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A b s tra c t

A new, n o n -m agne tic  Time o f  F l ig h t  Mass S p ec tro m e te r  h a s  been 

c o n s t r u c te d .  P re lim in a ry  work w ith  t h i s  in s tru m e n t i n d i c a t e s  t h a t  th e  

t h e o r e t i c a l  mass r e s o lu t io n  fo rm u la , p re v io u s ly  d e r iv e d  by Lum,1964, 

i s  i n  e r r o r .  New mass r e s o lu t io n  fo rm ulae  which a g re e  w ith  e x p e rim e n ta l 

o b s e r v a t io n s ,  a r e  p r e s e n te d .  These fo rm u lae  d i s t i n g u i s h  betw een even 

and  odd n num bers. A r e s o lu t io n  o f  one p a r t  in  s i x  th o u san d  h as  been 

a c h ie v e d  w ith  th e  in s tru m e n t .  A lthough h ig h e r  r e s o lu t io n s  a r e  t h e o r e t i c a l l y  

p o s s ib le ,  th e y  have n o t been re a c h e d  due to  a  s p l i t t i n g  o f  th e  mass peaks 

when la r g e  R .F . v o l ta g e s  a re  a p p l ie d  to  th e  d e f l e c t i n g  p l a t e s .  S e v e ra l 

p o s s ib le  c a u se s  o f  t h i s  s p l i t t i n g  a r e  advanced , b u t no d e t a i l e d '  

i n v e s t i g a t io n  o f  th e  e f f e c t  h as  been done to  d a te .
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CHAPTER I

INTRODUCTION

A . Mass S p ec tro sco p y

T r a d i t i o n a l ly ,  mass m easurem ents have been made ( s e e  Duckw orth, 

1958  ) w ith  l a r g e  m agnetic  d e f l e c t i o n  ty p e  in s t r u m e n ts .  In  such  

in s tru m e n ts ,  io n  beams o f  e i t h e r  c o n s ta n t  en e rg y  o r  c o n s ta n t  v e l o c i ty  

a r e  s e p a ra te d  in t o  d i f f e r e n t  t r a j e c t o r i e s  c o rre sp o n d in g  to  th e  d i f f e r e n t  

m asses p r e s e n t  i n  th e  beam. F or th e  a c c u r a te  com parison  o f  two m asses , 

th e  m agnetic  f i e l d  sh o u ld  be th e  same over b o th  t r a j e c t o r i e s .  S in ce  i t  

i s  d i f f i c u l t  to  p roduce  a  u n ifo rm  m agnetic  f i e l d  o v er a  l a r g e  r e g io n ,  

su ch  com parisons a r e  l im i t e d  to  io n s  whose m asses a r e  a lm o s t e q u a l .

T h is  so  c a l l e d  d o u b le t method may be u sed  to  compare th e  mass o f  a  heavy 

io n  to  th e  ca rbon  s ta n d a rd ,  b u t i t  i s  o f te n  n e c e s s a ry  t o  employ s e v e r a l  

in te rm e d ia te  d o u b le t d e te rm in a t io n s .  H ence, th e  e r r o r  i n  th e  com parison  

w i l l  be th e  sum o f  th e  e r r o r s  in  each  o f  th e  d o u b le t d e te rm in a t io n s .

Thus an in s tru m e n t which would p e rm it th e  d i r e c t  com parison  o f  two 

w id e ly  s e p a ra te d  m asses i s  o f  g r e a t  im p o rta n c e .

