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ABSTRACT

The present wozk contains the discussion om the
set up of a short magnetic lone exeatzoa'speatxauetet.
and the results of an javestigation of the bets decey
spectra of csl37 gpa 1?0, A ehort magnaetic leme electzon
spectyomater of about 2icm focal length was set up and
used during the courxsc of this investigation,

& ¢9137 gource wae neinly used as 8 calidbration
source since decay spectrun 1s well undesstood, The
nagnetic field was vazied in the range such gshat the
electrons of 400 to 5200 gauss ca in moncntum can be
focussed, The spectrometer rzesolution of 2,316% at the K
peak of c8'37 ¢624.2 gev) and the counter resoiution of
31.3% 15 stteined, Beta decey séa&ttn and conversion

Tnl7°

eisctzone of ColS7 ana were studied, Fermi.Xuric

plots of cal3d? sad Tal?0 gye prosented,
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CHAPTER

INTRODUCTION

Theze are nany ways of experimentally investigating
the cleg¢trons from Lets decay. These include scintiliation
counter method, propostiomal counter sethod, sbsorption
aethod, azectrié.aad magnetic spectrometer method and so
on. The magnetic spectrometer is one of thé uest common sud
ugseful weys of oxperimentally investigating beta decay.

The force on the clectron Gue to the magnetic fileld causes
an electron to travel in en age of & circle of zadius f by

the folliowing relztioni.

Bev . wye )
e

where, B is the streagth of magnetic field in gauss, v is
the velocity of an electrom in em/sec, © is the charge on
eiectron im electrostatic unit, ¢ is the velocity of iight
ias con/ecc and m is the relstivistic mass of electron ia g,
Al) types of megaetic spectrometsess make use of thie fundamental
relation,

Bany ﬁiffé:cnt types of magnetic spectrometers have
been designed and developed durirng the past 30 yrars, but
one cam divide almost all of these into the following

categozies:
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(%) royvament nagnet 180% defiection type,

€2)  varisble field 180° deficctiocm type,

(3 vardadle ficld 254° deficction type,

gd) Shost mpgnetic iong type,

(3) boublie nagnetic Lens dype,

{6) soienoidel magnetic lens type.

($5] ﬁ#gmetsn lene ring focnssing type.

. The 130° or 254 defiection types sze suitable for

the exporimente requiring high zesolution, eepecinlly using

254° type, one can get eves 0.01% sesolution,

The spectronmeter used in our experiment belongs to
the siagie lems group. An air cored short magnetic lens
of the typs shows in Plig. 1, in a simpiificd form has
focussing propertics for o beam eof clectrons. The beta source
18 indicated by S in the Plg. 1. A nmegnet ooil is squiped
with water cooling thaonelis and ccﬂtuius approximately 5600
turng of copper wire, With a2 given cureont through the
cofl vhich g controllied by the helipot setting, only clectrons
of 8 cortain mosentue will be focussed ouso the detector C.
Pulpes produced in the detector, tham, will D& ampiified
by the héaa\capniiie: pnd be gent int&w}iagxe channel pulsa
hedght ansliyeer, where the nolse pulses are discriminated
ga¢ the true pulees are counted with the add of & sealerx.

The chamdber & kept in & good vacuum with 2 ¢ypes of vacwun
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punpst. The vecusun s#ugea tre attachked at the svupce cnd of
the chambaer by which the degree of wacuun ig measured., The
cuzrent for the coil is obtsined ‘fm & DU generator
controlied by 8 cusrent stabiliszer.
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CHAPTER XX

BYSTORICAL RUVIEN

%be fiel¢ of Deta ray spestroscepy zatier belongs
t6 the clasadcal dousine of nuciesr physics, and aa
abundsnce of 2xcelieny revicws on beta ray Speceyoscopy
ic aveilable, This fizid cam be traced back $o aoge than
40 years ago. The first 30 yeazs of bete may spectroscopy
vere conssmed in wetebiishing the gessral chargctesietics
of Lotz ray spectra.

In 1934, Fewsi pyovided & successiul theory of the
shapo of beta zay apectire and the lifetime of bete zay
sogrees. Detailsz of these will be fouad is the iater
paragraph of the prosent paper,

At the ond of 1930% and ¢he begioning of the 1940%s
when avtificirily produesad isotopos doceas availabie, the
domzin of nuciesr spectroscopy grew tremsndousiy.

Isy 1910 tho fizst deterninations of she envegies
of Leta pearticics Uy thedr deflccilon in a magnetie fiocld
waye cerricd cut by von Baayer aad Haka, DBot since they
smployed the Zowcslled “direct deflicction mathod™, and mo
fucuaaiﬁg of bets s§y3 wai used, Lokh tha.eraainisaian and
the regciation were wery poog.

Tiae firet magnetic focusseing device ig¢ due to
ﬁ;ayaﬁ who dn 1912 suggested the semleircular focussiag
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principle, Later, is 39$5;‘cha uge of the “chromasic
sbexration” of a ghort ndgsaiia'e;ectrcau iens for the
aunalysis of bots ray spoctra was propossd first by Klemperez,.
In 1944, Deutseh et al (1) successfully uppxiéd this type |
of spactromeser, Since thaen, togef&ex with the theory of
the shape of bets rsay ppeétka by Pegmi, wmagnetic lens type
specizoneters have been used by'nnﬁy people to investigase
the deta xay spectra.

| puzring the 1940's grent efforts were wade to
'iap:ove the inst:naoats nith which the expurinental dats
af highez qualitics were ubtaiaaé.

Deatsch et al (1) aezived the rezation
tn i/p)° = 6,73 2)

between the number of auperé turns ol and the mwomentusm

P in geuss om of the eleoctgrons o be focussed,
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CHAPTHR TIX

THBORSTICAL PRIBCIPLEE

The puzpose of this chapter is to present o
roview of the theorlss which have been applied to sct

up the spectroneter and to cargy out the esperinment,

end shat of the theories of beta decsy spectes of 83137

and ?aI?Q.

A. Hagmat Curront Stabilizer

The magnet coil nuet be suppiied with a very
stcady cugront free from zipple in oxder to get f&e stabie
magoetic fleld, Pig. 2 shows she circuit diagram of our
magnet curraent stabiliges which was provided for us.> The
ampiifice cldrcuit supiifies the difforeace between the
voltage developed acrose the 0.5 Q2 zesistor and the voltage
on the helipot. Compertment (1) im Pig, 2 converts this
difforence to 40& cycle AC by chopper tubz, thoe compartment
(2) ampiifice this AC, and then zectifign it #a & phase
sensitive detector (compartmemt 3) to contzol the grids
of GAS7 tubes, Sixteen 6ASY tubes arxe used in parallel to
contzol the genesstor fileld., The whole system copezates by
Seeping the differzemce botween the voltage developed ncrc#s

the 0,31, %.e.,, I x 0.5 volts, and the reforence volsage
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very small so that 1 = V/R, (1 is the current throughthe
megaet coil), The current I, therefore, is comtrolled by
the setting of helipot. Peed back 85 spplicd frowm the
voltage acrose the magnet cedl in order to ainbilize the
system., This véltuge‘leads the curremt through tue coil
by approximately 90° inrbhaae g0 that stabilization i
achieved by th& *phaso adv#née“ nethod of standarzd
setvomachanism‘fheéty.

Safety devices are incorporated to protect the
magnet, one using the principle of a whentstone‘bridge to
protect the magnet against overheating and enother aniag an
inverted dlede to pkevént excesgive surge voltages if the
counecting lends are acciﬁenta11§ open circuited while

carrying & large currzest,

B. Short Magnetic Leas

In 8 short magnetic iens tyye‘spactxomete:..elect:ons
are focussed depending on the "chrénatic abe:t&tinu"
properties in much the same way as the optical ieme., Beutasch
et al (1) end Fretter (2) give the zelation between focal

iength f, source distance u, end image distance vi.

(3}

*

e

1 3
T "%

which 1g the same releticn as in the opticel lens case. In
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OUr CREC, U B v & 43,2 ca, hence f & 21,2 em., The focal
length actually 18 varied by varying the curremt through
the coil so ikat with a given cursent through the coil
only elecezems of a ceétuin nowentum will be focussed

ongo thé degector, The magnetic field nocessary te focus
éiecttona into the counter 3is proporticnal to the wmomemtum

of the electron; Deutsch ¢t al (1) give the reintion
£ 8¢ (p/ni)3 ¢4)

ne can rowrite this

ni » q}k P (53
T ‘

whese p is the womentum ‘in gauss cm and is given by

puﬂ?!uvxg (6)
e

ueing the e¢q. {1). C end k spe constants depeadlna.npon
the dimenaions of the magnet coldl, aud A is the mesn zadius
of the coll, 1.60., ¥ = (ag * a,)/2; where, 8, 48 the inner
¥sdive of the coil, and 8, ie the outer zadice &8 shown in
Big. 1.

