
University of Windsor University of Windsor 

Scholarship at UWindsor Scholarship at UWindsor 

Electronic Theses and Dissertations Theses, Dissertations, and Major Papers 

1-1-1963 

A 0-60 ampere current supply and the beta-gamma angular A 0-60 ampere current supply and the beta-gamma angular 

correlation of arsenic-74. correlation of arsenic-74. 

John Delbert Colclough 
University of Windsor 

Follow this and additional works at: https://scholar.uwindsor.ca/etd 

Recommended Citation Recommended Citation 
Colclough, John Delbert, "A 0-60 ampere current supply and the beta-gamma angular correlation of 
arsenic-74." (1963). Electronic Theses and Dissertations. 6327. 
https://scholar.uwindsor.ca/etd/6327 

This online database contains the full-text of PhD dissertations and Masters’ theses of University of Windsor 
students from 1954 forward. These documents are made available for personal study and research purposes only, 
in accordance with the Canadian Copyright Act and the Creative Commons license—CC BY-NC-ND (Attribution, 
Non-Commercial, No Derivative Works). Under this license, works must always be attributed to the copyright holder 
(original author), cannot be used for any commercial purposes, and may not be altered. Any other use would 
require the permission of the copyright holder. Students may inquire about withdrawing their dissertation and/or 
thesis from this database. For additional inquiries, please contact the repository administrator via email 
(scholarship@uwindsor.ca) or by telephone at 519-253-3000ext. 3208. 

https://scholar.uwindsor.ca/
https://scholar.uwindsor.ca/etd
https://scholar.uwindsor.ca/theses-dissertations-major-papers
https://scholar.uwindsor.ca/etd?utm_source=scholar.uwindsor.ca%2Fetd%2F6327&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholar.uwindsor.ca/etd/6327?utm_source=scholar.uwindsor.ca%2Fetd%2F6327&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarship@uwindsor.ca


A 0 -6 0  AMPERE CURRENT SUPPLY 

AND THE p - X  ANGULAR CORRELATION 

OF As74

BY

JOHN DELBERT COLCLOUGH

A T h e s i s
S u b m it te d  t o  t h e  F a c u l t y  o f  G ra d u a te  S t u d ie s  th ro u g h  th e  

D epar tm en t o f  P h y s i c s  in  P a r t i a l  F u l f i l l m e n t  
o f  t h e  R e q u ire m en ts  f o r  t h e  Degree o f  

M a s te r  o f  S c ie n c e  a t  
A ssum ption  U n i v e r s i t y  o f  W indsor

W indsor , O n t a r i o  

1963

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



UMI Number: EC52506

INFORMATION TO USERS

The quality of this reproduction is dependent upon the quality of the copy 

submitted. Broken or indistinct print, colored or poor quality illustrations and 

photographs, print bleed-through, substandard margins, and improper 

alignment can adversely affect reproduction.

In the unlikely event that the author did not send a complete manuscript 

and there are missing pages, these will be noted. Also, if unauthorized 

copyright material had to be removed, a note will indicate the deletion.

®

UMI
UMI Microform EC52506 

Copyright 2008 by ProQuest LLC.

All rights reserved. This microform edition is protected against 

unauthorized copying under Title 17, United States Code.

ProQuest LLC 
789 E. Eisenhower Parkway 

PO Box 1346 
Ann Arbor, Ml 48106-1346

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



APPROVED:

E. E. Habib

F. H o lu ju j

K - .  £ :  x % $ k S ~ .
R. J .  T h i b e r t

7 f> '

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



I

ABSTRACT

A 0 -6 0  amp. c u r r e n t  s u p p ly  i s  d e s c r i b e d .  The r a t i o  o f  t h e  

o u tp u t  rm s . r i p p l e  c u r r e n t  t o  t h e  d c . o u tp u t  c u r r e n t  i s  o f  t h e  o r d e r  o f  

10" L. The o u tp u t  c u r r e n t  does  n o t  d r i f t  f o r  a l l  p r a c t i c a l  p u r p o s e s  and 

ch an g es  l e s s  th a n  0 . 01% when e i t h e r  t h e  l i n e  v o l t a g e  ch an g es  by 1.0% o r  

th e  room te m p e r a tu r e  changes  by 10 C°. A " f a s t - s l o w "  B e l l ,  Graham and 

P e tc h  c o in c id e n c e  c i r c u i t  i s  d e s c r i b e d  and c i r c u i t  d iag ram s a r e  g iv e n  

f o r  th e  t r a n s i s t o r i z e d  " f a s t "  u n i t .  T h is  equ ipm ent was u se d  in  co n ­

j u n c t i o n  w i th  t h e  Gerholm c o in c i d e n c e  s p e c t r o m e te r  t o  s tu d y  th e  

a n g u la r  c o r r e l a t i o n  be tw een  th e  0 .9 3  mev. p o s i t r o n  group  and t h e  s u b s e q u e n t

600 k ev . gamma r a y  o f  t h e  d ecay  A s ^   ------=t»Ge^. The m easu red  ^

c o e f f i c i e n t s  a t  e n e r g i e s  o f  W = 1 .8 ,  2 . 0 ,  2 . 2 ,  2 .4  and 2 .6  ( r e l a t i v i s t i c  

u n i t s )  a r e :

w A

1 . 8 0.0437 0.0055

2 . 0 0 . 0045 0.00051

2 . 2 - 0 . 03 6 5 0 . 0072

2 . 4 - 0 . 0 2 4 0 . 0092

2 . 6 - 0 . 1 6 8 0 . 123

C o r r e c t io n s  were made f o r  s c a t t e r i n g  o f  t h e  511 kev . a n n i h i l a t i o n  gammas 

and f o r  th e  change in  t h e  511 peak  h e i g h t  w i th  r e s p e c t  t o  t h e  600 k ev . 

p e a k  h e i g h t  when th e  s c i n t i l l a t i o n  s p e c t r o m e te r  was r o t a t e d .  The s m a l l  

a n i s o t r o p y  i n d i c a t e s  t h a t  t h e r e  i s  no s t r o n g  K o f  j  s e l e c t i o n  r u l e  to  

r e d u c e  th e  c o n t r i b u t i o n  f o r  m a t r i x  e le m e n ts  o t h e r  th a n  B i j .

l i
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CHAPTER I 

BETA RAY SPECTROMETERS

(1) In troduction

Magnetic beta ray spectrometers are used extensively  to 

analyse complex nuclear spectra. They may be c la s s if ie d  into two basic 

types, the f la t  and the h e lic a l spectrometer. In the f la t  type the 

magnetic lin es  of force are mainly in the d irection  perpendicular to  

the electron paths whereas in the h e lica l instrument the lin es  of force 

are mainly in the same d irection  as the electron  paths.

th is  type. One wishes to  have a maximum luminosity (source area x 

transmission) while at the same time achieve a maximum energy 

resolution . These are, however, mutually co n flic tin g  requirements. 

Increasing the luminosity usually  resu lts  in a decrease of the

resolution  and v ice versa. Problems a lso  arise  regarding detector
V

design, f ie ld  shapes and power requirements.

O riginally the f la t  spectrometers focussed electrons only 

in one plane while the lens spectrometers were space focussing. Today, 

however, nearly a l l  f la t  types being used are space focussing. This is

^  is  the distance to the axis of symmetry. This f la t  spectrometer 

is  easy to  construct and to adjust to  a high resolution . The trans-

There are many problems involved w ith spectrom eters of

achieved by shaping the transverse f ie ld  to vary as where

mission can be made high ( ) and the source and detector

problems are easy to so lve.

1
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( i i )  G e n e ra l  P r o p e r t i e s  o f  M agnetic  S p e c t r o m e te r s

The e q u a t i o n  o f  m o tio n  o f  an e l e c t r o n  moving in  a  p l a n e  

p e r p e n d i c u l a r  t o  a u n i fo rm  m a g n e t ic  f i e l d  i s  g iv e n  by:

w here

=r r e s t  mass o f  t h e  e l e c t r o n  

\ /  .= v e l o c i t y  o f  t h e  e l e c t r o n

^  22. r a d i u s  o f  e l e c t r o n  o r b i t

The momentum can  be e x p r e s s e d ,  u s in g  ( 1 ) ,  a s :

Ip  =  j w \  \J “   ̂ C ^
I t  i s  t h e r e f o r e  c o n v e n ie n t  in  e x p e r im e n ta l  work t o  e x p r e s s  

t h e  momentum in  te rm s  o f  i t s  f t  ^  (g a u s s - c m .)  v a lu e .  The

c o r r e s p o n d in g  e n e r g i e s  c a n  be c a l c u l a t e d  d i r e c t l y  o r  o b t a i n e d  from

t a b l e s .  The r e l a t i o n  (2 )  i n d i c a t e s  t h a t  in  t h e  f l a t  s p e c t r o m e t e r ,  

w here ^  i s  c o n s t a n t  f o r  a l l  e n e r g i e s  and th e  f i e l d  u n i fo r m ,  

t h e r e  i s  a  l i n e a r  r e l a t i o n s h i p  be tw een  t h e  momentum fo c u s s e d  and th e  

a n a ly s i n g  f i e l d .  A lthough  m ost o t h e r  s p e c t r o m e te r s  do n o t  h a v e  c o n s t a n t  

f i e l d s  o v e r  t h e  e n t i r e  t r a j e c t o r y ,  t h e y  d o ,  how ever , u n d e r  th e  

c o n d i t i o n s  o f  f i x e d  s o u r c e ,  d e t e c t o r  and b a f f l e  p o s i t i o n s ,  e x h i b i t  a 

l i n e a r  r e l a t i o n s h i p  be tw een  t h e  f i e l d  a t  any one p o i n t  and th e
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momentum of the electrons focussed. This is  a lso  conditional upon the 

shape of the f ie ld  remaining the same as the f ie ld  B varies.

The transmission i*) of a spectrometer is  defined as the 

fraction  of the electrons of momentum p  emitted from the source 

which arrive at the detector when the instrument is  focussed on .

The resolution  of a spectrometer is  defined with respect to  i t s  response 

to  a source of monoergic electron s. Response curves of Figure 1.1 are 

obtained.

Figure 1.1

where A pThe resolution  ^  is  defined as 

is  the momentum spread at h a lf maximum and '\>0  is  the momentum at 

the peak counting rate. Since A  ^  ^  P® where K is  a constant,

R is  independent of PD the ra tio  R/u) is  ca lled  the figure of merit and

varies from 20 in the older instruments to  O . I for many of the
v

best modern ones.

( i i i )  Ring Focus and B affles

In a h e lic a l (len s) type spectrometer the electron image 

of the source at the detector has usually  a large spherical aberration. 

A p osition  of minimum spherical aberration generally occurs before the 

electrons cross the symmetry a x is. This is  ca lled  the ring focus and 

a great improvement in performance is  obtained by placing defining  

b affles  at th is  point rather than at the detector. Hubert(1952) has

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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shown the combination of b a ffle s , as shown by the so lid  lin es  of 

Figure 1 .2 , leads to an improvement in resolution  while retaining the 

same transmission as other b a ffle  systems represented by the dotted  

lin es  in Figure 1 .2 . The combination of diaphrams , D2 , define both 

the so lid  angle and the momentum band. The diaphrams can be

replaced by a s in g le  conical b a ffle  and Dg by a moveable b a ffle . The

gap between the moveable b a ff le  and the con ica l b a ff le  defines both 

the transm ission  and re so lu tio n  of the instrum ent. This leads to  a 

s im p lified  adjustm ent over o ther systems and is  the type used in  the 

f i r s t  Gerholm instrum ents.

(iv )  Response of a Spectrometer to a Monoeraic Beam

deductions as the q u an tity  )r\ to  be defined in th is  se c tio n . We s t a r t  

w ith a monoergic e le c tro n  beam of f in i t e  angular width emerging from 

a f in i t e  sou rce . We wish to  describe  the  response of a spectrom eter to

Figure 1.2 Lens Spectrometer B affles

The re so lu tio n  R is  not as convenient fo r making q u a li ta t iv e

th is  beam. According to  Gerholm (1956) the function  ^ ( ,  jji * ^Y  is  

p ro b a b ility  of recording an e lec tro n  of momentum ^  when the  instrum ent

is  s e t to  focus e lec tro n s  of momentum p  . I f  ^  5  p  then

It can be shown that is  independent of and

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



L i - * }depends on "     .P
Welting jm we have:

V = ,  u .
P  oo

f l C t . r W  =  =
d  - I

This defines which Is constan t fo r a given spectrom eter depending

only on the source, d e te c to r  and b a f f le  geometry.

