of doublin -;. 

(a) Ar! , on filled tuba scaling circuit. 

A soelintº circuit eMloyin, 85 type of Argos tubes 

has been 8esig od by I. Giarrater! a14. This circuit is 

stable and reliable, and is obviouelp rruoh air. l©r than 

the foror one in as much as the oouplirt; tubas have been 

elirzinatoe.. With this arrangement of scale-of-elght, 

it is posoible to obtain records up to speeds of 3,000 

random counts per ninute without appreciable loss. The 

time constant of the input pulse, how mart cannot be made 

adequately small so as to choose the resolving time of 

the first and the subsequent stages sufficiently salt, 

because of the acnatp1in(, oondensra of high capacitance. 

Therefore, either r! hen the interval between randam 

impulses happens to be too small or vhsn the counting 

rate of randam iiulcas is high, iripulees nav easily be 

missed, reeultin, ° in appreciable ootLstinr losses. 

(e) Advantages of vaouom tube aoalin,,, oirouits. 

The diffieü]. ties associated with marour r Thyratror_ 

sealing circuit and Argon filled tube coaling circuit woe 

overcome in the sealing circuits of hard vacuum tubes in 

as i 1$h as they have high speed and stability which render 



oar ratively short resolving, time possible. Vacuum 

tube sealing circuits, broadly speaking, are based on a 

special application of the principle of retroaction to 

two vacuum tubes so as to produce two conditions of stabb- 

ill In one condition, one tube of the pair has low 

Impr. c'. co and therefore is conducting, while the other has 

high impedance and consequently is blocked. In the other 

condition, on the other hand, the situating is reversed 

so that the former one is non'. eonduoting and the latter 

in conducting. In a design involving such a principle 

of operation, soiling din the rate of rtandcsm impulses to 

a half is aooa lashed in as muo? i as at each incident 

pulse the circuit Io tri, ped fron ore stable stag to 

the other. 

(f) Triode and Pentode vacuum tube scalin(; circuits. 

Published eoalin r circuits employing vaman tubes 

are all raodifiootions of the outlined scheme, with 

alight differenoen in the eonsatruotional and certain 

operational details. The constructional details influence 

to a considerable extent the stability, the reliability 

and the effieie r of a scaling circuit. There have 

been two kinds of circuits a loving vao' tubes, one 

kind with triodo valves and the other with pentode valves, 
(5) Triode veou tube scaling circuit of Lewis. 

Levrisis has designed a mealinp syate based. on a 
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lvQa eycaaaetricral circuit of two vacuum triode va 1: uviýMý 

two states of equilibrium. When a positive ir%xlare is 

applied to the line batrieer the bias rectifiers osrane0t- 

*g the ý-rids of the two va]. ves, the Circuit it) trifTerOd 

fron one stable state to the pthol°. k continuance of 

the relative aiange of the Mid potentials is xeeai.. *ýtn. ineedd, 

by the inducot. as. cao of the obA*e Included in the circuit 

so that the stable state r-ftioh results is not the one 

fron vfhioh the unit starteed. Thus successive V%Yalaos 

drive the unit alternately from one stable state to the 

other. P, soale-of-oiý+, -t oorurisea t2u~eo of these soni4- 

of"tW, +D tuaitm, fn? Loy re' ! )v ar'Tjzymür-or o-nm, -ioohaniesaal 

re+aordor. 
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valvoa to expected to achieve a much higher ocsuntir:.,, rate 

than the one SMlpyin; , mereuary thyratrone. But Levis *a 

©oaä. ce-ºof-ºeight hina a Ynnsl. mm eowntl. ný. ý rate Of only 39000 

oounte par mimte 9 which la not gr, 9atar timn that ob*. ºa9ne4 
by the txgrra, trw scale-of"peiaht. Tho adVanteigib Of high 

speeds obtainable by bard vaoum valves could not be 

turned into gW account because of the reatriotiona 

associated with the eouplý condenser and the ehcke. 

The circuit to atatal®, reliable and aatiaf'aotcxry tor mrºr 

pwrpoeao. it do" not Involve Oaraplex ooWlin. e unite 
beeideE atmplo e3ood, ovworä for its opamtiion» `m1,10 orip2. oy'.. 

mnb of gpgoic}1ly owoLruat, aQ grid bias reotiPyin4_i unibo 



and chokes, however, makes tho Coy.., otruct lon of t' 
_c ire 4t 

far from eirrPle. 
(h) Lifoahutt-Lary of . triode vrouuri tube soalin;. ' 

o iroult. 

A eoalin; circuit mVloyin ; triode valves, in which 

the high wed of such vaeuwa tubes is made use of for 

obtaining high oountinm; rates har been designed and oon- 

strueted by H. Lifachutz and Z. L. Laascalß. A circuit 

wVloying two triode vaouuca valves forme a scale-of-two 

unit in which pulses are applied to the valve grids in 

parallel through resistance-oapaoity, coupling. The first 

valve of the pair in direct coupled to the other by a 

resistor from its plate to the grid of its mate, and 

similarly the second one is direct coupled to the first. 

Hanes, the system is symmetrical. The aymetrioal direct 

coupljr causes the circuit to have tuo stable statue. 

Input pulses trip the circuit frenn one stable stets to 

the other, caning an increase or decrease of the plate 

potential of each valve at alternate pulses, An elect- 

rioai division by two is a00" dished by the transmission 

of the plate-potential changes of the second valve to a 

thyfatran operated mechanical recorder which operates 

only at the positive changes. 

In a multiple-stage sealing, a iroult, the output 

pulses of the second valve of each stage are fed by HO 

coupling to an additional triode valve which is biased 

past out-of'f so that only every other pu]. oo in transmitted 
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to the next scale-oftwo. A goals-of-sixteen built by 

Lifechutz and Lawton conrisee four such triode soale- 

of-two systems with triode oouplinr; elements, followed 

by an output stage operating a mechanical recorder. This 

oirouit has a high rate of itEpulae frequency oow ting 

and sewis to be stable and reliable. It cannot, error, 

be deemed to be simple ovine to the complex triode valve 

oouplinr* units. In a eoaling circuit of this type, if 

stn ºlo triode vacuum tubes are eanployed, the oscillations 

of the one try be picked up by the rest of the stages. 

It is also sensitive to external disturbances. These 

defects which Gauze spurious countinget and render the 

counting reecrde unreliable onn be opted by oovering 

the components of each stage by a separate grotmde d mtal 

shielding or by employin;:; triodes of the metal shell self 

$hieldinr7 trne. 

(i) Alfver, "a triode vaeui valve scale-of-two 
circuit. 

A circuit of a scale-of-two errployin; triode vacuum 

tuber which is aS for tltur that of either Lewis or 

Lifeohuts and Lawson has been designed and constructed by 

H. A1fve47. 'hough the principle of its operation is 

ear to that of the other two 9 it differs from them in 

certain constructional details. Unlike Lewie's oirouit, 

neither O rous oxide rectifiers nor ohokee are enployed 
in this oirouit. An addition of two or more of tz-: dee 
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scale-of-tiro units of this design into a single system of 

multiple stages does not seen to involve triode valve 

coupling systems between the stages, unlike the multiple 

stake scaling circuit of Lifsohuts and Lawson. 