One can decempoge the motion of electrons in the
vacuuz chamber ints 2 componenss. The axisl snd the radlal

components Va aﬁﬂ»vt of the velocity V of clectrons of
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certain momentum emitted from the sousce im the vacuum

at the angle # with the axis are

v, %V cosd S

T, w ¥ ein @ )

when the magnet field is off, Now, the nagnetec field B
parallel to the axis will cauge the electrons to travel im
circle of radive § in the projected plane as shown in Pig.
3. § is constant if the field B is constanct, Corrections
for thé non.upiform field B will be mede later., Using the
eq. {1} aud'eq. {8) we get

P o a(g = §) a oveindB
c c

o evzﬂ ] mvz‘.
c s
3’ a af o
AL, sy €93

Gaston Pisher (3) introduced the idea of time of
flight of clectronUsec in the vacuum chamber by which he

derived the relnt;un betwean V: and ?z

e N (10}
v V

I 2

Ta
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whope, L w 8 + v §g the lanpgth of shawbes as shown &m Pig,
3. By puiting eq. (%) dote eq. (10}, one can get

. Ly te B
vy u F w (13}

B3NS 2Tas

Rew, if B i5 the vecius nf'taa baffie spestuze {soe Pig.
1,443, the electzons baving the radius of cusvatuze §
which £& cquel %o BB wiil pass ¢be baffie oponing snd
be focussed onte the cetecsor,

.8, f o f&?R ‘ {i2>

In other words, come of the clectroms of curvature S wmich
sre not oqusl o 3R ény pass thzough the hsfﬁia geps bat
they wiil not be focussed cmdc the dotector. This is
sppazent bocsuse the sngle of rotaticn of the electrons

during the path fros the source %o the baffle and feom She

beffle to the imsge muat be the sama, Bluse u = v a}i +« A
sketeh of this sisustion 48 made im Fig. 4. 2
sabstituting eq. £13) fato eg. (¥, we gat
¥ w Reb {133
o Tac

2inectic enapgy T of elcctrons of vaioelity V in tho
rolativistic exproision ie

re 2 o ael % * eersenedd (14

% 4 »
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whaze, L is the rost moss. Rewriting eq. (14),

¥ ‘i = (vz * ?:} {1 “‘z (?i * vﬁ)“ csa‘a} £18)
‘ ' 4

s
2 ed

By substitution for ¥, and ?R geing eq. €11} end (13),

2,2,2 2,352 , 2,2 23,2
7o [ B8 éz.aij‘sx ‘RQB‘g’LeB i
duicd 2 g2 ¢;?:§;3

4" c

e &

4T"a%¢ 4 cz

22 3 2.2 2

e B o L Je B 2

P “o {R“ *» ""z {1 R L z' > Qw.o..uqtc&no‘}

PRI T iﬁa§c4 T

2.2 3 . 2 2 ”.
“"F"’ : (a" . wg){x . 3¢ ¥ oa ny: 2y (33 + ceeed €18)

vhese, . _ ,
- %o ‘ 7

F$1 -F’)é
¥e can say frow oq. (18) 4dhat she hinetic emaxgy T of

cizctrone focopsed onte the detector of fixed geemetry will

depend omly upon the strength of magnetic fleld,

Now, the radius of cusvsture § actuslly is not
constaat in the case of & shoxt magnotic lems epecisometer
since a;suetic figid stzeagth is ﬁaryiug with Z, Thig can
andily b«‘tean from agq, (%), We can got the rotation of
eloctrons with respact to taé canterx 0 °£ gadius of curvature
$¢B) by taking the swall magle of gotatiow of electrom 46
ap shown in Fgg. $. Iu this cuse the poing 0 ftsclf is
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moving ss shown with the dotted lime in Plg. §.

f.0. ~dau,v9 at . £18)

§emd

wheza, v, iy the velocity of electzrons along the cizculer

tine and is egnal to v#.

v
. @ ¥ gt | (19)
e e

By lébqt&tnttoalfnr §(a) using eq. (9), sad integrating 1t,
was get for potation of 180% sround point 63

x R7%
& 'S 42 » T = ¢  gat €20)
s ®  me .
Let V6 = Z, them V,8t = 4z,
. ow ® B azw 1 BaZ (21)
e e Zmo | v T 2wcVeos

2 o

Siuce B in ocur case has e Gousglan distridutios, we can
estinate the rotasion & at sy distsmce Z by knowlng the B
dict:ibgtiﬂn,¢uxve,lsa.uuugxlsyxly iatag:a&iagklt. rhek
electxon trajectozios can now be gep:gaaataé graphicsily
soneihing Like inivgz. 6, Siegbabn (4) and Dauiceh et al,
give the gotstion of electrem O\ azoumd the axisl iive of
the magnet seprasented by the polnt £ in Plg, 6.
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o g R " ,
i.a. Ok s (22)

Bot0) ® | @9
=T

wheze X B

sad b ie che‘hnX£ iidtﬁlaf fiald curve,
Peutsch ot al (i) developed the formuls foz the
a-saétlc field on the axis 3, .
| 3&‘3 'Knvilzvﬁq{%.gwix). = t{zq,;ﬁy;u { ( 8,* E‘g’(z*&r’z)zj '%y
(3y¢ [adeczors/2)?] ). (zewndia {(ag@» [s3eczar/2>?] ﬁy
(ay* [@f*ezetfa)zﬂ.é)}:] : | t24)

They slso presentcd the egquations for motion of eicctrons
undor the infivence of the wagnedic field,

& ., o® Sa
nt s . . A *
at el 5 2
& o? Y
- “ B o - A P Iﬁ.l. . C (3’3
as me Je
° -
b m e A
: <

wheze, A is the vector posential of magnetic fisid, ead
dot indlcstes the dezivalive with geepect %o timo. t By appiyilsg
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boundary conditions and integrating these eq. (252, and
by wozking out some approximation method they derived the

correlations

(ni/po)ieo' = 8.07

(28)
(aisp >° . 6,72
O Tm 7,30m .
whege, po is the momentum of the focusscd electron., We
can rewrite the eq. (26)
; " (27

9°(éu7.3qu)- 0.386ni

This means that for any vaiues of the magnet current,
electrons focussed through the puternosf pazt of the baffle
bave a largey nmomentum than the electrons focussed passing
close to the axinl line. In order to minimize the effect
of spherical aterzation, one has to use the baffle system,

To find the theoretical values of resolution at
neif telght RY, we cen mske use of the reistion presented
by Siegbaln (4),

R} » SeW - (28)
33

wheze, § and W axe the radii of the souxce and gcintillstion
crystal :eapg:tively. R £n thie case gepresents she innerx

radiug of the baffle opening,
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me can dexrive equ. (28) =& follows: 4.e¢,, by expandiag
the axial component of the trajectory of an ¢lestron into
the plane, one gets the trisngular relation as shown in

F&g . Guly

Pig., 6.4 |

Geometry of socurce aud detecter sxpanded into the planc,

it is apparent from eq. (ib6), eq, (12) and Pig. 4, that R
is proportional to wmomentum of an electron p, if B is
fixed, Henceé, p ip proportional to PP° @ 2R, (since u = v
in this csse), Hence, spread cf.uonentum A py due to

certain width W of the detector is xolated by

APy v
P 2R

fiow, spresd of momentum A;pa Sue to certain width 3 of the

somzce is superimposed omto Apy:

i.e. , APy . §
=
-] 2R

fence, ressliution at baqa Rp 18 roughly oxprassed by
®, alPo o APL *AP, = 8 e W

-

P P 2R
Assuning that the width at haif beight is approsimstely 3

of the base width, a#d‘aeglecting the effect of the

spherical abexrstion,

-~
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. -ope geits the expression fax-R§;

Prene r Ry 8 '».Apf " ‘&J& APo . $ x 5 W s 5+ H
H T g ST g ~zE—-

Approximnts transmission T of the specific sct

up is found usiang the rolation

= ZMRAR , RAR 29)
AT Zud

whore, AR is the widih of the baffie opening.

€. Degeussing Codls

Accogding to the infermation of the Dominion
Chgerveatory, the corth wmagnetic field in Ottaws iz as foilows.
'} Horizoatal compenent s 14650 ¥ and changlaog with
the xate + 10 §/vasx,
(&i} verticel component = 57680 ¥ and changiog with
the rate 20 K)year.
(14i) Total field w 50700 ¥ and changing with the
rate -20 {/yesx.
where, 100,000) = 1 gauss,
Those sre the values at the beglnaing of 1953,

Por our expeziment, the effect of the hozizontal
couponent cam be mimimimsd by osramging the exis of the
uagnet cail exsctiy to the magnetic Ne$ direction, but gthe
vextical component abould be eeupansﬁtcﬂ in some ways. For
this purpoge, we csn apply ths principle of She Helmboits

arrgngonent,
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1.8, Loeb (S5) gives the expreasica for the ficld
produced by s emnall aiemené ds of the circulsr coil at &
point P distant = cﬁ fzom the plane of the coll aiong the
nozmal to the coil at $t& center as shown in Pig. 7,

4p w L68
";E" (30)

whore,l is the cuerent through the coil, The elewent of the
field in which we are imterested is the component parsilel
20 the axis of the coll and is

a8, ® ¢B sin @ | (31)

1f the nomber of tuzas im the coil be n, thea,

| '32)
L ® ¢
where,
te °  , sndt®we ried
sin @
Integrating dhe eq. (32), L. Lucd gets:
H 2aMg |
1 | < 2
B, = a w Wt P ¢33)
@ (;g;gﬁ;%x“ ° (t:Oﬁ:} 72

It L8 seen from eg. (333 taat Bx dacraenses asg 2 increascs.
any
m’

The rate of change of 31 with x &=
: dx
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¢8y o ~6nir’x L 0 when x>0 (34}
i.2,. ax {'aéga) 5/2
a8 -ﬁnitgx
1@ " > 6 when =0
ax  (roexty /3

Now, by tak;ng the second derivatios of EI with respect
to x and setting it equal to sero, we find the poinmt wherxe

the zate of change of B, with x becowmes constant.