Smythe and M attauch i n  1932 were th e  f i r s t  to  u se  a  n o n -m agne tic  

tim e o f  f l i g h t  in s tru m e n t to  d e te rm in e  atom ic m asses . S in ce  t h a t  tim e 

many in s tru m e n ts  o f  t h i s  ty p e  have been  b u i l t ,  b u t a l l  o f  them s u f f e r  

from low r e s o lu t io n ,  w ith  th e  p o s s ib le  e x c e p tio n  o f th e  e l e c t r i c  

qu ad ru p o le  mass s p e c tro m e te r .  These in s tru m e n ts  a re  n o t s u i t e d  fo r  th e  

d i r e c t  d e te rm in a tio n  o f  l a r g e  mass d i f f e r e n c e s  s in c e  a  w ide ra n g e  scan  

m ust be made betw een th e  l i g h t  and heavy m asses . In  1964, Lum re p o r te d  

on a  h ig h  r e s o lu t io n ,  non-m agnetic  Time o f  F l ig h t  Mass S p e c tro m e te r .
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T h is  s p e c tro m e te r ,  w hich p e rm its  th e  d i r e c t  com parison  o f  l i g h t  and heavy 

m asses , i s  e s s e n t i a l l y  a  v e l o c i ty  f i l t e r  f o r  a  m o n o -en e rg e tic  beam o f  

i o n s .  The p re l im in a ry  o p e ra t io n  o f  a  more s o p h is t ic a te d  in s tru m e n t v / i l l  

be  d is c u s s e d  i n  t h i s  t h e s i s ,  and a  more a c c u ra te  th e o ry  f o r  th e  mass 

r é s o lu t io n  w i l l  be worked o u t ,

B, O p e ra tin g  P r in c ip le s

F ig u re  I  i s  a  sch em a tic  d iagram  o f  th e  Time o f F l ig h t  Mass 

S p e c tro m e te r , Io n s  a r e  p roduced  in  a  s u r f a c e  io n i z a t io n  so u rc e  ( Inghram  

and Hayden, 1954 ) and th e n  a c c e le r a te d  tow ards th e  ground s l i t  by th e  

h ig h  v o lta g e  power s u p p ly . Io n s  which a r e  a b le  to  p a ss  th ro u g h  th e  

ground  s l i t  form an io n  beam, r e p re s e n te d  by th e  dashed  l i n e  i n  th e  

d iag ram . T h is  beam, a f t e r  p a s s in g  s u c e s s iv e ly  th ro u g h  th e  f i r s t  

c o l l im a t in g  s ta g e ,  th e  f i r s t  R .F , s ta g e ,  th e  second c o l l im a t in g  s ta g e ,  

th e  second R .F , s ta g e ,  and th e  t h i r d  c o l l im a t in g  s ta g e ,  e n te r s  th e  

d e te c t in g  sy stem  c o n s i s t in g  o f  a  m agnetic  mass a n a ly s e r  and a  p a r t i c l e  

d e t e c to r .  The two R .F . s ta g e s  p roduce s in u s o id a l ly  v a ry in g  e l e c t r i c  

f i e l d s  o f  th e  same freq u en cy  and a m p litu d e , p e rp e n d ic u la r  to  th e  io n  

beam. Only th o s e  io n s  t h a t  p a ss  th e  R .F . s ta g e s  a t  z e ro  f i e l d  can e n te r  

th e  d e te c t in g  sy stem . H ence, any io n  t h a t  i s  d e te c te d ,  m ust have 

t r a v e l l e d  th e  d is ta n c e  betw een th e  two R .F . s ta g e s  in  an i n t e g r a l  number 

o f  h a l f  p e r io d s  o f  th e  a p p l ie d  f re q u e n c y . The c o n d i t io n  f o r  an io n  

re a c h in g  th e  d e te c to r  i s

V = 2 L f/n  I - l

where v i s  th e  v e lo c i ty  o f  th e  io n ,  f  i s  th e  a p p l ie d  fre q u e n c y , n i s  th e  

i n t e g r a l  number o f  h a l f  p e r io d s ,  and L i s  th e  d is ta n c e  betw een th e  two 

RoFr s ta g e s .
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Figure I.'C» Recorder Trace for Slow Voltage Sweeping
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o f  th e  s p e c tro m e te r ,  th u s  making an easy  d e te rm in a tio n  o f  th e  r e s o lu t io n  

a lm o s t a n e c e s s i ty »  S eco n d ly , i t  was found t h a t  th e  saw to o th  g e n e ra to r  ;■ 

and p o s s ib ly  th e  sq u a re  wave g e n e ra to r  were p ic k in g  up some A.C. n o is e  

w ith  th e  r e s u l t  t h a t  th e  peaks d is p la y e d  on th e  o s c i l lo s c o p e  were 

u n s te a d y , jum ping back and f o r t h  o v er a  sm a ll ra n g e .