This circuit, like the other two, has two states of 

equilibrium. Mn one state, one tubo to blookod and the. 

other is conducting while, in the other state, the 

situation Is reversed. '--lositive pulses, applied to the 

line betwoen the "oorCor. scr-resistance irid biases' 

oo glint " trip the circuit from one state of equilibrium 

to the other, and the ror'altin, . positive pulse from the 

plate throw an auxiliary by-P ^ CP oouplin drives 

the circuit into an apposite state after the tripping 

pulse is over. It is these conditions that render an 

electrical division by two possible. Iropulae8 are 

transmitted from the plate of one of the valves throw 

a R© ooupling to a thyratron circuit which operates a 

moobanioal recorder. A further sealing ray be obtained 

by adding two or more. scale-of-tvo unite by directly 

oomaeotinr; the outrntt of oro ntru'e to t?, o irrut of 

newt without couplin; unit^. 
1. 

AifTen has mentioned neither the hi has obtainablo 

oountinß rate nor the effioienoy of its perfor! noo in 

his }ntblioatiový7. With his ooUmter oiTOLtit, he obtal, neQ 
rooorda of about 200 oounte per minute, and this rate 

obvioual, y is too low for nuclear meaeuromente. H. 



points out, hov ever, that higher counting rate may be 

obtained. by tbi i unit. cirfrjtt- _ "ý*t3` l'º -ý 

reliable. 

(J) PentoUUo tube aoaliý,.,; oiroults. 

Sealing circuits a loying Pentode tubes have been 

devc lopecd. by (1) Stevenson and Getting, (2) Rei ahIg 

and (3) Uri©oh`'O. 'Masse sealing circuits, like the triodE 

vacuum tube eonlin:; 3iotems, are designed ad as to apply 

the principle of retroaction to two vacuum tubes. Their 

constructional and operational details, ho vor, differ to. 

a great extent from those of triode vacuum tube sealing 

circuit-.. 111th Pentode vacuum tubes, a thorough control 

over the Operation of the soalinr- system, so as to obtain 

high efficiency and reliability, is me easily obtainable 

than with triode vacuum tubes. With Pentode velVo 30al- 

in4 circuits, under certain conditions which are easy to 

realise, metal adreeninr elements of the tubes and the 

grounded metal shielding walls between the stages may be 

omitted without impairing the insensitivity of the circuit 

to external disturbances. 

(h) Pentodo vacuum tubo ac ltn( c'i oul. -t; of 
Ste3v'enson and Gotti 

Stevenson and Getting i'Sh. 
":. v . ;.:; ýºý -: V . circuit 

exloyln ä Pontode tubes for sealing down counting, rates. 
The circuit, in its essentials, consists of two Pentode 

vaaj tubas With a symmetrical arrangement of two sets 
of resistors across which a combination positive plate 



supply and negative grid bias is applied. The circuit 

has, of c ourso, two eanditione of equilibrium, in one 

state one tube is oonduotinß and the other tube is non. r 

canc3uct: in, while In the other condition the position is 

reversed so that the latter is oonduotin; and the f 

is blocked. Two additional po tode vaeauum tubes and 

condensers for cross eoupliar; are employed in the circuit. 

The irids of the Additional tubes are norrnlly negatively 

bled and the plates of the pair are oonneoted to those 

of the sealing; pair. A positive pule. applied to the 

pride of the additional pair trip the circuit from One 

equilibrium state to the other, so that the initially 

oonduoting bee ones note-oondu oting and the initially none 

conducting beacnea o onduotir., ;. The net incident pulse 

which enters the second tube of the additional pair, 

oQI3'_ý. r^' ^' to the present conducting t tho, trips the 

prig al �cling pair back to the original position. 

Thus oucaaaa1ve incident pulses repeat the prooeoe. The 

rorsultin1, alternate positive pots tial Changes of either 

one of the 'tubes of the print i. al pair are transmitted 

directly to the circuit of th °toc. ical reoorder. 

.A oeale-of-thirty-two, c risinf five of such 

aoale-of-tvio unite, directly oonneotocl In series, finall 

followed by air output stage, operating a mechanical 

recorder, has beer designed by Stevenson and Gettir., . 
The sca1tn; circuit is efficient, stable and reliable. 
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It has a high resolving power. It is not simple and 

employe four Pentode vacuum tubes for each stage. The 

circuit is not insensitive to external disturbances, and 

hence the sensitive parts of the circuit need adequate 

shielding. 

(1) Reich's pentode vacuum tube sealing circuit. 

A scale-of-two circuit which is a modifioation of a 

trigger circuit whose operation is based upon the principle 

of retroaction between two tubes, has been described by 

H. J. Reioh19. It is simple in design, and, unlike the 

circuit of Stevenson and Getting, requires only two pentode 

vacuum tubes. 

An operation of scaling is based upon triggering 

action. In this circuit the coupling is obtained by 

means of suppressor grids through a sytrioal arrange- 

ment of oondenser-resistance by-passes. Input negative 

voltage pulses are applied to the control grids. The 

screen grids are normally at a positive potential, and 

the supressore at cathode potential. The circuit is very 

sensitive to negative voltage pulse, and is altogether 

insensitive to pulses of positive potential. A ourrent 

transference from the tube 1 to the tube 2 presents a 

negative pulse, rile its transference from tube 2 to 

tube 1a pouttivo p't lse. It is because of these ehar- 

aoteristioe that, firstly, an electrical division into 

two may be aooomplished, end, eeoondly, one stage may be 

coupled to the next without the use of ooupling units WA 
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ratifiers. 

The design o ti. s saalin circuit is simple. It 

operates on a total voltage of about 45 volts. In this 

circuit the input pulses are applied to control grids 

which are by far the more sensitive than the rest. Henco 

it has a high degree of sensitivity which may be turned 

to useful account in oasesvtore Vic amplitude of the 

incident pulses is very small. In oases where t elec- 

trloal counter pulses are amplified, equalized with 

amplitude rightly adopted, such a high degree of sensit- 

ivity is not of any special value. This circuit is not 

insensitive to external disturbances. Therefore, it may 

easily pick up stray electrical osculations and thus may 

give spurious counts. To eliminate these defects, the 

tubes and the sensitive ocnponents are to be adequately 

screened by grounded metal shields and the components of 

each stage are to be shielded from those of every other 

stage by grounded screening metal walls. 

(ta) Frisch*s pentode vacuum tube scale-of-tyro. 

A pentode vacuum tube scaling circuit can be rendered 

practically insensitive to external radio free. , -.., 3 and 

other external disturbances by keeping the covoý, ol grids 

at earth potential. In this case the triggering pulses 

which trip tiý. e circuit from one stable condition to the 

other are applied to the supressors. A soale-of-two 

with these simple riodifion. tions and vrith certain chýýn ; as 
in the constructional details has been developed by 0. 

ý 
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Frisoh20. The principle of this meals-of-two circuit 
is not diftarent frees that of other vaeuv i tube ®oaling 

oirouits. It differs fron the rent in the oonstruuotional 

datnils which influence the aperation and the efficiency 
m 

of the Qirauit. The oirauit, hin In FIR-21s OOMLOts 
of two pentode 4aoum tubea s Syrlvenia 57 type q the ooRxp- 
1 A- 

_- ý- --- --`----" --- -------`--- -- ý-'-ý 

of two pentode 'PaOumm tuDee, Syrlvenia 57 type, the ooRxp- 

ling, betusen these sealim- tl*e®, essential ! or retro» 

antic, beim through screening Bride and the pulses beim; 

transmitted to the ee preeeaa's in parallel. 

The mirrent through the resistor R1 is the plate 

current of the tube 1 and the screen current of the other, 

while that through the register RR is the plate currant 

of the tube II and the screen eurrent of its rate. With 

it condenser 0 in parallel, the resistors R3 and R4 , 
aeparately connected to the eathode of either one of the 

valves, the two soalln(; tubes are individuall! r self- 

biased, while with the resister R5 the pair is self- 
biased in oo n. The sgametrioal arrangement of the 

direct coupling permits the eirouit to have two states of 

equilibrium; in one state one tube is eanducting and 

the other is eon-eonduoting, while in tho other the eon. 

dition is reversed. 