I f  is  the in te n s ity  of the monoergic source of mean momentum

^  then the counting ra te  a t  a momentum s e tt in g  of ^  w ill

• »  V I C p )  =

The peak counting r a te  is  ^  ‘ I f  a p^ot is  mac*e °*

V)(P) VS. P  the area under the peak i s ; -

=  w  a *

Now vanishes Unless p  ^  and thus the e f fe c tiv e

range of in te g ra tio n  is  sm all. Therefore p  remains roughly constan t

and may be moved ou tside the in te g ra l s ig n . T herefore:-

oo

W IArea under

peak p

Thus:
s Area under peak

Peak counting ra te  

In spectrom eters where the peak p ro f i le  is  symmetric, Y\ w il l  be very 

nea rly  equal to  the re so lu tio n  ^  . This cond ition  is  s a t i s f ie d  fo r

the Gerholm Instrument using the Hubert b a f f le  system.

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



(v )  R esponse  o f  a  S p e c t r o m e te r  t o  a C on t in u o u s  D i s t r i b u t i o n

6

For a  beam o f  e l e c t r o n s  o f  c o n t in u o u s  d i s t r i b u t i o n  we 

i n t r o d u c e  a shape  f a c t o r  w hich i s  t h e  p r o b a b i l i t y  p e r

e l e c t r o n ,  t h a t  t h e  momentum w i l l  l i e  in  a u n i t  i n t e r v a l  o f  momentum 

a b o u t  ^

With t h e  s p e c t r o m e te r  fo c u s s e d  a t  t h e  c o u n t in g  r a t e

60i s

\ m  Hi) M
i>

S in c e  4  (  ^  v a r i e s  s lo w ly  w i th  r e s p e c t  t o  J ^

p u t  < H 0 * 4 I p )  = c o n s t a n t  o v e r  t h e  r an g e  o f  i n t e g r a t i o n .

we

Then t h e  c o u n t in g  r a t e  becomes
r. 60

6

P l o t t i n g  vs  t h e  a r e a  u n d e r  t h e  c u rv e  i s

These  fo rm u la s  w i l l  e n a b le  us  t o  make q u a n t i t a t i v e  a n a l y s i s  on th e  

o b s e rv e d  s p e c t r a .

( v i )  Lens S p e c t r o m e te r s

I t  i s  e a s i l y  s e e n  t h a t  an e l e c t r o n  moving in  a u n i fo r m  

m a g n e t ic  f i e l d  p e r p e n d i c u l a r  t o  i t  w i l l  d e s c r i b e  a  c i r c u l a r  o r b i t .  I f  

i t  a l s o  h a s  a v e l o c i t y  component in  t h e  d i r e c t i o n  o f  t h e  f i e l d ,  th e n  

i t  w i l l  d e s c r i b e  a  h e l i c a l  p a t h .  Such i s  t h e  s i t u a t i o n  in  a  long  l e n s  

s p e c t r o m e t e r .  The e l e c t r o n  r o t a t e s  th ro u g h  an a n g le  o f  360° b e f o r e  

r e t u r n i n g  t o  t h e  symmetry a x i s  where th e  d e t e c t o r  i s  p l a c e d .  T h is  i s  

t h e  s im p l e s t  s i t u a t i o n  t o  v i s u a l i z e  as  f a r  a s  l e n s  s p e c t r o m e te r s  a r e  

c o n c e r n e d .  The e q u a t i o n s  o f  m o t io n s  f o r  a homogeneous f i e l d  a r e

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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a c c o r d in g  t o  S ieg b ah n  (1 9 5 5 ) :

z
HUTW

The so lu tion  for r ( z \  is

t"  z s  |^ )  S  U\a - b t  *5 U a . §> 

where ^
b  *

a < A v \ j

^  is  the angle of emission of the e lec tro n  with respect 

to  the 5? a x is .  When the paths are drawn in the t  2  plan© i t  is  

found th a t  the paths in te rs e c t  each other ra th e r  c lo se ly  w ith in  a 

c e r ta in  region, The condition  fo r  such a r ing  focus is given by

A r
M W

• t i t i  #4 4  f “ 4  r t i - i  ^This leads to  the condition

=  ***“  ^ o c \

To c a lcu la te  the reso lv ing  power the width of the image a t 

the r ing  focus is expressed in terms of i t s  a y  value. The f i r s t  

order e f fe c t  is  gsero we have placed the ring  focus a t  the point where

=  &

The second order con tr ibu tion  is 

A  o \ r -
Z i v *ss, ■+« other term s,

fcx oc  h a l f  the opening angle a t the source, S u b sti tu tin g

& r  s r  b  { & < )    $ V a a ^  I B  4  c & a V
4  ' S u a  o t  \

in we get

% W \

The resolv ing  power is

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
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Since ' »>. t .
A r  _   1 L  M b ?

/  B « )
then V J

k  _  ^  1? : °

Substituting in we get

*  — & *“ (  3  -4 e.o S ^R

The term in brackets has a broad minimum at 45 . However,

due to p ractica l considerations such as source dimensions and c o i l  s iz e
o

i t  is  found the optimum overall angle of emission is  30 . The main 

disadvantage with the long lens uniform f ie ld  spectrometer is  due to the 

spreading of the electron beam after  passing the b a ffle s . This requires 

a rather large detector thereby introducing a high background count rate. 

An Improved design due to Siegbahn (1946) uses a fieldform  which is  con­

cave upwards. S la tis  and Siegbahn (1949) experimented with d ifferen t  

f ie ld  gradients and found a pronounced increase in transmission at a 

certain  strong f ie ld  gradient. In th is  type the electron rays cross 

each other at the centre and gather again at the detector. This allows 

a smaller counter to be used while achieving a 3 per cent transm ission.

The short lens was developed before the long len s. Busch 

(1927) pointed out the analogy between electron  optics of magnetic

lenses and ordinary lig h t o p tics . He calculated the focal length for
•t <» ^

abort lenaes ( _  * C J ,

T  “  q  I * * ) '  L  2

where >°) *-s the f ie ld  component perpendicular to the lens along

the a x is. The f ie ld  form of the short lens is  drawn in Figure 1 .3 . 

Typical physical dimensions would be 15 cm long and 15 cm diameter. 

Resolving powers of 2 .5  per cent and transmissions of 0.5% are usually  

obtained.
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3 o

* \ s  *\oo i

F ig u r e  1 .3  S h o r t  Lens F i e l d  Form 

( v i i )  The Gerholm In s t r u m e n t

In  t h i s  in s t r u m e n t  t h e  two h a lv e s  ( s e e  F ig u r e  1 .4 b )  a r e  

m a g n e t i c a l l y  in d e p e n d e n t  o f  e a ch  o t h e r .  T h e r e f o r e ,  m a g n e t ic  f i e l d s  

o f  d i f f e r e n t  s t r e n g t h s  can  be u se d  in  e a ch  h a l f ,  th u s  p r o v i d i n g  th e  

o p p o r t u n i t y  t o  fo c u s  s im u l t a n e o u s l y  e l e c t r o n s  o f  two d i f f e r e n t  e n e r g i e s .  

The f i e l d  fo rm , as  shown in  F ig u r e  1 .5  m easu red  a lo n g  t h e  a x i s  i n c r e a s e s  

r o u g h ly  l i n e a r l y  w i th  i n c r e a s i n g  d i s t a n c e .  T h e o r e t i c a l  ( L in d g re n )  as  

w e l l  a s  e x p e r i m e n t a l  s t u d i e s  o f  t h e  t r i a n g u l a r  f i e l d  shape  show t h a t  

i t  g iv e s  a  f a v o u r a b le  h ig h  lu m i n o s i t y  ( s o u r c e  a r e a  x t r a n s m i s s i o n )  w hich 

c o m pensa te s  f o r  t h e  s m a l l  g e o m e t r i c a l  d im e n s io n s  o f  t h e  i n s t r u m e n t s .  A 

h i g h  t r a n s m i s s i o n  i s  v e ry  im p o r ta n t  in  c o in c id e n c e  e x p e r im e n t s .  S o u rc es  

up t o  5 mm in  d i a m e te r  can  be u s e d  w i th o u t  s a c r i f i c e  in  r e s o l u t i o n  w hich 

i s  3 p e r  c e n t  a t  an  e f f e c t i v e  s o l i d  a n g le  o f  3 p e r  c e n t .  I f  i t  i s  a l s o  

p o s s i b l e  t o  c o n v e r t  t h e  in s t r u m e n t  i n t o  an e le c tro n -g am m a  a n g u la r  

c o r r e l a t i o n  s p e c t r o m e t e r .  In  t h i s  s e t  ( F ig u r e  1 .4 a )  up t h e  a v e ra g e  a n g le
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of emission is  reduced to reduce the correction factor for f in it e  aperture 

angle. This resu lts  in a lower transmission. Typical figures for a 5 mm 

source are:resolution  3 per cent, transmission 1.8 per cent.

The gamma spectrometer may be rotated between the 90° and the 

270° p o sitio n s. Adjustments are provided so that the axis of rotation  

passes through the source p osition . The gain of the photom ultiplier is  

affected  by the external magnetic f ie ld  of the beta lens. The peak 

p osition  of the 511 kev. annihilation  gamma decreases 2 .5  channels (25 

kev.) on the kicksorter when the spectrometer is  rotated from the 180° 

to the 90° p osition .
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CHAPTER I I  

p- )f ANGULAR CORRELATIONS

( i )  I n t r o d u c t i o n

p -  ^ a n g u l a r  c o r r e l a t i o n s  have  two m ain  a r e a s  o f  a p p l i c a t i o n .  

One i s  t o  t e s t  t h e  fu n d a m e n ta l  laws o f  n a t u r e  su ch  as p a r i t y  n o n c o n s e rv a ­

t i o n  and t h e  o t h e r  i s  t o  s tu d y  n u c l e a r  s t r u c t u r e .  The fo rm u la s  f o r  th e  

p -  ^ a n g u l a r  c o r r e l a t i o n  a r e  e x p r e s s e d  in  te rm s  o f  c e r t a i n  n u c l e a r  m a t r i x  

e l e m e n t s .  We g a in  i n s i g h t  i n t o  t h e  n u c l e a r  s t r u c t u r e  by knowing th e  

r e l a t i v e  m a g n i tu d e s  o f  t h e  n u c l e a r  m a t r i x  e le m e n ts  r e s p o n s i b l e  f o r  th e  

b e t a  t r a n s i t i o n .

The f i r s t  a r t i c l e  on J3- ^ a n g u l a r  c o r r e l a t i o n  t h e o r y  was 

p u b l i s h e d  by F a l k o f f  and U h lenbeck  (1 9 5 0 ) .  S in c e  t h e n  a g r e a t  many 

e x p e r i m e n t a l  and t h e o r e t i c a l  works have  been  p e r fo rm e d .  N o ta b le  

a cco m p lish m e n ts  a r e  t h e  a n a l y s i s  o f  Sb l24  (H artw ig  and S c h o p p e r)  and P r * ^  

( S t e f f e n ) .  K o n o p in sk i  (1959) h a s  w r i t t e n  a  re v ie w  a r t i c l e  on a l lo w e d  

t r a n s i t i o n s  and W eidenm ulle r  (1961) h a s  p u b l i s h e d  an a r t i c l e  on f i r s t  

f o r b id d e n  t r a n s i t i o n s .  An e x c e l l e n t  s u rv e y  o f  t h e  l i t e r a t u r e  may be found  

in  h i s  p a p e r .  K o ta n i  (1959) h a s  a l s o  w r i t t e n  an a r t i c l e  on t h e  d e v i a t i o n s  

from  th e  ^  a p p ro x im a t io n .

When two p a r t i c l e s  a r e  e m i t t e d  s im u l t a n e o u s l y  from a  n u c le u s  

an  a n g u la r  c o r r e l a t i o n  be tw een  t h e i r  d i r e c t i o n s  o f  e m is s io n  c a n  in  

p r i n c i p l e  be o b t a i n e d .  The form o f  t h e  c o r r e l a t i o n  f u n c t i o n  W (© ) 

depends o n ly  on t h e  a n g u la r  momenta o f  t h e  n u c l e a r  s t a t e s  in v o lv e d  and 

o f  t h e  o u tg o in g  p a r t i c l e s .  I t  i s  o f  th e  form W ( & )  = l+AgP^COS

13
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fo r  f i r s t  forbidden t ra n s i t io n s .  To determ ine th e o re t ic a l ly

requires more d e ta ile d  inform ation concerning the in te ra c tio n s  des­

c rib in g  the decay p ro cess . A ll allowed tra n s i t io n s  have iso tro p ic  

B- angular d is tr ib u tio n s  and i f  the shape of an energy spectrum is  

s t r i c t l y  id e n tic a l  to  th a t  fo r  an allowed case then the d is t r ib u t io n  w ill  

be a lso  iso tro p ic .