1
2 2,2 ,2
i.e, 9B e ofair(r-dx) (35
ax® (p ox ) &
. o o2 ¥ (36)
3

Hence, if we have ¢wo identical codls placed on the same
sxls énch': digtance apazrt from & point P, the field 51
from the < two coils &s quite constant for & coasiderzable
range. These arzangements are called "Helmboltz coils®.

Then we hove the gelation

4
B, = 4 nir o 2,88 n.l G
TETTE T3/
(¢ ﬁg 3 r

Using the gaues ¢m and pmpese units, Bechman (8

gives the expression

0.286 T n2

. €38)

4
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.. Vaceun Syatons
It is veccssary {or the magaetic bata rxay

speetepscopy to keop & good vacuum in the cheamber o0

prevsat the siectrans from She intermctione with gee
melecules. Iutessctions of eloctrons with the gas moleculee
snoek the ojoctron out of the trajectowics cavsing the
eprox €0 our cxperimantal results.

Thage intersctions iaclude {onizstion of gas
ank«cu&aa, forwaxd amé‘bnakuuxd‘amattestns'bv gas sucled,
scastaring by stomie clectépons, snd Droeusssrablung. Im
the encrgy vopions we sre coacened, bewsver, the effect
of Bremsstyahisng ces e meglagted, B.D. fvens (4} tobulsted
the approximats cyoss sections pex atonm of aix for o,

eV cipctrons:

Tonization ' £700 Barns
Futlenr alsgvic backward

seattaring 130 baras
Electyonic scattazing 230 bams
Bremsstroblang seglipgibie

todifying the pucless 2ross scetions, we ges toisl crosa
section for intepaviion bDotween elscteon and the airx
no&auu&&s;‘T%otnafueiatﬁia a {1700+150e235) X 2

m  S153 barns (3%}
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e use the follewing seimtion to get approximate macroscoplce

cxoes section),of air for electzoms,

7 0.60%0ts | €40)
-

whete, ¢ is the density of aly which dopends upon pressure
and temperpturc. The value of ¢ at atnospheric pressurc

and room tempegature is
d ®» 0,00021 glcm®,
and 2% presauze p'uuﬂg,
af{p) = 0,00131 x P _ ¢a1)
. , b {1
¥ §& the melecmlar weight of the adr snd is spproximately
cqual to 39.0

Hence, mean fpce path of asixr at vericus pressuse A&p) is

given airthe :nxatiég..

* z . ‘ 2.6 Utﬁ'*d . P
. 39.0 | , T80
0.6 % 4160 = 0,.00121 -
3
%

SO S

 J
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This wili give an abeolute appexy 1imit to the peruissidbie
ﬁtassu:e since in practice we have to take into sccount the
forward scattering which is wmuch bigger tham the backward

‘écatﬁcxlng. B.D. Hvans (7)) gives

o

6 ¢ze) = T bvlcotde 43)
LaS 2

where, 0 ¢Z8) is the crose section fer scattering through
an sngle & ot.greatez. aaé b 4is the distance of the
ciosest possible appzoacﬁ of perticles in Rutherford
scattering.

An alteznative iower limit cstimate can de mpde
from the cate of Nachman (8) who descrides that the mean
free path of slow electroms éoving through & gus is
greater than thst of s molecule of the gas by = facsor
of a,JEZ Be tebulates the mcan free path of nitzogen at

verious prepsures}

FOC B2 vivsevnececs 6.7 z 10~%ca
1 e cesvosvocsnen 5.3 = lﬁ"'sca

1@";“‘35 ssvescescRu 5.1 ol

10 mﬁs . 4ssvseronsen 500 cm
Hence at 1 micron of nitrogen atmosphers, msean fzee peth

N(s? is

)\(p) o 5.1x4Vz2 © 28,8 ca
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This can be interpreted in alr without too much exzor, 8o,
foyr our get up, in which electrons travel aslong the vacuum
chember of about 35 cm long, & lowez limit to the requiged
prcesure would be ~ 0.3 miczons, This will be o lewer
1imit since our electrzons aze of Bighex emergy snd, therefoze,
with longer mean fyec paths than those considered by Bachman,

A Pironi gauge snd an ionization gauge have been
usad in oux et up to'meaaute thé degree of vecuum., A
Pizeni gauge is provided for the campi:atively iow vacuum
region (1¢f1 to 10~* smilg) and an iomization gauge for the
high vaceam region €10~3 to 10~7 andg),

The Pironi gauge uskes uge of the pxincipia of
Wheatstona baiﬁge cizcuit and the cooling effect of gas
molecules, The result ie pbperved a8 the variation in
:esls&anae Gf g very fine filswent heated by pessing B known
amount of cu::ent through 4t. A sisplifiad cireuit dizgram
of the Pirani gauge used in our ezpatinant is shown in
Pig. 8. The Gauge Gl‘is thglgefe:ence gauge permanently sealed
eff at high vacaua.‘wyiggléai#o gnnneztcd with the vacuun
chambe:-ao_thaf‘tba presence of gag molecules affects the
temperature of thg filament with o zesulting variatiom
in recistance of the filament. Thise change in resistance
is compared Qith the yepistance of the reference gauge
filament in a bzidge clrcult., In azdgs to pget the high

gensitivity, the tanpetatﬁ:e coefficient of resistance of




R e e e e e e = o e

20

icre am [t

!
|
-t
i
1
4
)
..-.YL.‘

v

e s b .
!
D i i s .W_S:.a -

v Ras /7,‘,.-5:2 TR EN
.

Tos o (f\;m:u’t"‘-‘ W;)

. f"ﬂ/ ’P,L‘/Laf‘n; 9 an ?c’ .

|

- m &

(M
._ O—
Py lo, Simpbic Wreuck

| S
0\7_’....,-:»., Ve ._ 1, .

. F 4 ’

METB s
"‘;\;:.
o
\1
.
2
o

130 o e ont et < i gmig

‘ : o s
TR g0 Perssune

¢ i)




Yage 23

the filament must be very large. DBistillation Products
InC.s gives tko.cu:ve for response of the gelvanomecter to
the pressure in the aystem, This 48 zeproduced im PRig. 9.
One can see from this éuzva that the zesponse L8 not
linear with the pressurc, and that the gauge is noi.sensitive\
in the zange of the lower degree of vacuam,

The fonization gauge 18 & triode mounted in a
glass envelope, Th@ grid structure is opgrated poéitive
with gzaspect to the filawment by 137 volts in our gauge.
The coliescting plate is run #cgative to the filamemt by 13
volts, Fig. 10 ghows the circuit diagram of our ionization
geuge in a simplifiea form. ﬁzacixane leaving the fliament
age accelerated toward the geid nﬁick is positive to the
filement, and gome of the electrons are collected onythe
grid; some of thes, howevar, psss through grid into ¢he
zeglon between the gzid and the coliectiugvpxatv. These
elcctrons cause fonization of the gas molecules; the positive
jons so formed are them collected by the plate and measured
with a u&czoiu&ete:. The number of positive fone formed
ie 8 function of the ges pressuze of the systen, 1If the
ges pressure 18 too high, the multiple ioniaation phenomencs
will écsur. causing considerable error in the rcadings,

But bolow sbout one micron the charactesistics is a straight
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tine as shown im PFig. 11. The mpumber of electirons cmitted
from ¢the fitamont must ba very stabie in oxder to opezate
she k&nae with ¢ high accuracy. A sgpecial stebiliziag

cirenit g tharefozrs used which maintains the grid curzent

congtent.

T Scintiitation Countesr

Various method to detect the focussed electzons
are aveilable among which the scintiliation counter method
iz one of the most useful, ?his method has been sppiled
in our experimental set up, end all ¢the counting instrumerts
except scaler have been bullt by surselves. Details of
thege clectronic civcuits are dogeribed in'thé thesis of
Hans De Vries (17) who hoe beem tho co.worker durimg the
whole experinents,.

An aushracene crystai 46 used as & seimtillator,
end the following golation 15 vsed to find the thickesss of

the czyatal.

K s 0,11 \li + 22.4 B, - i)

o8, < sMev. €44)

where, B is the rxamge of the elcetronms, im g/cna. asd 39
in the maximum encpgy of the bota spectrum, This capiricai

relution is degived by Flammersfold (9). Actually vazious
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other exprezsions for R sad ﬁo Kave bees given dy a ausbey
of suthors, but they turaecd out %o be about the same
rosuits. Thickuess of ~2.0 pr is found to be the bopt
to stop ~80% of the elcectrons of 500 ~1000 XeV encrgy.