C. F requency  Sweeping, High Power O s c i l l a to r

The fre q u e n c y  sw eeping  w ith  th e  h ig h  power o s c i l l a t o r  p roved  to  be 

th e  most c o n v e n ie n t f o r  th e  p re l im in a ry  work b ecause  o f  i t s  wi.de range»

F ig u re  X i s  a  r e c o rd in g  o f  a  freq u en cy  sweep o v er a ran g e  g r e a t e r  th a n

one m egacycle c e n tre d  a t  15Mc» A lthough th e  r e s o lu t io n  i s  n o t to o  h ig h  

i n  t h i s  p a r t i c u l a r  r e c o rd in g ,  i t  does show a  good s t a b i l i t y  and th e  wide 

ran g e  o v er which th e  c a b le  system  can  be u se d . I t  sh o u ld  be m entioned  

t h a t  th e  h ig h  power o s c i l l a t o r  was a ls o  u sed  d u rin g  th e  slow  v o lta g e

sweep f o r  th e  r e s u l t s  shown in  f ig u r e  IX .

The p a r t i c u l a r  re c o rd in g  in  f ig u r e  X shows hov; th e  mass peaks fo r  

d i f f e r e n t  m asses o v e r la p  a t  h ig h  n num bers. The sm a ll peak h as  a  low er 

r e p e t i t i o n  freq u en cy  th a n  th e  la rg e  one, th u s  th e  sm a ll peak a p p e a rs  to  

emerge from under th e  la r g e  one on th e  l e f t  hand s id e ,  move betw een two 

la r g e  p e a k s , and th e n  go back under a  la r g e  peak  from th e  r i g h t  hand 

s id e ,  a s  th e  freq u en cy  in c r e a s e s .

D. F requency Sw eeping, Low Power O s c i l l a to r

The low power o s c i l l a t o r  u s in g  th e  r e s o n a n t  c i r c u i t  to  d r iv e  th e  

RoFo p l a t e s ,  h ad , in  c o n t r a s t  to  th e  h ig h  power o s c i l l a t o r ,  a  w orking 

freq u en cy  ran g e  o f  o n ly  a p p ro x im a te ly  lOOKc. However i n  t h i s  ra n g e  th e  

mass peaks a r e  q u i te  good showing a  r e s o lu t io n  o f  one p a r t  in  s i x  th o u san d .
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F ig u re  XI i s  a r e c o r d e r  t r a c i n g  o f  a f re q u e n c y  sweep u s in g  th e  low power 

o s c i l l a t o r  i n  w hich th e  peaks t o  th e  l e f t  a re  o c c u rin g  a t  re so n a n c e  and 

th e  ones t o  th e  r i g h t  a re  o f f  re so n a n c e . I t  i s  im p o ss ib le  to  m easure th e  

v o l ta g e  on th e  R .F . p la t e s  when th e  re s o n a n t  c i r c u i t  i s  em ployed s in c e  

t h i s  would d i s tu r b  th e  re s o n a n c e . The am p litu d e  o f  th e  R .Fy v o l ta g e  i s  

e s t im a te d  to  l i e  in  th e  ra n g e  SO to  lOOv.

I f  th e  R .F . v o l ta g e  i s  in c re a s e d ,  th e  peaks s t a r t  t o  b roaden  and 

s p l i t  as can  be seen  in  f ig u r e  X II. T h is  r e c o r d e r  t r a c i n g  was ta k e n  a t  

th e  same tim e  as t h a t  in  f ig u r e  XI, th e  o n ly  d i f f e r e n c e  betw een th e  two 

b e in g  an in c re a s e  i n  th e  R .F . v o l ta g e  f o r  f i g u r e  X II. T hese e f f e c t s  w ere 

a ls o  o b se rv ed  when th e  h ig h  power o s c i l l a t o r  was em ployed i f  th e  R .F .

v o lta g e  was in c re a s e d  much beyond ^Ov. In  f ig u r e  X II th e  odd peaks f o r

b o th  o f th e  m asses , Rb^^ and Rb^? ,  have s p l i t  and th e  even peaks f o r

b o th  o f  th e  m asses a re  b ro ad en ed .

