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ABSTRACT 

Them etical analyses a r e  made of cylindrical, planar, and 

spherical time-of-flight mass  spectrometers with two accelerating 

regions. The results  of these analyses a r e  compared and indicate 

that for the flight paths considered, the space focusing of the 

spherical device i s  superior to that of the other two geometries 

and the space focusing of the cylindrical geometry is  superior to 

that of the planar geometry. 

The results of an experimental investigation of a small 

cylindrical wedge time-of -flight mass spectrometer a r e  presented. 

These results suggest that this instrument i s  suitable for making 

measurements at  least  down to the middle of the D-region of the 

ionosphere. The primary reasons for this suitability a r e  high 

sensitivity and the ability to function at  the high ambient pressures 

encountered in the D-region. 

The mechanical and electronic design of an experiment 

package suitable for flight on a small sounding rocket i s  described. 

The mechanical design i s  presented within the requirements imposed 

by the small rocket. The electronic design i s  presented in block 

function form, Suggestions for future experiment packages a r e  also 

given. 



I. INTRODUCTION 

General 

The ionosphere has provided t h e  impetus f o r  a l a r g e  amount 

of i n t e r a c t i o n  among phys i ca l  s c i e n t i s t s ,  engineers  and mathematicians.  

Crudely, i t  can be  def ined  as t h a t  p a r t  of t h e  e a r t h ' s  i on ized  

atmosphere which i s  loca t ed  approximately between 50 and 1000 k i lo -  

meters  i n  a l t i t u d e .  At l e a s t  two th ings  have s t imu la t ed  t h i s  

i n t e r a c t i o n  between such a broad spectrum of i n v e s t i g a t o r s .  The f i r s t  

has been t h e  myriad of p h y s i c a l  processes  which c o n s t i t u t e  t h e  

"weather" i n  t h i s  r eg ion  wi th  i t s  in f luence  on communications. The 

second has been t h e  f a c t  t h a t  t h i s  "weather" i n  t he  ionosphere i s  

most d i r e c t l y  inf luenced  by t h e  sun  and thus  provides informat ion  

about t h e  sun. 

Since Chapman (1931) developed t h e  f i r s t  good q u a n t i t a t i v e  

d e s c r i p t i o n  of an  ionospher ic  l a y e r ,  people have endeavored t o  

c o n s t r u c t  models which inco rpora t e  t h e s e  l a y e r s .  Actua l ly ,  t h e  

word "layer"  is  s l i g h t l y  misleading i n  t h a t  -- i n  s i t u  experiments do 

no t  show w e l l  de f ined  l a y e r s  b u t  reg ions  of l a r g e  g rad ien t s  i n  

e l e c t r o n  concent ra t ions .  The p r e s e n t  c l a s s i f i c a t i o n  of reg ions  i n  

t h e  ionosphere is:  the  D-region which is between 60 k i lometers  and 

90 k i lometers ;  t h e  E-region which i s  between 90 k i lometers  t o  

140 k i lometers ;  t h e  F r eg ion  which is  between 140 k i lometers  and 
1 

200 k i lometers ;  and f i n a l l y  t h e  F r eg ion  which l i e s  between 
2 

200 k i lometers  and 300 k i lometers .  Above 300 k i lometers  is  gene ra l ly  

known as t h e  ' tops ide .  ' 



I n  o rde r  t o  c o n s t r u c t  a  model, one needs s e v e r a l  i npu t s :  

p r imar i ly ,  t h e  temperature of t h e  n e u t r a l  and i o n i c  gases  and of t h e  

e l e c t r o n s ,  t h e  p re s su re ,  t h e  chemical composition and k i n e t i c  rates 

of both n e u t r a l s  and i o n s ,  t h e  wavelengths and i n t e n s i t i e s  of s o l a r  

r a d i a t i o n .  I t  is  t h e  purpose of t h i s  work t o  d i s c u s s  a  means of 

determining one of t h e s e  i n p u t s ;  namely, t h e  composition of t h e  

ion ized  gases  and t h e i r  r e l a t i v e  concent ra t ions .  The means t h a t  w i l l  

be  considered is  mass spectrometry.  

Mass Spectrometry i n  t h e  Upper Atmosphere 

The a p p l i c a t i o n  of mass spec t rome t r i c  techniques t o  t h e  

upper atmosphere is  n o t  new. The p ioneer ing  work i n  t h i s  a r e a  w a s  

conducted a t  t he  Naval Research Laboratory by C.Y. Johnson and 

E.B.  Meadows (1955),  C.Y. Johnson and J .P .  Heppner (1955),  and J . W .  

Townsend (1952). The o r i g i n a l  f l i g h t s  surveyed t h e  D ,  E ,  and lower 

F reg ions .  The r e s u l t s  of most of t h e s e  f l i g h t s  a r e  i n  doubt b u t  

t he  f e a s i b i l i t y  of mass spectrometry i n  t he  ionosphere w a s  

e s t ab l i shed .  The ins t rument  t h a t  w a s  employed w a s  a Bennet t  

RF spectrometer  w i th  a  r e so lv ing  power of about 25. 

A h o s t  of o t h e r  experimenters  have en te red  t h e  f i e l d .  Some 

of t h e  more prominent people have been: Boyd (1955, 1959, 1960),  

Sayers (1959),  Nier and Hedin (1967),  Hoffman (1967, 1969),  

Is tomin (1961, 1963) , Holmes (1959) , Pokhunkov (1960, 1963) , 

Schaef fer  (1964),  and von Zahn (1967).  These people have p r imar i ly  

concent ra ted  t h e i r  work t o  t he  E and F reg ions .  These reg ions  are 

a reas  of low p res su re  and a r e  i d e a l l y  s u i t e d  f o r  measurements by 



m a s s  spec t rometers .  However, t h e  D-region is a r e l a t i v e l y  h igh  

p re s su re  reg ion  where t h e  l o c a l  mean f r e e  pa ths  a r e  comparable o r  

sma l l e r  than t h e  dimensions of most mass spec t rometers .  The only 

experimenter who has  been making measurements i n  t h i s  r eg ion  f o r  a 

prolonged per iod  of time i s  R.S. N a r c i s i  (1965, 1966, 1967),  Other 

s c i e n t i s t s  who have en te red  i n t o  t h i s  work j u s t  r e c e n t l y  have been 

R. Goldberg and S. Bauer (1968) , J . Zahringer  (1969),  and T.M. 

Donahue (1968). The type of mass spectrometer  t h a t  has  been used by 

a l l  t h e s e  i n v e s t i g a t o r s  has  been t h e  quadrupole which was f i r s t  

cons t ruc ted  by W .  Pau l  and M. Raether  (1955). To circumvent t he  

problems a s s o c i a t e d  wi th  t h e  h igh  p re s su re ,  t h e s e  i n v e s t i g a t o r s  have 

used cryopumps and i o n  pumps which main ta in  t h e  p re s su re  i n  t h e  

spectrometer  reg ion  w e l l  below t h a t  of t h e  ambient. Ions  o r  n e u t r a l  

gases  have been in t roduced  i n t o  t h e  spectrometer  reg ion  through an 

o r i f i c e  which is t y p i c a l l y  f o u r  thousandths of an  inch  i n  diameter .  

The bu lk  of t h e s e  D-region measurements have been p o s i t i v e  i o n  

measurements. R.S. N a r c i s i ,  however, has  flown s e v e r a l  nega t ive  

i o n  mass spec t rometers  (1968, 1969).  

Time-of-Flight Mass Spectrometry 

The ins t ruments  considered i n  t h i s  p r e s e n t a t i o n  a r e  n o t  of 

a quadrupole des ign  b u t  of a t ime-of-f l ight  design.  The time-of- 

f l i g h t  p r i n c i p l e  w a s  developed independent ly by Stephens (1946) 

and Cameron and Eggers (1948). Seve ra l  people such as K e l l e r  (1949),  

Takekoshi -- et  a1 (1951),  Glenn (1951, 1952),  Wolf and Stephens (19531, 

and Katzens te in  and Fr ied land  (1955) p a r t i c i p a t e d  i n  t he  i n v e s t i -  

g a t i o n  of t h i s  technique.  



Time-of-flight spec t rometers  can be  c l a s s i f i e d  a s  e i t h e r  

I I c ons t an t  energy" o r  "constant  momentum" devices .  I n  a "cons tan t  

energy" device ,  i o n s  of d i f f e r e n t  masses and t h e  same charge are 

given e s s e n t i a l l y  t h e  same energy. The l i g h t e r  mass ions  w i l l  a r r i v e  

at a d e t e c t o r  sooner  than  t h e  heav ie r  m a s s  i ons .  In  the  "constant  

momentum" device ,  i ons  a r e  given uniform momentum and aga in  t h e  

l i g h t e r  i ons  w i l l  b e  de t ec t ed  be fo re  t h e  heav ie r  i on .  I n  both cases ,  

a r e l a t i o n s h i p  between t h e  ioniclmass and t h e  time i t  takes  t o  t r a v e l  

a given d i s t a n c e  can b e  determined. I n  1955 Wiley and McLaren 

introduced a "constant  energy" ins t rument  w i t h  a r e so lv ing  power of 

more than double t h a t  of t h e  ins t ruments  developed t o  t h a t  time. 

[ I t s  s u p e r i o r  performance was due t o  i ts i o n  sou rce  design which had 

a double a c c e l e r a t i n g  r eg ion . ]  This  ins t rument ,  as w e l l  a s  t h e  o t h e r  

instruments  re ferenced ,  incorpora ted  p l ana r  g r i d  assemblied. 

MacKenzie (1964) designed a t ime-of-f l ight  ins t rument  of a 

c y l i n d r i c a l  geometry f o r  u se  i n  making measurements i n  t h e  E-region 

of t he  ionosphere.  This  ins t rument  had a f l i g h t  pa th  of approxi- 

mately 12  cm. It  d i d  n o t  i nco rpora t e  t h e  f e a t u r e s  of t he  Wiley and 

McLaren ins t rument  and was a low re so lv ing  power dev ice ,  t y p i c a l l y  

3 a s  def ined  as width a t  ha l f -he ight  and under t h e  c o n s t r a i n t s  of 

t he  i o n  sou rce  used i n  t h e  l abo ra to ry .  This  ins t rument  w a s  success-  

f u l l y  flown and i t  had s u f f i c i e n t  r e so lv ing  power t o  i n d i c a t e  t h e  

f presence of NO' and O2 . 



I n  1967, Diem (1967) r epo r t ed  pre l iminary  r e s u l t s  ob ta ined  

wi th  a t ime-of-f l ight  mass spec t rometer  i nco rpora t ing  a double 

a c c e l e r a t i n g  r eg ion  similar t o  t h a t  Wiley and McLaren (1955) and 

c y l i n d r i c a l  geometry s i m i l a r  t o  t h a t  of MacKenzie (1964). This  

au thor  p a r t i c i p a t e d  i n  t h i s  pre l iminary  work and extended i t  wi th  

a p r e s e n t a t i o n  by Zab ie l sk i ,  Diem, and Kendall  (1968). 