A negative pulse applied to the miprossor tripe the 

oirouit from one state of "quilibrii* to the other. Zaoh 

time the oirouit is tritMered byº an input pu3. ee, the 
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ourrent released through the individual self-biasing 

system with a condenser in parallel, provides for a time 

(R3 + R4 ). C a bias to the control grid in excess to the 

oo on bias ftrniahoi by the ornirrent throw the resistor 

Rq ýýýý i. mo dor-stsnt of the Individual salr"bia 

units vrlth the aandsneor ia aratlel (R3 + Rý. ) .C Be 

chosen as to lot the additional bias survive the tri mOr- 

ing pulse. mie extra negative bias on the control grid, 

vR ioh lasts lone r than the triggering pulse, drives the 

circuit into the reverse state after the pulse is ovor. 

The transmission of successive pulses of negative potential 

repeats the process, producing in each tube plate alter- 

nate positive and aemtive potential changes. A trarr 

mission of these potential changes of either one of the 

tubes into a thyratron operated mechanical recorder which 

is sensitive Only to the positive potential rtil see, acooº_! - 

p]. ishee a scaling down of the countin ; rata ti 7"7111 t. ' 10 

value. 

The circuit is qi. Atc sensitive to : )r t .ý . a: ý 

Pulses of positive potential are, however, ineffective 

as they are absorbed by electron current. It to beosuse 
_ 

of these characteristics that two or acre of these system 

may be joined in series without oouplinp units to obtain 

multiple Stage sealing circuit. Frisch deaoribed a 

scale-of-eight otrouit oomwrising three such soale- of" 

two units * joined together in series and follcved by a 



thyratron operated mechanical recorder. in thin system 
plate 

the alternate negative/potential changes of one of the 

tubes of the preceding unit are directly transmitted to 

the one imcmediately suooeedin4 it. Seale-of. -Oight mite 

based upon the design of Frisch have been constructed and 

have been used in this laboratory with advantags in high 

speed counting for nuclear research. 

Frisch's scaling; circuit is simple in design and 

easy to oonstru ct. The circuit can he brought into 

Working order within a reasonably short period. It 

requires fewer valves and other 0 onsnte than any other 

scaling circuit. It does not need eouplint valves or 

other oo, lioated oouplinr units. It has above all the 

great advantage over others of being practically insens- 

itive to external dietcubanoes a- . 1d net adequately sens- 

itive to trippin-- pulses of oom{paratively low potential. 

(n) Pentodo vacuum tube scale-of-sixteen. 

The e®ploymmont of an electrical counter for the 

investigation into the nuclear processes of radio active 

elenente has been one of the most sensitive zmethoda of 

scientific research. Owing to high sensitivity, it is 

capable of indicating the presence of radio activity 

even from very feeble sources. Hence it may be regarded 

as one of the moot efficient and outstanding methods. 
s'leotrieal counter circuits, owing to their sens- 

itivity, however, are prone to be sensitive even to stray 
eleotriool cooillatory diacb®rgs and radio frequencies. 
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These external disturbances which may easily influence 

the counter circuits nay render the counter records 

erroneous, trrors In counter records are very undes- 

irable obstacles for the reliability and the precision 

of the spoetrortetric analysis of the energies and the 

inter itV O; ' V 'n m' nrttclon er ittOM br rf4(l? n notivn 

oleaent "r . 
To sooure procialon of the apectronetric ¬analyal , 

it is essential to construct a hIM. speed counter circuit 

which is quite sensitive to the actual counter itpulses 

duo to the charged particles Erns radio active sources, 

which copes with high imulso-frequency and Which is 

practically in®ersitivo to external disturbances. with 

this ob3eot in view, a circuit of pontodo tuba soalo-of 

sixtoer, involvir ý t}aooo raodficatiors in the construeo 

tional details so as to render it quite sensitive to 

electrical counter lr. Wulsee but practically insensitive 

to oaternail dicturbaºreos, has been eonstruoted. The 

circuit La based on Frisch' o scale--of-two shown in 

U. scale-of sixteen, which is constructed for 

us in ^, wit?. the detecting device of the spectrograph, co - 

prises four of these o©alo-of tva units, placed side by 

side oonneoting " to ,, - to - and output to input, 

follovrod by a thyratron operated rJreohan. ioal recorder and 

with an extra pentode valve operated visual indi& for for 
Interpolation, as shoatn in F1g. 2t . 
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(o) The charaoterioties and the basic principles 
of construction and assemblage. 

The operation of a scalin ; circuit is determined by 

the anlitude, the resolving tiro ard tha c±bun& 'oo of 

higher h tr onion of the input pulso3. 

Pulses of a vary lou amplitude are inoapable of 

tripping, the circuit from one state of equilibrium to the 

other. The elitude should be adequately large, and, 

for the rouge of such aeaoplitudee of input pulses, the 

circuit lt be pravtded Vdth a balancing salt-biasing 

ev' tee t oars= to the pair of aoali* h tubes. Pulses of 

! mzO! t larger amplitude which exceed the limit, knock doom. 

the individual self bias in excess to the cue oor n to 

the sealing tubes with the result that the System is not 

forced to the reverse state of equilibrium after the pulse 

In over. Therefore the circuit, though it o eoillatee, is 

tnoapable of proper aWlinf; action. 

sinoe the individual self-bias in moose to the one 

oarmn to both should survive the tripping pulse in order 

to urge the Mean to the reverse state of equilibria 

after the pulse to over, it is essential that the resol- 

utton constant (R3 f re. ) .C 11 ?n'r th&n the tires oorot nt 

RC of the in pulasee. 'hut if ?? + (RS + R4). C Of the 

esoeso of self bis© is tob long as to give not only 

the tripping pulse but also the arrival of the irnodlatolq 4 

euoa®ediar; pulse or minem, tiýe, 1! -ittor r-111 rot I. -, r, 

oounted eeParetelr. 



The operation of a soalir_g, circuit m"* co7©ictere9d 
e"* ; to be dependin,!, also upon the abundance in hi,, °Y". arn©rios 

of the input palace. A pulse to said to be abundant in 

hirhor harmonies if it has either a steep rice ar a steep 

fall. Such a pulse with a clear out and definite effeot- 

ive frort h ae a well defined tripping function upon the 

soalir A circuit. Consequently, even in high tmpulae 

frequOMIGo, as they tripping actions of the ouooeeelve 
input pumas do not overlap, pulses abundant in higher 

harmonics contribute a great deal to the most satisfactory 

operation of the ecalir^ eircult. 

If these oharacteristico and the basto principles 

are realised in the oontttruotior! and asseablare of a 

multiple stare of scale-of-two circdt, it will be ronark. -º 

ably ample and easy to bring the whole e ten into 

perfect kix ; order within a ronaonablr snort period. 

(p) Interpolatior. 