The examplce of the czyetol thickness

calculpotions azxe given belows

(i ' Pop higher cncegy componcmt of cedd7,
go ® 1,2 MeV:
[ \
. o aaa.n{\[z»az.a:s:..z? -1
@ 0,526 g/cm?
end ¢ w 1,2 glee.
' wnn
. D.526 = 4,38
(ii) For lower energy comporent of cel3?,
8 w 3,51 MeVs
o . _
. B w a.n{\/ 4 ¢ 22,4 z 0.51% 1}
) e 0,287 3/633
» - - 5,287 = 3,39 am

s o I.E

while, 93% of the total disintegration occurs with the

maximun enexgy of O0.351 MeV, Hemce, 7 2.0 ma thick snthracene
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will stop roughly 80% of the clectrons cemitted from the
CeIS? source, About 20% of ¢the electrons which sre not
conplétazy_stoppaﬁ are 5%ill dissipeated ia the anthracene
cnusiag’saallex pulses,

Asthraceme (Cygf;q OF CgRe(CHIaCeH4Y 15 a
product of the destructive distiilation of cosl and prosents
in coal-tar %o the oxtent of 0.25 to 0.5 per cunt. According
to Birks (10), anthracens produces a light fiash of
€2.720,3)x10~8 gec. time constent and 46?92 vavelength
when eicotyons otzike 3¢, Thc phateéaltipxia: gogponse 48
‘naxisum in the raage of éaao 2 500 : if SbQCa slloy is used
a8 8 photocashode €13). Anthracene i masked to lucite
zight pipe asnd photomuitiplier tube is magnetically shielded.
The maker rocommends $0 operate 1IP2% with the voitage Below
1,000 volts to get meximum sigoal-to.mnocise ratio,

The preamplifier 15 mounted directly adjacent
to the photompulitipiier Sube in crder to koep ite iab§$
capacity low, and to gain, thersby, the mazimum voliage for
8 given charge flowing to the maode of ¢the multiplicr. The
cizcalt diagean of our presmplifier ic shown ia Fig. 12,

P, Decay Spectzum .of Ea‘37

5\e of csi?7 gource denosited om the suxface

of thin aluminunm foil with the offective diameser of 1.2 mo
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was used in our experiment., It de kmown that the disimtegration
schene of C8i%7 48 1ike that shown in PFig. 13(1)There are

two modes of decsy in Csi37 disintogrstion. The high.

ensrgy bata transiticn ocours in only 2 per cent of the
digintegrations. Hence, in our calibraticn of the spectrometer,
this component is neglectad, R.D, Svans gives 510 EeV for

the maxzimur cnergy of the low.ecnezgy bata transition

component (92%), snd he writes that the shape ot‘the spectrum
corrasponds to the firgt forbidden beta daecay. Accosxding

::: to Bvans, thue cpaxgy of gasms zays fsom the oxcited atates

| of 82237 15 661.6 KeV. & edge andé average L edge of Deld?

is given ¢o be 37.4 KoV and 5,6 KeV, regpectively. Bwvans

gives Xy = 0,08,

G. DPacay Spoctrum of Tml?0,

2 ¢ of T@l?C gousce deposited on the surface
of thin sluminun foil with the effective diameter of 1.2
um also 4is uscd in cur calibration. |

R.L. Grahenm, I.L. Wolfson, and R.E. Bell {13)
investigated the disintegraticn of Tai?C, and found that
187 <ay ed?0 uap two coaponents, one of asxinum encrgy
968 2 ¢ Re¥ (76%) proceeding to the ground state of yul?0
and one of moximum energy 884 2 ReV {(24%) to an cxeited
state in ¥pi7® Foliowes by cmission of & gumus say or

convession slcctron to the ground ptate, Encpgy of gesna
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says, they found, {s aé.;;t 0.1 Ee¥, and half-lifec de
(1.5? 2 o085 = 10°% ses. R.L. Grabaw ot al, prcsent the
conversion caetﬂcsamdk @ 1,60 2 0,15,% L 4l 2.8,
WLﬁ = 3.2 ® 0.2, They wsed 6)Mc, 2 m= dismeter source,
gnd examisned the ggectzan gleae %o the end point with
1.35% reseigtion spectrometer. They corsected the resulis
for both background ond spectirpwetaxy zesolution. Fig,

14 4p the disimtegention schene of wel?C proposed by R.i.
Crahsn ot 1. In the Vermi-Kurie plot worked out by

Relo Gtabgn et ai., twe congnn¢nts arc separgicd by extrg.
pelation, sssuring that tho lowex cneigy component has an
aliiowed shape, They aigo give tha relative fntensitics
of internal conversicm groups, LY method of écuyaziaaa of
zina-ateas: g/L © 0,36 £ 0,04, 2/CLen) » 0,28 ¥ 0,03 and
L/% = 3.6 2 G.O0S.

B, Pormi.Rurie Plot

?&a gothod of pxatting‘%ha spectrus in straight
iise by correcting for s¢atistical distribution of
electzen e#ez;&a&, end for a!ectuostaﬁic‘faxcna batveen
auclieus a#d electrons is called "Permi-Euzic plot”., This
method ia widc&j’unca_in the study of bote zay spectrum
to finc the end poimt. M, J.¥. Robsos gives the cequation
for nusbor of olcetrons obsezved perx snit time per

unit momentun intesval nlp) in bi: leciure,
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5ud o2

nip) = s4n’a0 ¢ & lM\g E(zgy)pzcaﬁms}a (45}
7
W

8 i§ thelfunﬁaueutni congtant #oprasa#t&ag the &trenstﬁ
of the bete Cecay internction, $€3,p) ie & factex to take
into acoount the electrostatic forces between ejected
bata xay# and mucicus, and metyix elemont f&la involves
wave fuacticn of the inisinl state and the final atnea.af
nuclieus, Thie |#|2 43 a scaler quantity snd 45 of the
oxdog wf.uu&ty in the pllowed Dets tromslitions. Ror
allowed spectsul eq. (45) cas Be writtes,

a(p) = comst, = ¥ x p? (T .12,

vip) .=

?93

.. Natorsap?'a &, txom TS

This relation cen be plotted $a @ straight tdne, By taking

the maaaatuﬁ in ae unit, and ﬁiuatié anergy of clectzons

2 mit' one getsd,

18] 3/41/2 (€ e (2,7 ) = & (47

whaza,’z & p/uc, €= ﬂ/nca. pad Com Bo/auz. € €= €3

in ne

in eq. (47) is cquivalent %0 (2,-T), since (Be— E)
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2
= (T, ¢ auea-T- Myt )} % Ty « Ta  Bq. (47) car be rewsitten,

‘\/mﬂlyﬂz‘ P24 ) ®» &k (Ga€) (48)

Yhe factor F(2,13 for the elecirostatic Force hes bheen

worked out extensively wveing the rointion gives in thoe U.S.

National Buzcau of Standard Publication AMSLI3IC14);
: o 26
f(z/]) = 12 F(z.fz ) = "12‘33 e l]"(hmi&},%< (49}

where, & u\)zszaxxsva - 1
and, § aZ\’i «»"L%?“VL

The values of £(Z, Y) is tabulnted in the ¥,B.8. pudblication
AMS:3 for 211 valuse of 2 vnd for| 57, This teblc has
been used in plotting the Fermi.Rurie plot from ousx
experinental rosults.

Now, if the transition ie fosbidden, there is
(1) a shange in anguler momentum of A 1 = i, and hence o
parity cbango or (i1) o change in angelrr momeatum of
A& ® 2, and no parity chauge 28 :'in case of csl3? beta .
decay.’ ceen e n these cases, the angular somentum
will be taken away by the eicciron anq/ox azutrino, and
one mecd sonme corgnction to got tk§ straight lipe in the
R.E plot. i.e., in the forbidden spectra, Fersi.Burile

plote age nade ueing the relation given by
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r\[@wwc 1= m‘% Y 8 & (6w 6) €30}

whoge, ¢ 16 calied the foxrhidden factor, L.#, Lsuger and
E‘C; Price (15) applics

; 2
e 3es D ¢ e o 0t ICme” 1
aad,

2 2 '
C~ra~v{ewl) * (&u€) (52)

in theds iﬁveséigntian of co'37 spectrus. Ba. (520 ..
wefers to 510 ZeV transition. of €137, and sq. (51)

refars £o:.17 ¥eV transition of Cedl¥,
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CHAPYER IV

BEPERIMENTAL DETAILS

A. Starting Sdsuation

Tho megnet, vacuum #kamba:. counter rack,
epcilloscopes, DL generator, carzent stabiliser rack,
Pirani #nd ionizgtion gauge umit, scaler, H.T. supply
uait, vacuum pumps, dDeta ray sources, anthracene crystal,
fish eye, photomuliiplier, wire, banttexies, céaliug vater
suppliy, apd all the electronic ci:cnit pazts wese provided
to stnxt with,