Statement  of Problem 

The p r i n c i p a l  ob jec t ives  of t h i s  work are th ree fo ld .  The 

f i r s t  i s  a t h e o r e t i c a l  i n v e s t i g a t i o n  and comparison of t ime-of-f l ight  

mass spec t rometers  of c y l i n d r i c a l ,  p l a n a r ,  and s p h e r i c a l  geometr ies .  

The second is  t h e  experimental  s tudy  of a c y l i n d r i c a l  wedge time-of- 

f l i g h t  mass spectrometer  and of its s u i t a b i l i t y  f o r  making measure- 

ments i n  t h e  D-region. F i n a l l y ,  t h e  t h i r d  is  t h e  development of a n  

experiment package based on t h e  wedge spectrometer  f o r  a f l i g h t  on 

a small sounding rocke t .  



11. THEORY 

C y l i n d r i c a l  Two F i e l d  Spectrometer 

Figure 1 shows a cross-sec t ion  of  a c y l i n d r i c a l  spec t ro-  

meter c o n s i s t i n g  of t h r e e  c y l i n d r i c a l  g r i d s  and an  a x i a l  cy l in-  

d r i c a l  c o l l e c t o r .  We s h a l l  assume t h a t  p o s i t i v e  ions  e n t e r  o r  

a r e  formed i n  reg ion  1. The outermost g r i d  i s  p e r i o d i c a l l y  

pulsed upward i n  p o t e n t i a l  from i ts normal p o t e n t i a l  V t o  a  
2 

p o t e n t i a l  V + P ( t )  , thus producing an inwards r a d i a l  a c c e l e r a t i o n  2 

of a l l  i ons  i n  reg ion  1. The pu l se  P ( t )  is maintained u n t i l  a l l  

ions  have moved out  of reg ion  1, The ions  s t a r t i n g  from l a r g e r  

r a d i i  a c q u i r e  more energy than  those  o r i g i n a t i n g  from sma l l e r  

r a d i i .  The ions  a r e  f u r t h e r  acce l e ra t ed  by t h e  p o t e n t i a l  d i f f e r e n c e  

e x i s t i n g  between g r i d s  two and t h r e e  and e n t e r  reg ion  3 which i s  a 

f i e l d  f r e e  area. I n  t h i s  t h i r d  reg ion  t h e  ions  d r i f t  a t  cons tan t  

v e l o c i t y  u n t i l  they reach t h e  c o l l e c t o r  which has  a r ad ius  r . 
C 

We now proceed t o  determine the  r e l a t i o n s h i p  between mass 

and t i m e  as a func t ion  of t h e  s t a r t i n g  r a d i i  of t h e  i o n s ,  of t h e  

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

a t  the  e l e c t r o d e s ,  and of t h e  i o n i c  i n i t i a l  ene rg i e s .  Since 

regions 1 and 2 a r e  geometr ica l ly  and e l e c t r i c a l l y  s i m i l a r ,  we s h a l l  

de r ive  a s e t  of gene ra l i zed  equat ions  which desc r ibe  t h e  f i e l d  

and t h e  i o n i c  motion i n  a c y l i n d r i c a l l y  symmetric s l a b .  We s h a l l  

assume t h a t  t h e  charge dens i ty  i n  t h i s  s l a b  is  n e g l i g i b l e  s o  t h a t  

Laplace 's  equat ion  holds .  We s h a l l  a l s o  assume t h a t  t h e  end 



FIGURE I. CROSS SECTION OF CYLINDRICAL TIME - OF- 
FLIGHT MASS SPECTROMETER WITH TWO 
ACCELERATING REGIONS 



e f f e c t s  of t h e  cy l inde r  are small and can b e  neglec ted ;  thus ,  we 

w r i t e  only t h e  r a d i a l  term o f  Laplace 's  equat ion  

The f i r s t  i n t e g r a t i o n  y i e l d s  

The second i n t e g r a t i o n  y i e l d s  

V ( r )  = C1 Rnr + C2 , 

Now, i n  a gene ra l i zed  scheme l e t  ri2 r and Vi > V t h e  
3 j ' 

p o t e n t i a l s  on t h e  e l e c t r o d e s  a t  ri and r. r e spec t ive ly .  To s o l v e  
J 

f o r  t h e  cons t an t s  C and C w e  apply t h e  boundary cond i t i ons ,  
1 2 

thus 

'i 
= C1 Rnr. + C2 

1 



Subtract ing equation (6) from equation (5) ,  w e  ge t  

Vi - V = C1 (Rn ri - Rn r j ) ,  
j 

therefore  

To so lve  f o r  C2,  w e  place the  value of C i n t o  equation (5) 
1 

which y i e l d s  

Thus, we have the  p o t e n t i a l  V(r) 



which is the  p o t e n t i a l  d i s t r i b u t i o n  between r and r . 
i j 

Next w e  move on t o  t h e  equation of motion f o r  an ion  present  

i n  such a c y l i n d r i c a l  s l a b  which is simply 

where m is  the  mass of the  p a r t i c l e ,  q i s  i ts  charge, and E(r) is  

the  f i e l d .  E(r)  i s  determined by the  negative of the  gradient  of 

V(r) which is  given by equation ( l l ) ,  thus 

where $ i s  a u n i t  vector  i n  the  outward r a d i a l  d i rec t ion .  Con- r 

sequently, we have the  second order  ordinary d i f f e r e n t i a l  equation 



For manipulat ive purposes,  l e t  Kij = (Vi - V.)/!Zn ( r  then  
J 1 J  

d t "  m r 

Rewrit ing and mul t ip ly ing  by d r  y i e l d s  

which upon i n t e g r a t i o n  is  

Next we employ t h e  i n i t i a l  condi t ions  which are t h a t  a t  t = 0,  

r = rk where t h e  s u b s c r i p t  k denotes  t h e  s t a r t i n g  r a d i u s ,  and 

( d r / d t )  = f v where v  i s  t h e  i n i t i a l  v e l o c i t y  f o r  which we allow 
- 0 0 

t h e  p o s s i b i l i t y  of be ing  d i r e c t e d  both  inwardly o r  outwardly, 

t h e r e f  o r e  



which makes equat ion  (18) 

I n  o r d e r  t o  perform t h e  second i n t e g r a t i o n ,  we t ake  t h e  square  

r o o t  , thus  

Rewriting g ives  

-X 
Let  x = Rn(rk / r ) , then  d r  = - r e dx, which upon s u b s t i t u t i o n  i n t o  

k 

equat ion  (22) y i e l d s  



L e t  y = 
2 

x + v , then dy = 
0 

rqmKii ) dx , which upon 

s u b s t i t u t i o n  i n t o  equation (23) y i e l d s  

Rewriting gives 

Next, l e t  z = my/2q Kij , then using dy = 2q Kij dzlm, y i e l d s  

2 2 r  k e2qKij 2 
*If z = p is  chosen, d t  = 1 

112 
e" dp which is t h e  form 

(2qK,, Im) 
&J 

of an e r r o r  function.  



-2 
Expanding e i n  a Maclaurin s e r i e s  produces 

s o  t h a t  

I n t e g r a t i n g  term by term y i e l d s  



Transforming back i n t o  r-space, one ob ta ins  

Applying t h e  i n i t i a l  condi t ions  t = 0, r = rk and choosing t h e  

app ropr i a t e  s i g n s  necessary t o  have a p o s i t i v e  va lue  f o r  t h e  time 

y i e l d s  



I n  o r d e r  t o  account f o r  t h e  ca se  where t h e  i o n  has  an  outward r a d i a l  

v e l o c i t y ,  t h e  t u r n  around time must b e  incauded. By employing 

equat ion  ( l l ) ,  t h e  r ad ius  a t  which t h e  i o n  is  stopped i s  

where Vk i s  t h e  p o t e n t i a l  a t  t h e  s t a r t i n g  p o s i t i o n  of t h e  ion .  

Thus, f o r  an  i o n  w i t h  an  i n i t i a l  v e l o c i t y  t h a t  i s  d i r e c t e d  i n  t h e  

p o s i t i v e  r a d i a l  d i r e c t i o n ,  t h e  f l i g h t  t ime i s  



The second t e r m  i n  equa t ion  (33) is preceded by a minus s i g n  because 

+ r > rk. Also a f a c t o r  of 2 m u l t i p l i e s  t h i s  term because t h e  t u r n  

around t i m e  is t w i c e  t he  s topp ing  time. The t i m e  spen t  i n  a g iven  

r eg ion  te rmina t ing  a t  r can  then  b e  w r i t t e n  
j 



where t h e  s u p e r s c r i p t s  P and - N r e f e r  t o  i n i t i a l  p o s i t i v e  and 

negat ive  r a d i a l  v e l o c i t i e s  r e s p e c t i v e l y  and t h e  s u b s c r i p t  - i r e f e r s  

t o  t h e  reg ion  under cons ide ra t ion .  

We a r e  now i n  a p o s i t i o n  t o  w r i t e  t h e  t i m e  spen t  i n  reg ions  

1 and 2 by employing equat ion  (34) .  For reg ion  1, r = r 
i I' 

= r where r > r > r r j 2 r 2 , r k  1 s 2 ,  K~~ = K~~ = (v1-V2) /kn(r l / r2)  

and v = v which is  t h e  v e l o c i t y  c h a r a c t e r i s t i c  of t h e  source  
0 s 

producing t h e  ions  and/or  of t h e  method of i n t roduc ing  t h e  ions  

i n t o  t h i s  reg ion .  Hence, we may w r i t e  



- v - V3) 
For region 2 ,  r = r2, r = r rk = r2, K = K23 - 

i j 3' i j 

But, before  w e  proceed t o  apply equation (34a,b), w e  must determine 

vO f o r  t h i s  region. We know t h a t  t h e  energy of the  ion  as i t  en te r s  

t h i s  region i s  

I n  order t o  determine V which i s  t h e  p o t e n t i a l  a t  r , w e  use 
S S 

equation (11) which gives 

Rewriting equation ( 3 6 )  f o r  v y i e l d s  
0 

which with the  s u b s t i t u t i o n  of equation (37) becomes 



where B i s  used t o  denote t he  f a c t  t h a t  t h e  second reg ion  i s  be ing  

considered.  I n  t h e  d e r i v a t i o n  of equat ion  (34) ,  it w a s  u s e f u l  t o  

al low r a d i a l l y  inward and outward i n i t i a l  v e l o c i t i e s .  However, i n  

reg ion  2,  i ons  can only have a n  inward v e l o c i t y ,  s o  only equat ion  

(34b) need be  considered.  Thus, t h e  t i m e  spen t  i n  r eg ion  2 is 

We have now surmounted t h e  major o b s t a c l e s  i n  computing t h e  

t o t a l  rime of f l i g h t  s f  an  i o n ,  The t h i r d  reg ion  i s  f i e l d  f r e e ,  

s o  t h e  i o n s  simply c o a s t ;  thus ,  t h e  t ime spen t  i n  t h i s  reg ion  i s  

merely t h e  r a d i a l  d i s t a n c e  of t h e  r eg ion  d iv ided  by the  v e l o c i t y  

of t h e  i o n  at  i t s  en t r ance  i n t o  t h e  region.  This  y i e l d s  



where V has already been defined by equation (37). For reasons 
s 

which w i l l  become obvious s h o r t l y ,  equation (41) i s  rewr i t t en  

The t o t a l  t i m e  of f l i g h t  f o r  an i o n  s t a r t i n g  at a radius  r with 
s 

an i n i t i a l  ve loc i ty  v is t h e  sum of equations (35), (40) and (42) 
S 

which is  





where m1I2 has been factored out of the denominator of each term. 