The niribor of oo nto in a aivor. time rig y not be a; 

exact rmltiplo of the coaling ratio. The actual number 

of counts soared by the counter over and above the read- 

ing of the rieeh o coal recorder is obtained by any one of 

the rsetho&9 of interpolation. There are three of the^. e, 

kno n as the meter method, the 'Electron eye' method and 

the neon irdioator r taod. These nt thode are useful, not 

only for determining the . number of a mnt© scored, by the 

counter avear and above tlr o reading given by the *eeohanioal, 

recorder but also for observing and checking the individual 
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(P. 1) Tho Motor interpolat ioTº Ugtlatxz . 
The mater method transn. 9. te a portion of the plate 

ourrent from one of the tubes in eavit SUM to a ©ennion 

milliameter. The eontributio^ of the first stage is 

adjusted b`r t,,, n chaioe of a suitable resistor to one vanit,, 

that of the eooon4 to two ur±it: a, the third to four units 

and so on aocordin to the nuvtber of soalo-of -tom star os 

eqployed in the multiple otape system. At the oor nee- 

snt of a run all the tubes feeding the hater are set at 

a non-eonduatinr; equilibriun. Hens the meter reading; 

is zero. After the arrival of the first pulse, the tube 

of the first stare feeding the milliemeter become oor' 

duoting so that the meter records one unit. Then with 

the second Input pulse, while the tube of the first stage 

connected to the meter ceases to be conducting, the tube 

of the second stage oonneoted to the meter become con- 

ducting. The rester, therefore, having drawn frogs the 

tube of the second stage twice as t lh as that drmvn from 

that of the first stage, records tiro units inditsntinr' 

that two pulses have been scoreddd. 8inilarlp, ith 

successive pulses the seater readin r rye up in unitori 

steps and falls beok to zero when the nutber moored has 

reached the scaling ratio. 
(p. 2) The tCleetroz-i Eye' Irsterpolation £: ot1': od. 

The 'Flootrcin Eya' r otnod d of interpolation a xpl 



electron ray tubes, one tube beans' direct coupled to enob 
scale-'of-tap stage. In this method the nutaber aonigned 

to that SWIGMof-ho stage is added to the reading; of the 

mechanical recorder vhnn the 'eye' of the tube belonging 

to that stage is Opened. The additional number of 

counts soured over the reudir.. r of the meöhenioal recorder 

can be more easily road by the metsr method than by the 

'Electron are method". The electron ray tube has the 

advantages of being oxtrornl"* fr, t ar_d of not reaetir_r, or. 

the scaling, circuit. 
. (p. 3) The Visual indicator method of interpolation. 

This method, devioed by Friseh20, has the advantages 

of not only precisely indicating the actual ms»bor of 

oount© scored by the oamter ever they reading of the 

mechanical reocrcller but also of being fact and of not 

reacting on the sealimx circuit. Oaring to these advent- 

ages, a eystort involving this method has been included in 

the soale-of-'sixteen eircuit, as show in 71g. P. S. 

The visual indicator consists of a now visual tuning 

tube ('Tuneont -t neral Bleotrie O««any, $n , land) , 
whose loan mire electrode is placed in the plate circuit 

of an additional pentode vast a valve 'Sylvania 57 typo' It 

its grid bias being; connected through suitable resistors 

to the plate of one of the tubes of each one of the four 

scale-of-tvio stapes. It is essential that those coupling 
plate resisters from the first to the fourth sonlo-of-t -o 



- SJ aº 

stage are in the ratio of 3141211 in ardor to obtain a 

glow discharge of the wire electrode growing up in equally- 

measured steps with each input Pulse. 

At the be(4nning; of a run of the aoalin{, circuit " 
when all the tubes feeding the grid bias of the additional 

valve coupled to the visual indicator are set at non-oon- 

duoting equilibrium state - as the is no exoesa of bias 

added to the normal and bias of the additional valve .. 
the 'id potential in a minImm and consequently the plate 

current dran by the long airs eloetrode to also a mini- 

mWa. In this stags, therefore, the glory di©chart; e of the 

wire electrode, like a spot, is loealieed at the foot of 
the wire electrode. An the first input pulse tripe the 

oircuit, the valve of the first stage, ocrneoting the grid 

bias of the additional valve, beooaee oondueting so that 

Its plate current which passee through the reeietor will 

be an additional bias in exo9es to the noreal biss. Thus 

auooesoive pulses render the tubes of the successive 

stages, co nected to the grid bias of the valve coupled 

to the visual indicator, one after another conducting. 

Therefore, with each input pulse, the grid bi: ,, 3 of the 

valve coupled to the visual indicator is increased in 

equal steps in excess of the normal bias, any., ooncecºm 

uently also the grid potential in equal steps, so that 

with the input of each pulse the length of gloi disohQr 

of the wire electrode increases in equal iasvrea. in 

this tray the tOngth of the glory dieoharpe of the viro 
eleotrode keeps an increasing in equal measures until 
nu1er of counts scored reaches the sealing ratio, vAm 



the thyratron flashes and operates the mechanical reoordc . 
Then the tubes of the four scald--of-two stages connected 

to the Mid bias of the additional valve of the visual 

indicator are once more in the non-oonduoting equilibrium 

state, the grid bias and the Grid potential run down to 

their initial valuers and consequently the plooi discharge 

of the vrire electrode falls down to the zero position. 
If the ful% lon th of the glow discharge of the wire eleo- 

trode is calibrated into divisions, each division eorree- 

pom'ing to the length of the glow due to each input pulso, 

the number of counts scored over and above the reading of 

the r chanjoal rooorder ow be diroctly read from the 

visual indicator tube divisions. 

In the circuit of the aoaleu of-sixteen, eho n in 

only V,,, ) first three stages have been connected to 

the circuit of t1n visual indicator with tho coupling 

resistors in the ratio of 4$211 to the circuit of the 

pentode vacuum tube operated visual indicator, to fourth 

stage bean,. -, kept free so that for every sixteen counts 

which Eºivo one count or the mechanical recorder, the 

visual indicator makes out two turns from zero position 

to the full (; log and, baol: to the zero position. 4th 

this arrangement, also, the number of counts scored over 

and above the reaclinry of the rteohanioal recorder i3 

determined. 
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5. A t2 cutron circuit for o3 eratinr, r. -iochan cxl 

A to aphonv r. icý c rf: ); ,i sluc: vAV.. 1,000 0, -N: T. 1 coil 

and a break contact is used an an impalas frequency record- 

in; device. It operates in lees than 1/15th seoond, and 

is capable of reooirding about 904 to 900 counts per 

minute without an approolable counting lose. 

The tolephono message register, as a reeordtng 

oounter, is rendered operative by a circuit, shown in 

'ir. 23, involving a thyratron, T. 31 type, frc, General 

Electric Coarpany ,E nglard. me release of the counts 

recorder after operation iä offeoted by an armature break 

contact, which int4mrrupts the thyratron anode circuit. 

Spark discharge at the armatvnce break Contact is 

liable to give oleotro xaa otio pick-up in other parts of 

the counter circuit. A condenser of about UP in series, 

with a resistance of about 200 O)taa Connected bet teen 

the contacts, has been a satisfactory means of suppressioft 

of sparice, and thus of elimination of elect" =motto 

disturbanoos. 

6. 2m eon o: C ncýr mm=- 
(a) iý; liminator. 

A etabiliZed voltaM of the order of 200 to 300 vol 

to required for high tension and grid bias eupj)liee , 
neoeaaer p for the aMlifier, the sealing ayateeu and 

eleotro-rteoiiioal rooorder. The neoeseary degree of 

voltage stabilisation for the eatiefaotory opearation of 
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the entire Circuit of the count . ii. _; syst&i. is socuro . by 

a stabilizinp, unit, known as a.: olinir ator. 