The table for spectrometesr, dagaﬁau&ag coil
systems, vacuum cheuber emd-plate, gouzce holder, scintil.
iation counter head, single chemmel pulme height anniyzer
snd pulse gemeyntor, were ieft to be designed and buile by
ourgelives. The nagnet current stabiligey circuit, vacuum
puaps and vacoum gouges tad o be chogked and adjusted,

The space aveilmbile fox oug esperiment was 230
feat by 190 feet ncluding the vurzounded tables om which
wost of the designing and bullding wosks have beon carried
out, The floer wes findshed with aatiaia&tczily gmooth
aad flat concrets surface without using dzesm. The
horizontal level of the magnetic epectromoter, therzofore,
was oaszily obtained, The woodenr teble for the specirometer

wae dosigned by myself and made oudside. Sinmce the ¢able
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hae to stend for aboul 200 pounds of wolight without causing
any sepious strein fox s long tiac, plywood of 2 ioech
thickness was used 80 8 table #imie, A francwork of

wood %0 holt the degouesing coils was attoched ontd the
tadble, Since our k&it&éng raztuuutézy‘aaas'aat~¢éntain

too much Lrom, we asaumed that the curth maguetic Fieid
was not distortosd snd was quite én&fuem'ihibnghbut'éke
fo08, aauidéa. gzéai caze bas boen tahes to sot ﬁp the
spectrometer in oxder not to cistuzd the sagnetzé fiela

by keeping the stecl naila, bolts, muts tnd tools awsy‘

from the spectrometer,

B. Hagoat Curyent Etabilisex ﬂ

Yhe asgnet cusreant stabillzer wes originaliy
designed fox proton spectrometes for which usumily higher
coxrent was required than for the bets ray spectromoter,
Hence, some parts bave been slightly modified to work st
tho lowex cugsents.

Prosent section descrides our cspezimental methods
appiied %o ckask and adjust the stebiiiscr.

Az & stapt o adjust the stabilisex cipcuis, the
caggent through akaasnet codl iz simulated by applping the
voltage across 0.5 1 ropistox. A yeference voltage is
suppliecd From & dey colis (1,5 wolts each) Rhrough a 50
K {1 nelipot., Output pulses of the ampiificr cizcuit st
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cach stage wexe obsegved with oscitloscepe to check the
enpiificr civcuit., Pig, 15.19 show the pulse shopes
obparved aftor the sdjustment, aig, is ia the input
palise to the first 3693 tube gwplifiei with the oscilioscope
gonnscted o pin ne. 4 of tube 5693 and ground line,
®ig., 16 is the puise shape incoming te the second gtage
3693 tube,anpiifle: uﬁax@ the ogcillicsnope i compected
in the sane vay a8 in Pig. 15. ‘Input pulss ¢o the lkit&-
stage 5603 ampiificr & shown iu Fig. 17. Pig. 18 is
the input pulse to the lu#t stage 6V6 tube smplifies
circuit whege the a;aizxoacupe is connestad to pin no. §
{control grid) of 4¥6 tube, The last stage cutput pulse
from svﬁ’tahe.ia abgerved by tonmacting the Béeyw tc pin
po. ¥ {plate) of OV6 tube showlng the shape somcthing Like
ic Fig. 19. ‘Ono cas see that ‘the puleed ‘are of thd '
wogulds ‘stape aud Sthet the wiggles are smoothened out,
Neow, an ingrease in magnet curxest should result

in decrease fn biag on SAST tube;, 4dhus zaducing the
surpent throuph the oxciter field. Thus, Ly mcasuriug
the éwtput bias voltage from 3 $SHT tube, one can ¢naék
the smplifiey circui¢. This ie done by vapping the
voltage on ké&&»oé and the woltage across 0.5 {lxesistor
with GSHY tube in yiolding the Teble 1.

' Unfortuantely, the decisive conclesion cennot

“e extzaateﬁ 03% of ¢hig tedle, Docause of inaccuracy of
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our experimental sot up, but it can be seic fzom the
fiest fow coluwns of thie table that the highez the

voltage ascross the 0.5 (Qzesistor compered to the xeference

voltage, the iower is che bias voltage of the gridSof
8AS%7? tubesm, which thon lowers thoe curront through 6AST
tubes snd adjusts the oxcites field,

The stabiliger circuit wvas then conmected to
the motor gemerator zand similar rondings were taken with
tha auplifier gain 1 and 3, including the resdings of
the exciter field curgzent, This is tabuluted im Tadle 2.
It is sppagent from this table that the stabiliser is
sorking correciiy. .

Voitage scxoes the 0.5 () resistor im thosc esperiamcnts
is provided by tné battories and the variable registor
gonnactad together, anmd 32 Heathiit voitmetor is uscd to
read the voltage drop, Honce the voltage rondings sre not
accurate encugh s that 4t is not poesible to reduce the
iincar reloationship batween sn incroage in magnet cerromt and
.the decyoase in the cuxrent through the coxciter. But sEill
one can seec thad the incrosse in voltage across the 0.5 0
rcaﬁntaﬁ'coupnwédxto the reference voltage resulis in Jdacrease
in excisez field curzens. Some of tho grid bins roadings of
6AS? in Toble 2 is inconslstent with the resulte inm Table 1,

sacause of the isaccurscy of the voltmeter readings, ete,.
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TABLE 2 '

Heasuromcnt of geid biss and enciter field

gain pefopence 0.5 0 grid vise auciter fiold
voltage volts of GAST(V) surrent (sapesze)

1 1.0 1,00 -34 0.1
) 1.0 0.95 -0.92 3.9
3 1.0 0,90 «0.93 5.8
1 1.0 0.83 0,93 3.8
1 1.0 1.03 -50 | )

3 1.0 1.025 "y . 0

3 1.0 ~ 3,000 23 1.0
i 1.0~ 1,000 ~13 oz
1 1.0 ~Q.978 8.5 3.0
1 1.0 ~ 3000 2o 3.4
1 1.0 N 0.975 1.3 3.7
8 1.9 '~ 3,006  «2.0 3.6
8 1.0, 1.000 3.5 3.0
8 1.0 ~ 1,000 wl2.0 2.9
8 1.0 O\ 3,000 «22.0 1.9
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Two safcety devices arc provided in azdéi to
protect tho magnet from eny dampge. Yhe Boston sansit:oﬁ
circuit spplice the principle of ¥hecastume Bridge circuit
es $h§sa ina Pig. 30. Loeb gives the golation detwoen
resistance of pure metals aand Semperature, fo @ fi:st'

approximation
Ry ® R, (2 +Xe) (53)

whezre, t 18 the temperature in Contigrade, mnd B, is the
resistance of metals at room tompexatuge which. in our
cuge, is 155) when fuil coll i1s wsed. Hence, resiztance

at ~ 100% is
‘R =R (2 slg) m 1S = (1 + 0,004 = 85) = 20,2 Q

talng the zelation for Hheatstone Bridge wvhen galvo, is

zoro at poom tenporatuxe,

W S s

where. B ® 0.5 0, R ® 20i1 0 tat ~100°C),

R w267 X 101

.o R » 2P » ss6 2 Q)

R
P
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Honce, theosetically, the Sensitrol reading should be
oxactly on sexc when the amagnaed is a$ room teapernture,
aad whon B, is sdjusted to $.5¢ & (> . The experiment 4s
cargied out o ﬂéasaia the voltmge drop socroac the nagaet,
teaperatuxe rice of cocoling water, and galvamemster romdings.
Pig. 21, is the zelation hetweén galvanometer roading and
the mean temperatuse taae'aﬁoﬁing t&at the galvenoaeter
geading varies lineatiy‘nith mesn temporadure rise of the
magnet, The Tungae cathode is snother safety dovice which
provides the shozt circuit inm casc of accidemt in maguotd
coil eirenit, Plg. 22 amd Fig. 23, is the gemeral view of

cur magret curront stebilizexr gack and the DC motor gonexatos.

Ce gggaussiag 2oil Systems

Vacuum chawber and aagset coil was fixed to the
mognetic N.8§ dircction to minimige the effect of hatszoﬁtaz
component of the earth field., Degsussing colls for verstical
component of the carsh maguetic field wae designed and
built by myself, B8g. (35) was used to find the number of
ampore tuzns ni, where B should be equal ¢o the vertical
componcat of earth f&elﬂ. i.2., 88 given on page 16 of the

present papeg,
= 0,57680 « 0,00020 = 2.5 % 0,57630 gauss,

end x is the radius of the coil in em. Since ousr get up is
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rectangulay frawme of 53° x 437, the nono value of r is
usad, f.2., 2 » (53" x 43%)/2 & 61.8 cm, Hence, nl is
found 20 bde

D0.53763 = 61.8
0,286 = 3,14

assuning I » 1.0 ampere va got

B 8 40 turns. Heunce 40 turns of gauge
16 copper wire was used in each coil., Totel lemgth of

wire uged is:
(53" &+ 43") 2 2 » é x 40 @ 1280 fest,
Henca, the reaistance of our cail‘is-
4.015 x 1.38&@ 5.1302, at eo°r,

This value sgreed quite well with the messuwed valug which
vias 5.1 . . Hemte wolitage ¢rop scroes tho coils must ba

Bo IR® 5,13 volts, when ¥ @ 1 amp. Consequentiy, 4
batteries of 2 wolés coch were preparad o supply the cuproent,
The disstsmee betweon coils and the sxial iime of the

chamber and the mn&u& sust de equal to /2 as shown in

eg, (38}, k.o., ¥/2 & 30,2 cun, This discosion 18 applies 4ia
our coiig, The carth fie1d and éffeat of the fieid of
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degaussing colls are mousured with magnet eft, weing the
13.8 em diamctor, 608 taxnﬁ £14p coll, and Combridge
fluxmeter. Toble 3 shows the filummetor reading with the
f1ip.flop coil y@rﬁéaakﬁaxax to the wverticel iime and
after quick 180° turs évaz efliha aoil, Heasurements are
zepoated st least five times, and average vaiuss arc
tabulated in this table.