Recal l  t h a t  the  primary purpose of t h i s  der ivat ion w a s  t o  

e s t a b l i s h  the  re la t ionsh ip  between time and mass, but  a s  is  e a s i l y  

seen, the  mass f a c t o r  i s  apparently l i b e r a l l y  d i s t r i b u t e d  among 

the  terms of equation (43a,b), s o  l e t  us s c r u t i n i z e  these  terms. 

Let us consider those terms which have the  genera l  form mv 2/2q K i j o  0  

Upon inspect ion,  i t  is  obvious t h a t  t h i s  is t h e  i n i t i a l  k i n e t i c  

energy of t h e  ion  (mv 2/2) divided by a term which i s  only dependent 
0 

on e lec t rode  po ten t i a l s  and r a d i i .  I n  region 1, t h i s  i n i t i a l  

k i n e t i c  energy depends on t h e  method of production of the  ion  and/or 

2 i t s  in t roduct ion i n t o  t h i s  region, so  i n  essence mvo /2 can be 

w r i t t e n  U and thus independent of mass a s  f a r  a s  t h e  ca lcu la t ion  
0 

is concerned. I n  region 2, t h i s  i n i t i a l  k i n e t i c  energy depends 

on the  energy of c rea t ion  and/or in t roduct ion plus  t h e  energy 

acquired from the  f i e l d  i n  region 1, s o  t h a t  t h e  i n i t i a l  energy 

a t  t h e  entrance of region 2 can be  w r i t t e n  U + U f l  where U 
f  1 

is  the  energy acquired from the  f i e l d  i n  region 1. Similarly,  t h e  

sum term i n  t h e  denominator of time equation f o r  region 3 is  

independent of mass s i n c e  i t  i s  simply the sum of the  energies 

Uo + U f l  + U f 2  where U i s  t h e  energy acquired from the  f i e l d  of f 2  

region 2.  As a consequence of t h i s  ana lys i s ,  we a r e  l e f t  with 

only a root  m dependence; thus it i s  t h a t  equation (43) has t h e  

general  form 



Thus, we have e s t a b l i s h e d  t h e  r e l a t i o n  between t h e  mass and t h e  

f l i g h t  t ime of a n  i o n  and i t  conforms t o  t h a t  which w a s  i n t u i t i v e l y  

expected. 

P l ana r  Two F i e l d  Spectrometer 

Before we proceed t o  i n v e s t i g a t e  equat ion  (43) ,  l e t  u s  

develop t h e  equat ions  of motion f o r  a two f i e l d  m a s s  spec t rometer  

wi th  p l ana r  e l e c t r o d e s .  Th i s ,  as has a l r eady  been s t a t e d ,  was 

developed by Wiley and McLaren (1955) and what s h a l l  b e  presented  

he re  has  been adapted from t h e i r  p r e s e n t a t i o n .  F igure  2 i s  a s i d e  

view of  t h e  spec t rometer .  W e  s h a l l  assume a g a i n  t h a t  p o s i t i v e  ions  

a r e  formed i n  o r  in t roduced  i n t o  reg ion  1. The p o t e n t i a l  V1 i s  

equal  t o  V f P ( t )  where P ( t )  is  a p e r i o d i c  square  pulse .  The 
2 

d u r a t i o n  of P ( t )  i s  such t h a t  a l l  ions  i n  r eg ion  1 are acce l e ra t ed  

i n t o  reg ion  2. The i o n  which t r a v e l s  t h e  g r e a t e r  d i s t a n c e  i n  

reg ion  1 w i l l  a c q u i r e  t h e  g r e a t e r  energy. The ions  a r e  f u r t h e r  

a c c e l e r a t e d  i n  r eg ion  2,  which has a cons t an t  e l e c t r i c  f i e l d ,  and 

e n t e r  reg ion  3 where they d r i f t  a t  cons tan t  v e l o c i t y  -- r e g i o n  3 

be ing  f i e l d  f r e e  -- u n t i l  they  reach  t h e  c o l l e c t o r .  

A gene ra l i zed  n o t a t i o n  w i l l  be  employed aga in .  Because of 

t h e  p l ana r  s t r u c t u r e ,  a uniform e l e c t r i c  f i e l d  e x i s t s  between t h e  

e l e c t r o d e s  i n  reg ions  1 and 2 whose magnitude i s  given by equat ion  

(45) 
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where s is  t h e  i n t e r e l e c t r o d e  d i s t ance .  The equat ion  of motion 
i 

where t h e  o r i g i n  of  t h e  ith coordina te  system i s  loca t ed  a t  t h e  

jth g r i d  and thus  a l l  s t a r t i n g  p o s i t i o n s  a r e  nega t ive  i n  t h i s  

system and t h e  f i e l d ' s  d i r e c t i o n s  a r e  p o s i t i v e .  We can immediately 

i n t e g r a t e  equat ion  ( 4 8 )  twice y i e l d i n g  

Applying t h e  i n i t i a l  condi t ions ,  i . e . ,  at  t = 0,  xi = -x and s 
- 

dxi/dt = - f vO,  r e s u l t s  i n  C = + vo and C6 = -xs. S u b s t i t u t i n g  
5 

t h e s e  q u a n t i t i e s  i n t o  equat ion  ( 4 7 )  and r e w r i t i n g ,  we g e t  

To s o l v e  f o r  t h e  t ime s p e n t  i n  t h e  r eg ion  by t h e  i o n ,  we simply 

l e t  xi = 0, t hen  



which upon s o l v i n g  f o r  Ti y i e l d s  

I f  w e  f a c t o r  ou t  (2m)1/2/q~i, then  equa t ion  (50) becomes 

We a r e  now i n  a p o s i t i o n  t o  w r i t e  t h e  t imes spen t  i n  reg ions  1 

and 2. I n  reg ion  1, x = so, Ei = El = (V1-v2) /sl, vO = vS s 

which is  t h e  v e l o c i t y  c h a r a c t e r i s t i c  of  t he  sou rce  producing 

t h e  ions  and/or  t h e  method of i n t r o d u c t i o n  of t h e  ions  i n t o  t h i s  

reg ion ,  t hus ,  



For r eg ion  2, x = s E = E2 = ( V - V ) / s 2  a n d v  
2  

s 2' i 2 3 0 

L = v +(2q/m) (Vs-v2) where V = (V -V ) s  /s + V I f  we 
s S 1 2 0 1  2' 

p l ace  V i n t o  t h e  v e l o c i t y  equat ion ,  then, f o r  r eg ion  2,v 
L 

s 0 

L = v + (fqs0/m) ((v1-v2)/s1) = y . S u b s t i t u t i n g  t h e s e  q u a n t i t i e s  
S 

i n t o  equat ion  (51) y i e l d s  

2  112 2  112 
T = 

2 q(v2-v,, + c) - (EL) ] 
9 (V2-v3) "m'112s2 [I 2 (53) 

where, as we had done i n  t h e  c y l i n d r i c a l  case ,  t h e  p lus  term i n  

f r o n t  of (my2/2)lI2 has  been dropped because i n  r eg ion  2  t h e  ions  

have a v e l o c i t y  component only i n  t h e  d i r e c t i o n  of t h e  c o l l e c t o r .  

I n  reg ion  3, t h e  ions  simply d r i f t ,  s o  t h e  time s p e n t  i n  

t h i s  r e g i o n  is  t h e  d i s t a n c e  between g r i d  3  and t h e  c o l l e c t o r  

d iv ided  by t h e  v e l o c i t i e s  which they have upon e n t r y  i n t o  t h e  

reg ion .  The i n i t i a l  v e l o c i t y  f o r  r eg ion  3 i s  given by 

vo = [V + (2q/m) (V -V3) 1 where V has  been def ined  above, thus 
S S s 



Consequently, the  t o t a l  t i m e  of f l i g h t  f o r  an  i o n  s t a r t i n g  a t  s 
0 

i s  t h e  sum of equations (52), ( 5 3 )  and (54 )  which i s  



Again, t h e  r e l a t i o n s h i p  between t and m i s  quadra t i c ,  which i s  

t h e  a n t i c i p a t e d  r e s u l t  i f  we look upon t h i s  spectrometer  as a 

11 cons t an t  energy" devi  ce  , 

Spher i ca l  Two F i e l d  Spectrometer 

One of t h e  reasons t h a t  prompted t h e  i n v e s t i g a t i o n  o f  t h e  

c y l i n d r i c a l  two f i e l d  spec t rometer  w a s  i t s  non l inea r  f i e l d s .  How 

t h e s e  f i e l d s  i n f luenced  f l i g h t  t imes and r e so lv ing  power w a s  unknown 

and seemed i n t e r e s t i n g .  It i s  f o r  t h i s  same reason t h a t  w e  s h a l l  

now propose and t h e o r e t i c a l l y  cons ider  a two f i e l d  spectrometer  of 

s p h e r i c a l  geometry. 

Figure 3 i s  a cross  s e c t i o n  of a s p h e r i c a l  spec t rometer  

c o n s i s t i n g  of t h r e e  s p h e r i c a l  g r i d s  and a s p h e r i c a l  c o l l e c t i n g  

p l a t e .  We aga in  s h a l l  assume t h a t  p o s i t i v e  ions  a r e  produced i n  

o r  in t roduced  i n t o  r eg ion  1 w i t h  some i n i t i a l  energy. The ou te r  

g r i d  is  p e r i o d i c a l l y  pulsed upward i n  p o t e n t i a l  from i ts  normal 

p o t e n t i a l  V t o  a p o t e n t i a l  V f P ( t )  , thus producing an inwards 
2 2 

a c c e l e r a t i o n  of  a l l  i ons  i n  r eg ion  1, The pu l se  P ( t )  i s  main- 

t a i n e d  u n t i l  a l l  i o n s  i n  reg ion  1 have l e f t .  The ions  s t a r t i n g  

from l a r g e r  r a d i i  a c q u i r e  more energy than  those  o r i g i n a t i n g  from 