` he eliminator. circuit, sham in Fig. 24, oraloys the 

reetity .n, the f . ltering, the aaaoothing and the supprossinf 

eel a is . It Is oor. prioed of a mains tra afor r with 

low tension secondary, fllaraernt wings and a high tension 

v4ndin:,.:; contra tapped, a double diode, U 12/14 typo, for 

biphase half v*ve reotifioation, a4 uF oondenier input 

filter im cediaately across tho rootifyin ; valve to siWaly 

ourrernt during; the period of the non-oonduoting state of 
the rectifier valve, a choke of the order of 30 to S0 

henries for the 1 mrovement of smoothing, a second 4 U? 

condenser filter across load and a suppreasin. -; unit, 

ee loyin ; two pentode valves, Sp. 4B and XT 4 types 
.: 

aonjunotion with a Neon Mullard 7475 type for the eupprea- 

mion and final elation of the least traces of ripple. 
In the suppresajnf., unit of the system, the variations of 
the output volts from the filtering unit are rrplified 

and applied to the control valve to entirely eliminate 

even the least traoes of ni%te variations in order to 

obtain superior stabilization. - 
The operrtton of thee. circuit has been found to be 

quite steady. It has never caused such disturbances 

which upset t", (,., Y-' ortin o of the cee tntin , scaling and 

recording devioo,. It is never found to have given rise 
to opuriouw oountin4°n . "he (current/volts s) c : rjr acter... 



Fig. 24. 

cAomwnw. nc crrrw eA6. fk,. vmwo, 

IWb NO 

so* , 

I" 

/10 

/M 

nP. 

N0 ý 
AP rH M wr-Am" 

i 

1 ý'lt;. 25. 



ietio of the circuit, . Thom in rig.. -35 , is found to be 

antiataotorTy for hi; ., i tension and eXid bias supplies. 
(b) i ý}_ voltar o otabilizer. 

1. Introduction. 

A potential of tho order of 1,000 - 2, ©00 volts, oon. " 

atant within .a 
few volts, In required for the operation of 

an electrical counter. ,, ). e proble-i of providing, stab. 

ilized voltage supply is mch elilifiod b'r t'o Fact Thrt 

the counter drawn negliiiblo current. 

Street and 1o mean' have devised two voltage source 

units, a loyfn'; Ther! nioreio tetrodes. One o ircuit has 

the advantage of flexibility and the other of more ea©ot 

stabilization. The'r are ab le in principle and con- 

struction. The, r include two high tension batteries frm 

which a small ourrr-; t in drawn., 

zvans2$ han evolved a circuit Which appears similar 

in tom to t. ho Street and Zohnaon'a second circuit, per- 

mitting care easot stabilization. In this circuit, the 

anode and screen grid currents are rintained constant by 

a balance aothod. The circuit includes a battery Prom 

which eux'rent in not drawn. 

Medioua88 has devised a voltage source which por! iite 

satisfactory stabilization. It is else in dasign. It 

ploys, hover, a specially built stabilisation tube. 

Gil grioh"hae developed tma Voltage Atabiliztnr units. 



clod. 
in one g the battorv u®ed in V io Emna circuit 

oliMirated through the use of a oanmeroial neon-lwip. 

In the other, o1ri3. ar in rrinoiAlo to that of Modiaun, 

a bank of neon-lamps has been wed in the -n. LnOO of f. %'".,, 

apt3oiQxly built atabilization twb-. . 
f) 

! ka©eriptl. os of the airouit. 

The electrical counter %hioh serves as a device for 

the detection of the energy spootruri is suit. 1tod by 

poser from a hl.: fit vol. ta(*e atc iliztnr unit. The o . rouit 

of this stabiliser is similar in prineiple to that of 

Ginrioh's second circuit, but differs from it in con. - 

struotio pal. detailo ioh to a oertairi extent influence 

the voltage stabilization. The circuit of this units 

ehoan in Fig. 26, oar'i'Ipriaes a viiina tranafor, 3r, diocdo, 

a first stage oondenaer-input-filter, a bark of noon 

valves and a final stage oondensersoutput-filtor. 

AU 17 type, is employed for half wave reot. " 
ifioatio-,. A full four volt poser for fitvwnt heating 

and a two thousand volt anode potential to the rectifier 

are supplied from a suitable mine traneforer. It is 

neaeasary that the transformer is so oorstruoted with 

adequate insulation as to ponnit the restive pole of 

the supply earthed tiith a mxir.! ýrs final output of the 

order of 2,000 volto. 

A first stage 2 up (1,1' ooo volt " D. C. ) c de a er"- 
iflput-filter across the rectifier valve circuit aorves 
go a reservoir to supply agent during the period of 
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the rectifying valvo: a non-ornducti. nF3 state. 

A bank of i. n noon valves (General x1motrio am. par, v) , 
wired in aeries aeroaa load is used to i. rMrove sroothing 

and to take stabi. l, iýed voltagee of epproxtmatu3; D 200 

volt-atops from the higher gppUod voltage sw 

fine rarul. atioai of the output is effected to a certain 

extent by e poLei, tiawter control across the first 11loon 

v©lve. 

.1 Coi'dE312oor of l, ^, ("., 1ý3ý) ý'ý'ý "- : ý. C .) 
ý'. ý:.:: .? : ý-ý, 

output filter to eliminate the txý! Ceo of ripple in order 

to sWrnly an adequately stabilized positive voltaCe to 

the electrical oounter. 
The circuit Is simple and its oper3tioin th. rbu,: Iiout 

has been found to be steady end quito eati. sfaotory. 

f 
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in the ßota ray apectraaot©r, shevr: in tlao 

the poaitioxe of the source and that of the focal reigion 

where an electrical esownt®r In placed for clet©ation, are 

fiXed so that every peta rc3ir velocity IS foouaod at the 

effective region of the counter by the actian of Its 

oorre epondinc° doterrAnmte field of force of the mgnotic 

electron lens. ? Ids specific field of faoraß my be 

determined b--,,, rMm=arvmt or by calibration of 

the rwX®ti, zin<"'. ourrent in terms of the field of force 

which oorraspcmds to a speetrc! l lin" rrhovo enerr-7 to pro- 

determined. 

FIM MoaaurGMwts of diotanoe betlrmc*. <^ the sovroe and 

focal region, the maMitude of the factor !: nd the 

maMotio field of force H(Z) , 1b M&Y ?ýo p68 aiblo to 

estiMto tho abs+lZute vtrtl, uO of Wte ftowntum or the energy 

of the foauaed Peta rays from the rolation expressed by 

the funeamw. tal magnetio electron optical law enreeged 

by, equation XX. In -nvaeureraento carried an by the wpe3ct- 

r0Wter V&ioh aM]. o" a largo percent of 4a in oolid an, ry, lo 
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there is, h or, a eonaiderable differenco betymen the 

mAx : psi and the mini tart angles (a naxiz= and a nir im*) 

whio}: º electron trajectories at the start subtend with the 

li! , !a of force. The ºloynt of such a wide ran(s of 

directions of electron tre eotories gives rise to approo- 

table differeuo-se between pý ý,, irs 0) axtd p 
,, Ia: c, ir .. 41 

as well as between r( QmIn. "9 " 900 ) and r (,. <. ,a" gp° ). 
The inclusion of H2(ü) dZ, eett"ate3d by irtr3g- 

r4t9. om and the mean of each one of tho -n, r"(r=jmxM" 

ýin3aý. aý) pairs in the expression of tl,; na; -motia electron 

qi, tical lm -, ", ar the determination of the elnergy of the 

£ü4used eta rays, iMZioe3 a rouf", 31 approximtion. Those 

entirfV-value® thus computed,, therefore, thowh absoluto, 

emeK be elaimvd to have a nreoi. aion, neeeseary for 

accurate and exact Investigation into the intra and oxtra 

nuclear structures. 
The magnetizing coil currr: - ;tr. nv be calibrate(! 1r>. 

i; 1erl7ts of the Predetermined "p-value of a partioular well 

defined line3. :, `P,: i3 ProaFaütz"s;, 

relativ® rjeaauremo: -', of t'- 3:, nr,, 7T a-,, octra, ýor, rov. )^, 

depends upon a very accurate . Y-value of a(? ata line 

determined absolutely t7ith eeni-oireular fooueing mthod. 