Many nonunique f i r s t  forbidden t r a n s i t io n s ,  A3* ^  ® j  

have allowed shape b e ta  ray  energy sp e c tra . The 

^  approximation is  ap p licab le  to  th is  case . In th is  approximation 

th e  coulomb energy of the e le c tro n  a t the nuclear rad ius is  la rg e r  than 

the  to t a l  energy of the  e le c tro n . M athem atically we have

where
Wft ■ max.^ - ra y  energy

R a  nuclear rad ius

oL *  f in e  s tru c tu re  constant

2  *  no. of protons

The measurable q u a n titie s  in  the ^ approximation do not

give us enough inform ation to  determ ine the nuclear m atrix  elements

un iquely . He f in d , however, th a t  valuable  re la tio n s , among the  nuclear

m atrix  elements may be gained by considering  nonunique f i r s t  forbidden

tra n s i t io n s  which show dev ia tio n s from the ^  approxim ation. The unique

f i r s t  forbidden t r a n s i t io n s ,  ^A T s . JL ^ have a unique energy spectrum.

There i s  only one nuclear matrix element contributing to the transition

i . e .  the  B*. term. In th is  case both the  energy and angular dependence 
•*) <

of a l l  aieasurable q u a n titie s  are  determ ined. In the nonunique t r a n s i ­

t io n s  showing d ev ia tio n s  from the ^  approximation th e re  is  a p o s s ib i l i ty  

th a t  the  c o n tr ib u tio n  from m atrix  elements o ther than the B ; * term is
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s m a l l .  In  t h i s  c a s e  we e x p e c t  th e  nonun ique  t r a n s i t i o n s  t o  behave

s i m i l a r l y  t o  t h e  u n iq u e  t r a n s i t i o n s .  To e x p l a i n  t h i s  s i t u a t i o n  a

s e l e c t i o n  r u l e  i s  i n t r o d u c e d  w hich i n h i b i t s  c o n t r i b u t i o n s  from m a t r i x

e le m e n ts  o t h e r  th a n  \ © » '  .
J

( i i )  S e l e c t i o n  Rule  E f f e c t

The H a m i l to n i a n  d e s c r i b i n g  t h e  weak i n t e r a c t i o n  in  ^  d ecay  

i s  o f  t h e  form

=  ^OOl T+ <  +  o'o t  T . T - l U F - r ^

w here and a r e  th e  n u c le o n  and l e p t o n  p o s i t i o n  v e c t o r s .  i s

t h e  o p e r a t o r  in  i  s p i n  sp a ce  w hich  t r a n s f o r m s  a n e u t r o n  t o  a  p r o t o n  and

 „ L.
H r .  i s  t h e  o p e r a t o r ,  in  i  s p i n  s p a c e  f o r  l e p t o n s ,  w hich  t r a n s f o r m s  +

a  n e u t r i n o  i n t o  a n e g a t r o n .  The H e r m i t ia n  c o n ju g a t e s  'X and T _  

make t h e  r e v e r s e  t r a n s f o r m a t i o n s .  O  and O .^  a r e  o p e r a t o r s  w hich 

a c t  on t h e  n u c le o n  and l e p t o n  wave f u n c t i o n s  r e s p e c t i v e l y .  We would 

l i k e  t o  know t h e  form o f  O  and C)^_ .

The H a m i l to n ia n ,  , m ust be i n v a r i a n t  u n d e r  L o r e n tz

t r a n s f o r m a t i o n s ,  i n c l u d in g  r o t a t i o n s  and t r a n s l a t i o n s  o f  t h e  a x e s .  

C o n s e r v a t io n  o f  a n g u la r  momentum i s  a l s o  r e q u i r e d .  T hese  r e s t r i c t i o n s  

i n d i c a t e  t h a t  t h e  H a m il to n ia n  m ust be a l i n e a r  c o m b in a t io n  o f  s c a l a r s  

and p s e u d o s c a l a r s .  The s c a l a r s  and p s e u d o s c a l a r s  can  be c o n s t r u c t e d  

from  th e  l e p t o n  and n u c le o n  wave f u n c t i o n s  in  f i v e  d i f f e r e n t  ways. The 

wave f u n c t i o n s  a r e  m u l t i p l i e d  by 4 4 m a t r i c i e s  w hich  a r e  c o n s t r u c t e d

from five independent matricies. There are two sets in common use. One 

s e t  i s  oC cL  k ? ^  and t h e  o t h e r

c o r r e s p o n d in g  s e t  i s  An im p o r ta n t  p r o d u c t

m a t r i x  i s  K  ^  Z — X  ^ i  *^3

T h ere  a r e  a l s o  t h r e e  p r o d u c t s  ~  QC sr . As an exam ple c o n s i d e r
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t h e  v e c t o r  i n t e r a c t i o n .  The f o u r  q u a n t i t i e s  ( 4 > ^ h ’C m H- V  . , „
^  1 i ) ^

form  a f o u r - v e c t o r .  The s c a l a r  p r o d u c t  o f  two such  v e c t o r s  i s  i n v a r i a n t
I ^

and hen ce  a p o s s i b l e  c o m b in a t io n  o f  O s  and O t  S  l e a d s  t o

( . 3 *

w hich i s  a s c a l a r  m a t r i x  e le m e n t .  4 ^ and d e n o te  t h e  f i n a l

and i n i t i a l  n u c le o n  wave f u n c t i o n s  r e s p e c t i v e l y  w h i le  and

d e n o te  t h e  i n i t i a l  and f i n a l  l e p t o n  wave f u n c t i o n s  r e s p e c t i v e l y .  A 

p s e u d o s c a l a r  i s  t h e  " s c a l a r "  p r o d u c t  o f  a v e c t o r  and a  p s e u d o v e c t o r .  A 

s u i t a b l e  p s e u d o v e c to r  i s  ^  if . Hence a

p o s s i b l e  i n t e r a c t i o n  m a t r i x  i s

£ (.a* K*Mi€cK‘h*', t* < c , I  is)
T h is  i s  c a l l e d  t h e  v e c t o r  i n t e r a c t i o n .  The p s e u d o v e c to r  i n t e r a c t i o n  i s  

g iv e n  by

£  ( i t  K  c ' £  / i )
(

The C  and C a r e  c o u p l in g  c o n s t a n t s .

The f i v e  p o s s i b l e  form s o f  i n t e r a c t i o n s  a r e  known as th e  

s c a l a r ,  t h e  p s e u d o s c a l a r ,  t h e  v e c t o r ,  t h e  a x i a l - v e c t o r , and t h e  t e n s o r  

i n t e r a c t i o n .  I t  h a s  been  e s t a b l i s h e d  (W eidenm ulle r)  t h a t  t h e  v e c t o r  and 

a x i a l - v e c t o r  i n t e r a c t i o n s  a r e  r e s p o n s i b l e  f o r  t h e  b e t a  d e c a y .

F o l lo w in g  W eidenm uller  (1961) t h e  H a m il to n ia n  f o r  t h e  V-A 

( v e c t o r  - -  a x i a l - v e c t o r ) i n t e r a c t i o n  i s

U r  “  ?  * 5   ̂ v  ^r  ~A \

*  r  * t ' y

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



17

The v a r i o u s  f o r b id d e n  m a t r i x  e le m e n ts  a r e  found  by e x p a n d in g  th e  second  

s q u a re  b r a c k e t  and t a k i n g  i n t o  a c c o u n t  n u c l e a r  m a t r i x  e le m e n ts  o f  t h e  

o r d e r  v / c .

F o r  t h e  v e c t o r  i n t e r a c t i o n  t h e  f i r s t  s q u a re  b r a c k e t  g iv e s  

r i s e  t o  m a t r i x  e le m e n ts  ^  I and ^  oC . H ere oC i s  o f  t h e  o r d e r  

o f  v / c  and h a s  t h e  s e l e c t i o n  r u l e  A 3  r  o  I ( h a  o  -~t> c> )  ̂ /  ,

w hich  i s  f o r b i d d e n  w h i le  §  I i s  an a l lo w e d  m a t r i x  e le m e n t .  In  th e  

e x p a n s io n  o f  t h e  second  b r a c k e t  we keep te rm s  o f  th e  o r d e r  gF and kF 

w here g and k a r e  t h e  n e u t r i n o  and e l e c t r o n  momentum r e s p e c t i v e l y .  T hus ,

t h e  m a t r i x  e le m e n t  I becomes w hich obeys t h e  s e l e c t i o n  r u l e  f o r

f i r s t  f o r b id d e n  d e c a y .  C o r re s p o n d in g  te rm s  o f  o r d e r  F in  t h e  m a t r i x  

e le m e n t  §o(. would l e a d  t o  se co n d  f o r b i d d e n  m a t r i x  e l e m e n t s .  T hus ,  

t h e  two f o r b id d e n  m a t r i x  e le m e n ts  o r i g i n a t i n g  from t h e  v e c t o r  i n t e r a c t i o n  

a r e  and §  h  .

The a x i a l  v e c t o r  i n t e r a c t i o n  c o n s i s t s  o f  two p a r t s ,  ^ 6  and

The <> i s  an  a l lo w e d  m a t r i x  e le m e n t .  K eeping te rm s  o f  th e

o r d e r  g r  and k r  i n  t h e  se co n d  b r a c k e t  l e a d s  t o  t h r e e  f i r s t  f o r b id d e n  

m a t r i x  e le m e n ts  from t h e  J  6> m a t r i x .

These  a r e :

j S c * * ? ]

and

S  =  S £  ^  ^  "  5 " S* i  U ' ?̂ l

^  i s  a l r e a d y  f i r s t  f o r b i d d e n  b e in g  o f  o r d e r  v / c .  T hus ,  th e  a x i a l

v e c t o r  i n t e r a c t i o n  g i v e s  r i s e  t o  f o u r  f i r s t  f o r b id d e n  m a t r i x  e l e m e n t s .

The s i x  f i r s t  f o r b id d e n  m a t r i x  e l e m e n t s ,  w i th  t h e i r  s e l e c t i o n  r u l e s  and 

common n o t a t i o n s ,  a r e  g iv e n  in  T a b le  1.

The r a n k  X  o f  t h e  n u c l e a r  m a t r i c e s  a p p e a r in g  i n
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TABLE 1

F i r s t  F o rb id d e n  M a t r ix  E lem en ts

Symbol M a t r ix  E lem ent A  T ATT

C * \  f c - l r
-  \

\ x  -  C v  \  \r

M ‘ y

•A

- C v U < x .

a  \* A  6 X *■

-  I

A  a

w W a hA.

C - n  \  B  : : O ,  *  \ 2.

OWo (_ 0 — * •  )  

V/*.© ^ V —

1 °  “ I

1 ^ 1  ~

C R  U i
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e a c h  ^  d e c ay  h a s  t o  s a t i s f y

| 3 , , - 3 , |  5 . * 3 ,  -  C M

where J 0  and J  t s t a n d s  f o r  t h e  i n i t i a l  and f i n a l  n u c l e a r  s p i n  in  ^  

d e c a y .  I t  i s  c o n v e n ie n t  t o  i n t r o d u c e  two p a ra m e te r s  i and 'Y  t 

T hese  a r e  d e f i n e d  as f o l l o w s :

y  4 v -V ^ VO \o r  X -  *

VJ ^  ' Sj  ^ l U 4 > \  r  X  -  V

These  r e p l a c e  t h e  r e l a t i v i s t i c  n u c l e a r  m a t r i x  e le m e n ts  ^  and >j

Xj l , v   =%> 'X,

y  — v  " f ,
I n  t h e  ^  a p p ro x im a t io n  t h e  f o l l o w in g  r e l a t i o n  i s  s a t i s i f e d :

| * . |  -  | V , | t ~ 0  > >  I w  I H ?  t ■

Under t h e  s e l e c t i o n  r u l e  e f f e c t  we a s k  t h a t  t h e  p a ra m e te r  become o f

t h e  same o r d e r  a s ,  o r  l a r g e r  t h a n ,  ^ ( and ^  . T h is  may be u n d e r ­

s to o d  in  two p o s s i b l e  ways d e p e n d in g  on w hich n u c l e a r  m odel i s  a p p l i c a b l e .  