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

d i f f e r e n c e  e x i s t i n g  between g r i d s  two and t h r e e  and e n t e r  r eg ion  3 

which i s  a g a i n  f i e l d  f r e e .  I n  t h i s  reg ion ,  t h e  ions  d r i f t  a t  

cons t an t  v e l o c i t y  u n t i l  they reach  t h e  c o l l e c t o r  which i s  a t  

r ad ius  r . 
c 



FIGURE 3. CROSS SECTION OF SPHERICAL TIME - OF- 
FLIGHT MASS SPECTROMETER WITH TWO 
ACCELERATING REGIONS 



Following t h e  p a t t e r n  es tab l i shed  i n  t h e  two previous 

sections,we proceed t o  determine the  re la t ionsh ip  between mass 

and time as a funct ion of t h e  s t a r t i n g  r a d i i  of t h e  ions ,  of the  

r a d i i  and t h e  p o t e n t i a l s  on the  e lec t rodes ,  and of ion ic  i n i t i a l  

energies.  Since regions 1 and 2 a r e  geometrically and e l e c t r i c a l l y  

similar, we s h a l l  use a general ized de r iva t ion  t o  determine the  

t i m e  spent  i n  a region such as these.  We s h a l l  assume neg l ig ib le  

charge densi ty so  t h a t  Laplacers  equation can be used, and w e  s h a l l  

consider only i t s  r a d i a l  t e r m  which is  

which upon two successive in tegra t ions  y i e l d s  

Applying the  boundaxy condit ions r e s u l t s  i n  



Solving f o r  C and C gives 
7 8 

thus 

The f i e l d  then is  

from which we can w r i t e  the  equation of motion 



Multiplying both sides by dr/dt and integrating yields 

Rewriting equation (65) gives 

At t = 0 ,  r = r and v = + v then 
0 - 0'  

Let K = r r (Vi-V. ) / (ri-r . ) ; then equation (68) becomes 
ij i j J J 



Factoring 2qlm and t ak ing  t h e  square  r o o t  gives 

Rewriting y i e l d s  

+ 3 ( = - ( rn) K. .(ro-I) + + 

rr 
- 

Arranging terms i n  r r e s u l t s  i n  

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



Let 

and 

then equat ion (73) becomes 

Separat ing t h e  v a r i a b l e s  g ives  

-112 
We next  make a MacLaurinls s e r i e s  expansion on ( r  + a ) , thus 

i j 

2 
* ~ f  r = w2 i s  chosen, d t  - 2 ( r  / y  .)'I2 w2dw/ (w + a i j )  'I2, which 

0 i~ 

0 1J J-J i j  
7 upon i n t e g r a t i o n  equals  ( r  l y  . . )'I2 ( w K  - a n(w + w + aij 1) * 



I f  we cons ider  t h e  d e r i v a t i v e  terms i n  t h e  s e r i e s ,  i t  i s  q u i t e  easy 

t o  show t h a t  t h e  r e l a t i o n  

is  t r u e ;  consequently,  equat ion  (79) becomes 

I n t e g r a t i n g  both s i d e s  y i e l d s  



A t  t = 0, r = r the re fo re  
0' 

hence 

We a r e  now i n  a  p o s i t i o n  t o  determine t h e  time of res idence  

i n  t h e  f i r s t  two regions .  I n  applying t h i s  equat ion t o  t h e  f i r s t  

region,  one has t o  be caut ious .  For t h e  l i n e a r  spectrometer ,  t h e  

s o l u t i o n  of the  equation of motion was such t h a t  e f f e c t  of the  

i n i t i a l  v e l o c i t y  vec to r s  toward o r  away from the  c o l l e c t o r  was 

immediately apparent .  Equation (83) is not  of t h i s  type b u t  

similar to  t h a t  of the  c y l i n d r i c a l  spectrometer .  Although the  



plus-minus s i g n  appears i n  the  equation, no plus-minus dependence 

on i n i t i a l  ve loc i ty  is  evident .  I n  order  t o  ob ta in  the  appropr ia te  

plus-minus dependence on i n i t i a l  ve loc i ty ,  the  following two 

so lu t ions  must be w r i t t e n  and have the  form 



where the  s u p e r s c r i p t s  5 and P r e f e r  t o  nega t ive  and p o s i t i v e  

i n i t i a l  v e l o c i t i e s  r e s p e c t i v e l y ,  where t h e  choice of t h e  p l u s  o r  

minus s i g n  i n  each term w i l l  b e  d iscussed  i n  succeeding paragraphs,  

and where r* is  t h e  p o s i t i o n  where a l l  t h e  i n i t i a l  k i n e t i c  energy 

of t h e  i o n  has  been transformed i n t o  p o t e n t i a l  energy. The f a c t o r  

of 2 i n  equat ion  (84b) a r i s e s  from t h e  f a c t  t h a t  twice  t h e  d i s t a n c e  

from r t o  r* has  t o  be  t r ave r sed  by the  i o n  t o  b r i n g  i t  back t o  
0  

r w i t h  a v e l o c i t y  v e c t o r  o r i e n t e d  toward t h e  c o l l e c t o r .  Before 
0  

proceeding t o  t h e  cons ide ra t ion  of  t h e  s p e c i f i c  reg ions ,  we must 

determine r*. Refer r ing  t o  equat ion  ( 6 2 )  we can w r i t e  t h e  

p o t e n t i a l  a t  ro and r* 

The r e l a t i o n  between V(ro) and V(r*) i s  simply 



Using equat ions  (85), (86), and (87) , we g e t  

Fac tor ing  y i e l d s  

which upon t ak ing  t h e  r e c i p r o c a l  becomes 

Considering reg ion  1, v = + vs, - 
0 - ri - rl, r j  = r2, rO = r - t hus ,  

s ' 



a12 can be  r e w r i t t e n  as 

r r r  ( V - V )  
s 1 2  1 2  

a12 = 2 
mv s rs ( r l - r2)  

- r r ( V - V )  
2q 

1 2  1 2  

For an  i o n  w i t h  a nega t ive  i n i t i a l  r a d i a l  v e l o c i t y ,  i . e . ,  toward 

the  c e n t e r  of t h e  spec t rometer ,  



where t h e  s u p e r s c r i p t  n_ r e f e r s  t o  t h e  nega t ive  r a d i a l  v e l o c i t y  and 

t h e  minus s i g n  is chosen because r < r . For a n  i o n  wi th  a p o s i t i v e  
2 s 

i n i t i a l  r a d i a l  v e l o c i t y ,  i . e . ,  away from t h e  c e n t e r  of t h e  spec t ro-  

meter , 



where the  s u p e r s c r i p t  (E) r e f e r s  t o  t h e  p o s i t i v e  r a d i a l  v e l o c i t y ,  

t he  minus s i g n  is  chosen i n  t he  f i r s t  term because r < rs, t h e  
2  

p o s i t i v e  s i g n  is  chosen i n  t h e  second term because r* > r and r* 
S 

is g iven  by equat ion  (97) 

For r eg ion  2, r = r r = rg and ro = r2. v f o r  t h e  second 
i 2' j 0  

reg ion  can b e  found from equa t ion  (98) 

where according t o  equat ion  (62) 

Also, 



Thus, 

where t h e  minus s i g n  was chosen because r < r and t h e  second 
3 2 

term i n  t h e  genera l ized  s o l u t i o n  is  equa l  t o  ze ro  s i n c e  r* = r 
2 ' 

i . e . ,  only nega t ive  r a d i a l  v e l o c i t i e s  a r e  allowed i n  reg ion  2. 



Since r eg ion  3 is  f i e l d  f r e e ,  w e  can quick ly  determine the  

t i m e  spen t  i n  t h i s  r eg ion  by d iv id ing  t h e  r a d i a l  l eng th  of t h e  r eg ion  

by t h e  v e l o c i t y  of t h e  i o n  upon e n t r y  i n t o  t h i s  region.  The v e l o c i t y  

squared is  given by 

where V h a s  a l r eady  been def ined  by equat ion  (99) .  Thus, t h e  
S 

time spen t  i n  reg ion  3 is  

To determine t h e  t o t a l  t i m e  o f  f l i g h t  of  an  i o n  s t a r t i n g  at r ad ius  

rs w i t h  a nega t ive  i n i t i a l  r a d i a l  v e l o c i t y ,  equat ions  (95) ,  (103) 

and (185) must b e  summed y i e l d i n g  





To determine t h e  t o t a l  f l i g h t  t ime of  a n  i o n  s t a r t i n g  a t  r a d i u s  rs 

wi th  a p o s i t i v e  i n i t i a l  r a d i a l  v e l o c i t y ,  equat ions  (96), (103) and 

(105) are summed r e s u l t i n g  i n  

-112 
dn (al2 ) 

n+3/2 n+3/2 
'y (r* , -rs 1 



In t e rp re t a tFon  

I n  o r d e r  t o  ana lyze  the  i o n  focusing p r o p e r t i e s  of t h e  

c y l i n d r i c a l ,  l i n e a r ,  and s p h e r i c a l  spec t rometers ,  computer programs 

were w r i t t e n  t o  determine t h e  f l i g h t  t imes of i ons  a s  a func t ion  o f  

t he  s t a r t i n g  p o s i t i o n s ,  of r a t i o s  of vo l t ages  on t h e  f i r s t  and 

second e l e c t r o d e s ,  and of t h e  i n i t i a l  v e l o c i t i e s  of t h e  ions  f o r  

s e v e r a l  s e t s  of spec t rometer  dimensions. 

The i o n  focusing p r o p e r t i e s  of i n t e r e s t  a r e  space  focusing 

and energy focus ing .  Space focusing e x i s t s  when ions  d e s p i t e  t h e i r  

i n i t i a l  s p a t i a l  d i s t r i b u t i o n  i n  t h e  pulsed  reg ion  a r r i v e  a t  t h e  

c o l l e c t o r  w i t h i n  a r e l a t i v e l y  s h o r t  t ime of each o t h e r .  Energy 

focusing e x i s t s  when t h e  t ime spread  in t roduced  by t h e  i n i t i a l  

k i n e t i c  ene rg i e s  of  t h e  ions  i s  minimized. 

A s tudy  of space  focus ing  can b e  made by s e t t i n g  t h e  i n i t i a l  

i o n  energy spread  equa l  t o  zero ,  thus e l i m i n a t i n g  from cons ide ra t ion  

t h e  requirements  of  energy focusing which a r e  gene ra l ly  i n  c o n f l i c t  

with those  of space  focus ing .  Figure 4 shows a family of curves 

of (2q/m)1/2 times t h e  f l i g h t  time versus  t h e  s t a r t i n g  p o s i t i o n s  

which a r e  a v a i l a b l e  i n  t h e  pulsed reg ion  of a c y l i n d r i c a l  spec t ro-  

meter.  The dimensions of t h e  spectrotneter  under a n a l y s i s  a r e  

r1 = 9.00 cm., r = 8.50 cm., r = 8.20 cm., and r = 4.60 cm. 
2 3 C 

These dimensions were chosen such as t o  b e  compatible w i t h  t h e  

volume a v a i l a b l e  on t h e  f l i g h t  i n s t rumen ta t ion  package. Each 

curve i s  drawn f o r  a  cons t an t  r a t i o  g of  V t o  V where V has  
1 2 2 



FIGURE 4. SPACE FOCUSING CHARACTERISTICS OF A 
CY LINDRlCAL MASS SPECTROMETER WITH 
rl=9.00cm., r2=8.50cm.. r3= 8.20cm.. AND 
r,=4.60 em. 



been s e t  equal  t o  1 v o l t  and V3 t o  0 v o l t s .  A s  can  be  seen ,  t h e  

vo l t age  r a t i o  v1/V2 of approximately 1.65 d i s p l a y s  t h e  b e s t  focusing.  