S. General Results

I t  was m en tioned  in  C hap ter I  t h a t  a low r e s o lu t io n  m ag n e tic  mass 

a n a ly se r  was used  so  t h a t  o n ly  a  sm a ll mass ran g e  co u ld  re a c h  th e  

d e t e c to r .  F ig u re  XT[I i s  a r e c o rd e r  t r a c e  o f  th e  o u tp u t o f  th e  mass 

s p e c tro m e te r  w ith o u t th e  m ag n e tic  mass a n a ly s e r ,  b u t w ith  th e  p a r t i c l e  

d e te c to r  m ounted d i r e c t l y  b eh in d  s l i t  S ^ . S in c e  th e r e  s e v e r a l  mass peaks 

p r e s e n t ,  i t  i s  d i f f i c u l t  to  make any a c c u ra te  m casru en en ts  o f  th e  

r e s o lu t io n  o r  th e  peak s e p a r a t io n s .

The e x p e r im e n ta l v e r i f i c a t i o n  o f  th e  d i f f e r e n t  mass r e s o lu t io n  f o r  

even and odd peaks can  be seen  in  f ig u r e  X I^. Both o f  th e  ru b id iu m  mass
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IVIV

F ig u ra  Xj I .  R ecorder T race  o f  F requency  Sweeping fo r  th e  Low Power
O s c i l l a t o r  showing Peak S p l i t t i n g
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F ig u re  X I I I» R eco rd e r T race  o f  Mass Peak O v erlap p in g

F ig u re  .XIV. R eco rde r T race  Showing th e  D if f e r e n t  Mass R e s o lu tio n  f o r
Even and Odd n Numbers
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85peak s a re  p r e s e n t ,  b u t  due to  i t s  g r e a t e r  i n t e n s i t y ,  th e  Rb peak  shows 

th e  e f f e c t  b e t t e r .  The even n number peak s have been marked w ith  an E 

and th e  odd peaks w ith  an 0 .  The w id th s  o f  th e  even and odd peak s a r e  i n  

th e  r a t i o  o f  a p p ro x im a te ly  th r e e  to  two* T his i s  in  ag reem en t w ith  th e  

th e o ry  d ev eloped  to  e x p la in  t h i s  e f f e c t .

F ig u re  XV shows a  slow  v o lta g e  sweep and a  freq u en cy  sweep u s in g  

th e  h ig h  power o s c i l l a t o r .  These two sweeps were tak en  one a f t e r  th e  

o th e r  so  t h a t  th e  c o n d i t io n s  a re  th e  same fo r  b o th  sw eeps. The v o l ta g e  

sweep g iv e s  a  r e s o lu t io n  o f  one p a r t  i n  tw en ty  two h u n d red , w h ile  th e  

freq u en cy  sweep g iv e s  a  r e s o lu t io n  o f  one p a r t  i n  tw en ty  fo u r  h u n d red . 

S in c e  th e  r e s o lu t io n s  a re  a p p ro x im a te ly  th e  sam e, i t  i n d i c a t e s  t h a t  th e  

fre q u e n c y , i n  th e  v o lta g e  sw eep, i s  a s  s t a b l e  a s  th e  v o l ta g e ,  in  th e  

freq u en cy  sw eep.
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CHAPTER V .