One i s  known a s  t h e  "K s e l e c t i o n  r u l e "  w h i le  t h e  o t h e r  i s  t h e  " j  

s e l e c t i o n  r u l e . "

The K f o r b id d e n n e s s  was i n t r o d u c e d  by A la g a ,  A ld e r ,  Bohr and 

M o t te l s o n  (1 9 5 5 ) .  K i s  t h e  component o f  t h e  n u c l e a r  t o t a l  a n g u la r  

momentum J  on t h e  n u c l e a r  a x i s  o f  sym m etry . The r a n k  X  m ust s a t i s f y

r e l a t i o n  (2 )  above as  w e l l  a s  (3 )  be low

| k o -  w ,  I fc>\< ^  V  i- K  -V v<*

f o r  a  t r a n s i t i o n

I * .  ,  >■"*' ^
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The r e g i o n s  o f  a p p l i c a t i o n  w hich have  been  e s t a b l i s h e d  f o r  t h i s  model 

a r e  150 <  A < 1 9 0  and A > 2 2 5 .

The j  s e l e c t i o n  r u l e  i s  due t o  t h e  c o n f i g u r a t i o n  c h a r a c t e r  

o f  t h e  M a y e r - Je n s e n  s h e l l  m o d e l .  H ere j  i s  th e  t o t a l  a n g u la r  momentum 

o f  a n u c le o n  in  a  s h e l l .  F o r  j  f o r b id d e n n e s s  one c o n s i d e r s  n u c l e i  in  

t h e  r e g i o n  50 -  j?  ; N ^ 8 2 .  In  t h e  M a y e r - Je n se n  model n u c le o n s  o u t s i d e  

t h e  c lo s e d  s h e l l  ?  = N»50 b e lo n g  t o  t h e  h , g , d ,  d and s 

s t a t e s .  Among t h e s e  o n ly  t h e  h s t a t e  h a s  odd p a r i t y .  S in c e  th e  

f i r s t  f o r b i d d e n  t r a n s i t i o n s  change  p a r i t y  t h e  number o f  n u c le o n s  w hich 

occupy t h e  h s t a t e  h a s  t o  be changed  by one u n i t  d u r in g  t h e  d e c a y .  

T h e r e f o r e ,  we m ust have  a  ^ ^ 2  2 .  and t h e  a v a i l a b l e  n u c l e a r  m a t r i x  

e le m en t  w i th  N makes t h e  m a jo r  c o n t r i b u t i o n .  T h u s ,  in  j

f o r b id d e n n e s s  we have  t h e  r e l a t i o n s

j  f o r b id d e n n e s s  c a n n o t  be a p p l i e d  w here N and Z b e lo n g  t o  d i f f e r e n t  

m a jo r  s h e l l s .

M atum oto, M o r i t a  and Yamada (1955 ; 1958) have  s u g g e s t e d  

ex am in in g  t h e  c a s e  w here 2  O  O  , b u t  X -  -  U/ = P

T h is  i s  c a l l e d  t h e  m o d i f ie d  a p p ro x im a t io n .

( i i i )  R e l a t i o n s  Between X  and V  u n d e r  t h e  M o d if ie d  A p p ro x im a tio n

We w i l l  i n  t h i s  s e c t i o n  c o n s i d e r  r e s u l t s  o n ly  f o r  a  d ecay  

scheme o f  t h e  ty p e  shown in  F i g u r e  2 .1 .

In  t h e  m o d i f ie d  B « * a p p ro x im a t io n  we n e e d  o n ly  two p a r a -  

m e t e r s .  They a r e  a s  f o l l o w s :
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X
■v j L L  j,

% R S £ -T - $ C \

and

^  and a r e  s i m i l a r  t o  and '"j d e f i n e d  p r e v i o u s l y  and a r e

t h e  r e l a t i v e  m a g n i tu d e  o f  t h e  c o n t r i b u t i o n s  from m a t r i c e s  o f  r a n k  z e ro

and one w i t h  r e s p e c t  t o In  t h e  d e c ay  scheme o f  F ig u r e  2 .1

o d d - o d d e v e n - e v e n

F ig u r e  2 .1  2 " ( ^ ) 2 + (^ { )0 +  Decay Scheme

t h e  beta-gam m a d i r e c t i o n a l  c o r r e l a t i o n  i s  g iv e n  as i n  e q u a t i o n  ( 1) w i th  

an  i s o t r o p y  (Matumoto e t  a l .  1 9 63 ) .
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_ [ -U V t *  +

A l ' w  [ i f + Y %  M i i i f e V  +

*  i ^ » ' }

I f  we m ea su re  14 ^  a t  a  c e r t a i n  e n e rg y  and i n s e r t  t h i s  in  t h e  above 

e q u a t i o n  we w i l l  o b t a i n  a  r e l a t i o n  be tw een  X  and ^  w hich  i s  a 

c i r c l e  i n  t h e  Y p l a n e .  I t  i s

( x  -  v . V 1  +  “  o . =  ^
Where v'A, T —

_  - 5̂ ^  3  -i- ft 4 ^Y  ~  v t /v a . i ; VAJ V_ * _J

\  -  - ( r X f . f  X

weWe would l i k e  t o  o b t a i n  v a lu e s  f o r  X  an<* ^  • *n p r i n c i p l e

c o u ld  o b t a i n  X  and ^  e x p e r i m e n t a l l y  from  two d i f f e r e n t  

e x p e r im e n ts  and compare t h e  r e s u l t s  w i th  t h e o r e t i c a l  c a l c u l a t i o n s .  The 

l a t t e r  c a l c u l a t i o n s  d o ,  how ever ,  r e q u i r e  more p r e c i s e  knowledge o f  t h e  

n u c l e a r  r a d i a l  wave f u n c t i o n  th a n  we have  a v a i l a b l e .  I n s t e a d  we can  

g e t  a  se co n d  r e l a t i o n  be tw een  X  and ^  w hich i s  d e p e n d e n t  on th e  

b r a n c h in g  r a t i o  (which can  be d e te rm in e d  e x p e r i m e n t a l l y )  and t h e  r a t i o

I S

Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.



23

T h is  r a t i o  i s  d e p e n d en t  on th e  n u c l e a r  m odel assum ed. The se co n d  r e l a t i o n  

i s  a g a in  a c i r c l e  in  t h e  p l a n e  and i s  g iv e n  by

R:'

w here

<=».

t . 5 a ,  $c.

( W i ) .

a |  and a ^  a r e  th e  b r a n c h in g  r a t i o s  f o r  t h e  ^  and ^  t r a n s i t i o n s  w h i le  

f ^ , ffc , and f t ^  a r e  t h e  i n t e g r a t e d  Fermi f u n c t i o n s  f o r  ^  d ecay  and 

t h e  c o r r e c t e d  i n t e g r a t e d  f e r m i  f u n c t i o n s  f o r  ^  and ^  d ecay

r e s p e c t i v e l y .  These  a r e  g iv e n  by Matumoto e t  a l .  (1 9 6 3 ) .  I f  X  and 

have  s o l u t i o n s ,  i . e .  i f  t h e  two c i r c l e s  c r o s s  e a c h  o t h e r ,  t h e n  t h e  

assumed n u c l e a r  m odel i s  r e a l i z e d .  In  t h i s  way, we can  t e s t  e a c h  n u c l e a r

s t a t e s ,m odel t o  f i n d  t h e  c o n f i g u r a t i o n  o f  t h e  ^

c  W )( i v )  C a l c u l a t i o n  o f

F o r  r o t a t i o n a l  e x c i t a t i o n  o f  t h e  c o l l e c t i v e  m odel ( K s e l e c t i o n  

r u l e )  t h e  r a t i o  i s : -

^  =  1 1 )  1

T h is  i s  c o n s t a n t  f o r  a l l  n u c l e i  h a v in g  d e c ay  schemes o f  F ig u r e  2 .5

F o r  t h e  j - j  c o u p l in g  s h e l l  m odel ( j  s e l e c t i o n  r u l e )  t h e  

c a l c u l a t i o n  o f  M i s  more d i f f i c u l t .  R e s u l t s  a r e  g iv e n  by Matumoto e t  a l .  

(1 9 6 3 ) .

They a r e  as  f o l l o w s ;

( i )  f o r  p r o to n s  e x c i t e d :
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^ V v O  ^ 4 - 1  ^  i w  , 2 ^  p )
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CHAPTER III

THE CURRENT SUPPLIES

( i )  I n t r o d u c t i o n

Two s o l i d  s t a t e  0 -6 0  amp. c u r r e n t  s u p p l i e s  have  been  b u i l t  

i n  t h i s  l a b o r a t o r y  t o  p r o v id e  c u r r e n t  f o r  th e  Gerholm c o in c i d e n c e  

s p e c t r o m e te r .  The r a t i o  o f  t h e  rm s. r i p p l e  c u r r e n t  on t h e  o u tp u t  t o  t h e  

d c .  o u tp u t  c u r r e n t  i s  o f  t h e  o r d e r  o f  10*"*%. The o u tp u t  c u r r e n t  does n o t  

d r i f t  f o r  a l l  p r a c t i c a l  p u r p o s e s  and ch an g es  l e s s  t h a n  0 . 01% when e i t h e r  

t h e  l i n e  v o l t a g e  changes  by 10% o r  t h e  room t e m p e ra tu re  changes  by 10 C°

The b lo c k  d iag ra m  o f  t h e  s u p p ly  i s  shown in  F ig u r e  3 .1 .  T here  

a r e  two fe e d b a c k  s y s te m s ,  - t h e  f a s t  f e e d b a c k  s y s te m , w hich c o n t r o l s  th e  

c u r r e n t ,  and t h e  s e r v o  sy s te m  w hich  c o n t r o l s  t h e  v a r i a c s  so  t h a t  t h e r e  i s  

a lw ays 3 v o l t s  a c r o s s  t h e  2N278 s e r i e s  r e g u l a t i n g  power t r a n s i s t o r s .

T h ree  p h a s e  117 v o l t  60 c y c l e  power i s  f e d  t o  t h r e e  ganged  G e n e ra l  Radio  

V a r i a c s .  The o u tp u t  from t h e  v a r i a c s  goes  t o  a  t h r e e  p h a s e  f u l l  wave 

r e c t i f i e r .  The r e c t i f i e r  o u tp u t  i s  f i l t e r e d  by a  10 ,000  u f .  c a p a c i t o r .  

C u r r e n t  p a s s e s  from t h e  p o s i t i v e  t o  n e g a t i v e  t e r m i n a l s  o f  t h e  f i l t e r  

th ro u g h  a  s e r i e s  c o n n e c te d  r e s i s t o r  c h a in  c o n s i s t i n g  o f  t h e  s p e c t r o m e te r  

c o i l s ,  t h e  0 .1 5  ohm s t a n d a r d  r e s i s t o r ,  and th e  10 2N278 power t r a n s i s t o r s .  

O v e r lo a d  p r o t e c t i o n  f o r  t h e  10 p a r a l l e l  c o n n e c te d  2N278 's  i s  p r o v id e d  by 

an 8 v o l t  z e n e r  d io d e  c o n n e c te d  as  shown in  F ig u re  3 .3 .

( i i )  The R e fe re n c e  S u p p l i e s

The 9 .3  v o l t  o u tp u t  from t h e  r e f e r e n c e  s u p p l i e s  c h a n g es  l e s s  

t h a n  0.01% when t h e  i n p u t  rm s. v o l t a g e  i s  changed  from e i t h e r  117 t o  128

25

' 75528
u n i v e r s i t y  m  m n m m  i m m m
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1.5 v o l t s  rms.  to ch o p p s r

II7V:

rms. :

4 4  V. rms.

t 8 4  V- r

: 90V.  r m f t s / i  ^  JL

. ■© * 30
Ca r s c t i f i e r s  and f i l t e r s

Cg f o r  l o c a l  p o w e r  s u p p l i e s .  
* + 3 0

o -  9.3 V-
L o g .  P o t .
R e f e r e n c e

■»- 9 . 3  V.
Lin.  Pot .

Z\  R e f e r e n c e
■o ♦

C,» I 0  0  ut*.  1 5 0  VDC.

C2 - 3 0  0  0  ut . ,  5 0  VDC.

C3 * I 5 0 0  uf . ,  5 0  VDC.

D| * I 0 J 2  Di ode  
D2 ■ F 2 D i o d e

Z( * I N 2 6 2 3  9 - 3 V t e m p ,  c o m p e n s a t e d  z e n e r  d i ode* 
Z2 - 2XIN262I  * 18V " "  " "

Z4 * I N 2 8  3 6  82  V, 5 0  WAT T zet i er  d i o d e .

Z3 « I N2 8 3 3 B  6 2 V , "  " " "
R, ■ 9 0 0  ohms,  R2 - 2 2 K , R3 » 6 8  0  ohms,  R4» 3-3 K

R E F E R E N C E  S U P P L I E S  

F I G U R E  3 - 2
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o r  from 117 t o  106. T h is  i s  a c c o m p lish e d  by u s in g  "ganged"  z e n e r  d io d e  

c o n s t r u c t i o n  as shown in  F ig u re  3 .2 .  T em p era tu re  s t a b i l i t y  i s  o b t a in e d  

by u s in g  t e m p e r a tu r e  com pensa ted  z e n e r  d io d e s  in  th e  l a s t  two s t a g e s .