A t  t h i s  r a t i o ,  90 percent  of  t h e  ions  a r r i v e  a t  t h e  c o l l e c t o r  w i t h i n  

a s h o r t  i n t e r v a l  o f ,  t i m e ,  

With t h e  dimensions of r eg ion  1 s e t  i n  o r d e r  t o  main ta in  t h e  

h ighes t  p o s s i b l e  s e n s i t i v i t y ,  i . e . ,  t h e  l a r g e s t  a v a i l a b l e  pu l s ing  

reg ion  volume, t h e  r a d i a l  dimension of  reg ion  2 w a s  a l t e r e d  by 

varying r F i r s t ,  r was increased  from 8.30 cm. t o  8.45 cm. 3 "  3 

This  i n c r e a s e  i n  r increased  t h e  time spen t  i n  t h e  f i e l d  f r e e  
3 

reg ion  and reduced t h e  time spen t  by t h e  ions  i n  reaching t h e i r  

t e rmina l  ene rg i e s .  Both of t h e s e  th ings  seemed i n t u i t i v e l y  

d e s i r a b l e .  The r e s u l t s  a r e  shown i n  f i g u r e s  5 ,  6 ,  and 7. These, 

however, show no dramatic  change i n  space  focusing.  The f l a t n e s s  

of t h e  b e s t  focusing curves i n  t h e s e  f i g u r e s  is  comparable and 

t h e  range of s t a r t i n g  p o s i t i o n s  over  which b e s t  focus ing  occurs  

is  approximately equal .  However, i t  should be  noted t h a t  t h e  

vo l t age  r a t i o  a t  which b e s t  focusing occurs  i n c r e a s e s  as t h e  

va lue  of r i nc reases .  3 

Since  no s i g n i f i c a n t  i n c r e a s e  i n  space  focusing occurred by 

inc reas ing  r 3 ' r3 w a s  decreased.  The decreases  i n  r were l i m i t e d  
3 

because energy focusing,  which s h o r t l y  w i l l  b e  d i scussed ,  r e q u i r e s  

t h a t  t h e  i o n s  reach  t h e i r  t e rmina l  energ ies  a s  qu ick ly  as poss ib l e .  

Figures  8 and 9 i n d i c a t e  t h e  space  focusing c h a r a c t e r i s t i c s  f o r  

spectrometers  w i t h  r3 = 8.10 cm. and r = 8.00 cm. r e spec t ive ly .  
3 

Again, no s i g n i f i c a n t  change i n  t h e  q u a l i t y  of focus ing  w a s  ob ta ined .  



FIGURE 5. SPACE FOCUSING CHARACTERISTICS OF A 
CYLINDRICAL MASS SPECTROMETER WITH 
r, 9.00 cm., r2 a 8.50 crn., r3= 8.30 cm., AND 
r, -4.60 cm. 



FIGURE 6. SPACE FOCUSING CHARACTERISTICS OF A 
CYLINDRICAL MASS SPECTROMETER WITH 
rl = 9.00 cm.. r2 8.50 cm.. r3-8.40 crn.. AND 
r, 64.60 cm. 



FIGURE 7. SPACE FOCUSING CHARACTERISTICS OF A 
CYLINDRICAL MASS SPECTROMETER WITH 
r, rn 9.00 cm.. r, a 8.50 cm., r ,-8.45 cm.. AND 
r, = 4.60 cm. 



FIGURE 8. SPACE FOCUSING CHARACTERISTICS OF A 
CYLINDRICAL MASS SPECTROMETER WITH 
r,= 9.00 cm.. re = 8.50 cm., r3 .$.I0 cm.. AND 
r, 4.60 em. 



FIGURE 9. SPACE FOCUSING CHARACTERISTICS OF A 
CYLINDRICAL MASS SPECTROMETER WITH 
r,= 9.00cm.. 5.  8.50cm.. r3=8 .00  cm., AND 
r, = 4 . 6 0  cm. 



Since  no p a r t i c u l a r  va lue  of r possessed any s i g n i f i c a n t  
3  

space focusing advantage, o t h e r  cons idera t ions  became t h e  dec id ing  

f a c t o r s  i n  t h e  choice  of  r3. The v i b r a t i o n s  encountered during 

a  rocke t  f l i g h t  made t h e  choice  of a  smaller r more d e s i r a b l e .  
3 

However, r could n o t  be  made too  smal l  due t o  energy focusing 
3 

requirements .  Consequently, r was chosen t o  b e  8.20 cm. i n  t h e  
3 

f l i g h t  instrument  because i t  met a l l  t h e  apparent  requirements .  

I n  o r d e r  t o  determine t h e  r e l a t i v e  m e r i t s  of  t h e  c y l i n d r i c a l  

spec t rometer ,  t h e  l i n e a r  spec t rometer  w a s  chosen a s  t h e  norm. The 

dimensions of  t h e  l i n e a r  device  were chosen i d e n t i c a l  t o  t h e  

c y l i n d r i c a l  device ,  namely, the  l a t e r a l  dimensions of reg ions  1, 

2,  and 3, were 0.5 cm., 0 . 3  cm. ,  and 3 . 6  cm. F igure  10 shows 

curves of (2q/m)1/2 times t h e  f l i g h t  t ime versus  s t a r t i n g  p o s i t i o n .  

It can be  s e e n  t h a t  i ons  from only about  75 percent  of t h e  pu l s ing  

reg ion  a r e  reasonably focused. It  should be  noted t h a t  t h e  vo l t age  

r a t i o  f o r  optimum performance is  lower. Also, i f  f i g u r e  10 i s  

superimposed on f i g u r e  4 ,  i t  w i l l  b e  s een  t h a t  s m a l l  v a r i a t i o n s  

o f f  t h e  optimum condi t ions  f o r  t h e  c y l i n d r i c a l  case  a r e  no t  a s  

d e l e t e r i o u s  t o  performance as f o r  t h e  l i n e a r  case .  

For t h e  s p h e r i c a l  con f igu ra t ion ,  a similar a n a l y s i s  has  

been performed. This  a n a l y s i s  i s  o r i e n t e d  a s  t h e  b a s i s  f o r  f u t u r e  

s tudy s i n c e  the  cons t ruc t ion  of such a  dev ice  which is  t r u l y  

uniformly s p h e r i c a l  and capable of wi ths tanding  a rocke t  launch 

is  not  a s imple t a sk .  F igure  11 shows t h e  r e s u l t s  of t h e  a n a l y s i s .  

The axes used i n  t h i s  f i g u r e  a r e  t h e  same a s  those  used i n  f i g u r e s  4 



FIGURE 10. SPACE FOCUSING CHARACTERISTICS OF A 
LINEAR MASS SPECTROMETER WITH 
s,-0.5cm.. s2-0.3cm., AND s3= 3.6cm. 



FIGURE I ! .  SPACE FOCUSING CHARACTERISTICS OF A 
SPHERICAL MASS SPECTROMETER WITH 
rI=9.00cm.. %=8.50cm.. r3=8.20cm., AND 
r, = 4.60 cm. 



through 10. The g r i d  and c o l l e c t o r  r a d i i  were chosen t o  b e  i d e n t i c a l  

with those of the  f l i g h t  c y l i n d r i c a l  spectrometer. The space 

focusing here  seems t o  be t h e  b e s t  of a l l  configurat ions t h a t  have 

been considered, Ions a r e  w e l l  focused from about 96 percent  of 

t h e  pulsing region.  Another promising f e a t u r e  of t h i s  design is  

t h e  low voltage r a t i o  a t  which focusing occurs, This f e a t u r e  

would a l l e v i a t e  some of the  experimental d i f f i c u l t i e s  encountered 

with t h e  c y l i n d r i c a l  design, namely, high vol tage  pulses (-80V) , 

Some of these  d i f f i c u l t i e s  w i l l  be discussed i n  t h e  experimental 

s e c t i o n  of t h i s  work. 

Energy focusing places opposite  demands on t h e  optimum 

vol tage  r a t i o  (Wiley and McLaren, 1955). The primary methods of 

achieving good energy focusing are t o  acce le ra te  the  ions t o  t h e i r  

maximum v e l o c i t i e s  i n  the  s h o r t e s t  t i m e  poss ib le  so  t h a t  t h e i r  

rime averaged energies a r e  approximately the  energies gained from 

the  f i e l d  and t o  make the  energies acquired from the f i e l d s  much 

g r e a t e r  than t h e i r  i n i t i a l  energies ,  The f i r s t  method implies 

making the  two accelera t ing regions very small, Making both these  

regions small  introduces t h e  p o s s i b i l i t y  of contact  between 

adjacent  e lec t rodes ,  thus s h o r t  c i r c u i t i n g .  Also, t h e  s i z e  of t h e  

pulsing region i s  governed by the  s e n s i t i v i t y  required f o r  use fu l  

ionospheric work. The second method i s  l imi ted  by the  p o s s i b i l i t y  

of discharging between adjacent  e lec t rodes  o r  between e lec t rodes  

and support s t r u c t u r e s .  



Figure  12 shows curves of  (2q/m)1'2 t imes t h e  f l i g h t  time 

versus s t a r t i n g  p o s i t i o n  f o r  a  c y l i n d r i c a l  spec t rometer .  The r a d i i  

used i n  t h i s  c a l c u l a t i o n  were rl = 9,00 cm., r = 8.50 cm., 
2  

r3 = 8.20 cm., and r = 4.60 cm. The r a t i o  R was v a r i e d  from 2.20 
C 

t o  2.35 w i t h  V equal  t o  60.0 v o l t s  and V3 equal  t o  ze ro  v o l t s .  
2  

The i n i t i a l  i o n  energy w a s  s e t  a t  1 ,50  eV. The upper family of 

curves is  f o r  those  ions  wi th  a n  i n i t i a l  p o s i t i v e  r a d i a l  v e l o c i t y  

and t h e  lower family of curves i s  f o r  those  ions  w i t h  an  i n i t i a l  

nega t ive  r a d i a l  v e l o c i t y .  This  i n i t i a l  energy and t h e  va lues  of 

V and V3 a r e  experimental ly  t y p i c a l .  Figure 1 3  is  a  graph of t h e  2  

time spread  AT t i m e  (2q/m)1/2 versus  t h e  r a t i o  &. This  time 

spread  is  de f ined  by t h e  d i f f e r e n c e  between t h e  longes t  and s h o r t e s t  

f l i g h t  t imes f o r  i ons  w i t h  s t a r t i n g  p o s i t i o n s  ranging from 8.51 cm. 

t o  8,99 cm. and f o r  t h e  spectrometer  parameters  g iven  i n  f i g u r e  12.  