DISCUSSION AHÜ CONCLUSION

The new Time o f  F l ig h t  Mass S p e c tro m e te r  shows s i g n i f i c a n t  

im provem ent o v er th e  one used  by  Lum, i n  s t a b i l i t y ,  r e l i a b i l i t y ,  and 

e a se  o f  o p e ra t io n .  However, w ith  th e  p r e s e n t  in s tru m e n t a r e s o lu t io n  

o f  a t  l e a s t  one p a r t  i n  tw en ty  th o u san d  sh o u ld  be p o s s ib le ,  s in c e  th e  

v o l ta g e s  t h a t  have b een  a p p lie d  t o  th e  d e f l e c t i n g  p la te s  a re  o n ly  a 

sm a ll f r a c t i o n  o f  th o s e  t h a t  c a n  be s u p p lie d  by th e  o s c i l a t o r s .  As 

was seen  i n  IV ,F i f  an  R .F . v o l ta g e  g r e a te r  th a n  abou t ^Ov, was a p p l ie d  

to  th e  d e f l e c t i n g  p l a t e s ,  th e  odd mass peaks s t a r t e d  to  s p l i t  w h ile  th e  

even mass peaks b ro ad en ed . These e f f e c t s  a re  n o t f u l l y  u n d e rs to o d  a t  

p re s e n t  and o n ly  p o s s ib le  cau ses  f o r  them  w i l l  be advanced in  t h i s  

d is c u s s io n .

I t  i s  th o u g h t t h a t  th e  b ro a d e n in g  o f  th e  even mass peaks n ay  be due 

to  a component o f  th e  R.F. electric field i n  th e  direction o f th e  ion 

beam. I f  t h i s  i s  th e  c a s e , th e n  as th e  io n  beam p asse s  th ro u g h  an R .F . 

s ta g e  p a r t  o f  i t  w i l l  r e c e iv e  an a c c e le r a t io n  in  th e  d i r e c t i o n  o f  th e  

beam w h ile  th e  o th e r  p a r t  w i l l  r e c e iv e  a d e c e le r a t io n .  The n e t  e f f e c t  

w i l l  be cu m u la tiv e  f o r  th e  even  mass peaks and c a n c e l f o r  th e  odd mass 

p eek s . Thus th e  even mass peaks w i l l  te n d  to  become b ro a d e r  th a n  i s  

p r e d ic te d  by th e o ry  w h ile  th e  odd macs peaks w i l l  c o n tin u e  to  in c re a s e  

in  r é s o lu t io n  a s . t h e  R .F . v o lta g e  i s  in c re a s e d .

I f  th e r e  i s  a harm onic d i s t o r t i o n  o f  th e  R .F. s ig n a l ,  th e n  in s te a d  

o f  h av in g  h a l f  p e r io d s  t h a t  a re  a l l  e q u a l t o  each o th e r ,  i t  i s  p o s s ib le  

to  hr. a two d i f f e r e n t  h a l f  p e r io d s  each  c y c le .  T h is  d i s t o r t i o n  w i l l
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n o t a f f e c t  th e  even mass p e a k s , s in c e  an even number o f  c o n s e c u t iv e  h a l f  

p e r io d s  w i l l  alw ays y i e l d  th e  same tim in g  i n t e r v a l  no m a tte r  w here th e y  

a re  ta k e n .  However, an  odd number o f  h a l f  p e r io d s  can  y ie ld  two d i f f e r e n t  

t im in g  I n t e r v a l s  depend ing  on w here th e  i n i t i a l  h a l f  p e r io d  i s  ta k e n . 

T h u s , th is  ty p e  o f  d i s t o r t i o n  w i l l  cau se  th e  odd mass peaks t o  s p l i t  i f  

th e  d i f f e r e n c e  betw een th e  two tim in g  i n t e r v a l s  i s  s u f f i c i e n t l y  la r g e ,  

w h ile  th e  even mass peaks w i l l  n o t be a f f e c te d .

A lthough a h ig h  r e s o lu t io n  has  n o t b een  ach iev ed  in  th e  p re l im in a ry  

work due to  the peak s p l i t t i n g  and b ro a d e n in g , i t  i s  felt t h a t  th e  

in s tru m e n t i s  c a p a b le  o f  a much h ig h e r  r e s o lu t io n  once th e  e x a c t cau se  

o f  th e s e  e f f e c t s  has been found  and c o r r e c te d .
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