Z ,  and Z ^ h a v e  t e m p e r a tu r e  c o e f f i c i e n t s  o f  0.001%/C° and 0.005% /C° 

r e s p e c t i v e l y .

F ig u re  3 .7  n Ganged Z en e r  D iodes

The r e g u l a t i o n  f o r  n  ganged  z e n e r  d io d e s  ( F ig u r e  3 .7 )  i s  

e a s i l y  c a l c u l a t e d  from th e  e x p r e s s i o n

a r e  t h e  d ro p p in g  r e s i s t o r s  shown in  F ig u re  3 .7 .

U sing  t h i s  e x p r e s s i o n  two and t h r e e  s t a g e  r e f e r e n c e  s u p p l i e s  

w ere  com pared . I t  was found  t h a t  s u f f i c i e n t  r e g u l a t i o n  c o u ld  o n ly  be 

a c h ie v e d  w i th  a t h r e e  s t a g e  s u p p ly .  T e m p era tu re  c o m p e n sa t io n  was r e q u i r e d  

in  t h e  se co n d  s t a g e  s i n c e  t h e  r e g u l a t i o n  f a c t o r  ( r^ /R ^  f o r  t h e  o u tp u t  

s t a g e  was n o t  s u f f i c i e n t  t o  com pensa te  f o r  t h e  th e rm a l  d r i f t s  o f  an 

"uncom pensa ted"  second  s t a g e  z e n e r  d io d e .

R |  r 2 Rn

w here A V 0 i s  t h e  o u tp u t  v o l t a g e  change c o r r e s p o n d in g  t o  an  in p p t  

v o l t a g e  change  o f  'I*W a r e  t h e  dynamic

impedences o f  t h e  z e n e r  d io d e s  Z ^ , Z^, «. « . 2̂  r e s p e c t i v e l y .  T?, ^ ^
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( i i i )  The F a s t  Feedback  System

As shown in  F ig u re  3 .1  t h e  o u tp u t  from t h e  r e f e r e n c e  s u p p ly  

i s  c o n n e c te d  a c r o s s  a  10 t u r n ,  1001c lo g a r i t h m ic  p o t e n t i o m e t e r .  A B u rr -  

Brown 1602 /04  c h o p p e r  s t a b i l i z e d  o p e r a t i o n a l  a m p l i f i e r  com pares t h e  

v o l t a g e  a c r o s s  t h e  s t a n d a r d  r e s i s t o r  (Vba) w i th  th e  v o l t a g e  p i c k e d  o f f  

from  t h e  l o g a r i t h m ic  p o t e n t i o m e t e r  (V bc). The a m p l i f i e d  d i f f e r e n c e  

s i g n a l  (Vba-Vbc) i s  i n v e r t e d  and fe d  t o  a power b o o s t e r  s t a g e  (F ig u r e  

3 . 3 ) .  The o u tp u t  o f  t h e  power s t a g e  i s  c o n n e c te d  t o  t h e  10 p a r a l l e l  

c o n n e c te d  2N278 s e r i e s  r e g u l a t i n g  t r a n s i s t o r s  (F ig u re  3 . 3 ) .  The p h a se  

o f  t h e  f e e d b a c k  s i g n a l  i s  su ch  as  t o  r e d u c e  th e  d i f f e r e n c e  (Vba-Vbc) t o  

z e r o .

The sy s te m  w i l l  e x h i b i t  h ig h  f re q u e n c y  o s c i l l a t i o n s  u n l e s s  

a c .  f e e d b a c k  i s  u s e d  t o  d rop  t h e  g a in  o f  t h e  o p e r a t i o n a l  a m p l i f i e r  a t  

h ig h  f r e q u e n c i e s .  A N y q u is t  d iag ra m  c o u ld  have  been  p l o t t e d  t o  d e te rm in e  

t h e  f e e d b a c k  e le m e n ts  r e q u i r e d  f o r  s t a b i l i t y ,  b u t  s i n c e  a maximum r i p p l e  

r e d u c t i o n  and a  low t im e  c o n s t a n t  w ere a l s o  r e q u i r e d  i t  was e a s i e r  t o  

s e t  up t h e  c i r c u i t  and d e te rm in e  t h e  f e e d b a c k  e le m e n ts  e x p e r i m e n t a l l y .

The s t a n d a r d  r e s i s t o r  i s  made from c o n s t a n t a n  s t r i p ,  wound 

n o n - i n d u c t i v e l y  and i s  c o o le d  by a  10 in c h  f a n .  The f a n  a l s o  p r o v id e s  

c o o l i n g  f o r  t h e  v a r i a c s ,  t h e  r e c t i f i e r s  and th e  v a r i o u s  power t r a n s i s t o r s .

( i v )  The S e rv o  System

The s e rv o  f e e d b a c k  sy s tem  com pares t h e  v o l t a g e  Vah, w hich 

i s  k e p t  a t  3 v o l t s  (F ig u re  3 .4 )  and th e  v o l t a g e  Vag, a c r o s s  t h e  power 

t r a n s i s t o r s .  The d i f f e r e n c e  i s  chopped by t h e  60 c y c le  c h o p p e r  and 

a m p l i f i e d  (F ig u re  3 .4 )  and t h e n  f e d  t o  t h e  s e rv o  m oto r  w hich c o n t r o l s  

t h e  a n g u la r  p o s i t i o n  o f  t h e  t h r e e  ganged  v a r i a c s .

The a m p l i f i e r  c o n s i s t s  o f  a d i f f e r e n c e  a m p l i f i e r  T ^ , T2 , and
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Tg ( F ig u r e  3 .4 )  and a p u s h - p u l l  a m p l i f i e r  o p e r a t i n g  in  c l a s s  A-B mode. 

B ia s in g  i s  c o n t r o l l e d  by th e  v o l t a g e  on th e  b a se  o f  t h e  C l e v i t e  1728 

medium power t r a n s i s t o r s  w hich  d r i v e  t h e  2N511 o u tp u t  t r a n s i s t o r s .  A 

tu n e d  o u tp u t  t r a n s f o r m e r  i s  u s e d  t o  c o n v e r t  t h e  60 c y c l e  s q u a r e  wave t o  

a  60 c y c le  s i n e  wave f o r  maximum r e s p o n s e  o f  t h e  s e rv o  m o to r .  The p h a se  

o f  t h e  o u tp u t  s i g n a l  from th e  c h o p p e r  depends on th e  p o l a r i t y  o f  t h e  d c .  

in p u t  s i g n a l  t o  t h e  c h o p p e r .  The s e rv o  m o to r  t u r n s  l e f t  o r  r i g h t  

d ep en d in g  on t h e  p h a se  and t h e r e f o r e  upon t h e  v o l t a g e  a c r o s s  t h e  power 

t r a n s i s t o r s .  In  t h i s  way 3 v o l t s  i s  k e p t  a c r o s s  th e  2N 278 's  a t  a l l  

o u tp u t  c u r r e n t s .

(v )  The D r iv e  Mechanism

In  c h a p t e r  1 s e c t i o n  ( i v )  t h e  r e s p o n s e  o f  a s p e c t r o m e te r  

t o  a  m onoerg ic  beam was c o n s i d e r e d .  I f  a  p l o t  i s  made o f  N (P ) /P  v e r s u s  

P t h e  a r e a  u n d e r  t h e  c u rv e  was ^  K / ( f )  ^  p  t O ^  ^

w here N C i s  t h e  p e a k  c o u n t in g  r a t e  and to  and a r e  c o n s t a n t s .

T h is  i n d i c a t e s  t h a t  a l l  m onoerg ic  l i n e s  have  th e  same s h a p e . i n  t h i s  ty p e  

o f  p l o t .  S in c e  p  zz  ^  jU ( f >)  ^ ° ^  P  J

t h e  same s t a t e m e n t  a l s o  a p p l i e s  t o  m onoerg ic  l i n e s  when N(P) v e r s u s  

lo g  P i s  p l o t t e d .

The s c a n n in g  m echanism  c o n t a i n s  t h e  10 t u r n  100k l o g a r i t h m ic  

p o t e n t i o m e t e r  and a  15 t u r n  100k l i n e a r  p o t e n t i o m e t e r  c o n n e c te d  by g e a r s

to the automatic scanning motor. A counter measures the rotational 

p o s i t i o n  o f  t h e  l o g a r i t h m ic  p o t e n t i o m e t e r .  The s c h e m a t ic  d iag ra m  o f  

t h e  s c a n n in g  mechanism  i s  shown in  F ig u r e  3 .5 .

The v o l t a g e  Vbc p i c k e d  o f f  from  th e  l o g a r i t h m ic  p o t e n t i o m e t e r
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i s  g iv e n  by
ft e k -Y

where A and b a r e  c o n s t a n t s  and x i s  t h e  r o t a t i o n a l  p o s i t i o n  o f  t h e  

l o g a r i t h m ic  p o t e n t i o m e t e r  m easu red  from t h e  b o t to m . The d i a l  c o u n te r  

t h e r e f o r e  m ea su res  x and we p l o t  N(P) v e r s u s  d i a l  r e a d i n g .  To compare 

two d i f f e r e n t  momenta o n ly  x and b a r e  n e e d e d .  The g e a r i n g  be tw een  th e  

l o g a r i t h m i c  and l i n e a r  p o t e n t i o m e t e r  i s  such  t h a t  th e  v o l t a g e  p i c k e d  o f f  

from t h e  l i n e a r  p o t e n t i o m e t e r  i s  p r o p o r t i o n a l  t o  x .  The o u tp u t  v o l t a g e  

from t h e  l i n e a r  p o t e n t i o m e t e r  i s  u s e d  i n  c o n ju n c t io n  w i th  a  x - y  p l o t t e r  

f o r  a u to m a t ic  p l o t t i n g  o f  t h e  s p e c t r a .  The x a m p l i f i e r  o f  t h e  p l o t t e r  

i s  d r i v e n  by th e  o u tp u t  o f  t h e  l i n e a r  p o t e n t i o m e t e r .  I n c lu d e d  i n  t h e  

s c a n n in g  u n i t ,  b u t  n o t  c o n n e c te d  by g e a r s  t o  t h e  o t h e r  p o t e n t i o m e t e r s ,  

i s  a  l i n e a r  10 t u r n  100k h e l i p o t .  I t  i s  c o n n e c te d  as  shown in  F ig u r e  

3 .5  and i s  u s e d  t o  s h i f t  t h e  z e ro  o f  t h e  l i n e a r  p o t e n t i o m e t e r .  T h is  

f e a t u r e  a l lo w s  expanded  x s c a l e s  on t h e  x -y  p l o t t e r  t o  be u s e d .

t o  x-y p l o t t e r

ref.

r
\
r

\
\

\

log.
pot.

lin. 

BG.

tin-
pot.

re  f.

-o t o  o p e r a t i o n a l  amp.
F ig u r e  3 .5  S ch em atic  o f  S can n in g  Mechanism

( v i )  The L o c a l  Power S u p p l ie s

T here  a r e  t h r e e  i n t e r n a l  r e g u l a t e d  power s u p p l i e s .  Each 

s u p p ly  h a s  an o u tp u t  r i p p l e  o f  l e s s  t h a n  5 mv. a t  an o u tp u t  v o l t a g e  o f  12 

v o l t s .  The c i r c u i t  d iag ram s  a r e  g iv e n  i n  F ig u r e  3. 6 . The p l u s  and m inus
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30 v o l t s  f o r  t h e  power b o o s t e r  a r e  d e r i v e d  from th e  i n p u t  f i l t e r  t o  t h e  

t h r e e  r e g u l a t e d  s u p p l i e s .  The two p l u s  and minus 12 v o l t  400 ma s u p p l i e s  

a r e  r e q u i r e d  f o r  t h e  o p e r a t i o n a l  a m p l i f i e r  and p h a se  i n v e r t e r  w h i le  t h e  

m inus 12 v o l t ,  2 amp. s u p p ly  i s  r e q u i r e d  f o r  t h e  s e rv o  sy s te m .