For t h i s  p a r t i c u l a r  spec t rometer ,  i t  is seen  i n  f i g u r e  4 t h a t  t h e  

optimum space  focusing va lue  f o r  R w a s  1.65, However, on t h e  b a s i s  

of t he  d a t a  presented  i n  f i g u r e  13,  i t  i s  obvious t h a t  R equal  t o  

1 ,65  is  no t  t h e  b e s t  r a t i o  f o r  maximum reso lv ing  power. A s  was 

expected, t h e  t i m e  spread  decreases  as - R inc reases ;  however, t h i s  

i s  c e r t a i n l y  no t  a l i n e a r  r e l a t i o n s h i p .  It should b e  mentioned, 

a l s o ,  t h a t  as - R is  inc reased  s o  a r e  t h e  experimental  d i f f i c u l t i e s  

such as d ischarge  phenomena, s p e c t r a l  f requencies  t o o  h igh  f o r  

d e t e c t o r  c i r c u i t s ,  and t h e  des ign  and c o n s t r u c t i o n  of  h igh  v o l t a g e  

pu l se  c i r c u i t s  which a r e  s u i t a b l e  f o r  rocke t  f l i g h t .  One i s  



FIGURE 12. FLIGHT TIMES vs. STARTING POSITION 
FOR IONS WITH AN INITIAL ENERGY 
IN A CYLINDRICAL MASS SPECTROMETER 



FIGURE 13. TIME SPREAD vs. VOLTAGE RATIO FOR A 
CYLINDRICAL MASS SPECTROMETER 
ANALYZING IONS WITH AN INITIAL ENERGY 



tempted t o  def ine  a term ca l l ed  "resolving power y ie ld"  which i s  

simply (-dAT/dr). From the  trend i n  f igure  13,  i t  can be seen t h a t  

t h i s  term w i l l  become small  f o r  l a r g e  values of R ,  

An a l t e r n a t e  method t o  increas ing R is  t o  increase  t h e  

p o t e n t i a l  d i f fe rence  between the  second and t h i r d  e lec t rodes .  

However, t h i s  introduces some of the  same d i f f i c u l t i e s  t h a t  a r e  

introduced by increas ing R, namely, discharge events,  high s p e c t r a l  

frequencies,  and high vol tage  c i r c u i t s .  Also, s i n c e  the  ions spend 

more time i n  the  pulsing region than i n  the  second region, increas ing 

the  p o t e n t i a l  d i f fe rence  between the  second and t h i r d  e lec t rodes  

has less inf luence  on the  t i m e  averaged energies of the  ions than 

increas ing R,  

Line Shape Considerations 

The space focusing curves t h a t  have been presented allow 

the  computation of t h e  t r u e  l i n e  shape of the  instrument without  

the  d i s t o r t i o n s  introduced by t h e  i n i t i a l  energy spread of t h e  ions ,  

This t r u e  l i n e  shape can be  determined from the  following consid- 

e ra t ions .  I t  i s  of i n t e r e s t  t o  f ind  t h e  cur ren t  i (Tt ,  r e )  which 

reaches the  c o l l e c t o r .  For the c y l i n d r i c a l  ease ,  under the  

assumption of zero i n i t i a l  k i n e t i c  energy, the  amount of charge 

present  i n  a d i f f e r e n t i a l  volume element i s  



where n ( r  ) is  t h e  i o n  number dens i ty  a t  r (T ) , r (T ) is  t h e  
S s t  s t  

s t a r t i n g  p o s i t i o n  of  t h e  ions  which have a p a r t i c u l a r  f l i g h t  t i m e  

Tt; e  is  t h e  b a s i c  e l e c t r o n i c  charge, and h  i s  t h e  h e i g h t  of t h e  

cy l inde r .  Since c u r r e n t  i s  simply dq/d t ,  then  

It should b e  noted h e r e  t h a t  drs/dTt i s  no t  an  i o n  v e l o c i t y  b u t  

a  d e r i v a t i v e  of a  space  focusing curve. From t h e  curves t h a t  have 

been presented ,  i t  has been seen  t h a t  f o r  a g iven  va lue  of  T  ions  
t '  

from more than  one d i f f e r e n t i a l  volume element can a r r i v e  a t  t he  

c o l l e c t o r .  To account f o r  t h i s  p o s s i b i l i t y ,  a summation of  c u r r e n t s  

must b e  performed; hence, equat ion  (109) must b e  w r i t t e n  

The broad l i n e  shape i n  f i g u r e  14  i s  a l i n e  shape f o r  

c y l i n d r i c a l  mass spec t rometer  w i th  V2 = 60.0 v o l t s ,  V j  = 0.0 v o l t s ,  

and R = 2.40. The range of  s t a r t i n g  r a d i i  and t h e  g r i d s '  and 

c o l l e c t o r ' s  r a d i i  are t h e  same a s  t hose  used i n  f i g u r e  12.  The 

o r d i n a t e  of t h i s  graph is  i ( T  , C r  . ) /2 rehn  where n ( r  ) = n which 
t j SJ s 

is  a  cons t an t ,  i . e . ,  a uniform i o n  concen t r a t ion  over  t h e  pu l s ing  

reg ion  has  been assumed. The a b s c i s s a  is  (2q/m) 112 Tt. For t h i s  



value of - R, a semi-rectangular l i n e  shape has been obtained. It 

can be seen t h a t  the  top of t h i s  shape has a negative slope.  I f  

R had been chosen below the  optimum space focusing g, t h i s  s lope  - 
would have been pos i t ive ,  Because no ions from d i f f e r e n t  s t a r t i n g  

pos i t ions  ar r ived a t  the  c o l l e c t o r  at t h e  same time, a smooth l i n e  

shape top was obtained,  On t h e  o ther  hand, i f  - R i s  set t o  1 ,65,  

the  optimum space focusing value,  the  l i n e  shape no longer has 

t h i s  smooth top. This optimum l i n e  shape has a width at  i t s  base 

which is 116 t h a t  of the  shape wi th  R = 2.40. I f  along one radius 

t h e  pulsing region i s  divided i n t o  a thousand equal elements and 

i n t o  each element one proton is  placed, then typ ica l ly  two t o  

four protons a r r i v e  a t  t h e  c o l l e c t o r  wi th in  approxirhately 7 pico- 

seconds of each other  when R = 1.65. Also, the re  a r e  ins tances  

when 15 to  30 ions a r r i v e  wi th in  t h i s  time i n t e r v a l  and i n  one 

ins tance  62 ions a r r i v e  wi th in  t h i s  i n t e r v a l ,  To present  a l l  t h e  

de ta i l ed  s t r u c t u r e  of the  l i n e  shape a t  R = 1.65 is  not  poss ib le  

wi th in  the  a l l o t t e d  format of t h i s  work, s o  t h a t  what i s  presented 

i n  f i g u r e  14 is  2 l i n e  shape which would be expected from a detec tor  

with a frequency response less than t h a t  required t o  show a l l  the  

s t r u c t u r e .  

I n  order t o  determine t h e  a c t u a l  l i n e  shape when an in i t ia l  

energy spread e x i s t s ,  a conceptually simple bu t  computatisnally 

tedious method must be used, Given the  energy d i s t r i b u t i o n ,  a l l  

the  l i n e  shapes must be computed f o r  a l l  t h e  energies i n  t h e  
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distr ibut ion.  Next, each l i n e  shape must be weighted by the 

probability f o r  that energy ex i s t ing ,  After weighting, then a l l  

the l i n e  shapes must be summed. 



111. EXPERIMENTAL CONSIDERATIONS 

General Instrument  Desc r ip t ion  

As has  a l r eady  been s t a t e d ,  t he  primary mot iva t ion  f o r  t h e  

i n v e s t i g a t i o n  of t h e  c y l i n d r i c a l  t ime-of-f l ight  mass spectrometer  

w a s  t h e  development ~f  a n  ins t rument  t o  measure t h e  i o n  composition 

i n  t h e  D-region. I n  o rde r  t o  g ive  t h e  ins t rument  package t h e  

c a p a b i l i t y  of be ing  launched from i n s t a l l a t i o n s  loca t ed  i n  remote 

as w e l l  as e a s i l y  a c c e s s i b l e  l o c a t i o n s ,  a small r o c k e t  w a s  chosen 

as t h e  v e h i c l e .  This  c a p a b i l i t y  w a s  bought w i t h  t h e  r educ t ion  of 

package weight  and s i z e .  The s i z e  c o n s t r a i n t  made t h e  choice of 

a c y l i n d r i c a l  wedge t h e  most d e s i r a b l e .  F igure  15  is  a photograph 

of t h e  instrument .  This  geometr ica l  con f igu ra t ion  provided the  

b e s t  s e n s i t i v i t y  p e r  u n i t  volume of package and t h e  longes t  p o s s i b l e  

f l i g h t  pa th .  The ang le  of t h e  wedge w a s  46O, t h e  r a d i a l  dimensions 

were rl = 9.00 cm., r = 8.50 cm., r = 8.20 cm., r = 4.40 cm., 
2 3 C 

and the  h e i g h t  of t h e  wedge w a s  4.76 an. The volume of t h e  pu l s ing  

reg ion  w a s  17.15 cm3, The unused reg ion  below t h e  c o l l e c t o r  w a s  

removed i n  t h e  f l i g h t  ve r s ion .  The t h r e e  e x t r a  g r i d s  l oca t ed  a t  

1 mn. i n t e r v a l s  of each o t h e r ,  t h e  last  of which is loca t ed  1 mm. 

from t h e  c o l l e c t o r ,  c o n s t i t u t e  a n  i o n  g a t e  system which s h a l l  be  

d iscussed  s h o r t l y .  

E lec t ron ic s  

I n  t h e  t h e o r e t i c a l  p re sen ta t ion ,  w e  in t roduced  t h e  pu l se  

P ( t )  which f o r  t h e  purpose of t h a t  d i scuss ion  had a zero r i s e  t i m e .  
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Experimentally t h i s  is u n a t t a i n a b l e  b u t  t h e  requirement of a  f a s t  

r i s e  time pu l se  is  e s s e n t i a l  s o  t h a t  only a very sma l l  f r a c t i o n  of 

t he  ions  l eave  t h e  pu l s ing  reg ion  be fo re  t h e  pu l se  reaches maximum 

amplitude. The second requirement i s  t h a t  t h e  width of t he  p u l s e  

be long enough f o r  a l l  t h e  ions  of i n t e r e s t  t o  be  acce l e ra t ed  o u t  

of t he  region.  The t h i r d  requirement i s  t h a t  t h e  amplitude of t h e  

pu l se  be  cons tan t  over t h e  d e s i r e d  p u l s e  width. The pu l se  r e p e t i t i o n  

frequency i s  determined by t h e  i o n  product ion  and/or  i n t r o d u c t i o n  

mechanism, t h e  puls ing  r eg ion  dimensions, and the  f l i g h t  time of 

t h e  s lowes t  i ons .  Ions  can be produced i n  t h e  pu l s ing  reg ion  o r  

introduced i n t o  i t  by some f i e l d  o r  t r a n s p o r t  mechanism. The f a l l  

time of t h e  pu l se  can be  slow r e l a t i v e  t o  t h e  r i s e  time s i n c e  t h e  

cons tan t  amplitude width s e t s  t h e  h i g h e s t  mass number t h a t  can b e  

q u a n t i t a t i v e l y  analyzed. Ions heavi  er than t h i s  maximum mass 

number may o r  may no t  be focused. 