When onoe the magnetitin=; coil current 19 calibrated, the 

epeotromater directly records the HP"vaiuso of the 

foouaed Data lines. The relative rbaatureraents of the 

sn*rrtfr spectra, thus obtained, have t1 ho same de ee of 
prooicion as the prooiso and aoourat, !! Pu-value in terrm 



of which the coil current is calibrated, inasmuch as the 

macneti3inr, current is constant within one in at least 

two thousand parts during the short interval at which 

each counter it ulna frequenoy readin4 in recorded. 

Such relative measurements taken by a magnetic electron 
lene spectrometer can be found to be reliable and quite 

prccioe. 

It is with the ob jeet of testing the epeotrometor 

and calibratin- the maMetiain; - current in terms of HHP, 

active deposit M' thorium to used since very many pre. 

cl =+y .y meaourc -» data are available on it. A brags rod, 

nearly 3 met. in diameter with its one and havin_ ; an active 
deposit of thorium, is fixed to the holder in the source 

e! amber in such a way that its and with the radio active 

deposit lice on the axis of the ctroeter just in 

front of the entrance aperture. The epeotr ter, 

together with the source chamber, is a auoted to the 

ltrnitinr* prencur. n attainable by Vie a o^ oil el anion 

p" 

ýw. tosisit e8 of the 0 ao aLid Intongit-v 
, F3i2. t ":. 3: ̀c ?, Q uqt1. 

Thew:. the effect in the oourctdr without M(, mati2inf, 

current, oonsiatinaý" of 'natural effect of ooa*1io rays aad 

the additional offset minly due to scattered yrayg and 

probably also due to a trivial number of ßeta partioles, 

has been taken as a yoftsure of the Intensity of the source. 
With these measures the relative Intensities of the source 
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with different amounts of deposits or of the same amount 

used at different times, have been estimated. Also for 

an arbitrarily chosen magnetizing current, the different 

sum total effects in the counter, the different times the 

deposited source is used, have been noted to verify the 

results obtained by the former method. There has been 

a fair agreement between the estimations of the intensities 

effected in both these va-r;; . We have taken the mean of 

the results obtained by thcso two kinds of estimations 

to minimize accidental errors and also those arisinr_, out 

of statistical fluotuationc. 'Ath the knowledge of the 

relative strengths of the source used, the different spec- 

trometrioal data obtained with different strengths of the 

source can be readily reduced to those of an intensity of 

the source arbitrarily taken as a standard. In other 

words, the knowledge of the relative strengths of the 

source enables us to determine the Beta ray spectrum of 

the source (TbB+C+o'+C") of uniform intensity even if the 

data obtained are those of different strengths of the 

8ourc . 

As a prelimirn. r-r step, with an active deposit of 

thorium as a source, the magnetizing current has first 

been kept at zero position on the scale of the ameter and 
has then been gradually' raised in steps of 0.1 an p, each 

time recording, the rate of the electrical counter impulse 

freauoncy until the limit 3. g amp is reache Fran 



this liT ait the rim netiztnf' ourroi t has been decreased 

gradually in steps of the sane value as before, at each 

step once again recording the rate of the counter inpulss 

frequency until. the zero position on the scale of the 

ammeter is reached. These two sets of readings have 

given similar and approximately identical spectral records 

o the nwasurod energy range. A further repetition of 

these measurer ants has oonf irmed the consistency of the 

previous results. These results have shown that the 

o"rrent". fiold charaoteristios of the magnetic electron 

is are uniforrLy and aoouratol'r reproducible, that the 

working conditions of the speatroeter are so satisfactory 

as to permit high efficiency with the riaxirnzt resolving 

power consistent^rith the attained effioienoy, and that 

the detecting and the recording devices are reliable. 

From, these measurements it is clear that for a re . ietizinr 

ourront of 2.4 &Ms. there is a remarkable and distinctly 

doi'inite u ximw affect in the counter due to the Beta 

particles of the Feline of thorivat. The mea ements 

also show the rough outline of the F-lino and the general 

shape of the continuous spectrum with an indicetior of a 

few other e- orgy emeotral lines. With this eurv", it is 

also possihlu to form a rough idea of the intensity varia- 

tions of the continuous speotr t at different positions 

and the approximate relotivo intensity of the Feline with 

reapeot to those of the others of the apootrum of the 

observed energy range. 
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In takin:, rieeºsurem, itri of t-, 11- aner; -,, 

given Ao:: woe, it is usual to use one of standard strength 

whio'± I. e determined br the off act of a definite nuMber of 

counts in the eleotrioal counter at a fixed distance fron 

the source due to y-rayri. A eouroe of the sate standard 

atrengt: i, so determine., is utilized in these inveatiM- 

tions throughout ti'.,, dn: urc c : per -v ranEp. With photo- 

graphic realstration, this nethoel has the advantage of 

readily exhtbitt . the rolativo intensities of the differ- 

ent ^jlerp. t spectril linos. If the standard eournF:, 

evor, be relativelir strop , most intenso line' -, _p- oEtr 

broad and diffused and the t' eek fairly distinct. If it 

be relatively weag the intense lined appear clear and 

distinct and t''o weak faint an(1 indiatinot or alto 

cl ioappear. 

source of a dotinito standard otrenath has the advartas 

of givin, - directly tho relative interxcitio : of the dif'! 'c_r°- 

ant spectral lines and those of the different regions of 

the enerßsr range of the ocntinuoue spectra. when the 

standard eouroo is very strong, the ream (71W, device to 

unable to cope with the rate of the itWulse frequency due 

to eota partioloo of the intense line v/hile the weak lines 

appear distinctly praaiiier! t fcir above the limit of the 

errors of otatiotioal fluebuatione. with week sources, 

the record of intoned lineo is satisfaetort]. 7 distinct and 
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that of weaker lines is vague within the tangle of 

statistical fluctuations. 

Such being the objectionable features associated 

with the use of a common standard aouroe for the rr aaure- 

ment of all parts of the spectrum, this rtethod has not 

been adopted. The strength of the source has been 

chosen acoordin;; to the intensity of the part of the 

spectrum. For noasurement of the parts of the spectrum 

with small intensities, relatively stronger source has 

boon a ployei while for the rteasu nt of the parts of 

spectrum with treat intensities, relatively weaker source 

has been used ." . afore th; ocinercement of the Spectral 

measurements, tho relntive intensity of the source used 

has been determined. In evor'r part of the spectrum, 

the strength of the source is so adopted as to enable 

the counter and the raoordinr devices to cope with the 

obtained countW rate. Also the choice of the sourc©'a 

strength is suei that the obtained counting rate in any 

part of the spectrum has statistlail. fluctuations not 

exceeding about 1%. 

rrom the preliminary measurements mentioned abet di, 

it is clear that the position of the moat intense re or 

of the spectrum of Th 3+0+61 "C" or. the scale of the ma. °- 

netizing current is between 2.3 amps. and 2.5 a' s. 