The o p e r a t i o n  o f  t h e  s u p p l i e s  i s  s i m i l a r  t o  t h e  o p e r a t i o n  o f

t h e  c u r r e n t  s u p p ly .  C o n s id e r  t h e  m inus 12 v o l t ,  400 ma s u p p ly .  The 

2N456 i s  a  s e r i e s  r e g u l a t i n g  t r a n s i s t o r .  The o u tp u t  v o l t a g e  i s  sam pled  

th ro u g h  a  d i v i d e r  c h a in  a t  p o i n t  A and compared t o  a  1N2163 7 v o l t ,  

t e m p e r a tu r e  com pensa ted  z e n e r  d io d e  r e f e r e n c e ,  t h e  d i f f e r e n c e  i s  a m p l i f i e d  

by t h e  c a s c a d e d  d i f f e r e n c e  a m p l i f i e r  (T^ and T2 F ig u re  3 .6 )  and f e d  t o  

t h e  b a se  o f  t h e  2N527 d r i v e s  t h e  2N456. The o p e r a t i o n  o f  t h e  p l u s  12 

v o l t ,  400 ma i s  t h e  same. The m inus 12 v o l t ,  2 amp. s u p p ly  h a s  a  2N527 

a m p l i f y in g  s t a g e  be tw een  t h e  c a s c a d e d  d i f f e r e n c e  a m p l i f i e r  and th e  

2N508 d r i v e r .

( v i i )  C o n s t r u c t i o n  o f  t h e  C u r re n t  Supp ly

P lu g  in  c o n s t r u c t i o n  h a s  been  u s e d  t o  f a c i l i t a t e  t e s t i n g  and

s e r v i c i n g .  T here  a r e  f i v e  b a s i c  p lu g  i n  u n i t s .  These  a r e  ( i )  t h e  d r i v e

m echanism , (2 )  t h e  l o c a l  power s u p p l i e s ,  (3 )  t h e  c h o p p e r  and s e rv o  

a m p l i f i e r ,  (4 )  t h e  B urr-B row n 1602 /04  c h o p p e r  s t a b i l i z e d  o p e r a t i o n a l  

a m p l i f i e r ,  (5 )  t h e  p h a s e  i n v e r t e r  and power b o o s t e r .  T hese  u n i t s  p lu g  

i n t o  a  w i r in g  p a n e l .  The d r i v e  m echanism  may be m ounted e x t e r n a l  t o  t h e  

s u p p ly .  L u c i t e  c a r d s  c o n t a i n i n g  t h e  a c .  f e e d b a c k  co m p o n en ts ,  t h e  

reference supplies, and the rectifiers for the local supplies are 

mounted on t h e  w i r in g  p a n e l  a lo n g  w i th  t h e  v a r i o u s  t r a n s f o r m e r s  and 

f i l t e r  c a p a c i t o r s .  The w hole u n i t  i s  h o u se d  i n  a  21" x 16" x  40"

Hammond c a b i n e t .  A f a n  m ounted on t h e  to p  o f  t h e  c h a s s i s  f o r c e s  a i r  

th ro u g h  i t  t o  p r o v id e  c o o l i n g  f o r  t h e  v a r i o u s  com ponents .
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( v i i i )  T e s t s  on t h e  C u r re n t  Supply

(a) Regulation and Drift Testa

The v o l t a g e  a c r o s s  t h e  s t a n d a r d  r e s i s t o r  was m easu red  w i th  

a Leeds and N o r th ro p  p o t e n t i o m e t e r .  The s u p p ly  f o r  t h e  p o t e n t i o m e t e r  

was o b t a i n e d  from a  9 .3  v o l t  t e m p e r a tu r e  com pensa ted  z e n e r  d io d e  d r i v e n  

by a H e w le t t  P a c k a rd  t r a n s i s t o r  power s u p p ly .

A f t e r  t h e  c u r r e n t  s u p p ly  had  warmed up i t  was s w i tc h e d  o f f  

f o r  30 m in u t e s .  When i t  was s w i tc h e d  back  on , t h e  n e e d le  on t h e  g a lv a n ­

om ete r  r e t u r n e d  t o  t h e  same p o s i t i o n  i t  had  been  when t h e  s u p p ly  was

s w i tc h e d  o f f .  T h is  was r e p e a t e d  s e v e r a l  t im e s .  T h is  t e s t  i n d i c a t e s  t h a t

t h e r e  i s  n e g l i g i b l e  th e r m a l  d r i f t  i n  t h e  s u p p ly  and t h a t  i t  i s  e x a c t l y  

r e p e a t a b l e .

U sing  a n o th e r  s e t  o f  ganged  G e n e ra l  R adio  v a r i a c s  t h e  i n p u t  

v o l t a g e  t o  t h e  s u p p ly  was v a r i e d  from  106 t o  128 v o l t s .  The r e s u l t i n g  

d e f l e c t i o n  o f  t h e  g a lv a n o m e te r  n e e d le  i n d i c a t e d  a change in  o u tp u t  

c u r r e n t  o f  l e s s  t h a n  0.01%.

(b )  T e s t  on t h e  L ine  W idths and L i n e a r i t y  o f  t h e  Supp ly

A t h i n  Th(B - C - C") s o u rc e  was p r e p a r e d  by c o l l e c t i n g  th e

c h a rg e d  io n s  on a  t h i n  m y la r  f o i l  a t  150 v o l t s .  The m y la r  was masked 

so  t h a t  a  2mm s o u rc e  was o b t a i n e d .  The s o u rc e  h o l d e r  f o r  JB- % a n g u la r  

was u s e d .  The s o u rc e  was c e n t e r e d  u s in g  t h e  F l i n e .  With t h e  p h o to ­

m u l t i p l i e r  ru n n in g  a t  2 ,0 0 0  v o l t s  t h e  a c c e l e r a t i n g  and d e f l e c t i o n  and 

a c c e l e r a t i n g  e l e c t r o d e  p o t e n t i a l s  were a d j u s t e d  as  d e s c r i b e d  i n  c h a p t e r  

IV s e c t i o n  ( v i ) .  The o u tp u t  from t h e  p h o t o m u l t i p l i e r  was a m p l i f i e d  and 

t h e n  f e d  t o  a  p u l s e  h e i g h t  a n a l y s e r  t o  d i s c r i m i n a t e  a g a i n s t  n o i s e .  The 

p u l s e s  from  t h e  p u l s e  h e i g h t  a n a l y s e r  were t h e n  c o u n te d  w i th  P h i l l i p s  

c o u n t in g  e q u ip m e n t .  The c o u n t in g  r a t e s  a t  s e v e r a l  p o i n t s  on t h e  F ,  I ,  L,
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and  M l i n e s  w ere  t a k e n  m a n u a l ly .  In  a d d i t i o n  t h e s e  l i n e s  w ere  sc an n e d  

a u t o m a t i c a l l y  by f e e d in g  t h e  p u l s e  h e i g h t  a n a l y s e r  o u tp u t  t o  a  r a t e -  

m e te r  and t h e n  t o  t h e  y a m p l i f i e r  o f  an x - y  p l o t t e r .  The x  a m p l i f i e r  

was d r iv e n  w i th  t h e  o u tp u t  from t h e  l i n e a r  p o t e n t i o m e t e r  ( F ig u r e  3 . 5 ) .  

The l i n e s  ( F ig u r e  3 .8 )  were found  t o  have  t h e  same shape  and have  a  2% 

r e s o l u t i o n .

d i a l  s e t t i n g  f o r  t h e  f o u r  l i n e s  m ea su re d .  The p o i n t s  f a l l  on a  s t r a i g h t  

l i n e  w hich  i n d i c a t e s  t h a t  t h e  d i a l  s e t t i n g  i s  p r o p o r t i o n a l  t o  t h e  

lo g a r i th m  o f  t h e  momentum f o c u s s e d .  The momentum f o c u s s e d  i s  t h e r e f o r e

w here A and b a r e  c o n s t a n t s  and x i s  t h e  d i a l  s e t t i n g .  Comparing two

p l o t t i n g  t h e  l o g a r i th m  o f  t h e  s p e c t r o m e te r  c u r r e n t  v e r s u s  d i a l  s e t t i n g .  

The v a lu e  o b t a i n e d  was b = (0 .4 6 0 6  0 .0 0 0 6 )  x  10“ ^ .
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g iv e n  by t h e  r e l a t i o n
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CHAPTER IV

THE COINCIDENCE METHOD

(1 )  I n t r o d u c t i o n

In  F ig u r e  4 .1  i s  r e p r e s e n t e d  s c h e m a t i c a l l y  a  s im p le  b e t a  

d e c ay .  The p a r e n t  d e c ay s  by b e t a  e m is s io n  t o  an  e x c i t e d  s t a t e  o f  t h e  

d a u g h te r .  Assuming l i f e t i m e s  o f  e x c i t e d  s t a t e s  a r e  v e r y  s h o r t

F i g u r e  4 ,1  S im ple  Decay Scheme 

c o in c i d e n c e s  can  be r e c o r d e d  be tw een  t h e s e  b e t a  p a r t i c l e s  and t h e  su b ­

s e q u e n t l y  e m i t t e d  gamma r a y  o r  c o n v e r s io n  e l e c t r o n s .  E l e c t r o n  b e t a  

( e - p )  and e l e c t r o n - e l e c t r o n  ( e - e )  c o in c i d e n c e s  can  be s t u d i e d  w i th  two 

m a g n e t ic  l e n s e s .  With one m a g n e t ic  l e n s  r e p l a c e d  by a  s c i n t i l l a t i o n  

s p e c t r o m e t e r ,  beta-gam m a and e le c tro n -g am m a  ( e - ^  c o in c i d e n c e

e x p e r im e n t s  c a n  be done .

( i i )  e - P  C o in c id e n c e s

e - ^  c o in c i d e n c e s  a r e  s t u d i e d  w i th  one s p e c t r o m e te r  fo c u s s e d  

on t h e  p e a k  o f  t h e  c o n v e r s i o n  l i n e ,  w h i l e  t h e  o t h e r  one s c a n s  t h e  b e t a  

co n tin u u m . The s p e c t ru m  o f  b e t a  r a y s  in  c o in c i d e n c e  w i th  t h e  c o n v e r s io n  

l i n e  i s  o b t a i n e d .  A F erm i p l o t  w i l l  i n d i c a t e  i f  t h e  s p e c t ru m  i s  s im p le

40
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o r  com plex . F ig u r e  4 .1  r e p r e s e n t s  t h e  s im p le  c a se  w h i le  F ig u r e  4 .2  

r e p r e s e n t s  t h e  com plex c a s e .  I f  we s tu d y  a complex c a s e ,  t h e  a r e a  

u n d e r  t h e  t o t a l  c o in c i d e n c e  s p e c t ru m ,  when combined w i th  t h e  a r e a  u n d e r  

t h e  t o t a l  s i n g l e  c h a n n e l  s p e c t ru m ,  w i l l  y i e l d  t h e  b r a n c h in g  r a t i o  <£ o r  

t h e  c o n v e r s io n  p r o b a b i l i t y  K ( o f  t h e  b e t a  g roup  o r  t h e  c o n v e r s io n  e l e c t r o n  

r e s p e c t i v e l y )  d e p e n d in g  on w hich one o f  t h e s e  i s  known.

F ig u r e  4 .2  Complex Decay Scheme

C o n s id e r  t h e  com plex c a s e  o f  F ig u re  4 .2 .  We w i l l  c o n s i d e r  

t h e  c a s e  o f  s p e c t r o m e te r  number 1 fo c u s s e d  on t h e  c o n v e r s i o n  l i n e K  | o f  

momentum Pj w h i le  s p e c t r o m e te r  number 2 i s  f o c u s s e d  on t h e  con tinuum  

a t  momentum . The s i n g l e  c h a n n e l  c o u n t in g  r a t e s  w i l l  be

Vl j =. M* ^ © £ v ^i

=r Nfc,

w here we have  a d o p te d  t h e  r e s u l t s  and sym bols o f  c h a p t e r  1. W0 S  ̂  i s  

t h e  i n t e n s i t y  o f  t h e  B, g roup  and i s  t h e  c o n v e r s io n  p r o b a b i l i t y .

The number o f  c o n v e r s io n  e l e c t r o n s  p e r  b e t a  d i s i n t e g r a t i o n  i s  U  i 

Denote  by ^  % t h e  s p e c t ru m  sh a p e  f a c t o r  f o r  th e  p a r t i a l  s p e c t ru m  S \  • 

The c o u n t in g  r a t e  due t o  t h e  s p e c t ru m  i s  th e n  g iv e n  by

S p e c t r o m e te r  number 1 s e e s  o n ly  Wv o f  t h e s e  as  c o n v e r s io n  e l e c t r o n s .  