1t con bo mecn from Pable 3, that the fluxmcter
xen&iug .32.8, is equivalent %o the verticel component
bf'ﬁhe‘éath fieid, f.0. O,.57630 gouse., Henco, I divisios
of flusmetexr seading is equivalent to 0.357630/32.8 »
0.0176 gaubs. One can see from Table 3 that 1.12 aspess
nnétAhe'tha éorréattﬁuzzent'tﬁrbngﬁ:the coils, which im
comsistent with the theoreticel prediction. This table
eise shows that the varlation in field by movimg the fiip-
fiop coil in the verticel direction ¢ very smelil
sgreeing with the thoogotical calculation Gescribed in
Chaptex 11T,
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B Vacuup systeat

F&g. 24 s the gauge tubes attnuhnd to the gouzce
end af the vacuum chambox. The ieft side ome ie the Pirani
gauge w&ish,ﬁs cpnaactqd with the chamber, end the center
one 18 the :efa:aace gauge. In ogdar € Raaop zhésa two
gauges at the game ecnputainxe condition, the two axe 91&@&&
close to@ethas.‘ The right side ia the ionisggiga gaugs
which woxka et the mzavstaé tnﬁ@czntuse. ﬁencw, in.oreer
ta nvuid the effcct nf high taayezatuwa, the rﬂﬁszence gauge
Gf ?iggsiuiﬂ piaced gome distance apagg‘ftau:tk& ionization
3§use. Pig. 25 shous typisgﬁg§4ug;$ y@ich‘gs #tta@hed on
the counter rack togethez with high ‘_wimge' supply, pulse
ﬁeightiénalyaez,Jﬁuise,genetatax dﬁd}snalq:‘uait,ﬁé that
one can Juage the workins aonﬂitiena eas&lv.

thauu is obtained with a "¥elch Manufactnzsng
Co.® Puc Seal mechsnical puap and ”Bisﬁ&llntion_?zeanats. Inc,.*
THRSO 3 stage oil giffusgion yuéy. Before vacuum punpe
axc switched ou, the iasidéﬁ:haabe: and fish.eoye holdesx
were cleanod aﬁ with the volatile chemicsls. The nechenical
puep is uneﬁvta pull the systom down to a degree of vacuum
such that ite spocd end officiency decresse zapidly. BDetween
this puwp and the chauber 15 pluced sn oll diffusiom pump
which would net.fagﬁtionrut at&ospﬁﬁzge pPressurs bp# does

begin to work ia the pressure reglom in which the sechanical
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pump slows doun. Vaguus of A5~ I0 oullg.is obtained #Ete:
sbost 30 misctes zun of nechenfcal punp alone., Fig, 296
showe the function of sechenicsl pump end ¢iffasion puap
oo tine.wsed scale, The Dost vecuus we attalsod is 0,022
nicrons Og on the fonizstion gouge zendiog.

. Apleson O compound is vl 20 senl the flasage paris.
™is compound iz found €0 be quite satisfactery (0 atop the
aiight leskage of sir. '

H, Adjustment of gggatxauate:
%8 8 fowna duriag the uﬁiuatn@at of %he spoctroncier

that the counting rete i vaav sensitive to ha exdal b
aligasent of the vacﬂua chanber sad i&ﬁ# of the ssgnes. Hence,
consddersbiy lomg time is epont #o edjust the aligiment in
order %o got the mexinus aoaﬁtiﬁ§.£a6w¢ A S5Me ﬁf‘?’ souRes
was usod &6 o celibretien saesce, thavﬁianatgz of which

was 1.2 ma. Ao s start, the cheabox wab pleced to the
ssgaotic B.§ éiseet&ag»aa ascurate ab naaaikae using ¢he
stretched atring along the émiaivxiaﬂﬁ Thom, the gup begwoen
the surfose of the chaaber aod the vagnel wes adjusted &o
that geomsérically tha cheubor ond the msgned both e on
sbout the geme axis., The I fmch baffic opening &6 provided
with 6 fnch iones dismster at ¢he cemtes of the chsmber.

The source déstence u mud the image distence v B¢ messused
giving doth 16 578" (42.3 emd, naugﬁ‘exwaus&naa,af ouz
speciroscter &8 givon in Pig. 1.
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34 wné found that the counting rato st the magnet
cursent corresponding to L peak of Tol?? wag mueh higher
when the current through dagaussing ceils was icss then 1.13
sspere, aftor considersble smount of monsurencnts Dave beep
carpiad oug w&té 3/ g 2i7% gource in. This d4id not agrec
with the theoreticnl and czperimontal rezclés on dogeussiog
coils. 8o, the counting rete ie memsuzed by varying the
cuzront through degavssing collis with magnet setting at the
L peas of Tol70 piording PSg. 27. Tho cuzves show thot the
_counting rate zeaches o the mazimua at V.6~ 0.8 emperes,
One can iengine that this might e beceuse of the vesxticai
component of magnet field., This is pot impossibie because
tho aligoment of chambos end magnet might siightly be off
the hogisontal plane including the N.8 azis, sod beocause the
stoel aiﬂfaaicn.puaﬁ might be siightly permanensiy vagnetd ged
fzon previous use noar & spectrometer which was not present
during thoe tests of degaussing coils. Curve 2 on sﬁg. 27
showeg thnt she curve iz shifted after the oscilioscope and
cholr de moved to the pemote plese which contained isom,

Sance, sncthor measuzeseat wae cerziod oud by
satting t&a dogaussing ¢oll et 1.312 ampeores, zavégains she
wagnet field and by ebifting the mogne¥ %o the H.¥ directien.
Cuzve L in Fig, 28 is the onc bLefoze magnet field is
zeversed showing continuoue decgeazse in cownting rate, By

weversing the nmagnet fleld, faizly constant snd high counting
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rate 88 oblteined as sbhown on guEve 2 fn Pig. 28, The
Boaguet #ua&ti@u,wﬁm lixad ot tha 0,0635" enst from the
'cxigiaaa peaat&an 8¢ cem Ba secn from Pig, 28. Thie s
fivost tbo sane e the goomctzical axie of hoth chsabes
aad gagnet. The finsl magnet position was found by
_éﬁ}ﬁitgcg*tke ragnoet ﬁusiﬁiﬁafmguSa in the vertical direction.
| According o the Gata presswted by BOA, 1PML
‘ghatnanzﬁiaiiar tube #n& be usaed wiﬁh the anode voliage
aappiv op to 1350 volte, but it is found thet #he tubs
aoker staris 8t axouad 700 E00 volts, Thess nolme dulses
can ﬁe disczininates ﬁy adjusting the lover bias sottiayg,
b uafeatuaatﬁv the pulses From & clectson conversion of
170 gr0 20 small enst the pulse moight from nodse and &
conversion beconos n&mut ih@ seme sime., Thus we have to
uaka anxe thaa 811 the nassw pnzaua are digesinianted,
E&is zw done by tuk!nu taa intwazaﬁ &ins natve et A ﬁew
nsgn&t field aa%tias&-
' cmling water is mst to both maguet codl
aaa diffusion gunp fsaa $he water modn line in orcer R0
kaep the maguot and panp dn good working condition, X2 &
shpervod that coolant temparatuse difference botwaen inlad
and omtict is witdia 2/3%, |
On the wemguzomant of apectrug, She cuter Balf of
the nagnet colls waly axe used in order to simisize She
effoct of spherical abosration,
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B, Calidration of Magnet Current Setting with ﬁs13?

¥t 48 found from the measusement of 33137 spectrun
thot the stabilizer disl setting of 653.3 corresponds to
the ¥ line., The ¥ iline is é&&.ékne?. and is in sosentum,

o e 3381 gauss em.

. 3381 5.19 geuss cm/division,

* 6%3.3

Hence, 1 division of otabllizer aigl getting is equivelent
to 3.19 gausas o=, This iz checked with L lime where,

B = 3800 gasss cm, i.c.,

3500 o %,318.