With the adequately satiefaotorr efficiency of the epoet-º 

rorneter, this re ; ion of the spectrum can be measured well 
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even With a very weak souroe. An the rooordin deviot- 

of the : pectrcneter has been supplied with a unit of the 

Addle-o-1. '-sixteen, the large oountin - rate at this regl 

has been recorded without appreciable oounting, loss. 

n 

he 
041 e 

So with a souree whioh in this region of the speatrum 

emits pota partiolea at a rate not exaeeding the epeed of 
the recording device in conjunction with the o0a1in ; 

system, the msgnetizing eurrrent has at first been kept 

at 2.3 F. and has gradually boon increased in steps 

of 12.5 milli ar eree, each time tekir_g note of the rate 

of counting until the current has reaohed a value of 2.5 

w , e. Then from this position on the soale of the rag 

netizing ourrent, it has been dininiahed in steps of the 

e=e value, each time again recording the rate of ootn3t- 

Inc. In this wa the measnrerenta at this range on the 

scale of the raagnetiaf ing current have been carefully 

repeated a fees times, each time using a ocaare. tively 

weaker source. The four series of measurementsl, though 

taken with active thortti deposits of different strengths 

have indicated quite precisely the s wo position for the 

F. -line on the scale of the nagnetizing current. The 

maýci number of counts recorded at this positior_ has 

varied according to the etrengtb of the source. These 

different series of meaeurementa with different source 

strengths have recorded similar shape of the liro-. This 
F-line Of Th B has been used as a standard for expressing 
the r* netlzing current in terms of FTp. The mgnetizing 
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ourrv. ý Of 2.4 am. e 001-L: °c,, ponds to the V-line a{ýp r 
33+35.0 cm value fron tho l. a. teet prOoise and aboo? t: ýo 

mm®ureý . 1onts of Ellia2s taken by 30n3. -oiroular foouaain, ; 

method R--. -id Photographic rodatration, 

5" ý`}'a; ýý C7't^., _ý r-a... ý ý .ýý.. 1t, 

o 7i, jjt(7tpt4tr' ý*ýd t1"14 U©I`ýtITL1ßä: ©® 
ý.,,.., ý 

uýýý.. 
ý... ý.,... ý.... ýý++. +. ý'+: 

w riýnriw. rrrýý . r. ý.. ýý 
oi ý'ts`J k, ýý ýc ,_G 1c; ';;,? `". 

... ... ý... .ý 

As an addition . teat of the performance of the mag.. 

netie electron lens peta ray spectrometer, the M W(7 

spectrum of Th B+C+o'+4", wine this source in different 

relativo strengths at the tollorrin7 error. r ranger of the 

spectrun have been measuredt- 

be1�z 

Relativo 3trerpth of the 
Source 

Rnorrv Rants of the 
spectrum 

17 
11 

6.6 
3.1 
0 
- .3 

i. 5 
1. G 

. ý- .ý 
1.0 
1.02 
0.9 

1.13 
1.4p. 
1.7 

500 < HP 570< HP 

1370< iie 720< ITP 

720< MP 32.0 < TIP 
lßO c YIP, )`"30< IIP 
9G5< )TP 1125< IM 

1125 < HP 1P. A0< HP 
11ý3U< HP 1230< HP 
1213o< 'P 1325< HP 
13^u) < ! jP 1440 ý HP 
1440 < IIP 3.5: s0< HP 
1530 < IIP 1800< HP 
1000 < FiP 107o( HP 

1670< HP 1715 < HP 

1700 < HP 17904 IIP 

It may be pointed out that the neaevuceraents at the 
lower end of the ener r speotr r have been nede with reiat- 

I 



ively very large source strenr L1:. r . Qi p irticlc cad' ý,. _L 

energy Spectrum below YAP a 500 seers to have been out off 

by the counter window to such an extent that the sffeot in 

the counter due to the is trivial an (practically, negl. i. 

º, 
ý, 

iýblo. 

But in the region be! tuleen. 'P -a 5,00 and lip we 700 
t, 

(, ý 
rO 10, i-, 

' spite of very strong 
influence of y1o window 

absorption, quite an appreciable offset due to the Beta 

particles of this range in addition to the natural effect,. 

Thia additional effect due to seta rays of this low enar . jr 

rage has been enhanoed by the emploTment of relatively 

strong source in order to minimize the percentage of 

statistical errors. 

The speotroa; iotrical data of to source of different 

strengths at different energy ranges, thus obtained, shcwi 

unmistaabably definite and clear Bata lines, i pi a seed, as 
It ware, on t'-., e continuous Betas ray speotrun. These 

different dat,, writ t different strengths have 

been reduced to those of the sovroe of one uniform strenctli 
throughout all the 

measured energy ranges. This reduo"i 

tion gives the enor º spectrortetrioal data of a souroo of 

a standard strength fron 11, P . 500 to = 17M , each daatwn 

being; of a position in the series at an, interval of 

I rfA .=r. '-)")rearximetely. A plot of the oounter irVulse 

frequenoy n ýinet Hp gives the natural ýocstr©ým Own 
in Fi . 27. while that of N/Hr against gip, the no lined 

epeetrogram of (Th 13+C+C t +C") sham in Fiß. 28 . From the 

x aßarenonte the different Beta lines observed have, as 



Fig. 27. 
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tndiaatec? in the spectrograms, been to nr to have the 

me enta and energies given in Table 2. 

These results, on o0mpariaon with the avrzil. able data 

given in Table 3, are found to agree quite well. The 

ener values of the peta lines, as em be not*l froz the 
Table 3, have such precision ooh. arable to that of very 

Precisely meaeurer7 Values, obtained by semi-o ireular 

focusing method. The general Shape of the epeatrogM !, 

measured within the limits of the working range of tho 

spectrometer, r®ewmble$ that of otherr®pJ5 obtained by elee- 
tricpal wunter repiatration. 

Thus the perfbrmnoe of the V0potio electron lane 

opeotrmatex bao bean found to be quite era. ti®factorT" for 
the measurement of energy spectra of the prirwry and 

®e+oondary ý, eta rays. The inetrummt at t. e TMW ß^d 

d)f its rrnrIzing rerýp is IL-nite8 by the available aou.. ýºoa 

' of steady mftMet9. zi&:; current c±n<a f. ý: doc+. ý; ̂: cý of the 

am a^iý; eýaert for ogoliný the coil oF t'ýo ratio e3dýotrdyr 

ions txhilrr at the lager C)rid by the 8bscnPtf. M^ of P,?! n 

counter tk9. ridov. 
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, wit, 2=11 a 2L m )+CfC l. ýCý 
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d'y. 

¶ 
I ý. 

U3.347 

11`?. ý7 

113. rr, 

L"'11.18 

14'?. 71 

167.13 

l, ). Jry. ý""'. 17 

ýaýA1. 
n{ý 

101.01 

2ý', 2 . 
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EgYA of the oot L es of `x' HfC+Q "+C" 
5 t3o <' Yp 1310 < Tip 

Name of 
the Line 
....... -ý-... - 

ý., ý 
Mor2entt.. *ý! ! --:, terms of =v, . ý. oart3ur®8 by 

A 
AeL 

B 

Ba 

0 

Vl 

D 

Vb 

Do 
Dr 

Dg 

z 
Ea 

Nb 

EbZ 

Ib2 

Ec 

Rol 

ý 

D QI 
541 

ýa 
660 

E11 
541.0 
54F3.4 

4®0"f3 

664.0 

M5,. 9 

834.9 

349.2 

918.1 

941.7 

946 945.9 

1027.1 

1110 1106.6 

1373 

1391 

1110.9 

1110.5 

1199.1 

1226.2 

1251 

12'73.3 

1370.8 

1388.8 

t 
; 

N=- 
53E 

821 

928 

t 
. ý....... ý.. ý. ý TTOO= 

534 
549 
650 

664 

®37 

959 

917 

938 

1032 

1109 ß l10ß 

LUAU 11ý 

]. 3.4$ 

1220 

1266 

I 380 

IBM 

is% 

13 111, 

ý 
ý 

i 
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Tý, ýý§14. 