S ince  the  maximum s tandard  te lemetry band has  an upper 

frequency l i m i t  of $050 Hz and the  t y p i c a l  bandwidth requi red  f o r  

t h i s  type  of spectrometer  is  approximately 30 MHz, a wideband 

a m p l i f i e r  could n o t  b e  used f o r  the  f l i g h t .  To circumvent t h i s  

problem a gated c o l l e c t o r  arrangement is  employed. As has  been 

mentioned, t h i s  arrangement c o n s i s t s  of t h e  t h r e e  g r i d s  next  t o  

t he  c o l l e c t o r  i n  f i g u r e  15. With t h i s  g a t e ,  t h e  te lemetry frequency 

l i m i t  i s  n o t  exceeded. The a c t u a l  mechanism of t h e  g a t e  w i l l  b e  

descr ibed  i n  a  fol lowing s e c t i o n .  



Figure 16  i s  a block diagram of t h e  e l e c t r o n i c s  necessary  

f o r  ope ra t ing  t h e  spec t rometer  i n  a gated mode. I f  no ga t ing  were 

d e s i r e d ,  t h e  t h r e e  g r i d s  of  t h e  g a t e  s t r u c t u r e  could b e  removed. 

The c i r c u i t r y  a s s o c i a t e d  w i t h  t h e  ga t e ,  hence, would no longer  be  

requi red .  The e l ec t rome te r  would be  removed and an e l e c t r o n  mult i -  

p l i e r  s u b s t i t u t e d  i n t o  t h e  c i r c u i t .  The output  of t h e  m u l t i p l i e r  

would then feed  d i r e c t l y  i n t o  a load  r e s i s t o r ,  t he  vo l t age  a c r o s s  

which would be  placed i n t o  a wideband a m p l i f i e r .  

The c i r c u i t r y  a s s o c i a t e d  w i t h  t h e  pu l se  d e l i v e r e d  t o  t h e  

source  reg ion  ( r eg ion  1)  i s  s t r a igh t fo rward .  An a s t a b l e  mul t i -  

v i b r a t o r  s e rves  as a clock f o r  t he  whole system. A monostable 

m u l t i v i b r a t o r  i s  t r i g g e r e d  by t h e  main clock.  This c i r c u i t  s e t s  

t he  wid th  of t h e  i o n  a c c e l e r a t i n g  pu l se  whi le  t h e  r e p e t i t i o n  

frequency is  c o n t r o l l e d  by t h e  a s t a b l e  m u l t i v i b r a t o r ,  The mono- 

s t a b l e  m u l t i v i b r a t o r  ou tput  i s  ampl i f ied  a f t e r  which a dc  b i a s  i s  

added. Normally, t h e  dc b i a s  1 i s  equa l  t o  dc  b i a s  2 i f  i ons  a r e  

be ing  c rea t ed  i n  r eg ion  1, I f  ions  a r e  be ing  introduced i n t o  

reg ion  1 then  d c  b i a s  1 is normally n o t  equal  t o  d c  b i a s  2. The 

p o t e n t i a l  d i f f e r e n c e  between dc  b i a s  2 and d e  b i a s  3 provides t h e  

necessary  f i e l d  f o r  r eg ion  2 .  

Now l e t  u s  cons ider  t h e  g a t e  arrangement. The range of 

va lues  f o r  t h e  r e p e t i t i o n  frequency of t h e  c lock  i s  from 1 kHz t o  

100 kHz. This  means t h a t  1000 t o  100,000 s p e c t r a  a r e  taken every 

second. Typica l  f l i g h t  t i m e  va lues  a r e  2.40 us. f o r  3 0 ~ ~ +  and 

2.65 us.  f o r  3 2 ~ +  2 ,  s o  i t  i s  apparent  t h a t  wide band equipment i s  

necessary .  However, as has  been s t a t e d  te lemet ry  systems do n o t  
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have a n  adequate  bandwidth; hence, a gated system is requi red .  

The g r i d  w i th  t h e  l a r g e s t  r ad ius  i n  t he  g a t e  s t r u c t u r e  is  used t o  

te rmina te  t h e  f i e l d  f r e e  reg ion .  The g r i d  w i t h  t h e  s m a l l e s t  r ad ius  

i s  used t o  de te rmina te  t h e  g a t e  r eg ion  s o  a s  t o  minimize t h e  i n t e r -  

a c t i o n  between t h e  g a t e  and the  c o l l e c t o r .  The middle g r i d  of 

t he  g a t e  s t r u c t u r e  i s  t h e  g a t i n g  component. On t h i s  g r i d  is placed 

a dc  p o t e n t i a l  t h a t  i s  j u s t  above t h e  maximum p o t e n t i a l  an  i o n  can 

f a l l  through i n  t h e  spectrometer .  When t h i s  b a r r i e r  is  i n  p l a c e ,  

no i o n s  w i l l  reach t h e  c o l l e c t o r .  I f  t h e  b a r r i e r  is  lowered o r  

removed f o r  a s h o r t  per iod  of t i m e ,  a b u r s t  of i ons  w i l l  b e  allowed 

t o  reach  t h e  c o l l e c t o r  i f  they have a r r i v e d  a t  t h e  g a t e  r eg ion  when 

t h e  b a r r i e r  is  i n  i ts  lowered state. From t h i s  one can s e e  t h a t  i f  

t h e  t i m e  of t h e  g a t e  opening is  swept r e l a t i v e  t o  t h e  beginning 

of t h e  i o n  a c c e l e r a t i n g  pu l se ,  a spectrum can b e  obtained whose 

h i g h e s t  frequency components a r e  determined by t h e  rate a t  which 

t h e  g a t e  opening is swept. This  assumes t h a t  t h e  r e p e t i t i o n  

frequency of t h e  c lock  is s u f f i c i e n t l y  h igh  t h a t  t h e  i n t e g r a t e d  

c u r r e n t  s een  by t h e  e lec t rometer  produces a s i g n a l  l a r g e  enough t o  

be  d i s c e r n a b l e  above t h e  system noise .  The e lec t rometer  i s  

s u f f i c i e n t l y  slow i n  response t h a t  an  i n t e g r a t i o n  can occur.  The 

opening of t h e  g a t e  i s  accomplished by a pu l se  of s h o r t  d u r a t i o n  

which has  a p o l a r i t y  oppos i t e  t o  t h a t  of t he  b a r r i e r ,  

The e l e c t r o n i c s  f o r  ob ta in ing  and sweeping t h e  g a t e  p u l s e  

is a l s o  diagrammed i n  F igure  16. The main c lock  d r i v e s  a h igh  

frequency ramp gene ra to r ,  A low frequency ramp genera tor  running 



independent ly of t h e  main clock is  compared a g a i n s t  t he  h igh  

frequency ramp. Whenever t h e  d i f f e r e n c e  between t h e  vo l t age  l e v e l s  

of t h e  ramps changes s i g n ,  a p u l s e  is generated by t h e  comparator. 

The pu l se  o u t  of t h e  comparator has  its r i s e  time enhanced by a 

second comparator. A d e r i v a t i v e  is then  taken. The s h o r t e r  t h e  

r i s e  rime, t h e  sha rpe r  t h e  pu l se s  from the  d i f f e r e n t i a t o r .  The 

p o s i t i v e  going "spike" is  c l ipped ,  The negat ive  going "spike" is  

then ampl i f ied  and then  impressed on d c  b i a s  4. So, i n  essence ,  

t he  sweeping of t h e  g a t e  pu l se  r e l a t i v e  t o  t h e  a c c e l e r a t i n g  p u l s e  

is accomplished by t h e  comparison of t h e  time vary ing  vo l t age  

s t a t e s  of t h e  two ramp genera tors .  

F i n a l l y ,  t h e  i o n  c u r r e n t  i s  de t ec t ed  by a n  e lec t rometer  

which i n t e g r a t e s  t h e  i o n  pulses .  The frequency response of t h e  

e l ec t rome te r  must b e  chosen t o  b e  compatible w i t h  t h e  low frequency 

sweep. Obviously, t h e  f a s t e r  t h e  sweep, t h e  more s t r i n g e n t  t h e  

e lec t rometer  r e q u i  rements . 

Gating Sys tems 

The i n t r o d u c t i o n  of a g a t i n g  system is n o t  a new i n s t r u -  

mentat ion technique.  F igure  17  shows two a d d i t i o n a l  g a t i n g  systems. 

The p o t e n t i a l s  a r e  those f o r  a p o s i t i v e  i o n  measurement. The 

ope ra t ion  of t hese  ga t e s  i s  similar i n  t h a t  t h e  b a r r i e r  i s  n o t  

removed b u t  t he  ions  a r r i v i n g  a t  t h e  a p p r o p r i a t e  t i m e  a r e  given 

a d d i t i o n a l  energy enabl ing  them t o  s p i l l  over t h e  b a r r i e r .  The 

g a t e  shown i n  F igure  17 (b) is taken d i r e c t l y  from Katzens te in  

and Fr ied land  (1955). Both t h e s e  g a t e s  were i n v e s t i g a t e d  
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exper imenta l ly .  Nei ther  d i sp layed  any marked i n c r e a s e  i n  instrument  

r e s o l u t i o n  and both d isp layed  a s l i g h t  decrease  i n  s e n s i t i v i t y ,  

The major disadvantage of t hese  g a t e s  is  t h a t  t h e  c o l l e c t o r  i s  no 

longer  sh i e lded  from t h e  dc  b a r r i e r .  Two problems a r i s e  from t h i s .  

The f i r s t  is the  p o s s i b i l i t y  of a d i scharge  t o  t h e  c o l l e c t o r  which 

may damage t h e  e lec t rometer .  The second is t h a t  any v a r i a t i o n  i n  

t he  b a r r i e r  p o t e n t i a l  w i t h i n  t h e  frequency response of t h e  e lec-  

t rometer  w i l l  modulate t h e  e l ec t rome te r  i n p u t ,  The f i r s t  problem 

is  no t  u s u a l l y  encountered i n  t h e  l a b  b u t  t h e  p o s s i b i l i t y  does 

e x i s t  dur ing  a rocke t  f l i g h t  i f  c e r t a i n  malfunct ions occur .  The 

second i s  a problem i n  both  t h e  l abo ra to ry  and f l i g h t  because of 

t he  n e c e s s i t y  of l a r g e  v o l t a g e  pu l se s  which tend t o  u n s t a b l i z e  t h e  

dc s u p p l i e s .  

Experimental F l i g h t  Time Determinations 

F igure  18  shows t h e  r e s u l t s  of a survey of ope ra t ing  con- 

d i t i o n s .  Here is  p l o t t e d  t h e  log  of f l i g h t  t ime versus  t h e  log of 

mass. The v o l t a g e  r a t i o  is i n d i c a t e d  by R and t h e  p o t e n t i a l  on 

the  f i r s t  g r i d  i s  g iven  by V The s l o p e s  of t h e s e  s t r a i g h t  l i n e s  1" 

should b e  0.50; however, l e a s t  squares  f i t s  g ive  s l o p e s  of 0.46. 