AR

676.23

Thie ie in ngreement with calihration om the X lime,

The esxcellent sgrcoment of submequest messurcments
of the L 1inc of 7ut’® with the Lonown energy of tHs iline
confiraed}that the spectrometer was linesr and our 33137

E iing calidration was reliablioe,
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PISCUSSI0N OPF REEULYS

A, BRegolution of the gounter

Haioly due %o the statisticel flactuations in

the ﬁnubwt of photons per seintiliation incident on Shs
photocathode, and duc to the fluctusiioms in the aumber of
photoelectrons emitted in the photonultipliesz, the
scintillstion counter has finite pulse height zesolution.
Heasurement of the sceolution of cuy scistillistion ccaﬂting
instrument is austiad out with the aid of the pulse nnlgﬁt
enalyser using & 4% of the peak height, Fb: ﬁh@ £ ling of
cal3? (electron enexgy ® 624,2 Ze¥) the seeolution of the

counter at haziuwiﬁth.waa

Ry w 305~ 060 o 5se
783

.
Heasurpcment of countey resolution 1k dome siasply to check

the coumtiag inasdrument, and the rasuvits seem 1o be
satisfactory. Im the actusl spectrum measurewent, the window

widih 1is scldom used,

A) Raesolution of Spectrometer.

The zesolullon of the spectrometor 48 limited by
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siight inaccuraciesn in olignment, by leng aborzations, by
stray megnefiec flelds, by finite sises of gource and

detector, by scattered aslectrous, and se on. Iun the cuexgy
rogion with which we sre fomcermed, and in ous goometry

of souzse, magnet snd detector, the maln factors aof focting
our ragclution scem %0 be (i) elight inaceusscies in
aligument and (42) lems sberrations. Hence, comsidersble
care 1o teken to get the best chamber, daffic snd usgnet
alignwent, Beffie openiag wes reduced frem 3 inch to % -
inch to cut dowm the effect of lens abersation. Measurcmont
of spectrometexy vesolution was cerried out eoveral times
with various ect ups. With the bost magnet sud chamber
sligoment wo could get, o resolutivn of 3.3% and a
traneniosion of U,.34% (experimentsl valuce) wese obitaiaed
vhen the baffie gep wag set at 3", with 3/16 veffie
opening, the zesolution and ¢ranssission ane 2.6% pad
0.26% respectively. The best rosolution we obtained was
wiih i gnp and wos 2.16%, with an expevrimental velue of
i:uaauiphipn of U.31%. i!ﬁap:gtieal yxeéiction of the

resolution im this csge, is, using eg. (28),
R i. » A .
- BlF » 33253 4220w

4B 4«5 8 x 28.4

Tkis 12 in sgrecment with the euperimentsl resulis,
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Approximate szansmisedon calculated from og. $39) is

T w RAR @ 3 K 3.54 x 0,25 x 2.54

au® 2 x 41,43
« 5,15%

This is compared with the oxperimental rosulis of 0.21%
indicating thet improved resolution c@gld, if required,
have been obisimed by & furtber raduction in ehe baffle
sapln.

B Spectrun and Resolution Corzection.

The spectzum of primary and sccondary beta rays
from Cal3? gpn the region sbove 87 ReV cxzamined with the
spﬁét@ouatér resolation of 2.16% in an effort to deternine
its emé point and I, L convession lins. Integral blas
cerves were takem im both high energy sud low eneegy
region to fimd the cerxect disceiwmiassion level., One
uinute counts for primsry bats rsy spectrus, eud 2 wioutes
counte for conversios liame were tsken. Counting rate ot
the peak of the spactrum was 613 c/nin with standard
devistion of & 25, Dackground wes maasured at 2 polnts
Raep with 3640 gauss cm getting and wisth nageet cucremt off.,
Beskgroeund between these two poldnts sre found by exsreapoliation,
Fig. 39 is the observed téeﬂtiuu-ci 5137, The equaticn
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pregented by G.B, Owen and H, Tmakeff {18) wae used o
corzect the primasy beta spectrum close 10 the end poin

for rasolution,

ive}o‘ nc L ﬂo - @ (55)

™
|

whaze, B, is tﬁﬂ connting rate castectea,vnn is tke.cbaezvuﬁ

aoﬁn_ts and e is tho sversge spread in B Sw Po Lo, half

w&dth at half wmaxicum in gBuEs cw st coxtain womentum p,
AP = 1,08%

. e & 0,0108 % p gauss cm.

Be. JoM. Robson dosived the equstion for rumclutfen correction
sasuming the aqu&wa tesaxutzuu cuxve znd gave the sams resulte,
° 48 foumd grapbicsily b? #a&ins the taqsant 1ine twice,
dap Tt i& found that tho correction is necespary Just

foxr » feu podints close to he epd point with the asxiaaﬂ
aazx&c#ta& of 1 for zoantius sate of 17 at 4#8 Ke¥. 2Emd
ppiatyin estimated youghly from ng, 29 4n aninzsad scale
for & check, by extrepolatioes ?zexdlag;sﬁé,é HaV. 7This is
compared with the cud peiut obtsined from Permi.Rurde plot.

£) Pezmi.Euxie Plot
The forbidden Pormi-Zurie pilot of Y date,
coggected for backgrownd sad spectsometor resolution in
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worked out as shown im Fig. 30. The conventicnel Feogmi.

Euzie pilot did not give the etrsight 1&&& Ceurve, L),
Cozrection for forbidden tramsition &g made using cq, (323,
Because of the choys imtervel coenting, the points axe
scattered 4o souwe exfent, mad standezd deviation, as shown

in Pig. 30, for a fow points, is quite lagge. HNevertheless
we were ubxé te deaw s straight Iine to find the end aﬂibt.
2§ase are, actually, 2 cemponests of bets spectrs, but we
waée 80t able to ﬂépu&ata the smull {8%) Ligh anergy componont
becanse of poor statistice and high bockground counting zate.

B} EBatimsile of nnd Point. ;

The end point is found to be 514 & 35 Eev as stown
in P-X plot. This §s &u ngeeement with 10 ZeV according
to R.D. Bvans (12). While, L.M. Lenges ot al. (15) give
$30 2 30 ZEavV, i.e.. »¢x rasplt 48 within $his rogpion. W
can say. from this result that she magnetic spuciyymeter is
working covzectly, and #hat our calibgatiom ig togrect, The
Oxooping &n the F.X pIst belew 150 ReV s to be oxprcted
from the foil thbicimess ovex $he counter and the source
thickncses. |

| o i
A} Speootsum Moasuramond,

L aud B conversion lina wexe mossured $0 chack

the spectrometer calibration. on the basis of a limcas
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exteopolation to the Cat87 x iice calibresion, 74.0
BaV (930 gauss cm) For L line and 82,0 Zev (1003 gauss
ea) for M line were obtained, 3,#. Dullopd gives the eBexgy
of gosma rzaya from exeitod YD to be aa,;é EeV, nnd the
aversge BMading cnergles of L and M shail electrond Are
known to be S.81 eV and 1.92 XoV gaapectively. From those
date, we cas predict ¢the L and ¥ line o bo at 74,45 TeV¥
and 83,34 Xe¢V, zespegtively, Bsperincental sedults agree
gquite well with these values, The N conversion eloctrons
wors not Sepaciked frow the M line, bacause of the finite
regsolution of the instruaont,

- Integxal biaa cHEVES wore token with aasnet cuzzent
aattisg 2t 930 geuss aaA(a iine), 1003 gaues cm (M Line)
sud 3640 gnuss cm ¢o find the coxzect lowsr bius sxtting
28 shown in Piy, 31, and 1.75 ¥ was found to be the correct
setting except for the X iina., With this bins and with
&agf‘;/é:ﬁ Bluninum fa&i oves the anthracenc crystais, tho
E eaﬁvaruiau 1ine wae 20t detected. The Binding omergy
of ¥ clectrons &8 known ée'be $1.31 Xe¥V, Hence, 22,93 Koy
is the oxpacied X comversion peak, According to the eapirical
relations worked ouwt Dy meny people, the ramge of ROBO.
emergetic elnﬁtfbus_of 22,95 KeV iv roughly 900 Yplen®
{p. 624, Bvswn). S0, apparently the & clectrons sre stopped
or scatteresd by the alusinum foll, The X lise was measured
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with sivsioue foll of thichvess aas/Mg/nez, $hio cnexgy of
_tha nonoenasgesic electrons covrsaponding to the vange of
EQSANg/ea? being epprouinately 10 RoV, snd the E line was
then obeerved at 23.4 FReV {519 gauss c¢md, Tuis is fu
reasonable sgreement with the pradieted euesgy. The lower
dlap was st to 1,.38Y which was found Feom the insegral
bias curve as showa im Pig, 32,

The rescolution of the spectromeias at the L iime
is 2.39%, This io higher than the Ce*37 % peak sesoiution
and would be eupected since the olectrous from mainiy Lyy
and Lyyy sheils are coubined fogether with the binding
eneggy of these delng siighsly different fxom ceck ather,
'raa seselution ¢ the B iine was 2.87%, agein ezpected S0
be highex due to the presence of the N convapsiou electrons.
cé:xnctioat for Beckground naé finite wesvlution of tho
spsctremcter is made in tha ssme way s C83%7. The spectrum
i presented in Pilg. 33. The measuronents ape done with 20
wiautes count foy ¢eae£paﬁ$s spectyus except et the peak-
of she spectzum in an effort to get better statiotics. An
Auger alecirom poak is oblazvnﬂ.be!w@nn E and L ilne.
Approximate intonsity of Augexr peak 48 obinised %o be 7%
with reapoct to intemaidy of L idne. This is comparcd
with 3.03% preseated by P.R. Sxay (19},
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B} Poewk.Kentq ’m;t‘- |

AR oplat Lo wopked sut cssuming sllowed svansition
wnt given in Pigy 84. According 0 Grabsm 2% 61, auc 4.9,
Pohm 26 al. (38 two componenis are supposed $0 Eo prasent,
bt & Lo Tound ¢ bo #ifffcult to wpiit ity twe cosponens
by eutzapolstion from duz yesnlin, sisce hy overall AL
plot furny out to be vory nearly a steaight lipe. Huch
botter roanite wonld have Duen ebtsined 3 ke sodecideoncn
techndques wore used to opiit B companents. Time, howeves,
dic set poreit hds. The end poime, frow cur N.E plot, i
997 X 9 oV, which s o ngresment with thot of the highes
eneEgy conpoucst gives Dy Crabom ot k.