T h e r e f o r e ,  t h e  c o in c i d e n c e  c o u n t in g  r a t e  i s

VJc. zz Vj0  ^  x
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N c AI f  we p l o t  »VC /  ' 2. v e r s u s  t h e n  t h e  a r e a  u n d e r  t h e  c u rv e  i s

\ S ,

=  VA»,

Combining t h i s  w i th  t h e  a r e a  u n d e r  a  s i n g l e s  c u rv e  we g e t

We can  f i n d  £  o r  k t e a s i l y  by m e a s u r in g  t o   ̂ and

one o f  ^  o r  Wj . I f  t h e  e x c i t e d  l e v e l s  decay  by more t h a n  one 

p r o c e s s  t h e n  t h e  above r e s u l t s  m ust be m u l t i p l i e d  by a f a c t o r  e q u a l  t o  

t h e  b r a n c h in g  r a t i o  f o r  t r a n s i t i o n  from t h i s  l e v e l .

( i i i )  e - e  C o in c id e n c e s

In  e - e  c o in c id e n c e  e x p e r i m e n t s ,  one s p e c t r o m e te r  i s  f o c u s s e d  

on one p e a k  w h i le  t h e  o t h e r  s p e c t r o m e te r  s c a n s  th e  o t h e r  p e a k .  The con­

v e r s i o n  l i n e s  a r e ,  how ever ,  in  c o in c i d e n c e  w i th  p a r t i a l  b e t a  s p e c t r a .

The c o in c id e n c e  c o u n t in g  r a t e  w i l l  be

vit =  Vit U.vO v
K l . l v ,  $ )  and V » c O i * )  a r e  found  by t a k i n g  c o in c id e n c e  c o u n ts  w i th  

one s p e c t r o m e te r  "on"  i t s  l i n e  w h i le  t h e  o t h e r  i s  " o f f "  t h e  l i n e .

The c o in c id e n c e  c o u n t in g  r a t e  due t o  two t r a n s i t i o n s  such  as  

i n  F ig u r e  4 .2  i s

K/c (Vc, O  ~  N<‘
The s i n g l e  c h a n n e l  p e a k  h e i g h t  due t o  t h e  k ,  c o n v e r s io n

l i n e  i s

Vcv
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" F a  st  -  S l ow " C o i n c i d e n c e  C i r c u i t .
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Then .

K K * » )

T h is  g i v e s  t h e  c o n v e r s io n  p r o b a b i l i t y  s i n c e  \a i s  m e a s u r a b l e .  I f  

we s tu d y  e -B  and e - e  e x p e r im e n ts  from  t h e  same s o u r c e ,  t h e  r a t i o s  U ik \<^ 

and k v w i l l  y i e l d  d i r e c t l y .

( i v )  ^  C o in c id e n c e s

The a n a l y s i s  o f  t h i s  c a s e  i s  e s s e n t i a l l y  t h e  same as i n  t h e  

e -  ^  c a s e .  I f  we assume a d e t e c t i o n  e f f i c i e n c y  £  and a c c e p t  t h e  

p h o to p e a k  o n ly ,  t h e n  we s im p ly  r e p l a c e  vwv \<, by 0 0 ^  f c y  £ .  . U) y  

i s  now t h e  s o l i d  a n g le  a c c e p te d  by t h e  gamma s p e c t r o m e te r  and K y  i s  

t h e  p r o b a b i l i t y  f o r  gamma e m is s io n .  U) y  k y  £  i s  t h e  number o f  

gammas c o u n te d  p e r  e a c h  d i s i n t e g r a t i o n .

(v )  D e s c r i p t i o n  o f  o u r  F a s t  C o in c id e n c e  C i r c u i t

B e l l ,  Graham and P e t c h  (1 949 , 1952) have  d e s c r i b e d  a  " f a s t -  

s low "  c o in c id e n c e  c i r c u i t  w hich  u s e s  a  h e l i c a l -  c o i l e d  c o a x i a l  l i n e  t o  

p r o v id e  a  v a r i a b l e  d e l a y  be tw een  two c o u n t e r s .  A d iag ra m  o f  o u r  c i r c u i t ,  

w hich  i s  f o r m a l l y  t h e  same as  t h e i r s ,  i s  g iv e n  in  F i g u r e  4 . 3 .  N e g a t iv e  

p u l s e s  from  t h e  p h o t o m u l t i p l i e r  tu b e  c u t  o f f  a  404A p e n to d e ,  th u s  

p r o d u c in g  a  p o s i t i v e  3 v o l t  p u l s e  a c r o s s  a  100 ohm r e s i s t o r .  S in c e  t h e  

p h o t o m u l t i p l i e r s  a r e  r u n  a t  2 ,0 0 0  v o l t s ,  t h e  l e a d i n g  edge o f  t h i s  p u l s e  

i s  due t o  t h e  f i r s t  p h o t o e l e c t r o n  r e l e a s e d  from th e  p h o to c a th o d e .  These  

f a s t  p u l s e s  a r e  th e n  f e d  th ro u g h  100 ohm c o a x i a l  c a b l e  t o  one end  o f  t h e  

h e l i c a l  d e l a y  l i n e .  The c l i p p i n g  c a b le  h a s  an impedence o f  50 ohms so  

t h a t  p u l s e s  r e f l e c t e d  from i t s  s h o r t  c i r c u i t e d  end a r e  t e r m in a t e d  

p r o p e r l y  a t  p o i n t  A. From p o i n t  A t h e  c l i p p e d  p u l s e s  a r e  f e d  t o  a  s o l i d  

s t a t e  d io d e  d i s c r i m i n a t o r .  The d io d e  i s  b i a s e d  t o  a c c e p t  o n ly  d o u b le
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p u l s e s  ( c o i n c i d e n c e s )  a p p e a r in g  a t  p o i n t  A. The p u l s e  from  t h e  d io d e  

goes  t o  a t h r e e  s t a g e  t r a n s i s t o r  p u l s e  a m p l i f i e r  and t h e n  t o  a s a t u r a t e d  

m o n o s ta b le  m u l t i v i b r a t o r .  The m u l t i v i b r a t o r  g iv e s  o u t  a  6 v o l t  3 

m ic ro se c o n d  p u l s e ,  w hich  goes  t o  t h e  " s lo w "  t r i p l e  c o in c i d e n c e  c i r c u i t .  

F ig u r e  4 .4  shows t h e  e l e c t r o n i c s  d e s c r i b e d  above . S a t u r a t i o n  in  t h e  

m u l t i v i b r a t o r  i s  im p o r ta n t  i n  o r d e r  t o  e l i m i n a t e  s p u r io u s  p u l s e s  

o r i g i n a t i n g  from  n o i s e  and p i c k u p .

-9
We have  o b t a i n e d  r e s o l v i n g  t im e s  o f  t h e  o r d e r  o f  10 se co n d s

u s in g  a  T e k t r o n ic s  p u l s e  g e n e r a t o r .  The p rom pt c o in c i d e n c e  c u rv e  o f

F ig u r e  4 .5  w ere  o b t a i n e d  u s in g  a  4 n an o seco n d  c l i p p i n g  c a b le  and p u l s e s

from t h e  T e k t r o n ic s  p u l s e  g e n e r a t o r .  The t im e  d e la y  be tw een  t h e  "on"

-12and " o f f "  s t a t e s  i s  o f  t h e  o r d e r  o f  5 x 10 s e c o n d s .

( v i )  A d jus tm en t  o f  t h e  " F a s t - S lo w "  C o in c id e n c e  C i r c u i t

With th e  s o u r c e  c e n t e r e d  t h e  b e t a  s p e c t r o m e te r  was fo c u s s e d  

on t h e  e n e rg y  t o  be u s e d  in  t h e  e x p e r im e n t .  The f o c u s s i n g  e l e c t r o d e  on 

t h e  gamma and b e t a  d e t e c t o r s  were a d j u s t e d  by o b s e rv in g  t h a t  no f u r t h e r  

i n c r e a s e  in  p u l s e  h e i g h t  was o b t a i n e d .  In  t h i s  way o n ly  a  s m a l l  s e c t i o n  

o f  th e  p h o to c a th o d e  was u s e d .  The d e f l e c t i o n  e l e c t r o d e  on e a c h  d e t e c t o r  

was a d j u s t e d  t o  o b t a i n  a maximum o u tp u t  v o l t a g e .  The b e t a  s i n g l e  

c h a n n e l  p u l s e  h e i g h t  a n a l y s e r  was s e t  t o  d i s c r i m i n a t e  a g a i n s t  n o i s e  and 

t h e  gamma s i n g l e  c h a n n e l  p u l s e  h e i g h t  a n a l y s e r  was s e t  t o  t a k e  in  t h e

511 k ev . and 600 k e v .  p h o to p e a k s .

The d io d e  b i a s  and c a r r i a g e  p o s i t i o n  were s e t  t o  a p p ro x im a te  

v a l u e s .  A d io d e  b i a s  c u rv e  ( F ig u r e  4 .6 )  was t a k e n .  T h is  i s  o b t a i n e d  

by p l o t t i n g  t h e  d o u b le s  c o u n t  r a t e  v e r s u s  d io d e  v o l t a g e .  The d io d e  

o p e r a t i n g  p o i n t  was c h o se n  in  t h e  c e n t r e  o f  t h e  f l a t  p o r t i o n  o f  t h e  

c u r v e .
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A prom pt c o in c i d e n c e  c u rv e  was n e x t  t a k e n .  T h is  was o b ta in e d  

by t a k i n g  t h e  d o u b le s  c o u n t  r a t e  a t  v a r i o u s  d e la y s  o f  one c h a n n e l  w i t h  

r e s p e c t  t o  t h e  o t h e r .  The c a r r i a g e  was s e t  t o  a  p o s i t i o n  c o r r e s p o n d in g  

t o  t h e  m id d le  o f  t h e  prom pt c o in c id e n c e  c u r v e .
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CHAPTER V 

*14
THE A s EXPERIMENT

( i )  I n t r o d u c t i o n

The d ecay  scheme o f  A s ^  i s  shown in  F ig u r e  5 .1 .  We have 

s t u d i e d  t h e  b e t a  gamma a n g u la r  c o r r e l a t i o n  be tw een  t h e  0 .9 3  mev. p o s i t r o n  

g roup  and t h e  s u b s e q u e n t  600 k ev . gamma r a y  a t  th e  b e t a  e n e r g i e s  o f  

w = 1 .8 ,  2 . 0 ,  2 . 2 ,  2 .4  and 2 .6  ( r e l a t i v i s t i c  u n i t s ) .  The d e c ay  i s  s i m i l a r  

t o  t h e  d e c ay  o f  A s ^  s t u d i e d  by M atumoto, Yamada, Wang and M o r i t a  (1 9 6 3 ) .  

I f  t h e  m o d i f i e d  B i j  a p p ro x im a t io n  a p p l i e s  t o  t h e  As?4 c a s e  t h e n  t h e  

s t r u c t u r e  o f  t h e  low l y in g  2+ s t a t e  o f  G e ^  can  be fo und .

( i i )  P ro c e d u re

The a p p a r a tu s  was c h e ck e d  by m e a s u r in g  t h e  beta-gam m a a n g u la r  

c o r r e l a t i o n  o f  Co^O w hich  i s  known t o  be i s o t r o p i c .  We o b t a i n e d  an  A2 

c o e f f i c i e n t  o f  ( 0 . 7 5 ^  6 .3 )  x  10"^ . T h is  i n d i c a t e s  t h a t  t h e  equ ipm en t  

w i l l  n o t  i n t r o d u c e  an a n i s o t r o p y  i n t o  an e x p e r im e n t  p r o v id e d  t h e  g a in  o f  

t h e  gamma s p e c t r o m e te r  does  n o t  change  when r o t a t e d  be tw een  t h e  90° and 

t h e  180° p o s i t i o n .

A t h i n  s o u r c e  was p r e p a r e d  by e v a p o r a t i n g  a s o l u t i o n  c o n t a i n ­

ing  th e  As^^ on a t h i n ,  aluminum c o a t e d ,  m y la r  f o i l  t h a t  had  been  w e t t e d  

by i n s u l i n .  The s i z e  o f  t h e  s o u r c e  was d e te r m in e d  by t h e  a r e a  w e t t e d .

The s o u rc e  p o s i t i o n  was a d j u s t e d  so  t h a t  a maximum c o u n t in g  r a t e  was 

o b ta in e d  in  t h e  b e t a  c h a n n e l .  The gamma s p e c t r o m e te r  was a d j u s t e d  so  

t h a t  th e  a x i s  o f  r o t a t i o n  p a s s e d  th ro u g h  t h e  s o u rc e  p o s i t i o n .  T h e " f a s t  

s low " c o in c id e n c e  c i r c u i t  was a d j u s t e d  as  d e s c r i b e d  in  c h a p t e r  IV.
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The gamma s i n g l e  c h a n n e l  p u l s e  h e ig h t  a n a l y s e r  was s e t  t o  

t a k e  in  t h e  600 kev . p h o to p e a k  and a l a r g e  p o r t i o n  o f  t h e  compton 

co n tin u u m . The 511 kev . a n n i h i l a t i o n  gamma was t h e r e f o r e  t a k e n  in  a l s o .  