he 1L® of Thor +00+00 
140- 0<ý 1750 <x 

Nam of NUmentuxs in terra of lip neasuro(ll b*r 

Fb 

Fbl 

G 1604 

Ga 1665 

H 1703. 
I 

Ia 1764 

1489.3 1470 

1479.3 

1593. ßf 1646 

1656,8!. 1657 

lß91.0 1705 

1751.0 

ý 

! 
ý 
r i 

1487 

16tß 

1653 

1696 

1754 17-54.0 1762 

1 

Author ? 'a Bibliogranhy' Method of Inveeti' Registration 
tion 

I 

D. 11. ßlaoY t ýý 9ea1ýO f, rtýul8r I'ro. Royý. Soo. (LomBon 
ti.. ti foousiý" 71, n t1 nnC. \ 
1vVO bCitlg I 

p. D. i, 11iG s 
Pro. ý+oq. 9oo . (London; 8wni-oiroule, r 

tool-min; ` 

K. G. ý, anýs 9eýal. »oireuia! 
leite. phys. Belootivo 19h, 633, (1934) foouoini-; 

º 
Prooont ReoorB. ' 8eleotivo fooual-. 
Physics Laboratory jr naotior. of a 

i ýTho University ma(motio sloe' 
! Liverpool. tron lens 

Photomaphie 

Photo(Ta, phio 

G. M. type of 
electrical 
counter. 

G. x. tVpe of 
eleotrioal 
oolmter 
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Radioaotive Isotope of i. Po]. d, ry9AV198r 
Secondary ßeta Rays and Easrp, y Me, aºsvtren ente 
wr.. +. s.. fla.. ew. w wr .. e.. +. ýºwwr __w. ýww_www+wflwflýw+. fl 

rýOi, 1vo loolomm) of ('0_14, 

; 'i'hert is bonbart? ed vrlth , alaY neutrono, a radio- 

aotiv-s isotope 79ajulll is produood28 with decay period of 
ý 2.76 c'^. "i: i`J7 . It ®! ýlito y-rr Qiation containing tour ocrl- 

ponent . Of those, three with energies of the order of 

70,230 and 430 e. TC. v. have first been obsorved by 

Riohardaonn. 8ubsequontly gi$oo and EiSl an29 have, 

in addition to these three, found a hard oo! mponent frith 

an energy of the order of 2.5 e. 11 v. 

`I . er ectr tr a 

A ". ' t; i atoi. o-layered foil of the radioactive gold 

, ̂ ý t `f;. 1" c c'ºotvo: '_ 
. 1ýzboratOrf, 

is mounted. of the 

ßpeotror tor. After a usting the sveotrvteeter and the 

source chamber, the general effect on the counter without 

rm9ftetio field has been carefully observed. The result 

of this observation has sho m that there has been an 

effect of four counts due to scattered radiations in 

addition to the natural effect. 

Phon ma taetiztng current hao been apnlted and h,, ac 

Gradually been rained at preoieol y regular Intervals in 

fair19 Dm IT ate', borºirwtr-° firer rerr -n, - k 



meter scale up to 3.1 ampe. , the upper limit of the raork- 

ing range of the spectrometer. At the and of each one of 

those intervals, the counter imCnzlse frequency, oorres- 

pondin. to the magnetizin; current applied during that 

porio&J, has been carefully record©d. After taking these 

readin a, the Ia(Ietizin ; Current has been s itched off 

and the general effect on the counter without magnetic 

field has been noted. 

Each one of the entire series of counter readin(s 

thus taken has been individually corrected for decay. 

1"r. era the values of the coil ourreatc in term of maeontum 

p, obtained by the e=erirxmtal determination of the 

magnetizing currant corresponding to the F. lin© of 

Thorium B at "p ß 1385.6, and these corrected series of 

counter fro(jucrc t reocrda, we bavo obtained ?p . zlueo 

for the entire : xeasured ontux range of the ý. et pnr- 

tioles given out by the source. A rmrhin ; of 1- ý. Ip va. uee 

aeainet their oorrespendiaft rtun p) valuos gives the 

nor,, lined Beta ray e? xoetrog of 79AU199 up to 'a nom- 

entumº range op 1300, shown In Fig. 29., 

This spot : oF_, rarn ahn that from zero position up to 

a mment n range of ? 1p - 750, an additior., 3l effoot on the 

counter due to foaua&I iota particles in not apparent. 
The absence of the additional effect is very likel9 due to 

k 
the absorption of the low energy Leta particles by the 

mica windav, of the comter. Above the range o-' .p- 750, 

the curve atett© rtotnr;, indicating the beginn; s., of an 
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ENERGY SPECTRUM OF 79 Au 194 

Fig, 29. 
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increased effect on the counter duo to iocuscc. 

onergt Beta particles which penetrate the mica window and 

find access into the counter. `,. Thereafter the curve rises 

up abruptly to a clear and distinct peak and falls datum 

steeply to the basic position. This emorgont peak on the 

curve with its mo-ximm at lip - $337.3 indicates unmistakably 

a spectral line of Ceta partielo with an onerc-7 of 58.35 

e. . v. The rest of the apeotro ram shown continuous and 

Tadual increase of counter iripulse frequency with the 

increase of the momentum. 

3. The continuous Pata r= 
Ü ectrum of secondary ßota rays 

The Sneetrogra of 79Au19G within the cured 

shown in l'ig. 29, consists of a distinct Beta-line, 

inpres od, as it were, on a continuous energy speotrun. 

In this, the Beta-lino is oo paratively broad, extending 

from lip - 310 up to ? gip - 940 nearly. From the peak the 

descent towards the low energy side is loss stoop and 

abrupt than that towards the high energy sido. This 

spectral line indicates that these Vota rays are from one 

and the same extra nuclear group. The breadth of the 

line, howaever, su;; gests that the velocity of this soup 

of Beta rays is not homogeneous but hetrogeneous, indio- 

atin ° thereby twit t , ese . Beta rays are fron different 

cr ©rgy sub-levels of the same { 'oup ejected by a mono-. 

chromatic radiation according to the law 
,? hoto-alectric 

effect. 
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it is very likely that the tionoohraenatio radiation 

e: ergent from the inner atomic. layers of the aouroo 

7 u19¬3 ejects eliotrons of L" -erg of 79 Au atom. from 

the outer atomic layers of the foil. Thus L"rroup photo 

olectrons give rise to the Pota-line with Beta' partialea 

from sproadin ; to rds the higher ene¬r r side and 
those from LZl cuacl L22I to the leer energy side of the 

Lino. The peak of the line, however, is inclined to arde 

the higher energy side. Hence we ass ne that the faeta 

? tiolos corresponding to the peek of the line with a 

> ontum TIP a 337.3 are photo electrons from 790 ` 
Novi, the a! tnt1 TTp " E337.3 obviously corresponds 

to 3c. ä55 o. L. v. energy of the Beta particles and the 

u/R for the critical absorption lL'iit of Auyl " 877.05` 0 

corresponds to 31.883 e. IC. v. Then by C he law of photo 

electric effect, we have the energy of the r onoohronntio 

radiationt 

58.35 o. I. v. + 11.083 o. K. v. a 70.233 o. $. v. 

Thus the energy of the monochromatic radiation from 

.. Axil" ich gives rise to the secondary jets rays with 
an energy of 58.36 @. $. v., is 70.233 e. L. v. and this value 

agroee indeed with the value of about 70 o. S. v. obtained 
38 by Richardson 

From the speºotrogma the oontinuous erer67 
sp®otarm #. ndiae: tees that the imotO" Of Gold 99Au19a is a 
ßeta radioactive mucsia? l; 3. It to vory likely that, ovrinr; 
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to the transition of 79ft19 
3 to tho i. mediate next 

isobar U3 ", tile 70. `3ý'ý e. K. v. rnorsoobrome. tio radin- 

timt oauld '. 3. -ý e-f tho R-oharnGterietio rQdia. tim of 

11;,, 180 wai. tted after internal oonvereion of nuclear 90'' 

yanm. radiation. 