Ez} zﬂ.m Batio cﬁ mmel‘ﬁiﬂﬁ ﬁamtxmﬁ

?ka ‘sEes ni’ tha a, i snd 1 pm am of the mt&mﬁa
mm wage weassred i’m e matzw in mif eooon tun
toterval dn tho enlerged mze. and iﬁa rutio of mw of
mﬂma mwm. Be L mé " m&k is abtﬁme o bes

: z“ﬁ‘s‘#ﬁ H &,5’5 4 3&3-5’5 3 étg?t o

This iaa" cmxw with the Srahes ot al. snd &aw"akﬁweﬁguﬂm:
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patie | ‘Hazshaa,at ni;u ﬁxay ,\gg
L. .36 £ 0.04 :" 'a‘sa % 0.03 'a.ma |

wm 3,8 *o.os 4.3 2o.08  B.ap
g/ie8 0.38 2 0.0 6‘39 % 0,03 ""a aw
Xz  o0.088 20008 - 0.0116
nﬁ%" - | o.16 Lo02 A, 0.120 |

Qus K/L ia eans&aexabxy lawu: thaa the othnxa. whis la u&m@at
¢estsin1y dua to nbsuaytiun ts the 238/gn faix over the countor
:aaalt&ns in zaaa ef saants at t&is 1¢w enexgy sy the eaantex.
y 3 hiskar :stia n&uht hawa attataeﬁ ii/vaoe fﬁyﬂm uiun&auw

foil was used to acvaw tbe aaintilzatox. ﬁesiées, this /L
satio is wareiianble because the X conversion elactron enexgy

18 vepy close te counger cut off, %e wiil thegefore assume

ong E/L yatic %o De in eyzoer due to iaconplete countisg of

§ alzctron counts by ¢the coupiter.

p) ustimnte of Comvession Ceefficiont.
#e ussd the following roistion %o fiod the L line

cenvergion caefticiautfxzs

-]

0.24 B w3 % 4 B 2 (58
¥ or Xy

Hy is the total aumbor of primsxy slactzons, snd H, is ouuber
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of slectrons corgesponding to L line. The ratio ff » anﬁ‘f
is obtained from tho axpasiﬁmn%a& data. ‘f is 2 L
taken fyom Graham et 81, The factor ﬁ‘adhgivaa the fraction
of fhe decays af ﬁnivaAwaiuk zaaﬂ‘tn the excited state of
370, ws ostimate ¢he wrore ns followsiw |
(1) The factor 0,24 is taken from the worhk of
Geshan 2% ad, where 2t was cbinined by o colncidonce technique,
Othor workess bave cbtalmed 0,23, We therafoye take 2 .02
&5 the ersor in this g{antst#. |
- 4a) Tne xatiu *a in nbtﬁiﬂnd by taking & radio of
areas sud is subjest to HL anc&rta&nty in eesinmasing the
eres st the bese of the L weakAat the coatinuen a® the low
enorgy oend, ﬁa%isutec fzan our date oun diffa:ant ssepuptione
136&@&&9 an oxror of 2 1.5 im this xatio.
€441) Tue ermor im B/L 48 taken from She work of
6w§h&n ek él. as 2 .04, .
(iv) The errerx in f is ostimstod as T ,04,
. 4 . A . '
. s €.242,02) = (10.921.8) = 1 + (0.562,04)6(0.312,04) » XL
giving, o ;,esié.ig

Thie value is io dismpreomont witd that obtzined by OGraban
ot al who used an a&i#inte cnuétﬁng technigque, We would
cEpact our value %0 B¢ low due o
€i) Poseidic ioss of L convegaion electgons in
the pousrce., There is some ovidence for thim in the promcusced
iow cooegy tsil op the L iine,
(3i) mHom porfoct aligament of the spestsoneter,
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This would be more serious st iow cnergles than at high
enargizs and would iand to make our obsexved values of L?;
low, 7

(141) 7Possibie loss of L conversion counts in
the euuntax;‘ Thie 18 not expected to be serious as the
bias curve sppeared 30 be very fipt 8t this encrgy.

To gegolive this‘éiaﬁreyaney further work would be
necessary involving & redetormiastion with o thinmer source.
The time avellable for this work (3 months) has not permitted
ag to investigste §hia. ¥e conclads that there may be sone

doubt a8 to the publiishod values of dL for ?HIVﬂ but further

wozgk 18 required to esteblish thia.
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CHAPTER V1

CONCLUSIORSE

the time availabiz for the cuperiment was ouly 2
months, and 2 months were spept to set up and ¢ sdlust the
spectroncter, Honce, 8os encugh time o lmvestigate the
bata decey of Tal?C was avsilsbie.

¢t was found that the spoctrometoy wos quite iinesr
and ouz Cet37 g iine cslibgesion was rellsble.

S5ti12 better resclution than 2.316% cosld Bave been
obtsined by roducing n baffie mpesturs by snothey 1/87 - 1/18%
without making tha tzancsission too low,

¥e recommend that the colucidence techuiques should
be used in order to get §§e spectrun snd the H.X piot of
she highar energy couponeni of ™t pota decay with a high
VECUTRACY .

The L 3ime counversiom coefficlent

+2.08
X R LA P

is im dissgrecmant with thet wogked out by Orashaw et al.
The end point enczgy of the highor emergy compomnent
we obteined fyom &he X plot €977 2 9 xoV) is 4n agwcemont

with the dats obtained by Sralem % al,




- e
i

RS S e e e e

Page 39

ACEROWLRDEGERBRT

T wish to oxtand theske to Dr, P,A. Gendren fos
the priviledge af‘wazﬁing in ﬁagi«ax ﬂaséneexing and uader
his supervision; ulso for his advice aad cooperation
throughout our regonrch Quﬂesﬁigat&on. o

1 em egpaciaaay thaakful to ?:éfeascr J.}#. Bobson
for his oxtreme ymcﬁauca sud guldonce which wege rospongibdle
for ay~un¢¢t#tauaiag she hats ray spectecscopy.

Pinally, I =ust axprass thanke sudé apperociation
to aac& and University of Ottaws thyough whose ua:pct&tigus
and faciiitics were msde available to caery out isvestigation

sud consequently the writing of this thesis,




"E%%

2
€3)
{4

{s)

{8)

{7
{a

(103

438

{823
(133

{14)

1)

9

Page 60

BIBLIOGRARHY

%, Doeutsch, L.O. Rilijott gmd R.0, Hvens, Rev. 5ci.,
Ingtr,, 45, 178 (19445,

%.B, Pregter, Introd, %o Hxp. Fhys. p. 22835 (1954),

. Figher, Zolid Stute Phys. Piv., ¥.R.C., Unpublished,
K. Slegbalin, Beta and Cosms Ray Speciroscopy, p. 80,
{19837,

L.B. Look, Pumdaucatale of Rlestricity and Hagnetianm,
Pe 59 (39473,

f.D. Zvans, The Atomic Wuolous, p. 608 (1038).

R.P. BZvans, The Atomic Huclens, p. 592 (1953).

C.H. Bachman, Technigues in imporimentsl Electronics,
p. 94 (19483,

E. Sicghohn, Beta and Gemma Bay Spoec., p. 23 (1953),

J.B, Birks, Scimtiiiationm Counters, p. 7%, p. 70, (1953),

8.C. Cursan, Luminescence end the Scipt, Countes,
p. 36, (19353),

B.D. dvans, The Atomic Nuclcus, p. 233, (1955},
B.L, Graoham, ¥.L. Woifsem and R.%, Bell, Can, J. Thys..
Vol. 38, No. 5, p. 489, (Sept. 1953),

“Yables foz thé Annlysis of Bets Spogtza”™, ANLS,
U.8., ¥,8,8,




{153
{18)

(175
€183

(192

Page H2

L.#, Leages end H.C. Price, Phys. Rev., Voi. 76, p.
641, (1949),

G.B. Cwen and H. Pzimukeff, Phys., Rev, Vei. 74,

p. 1408 (1948),

H.L. Do Veies, Thesis, Uaiversity of Ottowa.

A.V. Pobm, ¥.2. Lowle, J.H. Talboy end #.N. Jeasun,
Phya, Rew, vol. 935, p. 1333, (1034),

P.b, Gray, #hys. Rav,, Vol, 101, p. 1323 (1934).