F ig u r e  5 .2  i s  a p l o t  o f  t h e  gamma s p e c t ru m .  The sp e c t ru m  was m o n i to re d  

w i th  t h e  k i c k s o r t e r  e v e ry  t h r e e  h o u r s .  The s i n g l e  c h a n n e l  p u l s e  h e i g h t  

a n a l y s e r  i s  t h e  b e t a  c h a n n e l  was s e t  t o  d i s c r i m i n a t e  a g a i n s t  n o i s e .  The 

t r i p l e  c o i n c i d e n c e s ,  t h e  b e t a  s i n g l e s  and th e  gamma s i n g l e s  were c o u n te d  

f o r  tw e n ty  m in u te  i n t e r v a l s  a u t o m a t i c a l l y  by P h i l l i p s  c o u n t in g  e q u ip m e n t .  

The s c i n t i l l a t i o n  s p e c t r o m e te r  was moved v e ry  t h r e e  h o u r s  be tw een  th e  

90 and 180 d e g re e  p o s i t i o n s .

( i i i )  I n t e r p r e t a t i o n  o f  R e s u l t s

The t r i p l e  c o in c i d e n c e  c o u n ts  w ere n o r m a l iz e d  w i th  r e s p e c t  

t o  t h e  c o r r e s p o n d in g  gamma c h a n n e l  s i n g l e s  c o u n t .  The l o g a r i th m  o f  t h e  

gamma s i n g l e s  w ere a l s o  p l o t t e d  v e r s u s  t im e .  A l l  c o u n ts  w hich  d e v i a t e d  

by more t h a n  1% from t h e  mean w ere e x c lu d e d .  With t h e  b a f f l e s  in  th e  

b e t a  s p e c t r o m e te r  c l o s e d  th e  c o n t r i b u t e d  t o  t h e  t r i p l e  c o in c i d e n c e  c o u n t  

r a t e ,  due t o  s c a t t e r i n g ,  was m ea su re d .  V a lues  o b t a in e d  w ere  a s  f o l l o w s :  

2 .1 8  t  0 .4 6  c o u n ts  p e r  10® gamma s i n g l e s  a t  9 0 ° ;  3 .7 1  t  0 .5 6  c o u n ts  p e r  

10® gamma s i n g l e s  a t  180°.

In  F ig u r e  5 .2  i t  can  be s e e n  t h a t  th e  r a t i o  o f  t h e  511 kev . 

p e a k  t o  t h e  600 k ev . peak  v a r i e s  w i th  s c i n t i l l a t i o n  s p e c t r o m e te r  p o s i t i o n .

The c o in c id e n c e  c o u n t in g  r a t e s  a t  90° and 180° a r e  g iv e n  by 

N ( 9 0 )  -  XA +  YB 

N(180) -  XjAj^ + YjB! 

w here A and A^ a r e  th e  t o t a l  c o u n ts  due t o  t h e  600 k ev . t r a n s i t i o n  a t  

90° and 180° r e s p e c t i v e l y ,  B and a r e  t h e  t o t a l  c o u n ts  due t o  t h e  511 

k ev . a n n i h i l a t i o n  gammas a t  90° and 180° r e s p e c t i v e l y .  X, X j ,  Y and Y^
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a r e  c o n s t a n t s .

XA and a r e  t h e  t r u e  t r i p l e  c o in c id e n c e  c o u n ts  w h i l e  YB

and a r e  t r i p l e  c o in c i d e n c e  c o u n ts  due t o  s c a t t e r i n g  o f  t h e  511 k ev .

a n n i h i l a t i o n  gammas. Each t r i p l e  c o in c i d e n c e  c o u n t  was n o r m a l iz e d  w i th  

r e s p e c t  t o  t h e  c o r r e s p o n d in g  gamma s i n g l e s  c o u n t .  Thus we o b t a i n e d ,  

n o r m a l iz in g  t o  a  gamma s i n g l e s  c o u n t  T,

N (90 )  (T) _ X A T Y B T
A + B  " A + B  A + B

N (180) (T) „  X1 H  1 + Y1 B1 T

A1 + R1 A + B  Ai + Bi

We want t o  o b t a i n  XjT and XT. From t h e  e x p r e s s io n  above we have

XT = A + B \ N (90 )  (T) __ Y B T
A \  A + B  A + B

XjT
A, + B1 + °1 \  N (180) (T) Yt  Bt  T

A1 \ A1 + B1 A1 + B1

Y B T Y1 B1 T
and ------------- were m easu redA + B

A1 + B1

m

and s u b t r a c t e d  from t h e  n o r m a l iz e d  t r i p l e  c o in c id e n c e  c o u n t i n g  r a t e s .

To f i n d ( A +  B ) /  A and (A  ̂ + B j^ /  A^ we need  t o  know t h e  r a t i o  B /  A 

and /  A^ ■ n .  Then (A + B) /  A = 1 + m and (A^ + B ^ ) /  A^ = 1 + n .  

m and n w ere  found  by m e a s u r in g  t h e  a r e a s  u n d e r  t h e  511 k e v .  and 600 kev . 

p e a k s  shown in  F ig u r e  5 .2 .  The v a lu e s  o b t a i n e d  were m = 1 .2 0  t  0 .0 7  

n ** 1 .1 2  t  0 .0 7 .  T a b le  I I  g i v e s  t h e  c o r r e c t e d  r e s u l t s .
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TABLE I I

w h .  :

1 .8  0 .0437  0 .0055

2 .0  0 .0 0 4 5  0 .00051

2 .2  - 0 .0 3 6 5  0 .0 0 7 2

2 .4  - 0 .0 2 4  0 .0092

2 .6  - 0 .1 6 8  0 .1 2 3

The w = 1 .8  ru n  i s  u n r e l i a b l e  s i n c e  a  g r e a t  many o f  t h e  c o u n ts  

had  t o  be d i s c a r d e d .  T h is  was a t t r i b u t e d  t o  t h e  P h i l l i p s  c o u n t in g  e q u ip ­

m ent w hich was n o t  w ork ing  p r o p e r l y .  The c o u n t in g  r a t e  f o r  t h e  w * 2 .6  

r u n  was low. A l a r g e  c o r r e c t i o n ,  due t o  s c a t t e r i n g ,  had  t o  be made. Fo r  

ex am p le ,  t h e  t o t a l  number o f  c o u n ts  w ere  6068 a t  180° w h i le  a  c o r r e c t i o n  

a p p l i e d  t o  t h i s  f i g u r e  was 2345 c o u n t s .

The s c a t t e r i n g  c o r r e c t i o n s  a r e  a l s o  s u s p e c t e d  t o  be u n r e l i a b l e .  

They w ere m easu red  w i th  t h e  s p e c t r o m e te r  f o c u s s i n g  n e g a t r o n s .  In  t h i s  

mode th e  p o s i t r o n s  c o l l i d e  w i th  t h e  p o s i t r o n  b a f f l e  a t  a  p o s i t i o n  n e a r  

t h e  s o u rc e  end  o f  t h e  s p e c t r o m e t e r .  However, w i th  t h e  s p e c t r o m e te r  

c u r r e n t  r e v e r s e d  t h e  p o s i t r o n s  c o l l i d e  w i th  th e  H u b er t  b a f f l e .  T hus ,  t h e  

s o u rc e  o f  t h e  a n n i h i l a t i o n  gammas i s  c o n s i d e r a b l y  changed  i n  t h e  p o s i t r o n  

e x p e r im e n t .  The s c a t t e r i n g  r e s u l t s  f o r  th e  n e g a t r o n  e x p e r im e n t  may n o t  

be a p p l i c a b l e  t o  t h i s  e x p e r im e n t ,  e s p e c i a l l y  when l a r g e  c o r r e c t i o n s  have  

t o  be made as  i n  t h e  w = 2 .6  c a s e .
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CONCLUSION

To improve t h e  c o in c i d e n c e  c o u n t  r a t e  a  l a r g e  p o r t i o n  o f  

t h e  Compton con tin u u m  o f  t h e  511 k e v .  and 600 kev . p h o to p e a k s  was t a k e n  

i n .  To f i n d  m and n ,  ho w ev er ,  o n ly  t h e  a r e a s  u n d e r  t h e  p h o to p e a k s  w ere  

com pared . The 600 k e v .  p e a k  was c o n s id e r e d  as  one p e a k  a l t h o u g h  i t  

c o n s i s t s  o f  two c l o s e l y  s p a c e d  p e a k s  o f  600 k e v .  and 635 k e v .  T hus ,  

t h e r e  a r e  u n c e r t a i n t i e s  i n  t h e  d e t e r m i n a t i o n  o f  m and n .  B ecause  o f  

t h e s e  u n c e r t a i n t i e s  t h e  e r r o r s  q u o te d  i n  t h e  r e s u l t s  a r e  s u s p e c t .

The e x p e r im e n t  c o u ld  be r e p e a t e d  t o  e l i m i n a t e  t h e s e  

u n c e r t a i n t i e s .  The p h o t o m u l t i p l i e r  o f  t h e  s c i n t i l l a t i o n  s p e c t r o m e te r  

h a s  been  s h i e l d e d  s o  t h a t  ch an g es  in  p e a k  p o s i t i o n ,  a s  s e e n  i n  F ig u r e  

5 . 2 ,  a r e  n e g l i g i b l e .w h e n  t h e  s p e c t r o m e te r  i s  s h i f t e d  be tw een  t h e  90° 

and 180° p o s i t i o n s .  The v o l t a g e  and c e n t r e  o f  r o t a t i o n  o f  t h e  

s c i n t i l l a t i o n  s p e c t r o m e te r  s h o u ld  be a d j u s t e d  such  t h a t  t h e  t r a i l i n g  

edge o f  t h e  600 k e v .  p h o to p e a k  as  m easu red  a t  t h e  90°  p o s i t i o n  

c o i n c i d e s  w i t h  i t s  t r a i l i n g  edge as  m ea su red  a t  t h e  180° p o s i t i o n .

The whole gamma spect-rum s h o u ld  be t a k e n  i n  t o  improve t h e  t r i p l e  

c o in c i d e n c e  c o u n t  r a t e  w hich  c a n  be n o r m a l iz e d  w i th  r e s p e c t  t o  t im e ,  

s i n c e  t h e  d e c ay  c o n s t a n t  i s  known. C o r r e c t i o n s  f o r  s c a t t e r i n g  o f  t h e  

511 k ev . a n n i h i l a t i o n  gammas s h o u ld  be m easu red  w h i le  t h e  b e t a  s p e c t r o ­

m e te r  i s  f o c u s s i n g  p o s i t r o n s .

A l t e r n a t i v e l y ,  t h e  r e s o l u t i o n  o f  t h e  s c i n t i l l a t i o n  s p e c t r o ­

m e te r  c o u ld  be d e c r e a s e d  from  i t s  v a lu e  o f  16% t o  10%. The 511 k ev . 

and 600 k e v .  p e a k s  would be c l e a n l y  r e s o l v e d  and th e  gamma s i n g l e  c h a n n e l  

p u l s e  h e i g h t  a n a l y s e r  c o u ld  be s e t  t o  b r a c k e t  t h e  600 k e v .  p e a k .
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A lthough  t h e  c o in c i d e n c e  c o u n t  r a t e  would be r e d u c e d ,  t h e  n e e d  f o r  

c o r r e c t i n g ,  due t o  s c a t t e r i n g  o f  t h e  511 k ev . a n n i h i l a t i o n  gammas 

would be e l i m i n a t e d .  C e n te r in g  o f  t h e  s p e c t r o m e te r  would be s i m p l i f i e d  

and n o r m a l i z a t i o n  o f  t h e  c o in c i d e n c e  r a t e s  c o u ld  be done w i t h  r e s p e c t  

t o  t h e  gamma s i n g l e s .

D i s c a r d in g  t h e  r e s u l t s  a t  W ■ 1 .8  and 2 . 6 ,  t h e  W = 2 . 0 ,

2 .2  and 2 .4  r e s u l t s  i n d i c a t e  t h a t  t h e  a n i s o t r o p y  i s  s m a l l .  T h e re  i s ,  

t h e r e f o r e ,  no s t r o n g  K f o r b i d d e n e s s  o r  j  s e l e c t i o n  r u l e  t o  l i m i t  th e  

c o n t r i b u t i o n  from m a t r i x  e le m e n ts  o t h e r  t h a n  \ B i j .
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