It w a s  o r i g i n a l l y  thought t h a t  t h i s  d e v i a t i o n  was due t o  f r i n g i n g  

of t h e  f i e l d s  i n  t h e  a c c e l e r a t i n g  reg ions  caused by the  s i d e s ,  t op ,  

and bottom of t h e  wedge s t r u c t u r e .  The s i d e s ,  t op ,  and bottom 

a r e  maintained a t  ground p o t e n t i a l  f o r  c o n s t r u c t i o n a l  and e l e c t r i c a l  

s i m p l i c i t y ,  When, however, an  experiment was performed i n  which 

only t h e  c e n t r a l  p o r t i o n  of t h e  a c c e l e r a t i n g  r eg ion  was used, t h e  



FIGURE 18. EXPERIMENTAL SURVEY OF FLIGHT TIMES FOR WEDGE SPECTROMETER 



va lue  of t h i s  s l o p e  increased  only one percent .  Upon c l o s e r  

i n s p e c t i o n  i t  w a s  found t h a t  t h e  i o n  sou rce  w a s  t h e  major cause 

of t h i s  discrepancy.  The source  t h a t  was used i n  t hese  measure- 

ments w a s  a s u r f a c e  i o n i z a t i o n  type. This  sou rce  was similar 

i n  des ign  t o  t he  one descr ibed  by Kendall  and Luther (1966) and 

i d e n t i c a l  t o  t h e  one descr ibed  by D i e m  (1967). The primary 

d i f f e r e n c e  i n  t h i s  sou rce  from t h a t  of Kendall  and Luther was t h a t  

t he  emi t t i ng  s u r f a c e  w a s  an i n d i r e c t l y  hea ted  plat inum b u t t o n  

about 3 mm. i n  d iameter ,  The use  of t h i s  b u t t o n  allowed h igher  

emission c u r r e n t s  which r e l i e v e d  some of t he  s i g n a l  t o  n o i s e  

problems. However, having emission from such a l a r g e  a r e a  

increased  t h e  energy spread  of t h e  a l k a l i  me ta l  i o n s  t h a t  were 

emit ted.  I n  a d d i t i o n  t o  t h i s  e f f e c t ,  emission from some su r -  

rounding areas forming t h e  s t r u c t u r e  of t h e  source  w a s  p o s s i b l e  

due t o  a c c i d e n t a l  depos i t i on  of a l k a l i  salts on t h e s e  areas 

during t h e  depos i t i on  of t h e  salts on t h e  plat inum but ton .  

This  would add t o  t h e  energy spread  of  t h e  ions  emi t ted  by the  

source .  Also,  i t  has  been r epor t ed  by Datz and Taylor  (1956) 

t h a t  t h e  emission of n e u t r a l  a l k a l i  atoms is  h ighe r  from plat inum 

than  f o r  tungsten.  This  l eads  t o  t h e  p o s s i b i l i t y  of charge 

t r a n s f e r  r e a c t i o n s  which a r e  mass dependent. Heavier a l k a l i  meta ls  

have l a r g e r  r e a c t i o n  c ros s  s e c t i o n s  than  l i g h t e r  i ons  (Hasted, 

1964). Because of t h e  des ign  of t h i s  source ,  charge exchange f o r  

heav ie r  i ons  can occur quicker  and hence c l o s e r  t o  t h e  f i l amen t  

than f o r  l i g h t e r  i o n s .  An energy a n a l y s i s  of t h e  ions  showed 



t h a t  10 pe rcen t  of t h e  ions  had ene rg i e s  s i g n i f i c a n t l y  less than 

t h e  expected f i l amen t  energy and t h i s  10 pe rcen t  had ene rg i e s  c l o s e  

t o  each o t h e r .  By opera t ing  t h e  spectrometer  a t  low energy, two 

d i s t i n c t  peaks occurred f o r  each of t h e  expected a l k a l i  me ta l  peaks. 

It should b e  remembered t h a t  ope ra t ing  a t  low spectrometer  energy 

r e l a t i v e  t o  t h e  i n i t i a l  i o n  energy spread  i n c r e a s e s  t he  e f f e c t  of 

energy spread  0x1 t h e  obta ined  s p e c t r a .  The 2 3 ~ a  peaks were 

approximately equa l  i n  magnitude wh i l e  f o r  133~s t h e  low energy 

peak was t y p i c a l l y  30 pe rcen t  lower i n  magnitude than  t h e  h igh  

energy peak, and a t  t imes,  depending on f i l amen t  temperature 

an o rde r  of magnitude d i f f e r ence  between t h e  133~s peaks w a s  

observed, When t h e  spectrometer  w a s  run  a t  h igh  ene rg i e s ,  t h e  

two peaks would merge b u t  t h e  l i g h t e r  masses would be  more heav i ly  

weighted toward a longer  f l i g h t  time than  t h e  heavier  masses which 

would cause a decrease  i n  t h e  s l o p e  of t h e  l i n e s  t h a t  have been 

shown i n  F igure  18 .  

Data were taken wf.th an e l e c t r o n  bombardment source.  This  

type of sou rce  i o n i z e s  gas atoms and molecules by c o l l i s i o n s  

between the  gas and e l e c t r o n s  t h a t  have been acce l e ra t ed  t o  a 

te rmina l  energy s u f f i c i e n t  t o  de tach  e l e c t r o n s  from t h e  gas atoms 

and molecules.  Typica l  s l o p e  va lues  ranged from 0.48 t o  0.52. 

Because t h i s  is  a low re so lv ing  power spec t rometer ,  f u r t h e r  com- 

p l i c a t i o n s  i n  i n t e r p r e t i n g  s p e c t r a  a r e  in t roduced  by t h e  fragmen- 

t a t i o n  of gas molecules.  



Another p o s s i b l e  source  of e r r o r  w a s  t h e  f l u c t u a t i o n  i n  t h e  

s t a r t i n g  and end p o i n t s  of t h e  ga t e  scan  and n o n l i n e a r i t i e s  i n t r o -  

duced by the  poor frequency response of t h e  e l ec t rome te r  used i n  

making t h e s e  measurements. 

Within the  l i m i t a t i o n s  introduced by the  source  and e lec-  

t r o n i c s ,  reasonable confidence can be placed i n  t h e  r o o t  m 

dependence of time. 

Comparison of Experimental Data w i t h  T h e o r e t i c a l  Data 

As  has  been seen ,  t h e  b e s t  way t o  handle a l a r g e  energy 

spread i s  t o  make t h e  f i n a l  energy of t h e  i o n s  much g r e a t e r  than  

t h e i r  i nhe ren t  spread.  For t h i s  reason l e t  u s  cons ider  t h e  

f l i g h t  t imes f o r  R = 2.23. Table I l ists  a comparison of measured 

and p red ic t ed  f l i g h t  t imes. 

TABLE I 

COMPARISON OF PREDICTED AND MEASURED 
FLIGHT TIMES WITH GATED COLLECTOR 

Pred ic t ed  Tt Measured Tt E r r o r  
(lJ set) (1-1 set) (2) 



The pe rcen t  e r r o r  r e f l e c t s  t he  d i f f i c u l t i e s  a s s o c i a t e d  w i t h  

t h e  source .  The 133~s i s  l e a s t  a f f e c t e d  by source  d i f f i c u l t i e s  

and hence d i s p l a y s  t h e  b e s t  agreement between theory and experi-  

mental  measurement. F igure  19 shows a spectrum obtained w i t h  

R =: 2.23. 

Resolving Power 

The r e so lv ing  power of a t ime-of-f l ight  mass spectrometer  

is  g iven  by 

r e p .  = M = t 
AM aat 

where t is  t h e  time a t  t h e  maximum amplitude of t he  mass l i n e  and 

A t  i s  t h e  width of t h e  mass l i n e  a t  h a l f  maximum amplitude. The 

choice of t h e  width a t  h a l f  h e i g h t  is  a r b i t r a r y  b u t  i s  f r equen t ly  

used. The r e s o l v i n g  power of t h e  spectrometer  ope ra t ing  w i t h  

R = 2.23 as shown i n  F igure  19,  i s  approximately 5. This low 

va lue  of r e so lv ing  power is  p a r t i a l l y  due t o  t h e  energy spread  

a s s o c i a t e d  w i t h  t h e  source .  When t h i s  spectrometer  is flown i n  

t h e  ionosphere,  i t s  r e so lv ing  power should be h ighe r  s i n c e  t h e  

ions  observed w i l l  b e  e s s e n t i a l l y  thermal.  The t h e o r e t i c a l l y  

maximum reso lv ing  power, i .e . ,  no i n i t i a l  i o n  energy spread ,  w i th  

R = 2.23 is  17  assuming t h a t  A t  i s  width a t  t h e  base  of t h e  peak 

because of t h e  squa re  n a t u r e  of t h i s  l i n e  shape.  
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High P res su re  Operat ion 

One of t h e  p r i n c i p a l  d i f f i c u l t i e s  i n  making mass spec t ro-  

m e t r i c  measurements i n  t h e  D-region of t h e  ionosphere is  t h e  h igh  

ambient p re s su re .  The experiments flown by D r .  N a r c i s i  and D r .  

Goldberg do n o t  have t h e  spec t rometers  ope ra t ing  a t  ambient 

p re s su re .  On t h e  contrary, t h e  spec t rometers  a r e  enclosed i n  

vacuum chambers which a r e  maintained a t  p re s su res  s e v e r a l  o r d e r s  

of magnitude below ambient. Ions  a r e  in t roduced  i n t o  t h i s  chamber 

through a s m a l l  o r i f i c e  and then analyzed. There a r e  s e v e r a l  

p o s s i b l e  d i f f i c u l t i e s  w i th  t h i s  technique which s h a l l  b e  considered 

l a t e r .  

Because of t h e  r e l a t i v e l y  small f l i g h t  pa th  and l a r g e  

sampling o r  pu l s ing  volume, t h e  wedge spectrometer  lends i t s e l f  

t o  reasonable  ope ra t ion  a t  p re s su res  encountered i n  t h e  D-region. 

A t  7'0 km t h e  p r e s s u r e  is  about  40 p, a t  80 km, 5 p. Figure  20 

shows t h e  e f f e c t  of p re s su re  on s e n s i t i v i t y .  This  p a r t i c u l a r  

curve i s  f o r  2 3 ~ a  i n  an  air atmosphere. A i r  was. used because the  

mean molecular weight  i n  t h e  D-region i s  approximately t h e  same 

as a t  ground l e v e l .  Seve ra l  i o n  masses, e .g . ,  6,7Li, 39,41K 

133 85 , 8 7 ~ b ,  C s  , were observed dur ing  t h i s  p re s su re  performance 

t e s t i n g  wi th  t h e  h ighe r  mass s e n s i t i v i t y  decreas ing  more r a p i d l y  

than  t h e  lower mass s e n s i t i v i t y .  This  i s  expected s i n c e  mean 

f r e e  pa th  is  a f u n c t i o n  of mass. Ions t h a t  p a r t i c i p a t e  i n  a 

c o l l i s i o n  a r e  no longer  focused,  s o  t h a t  what i s  observed a t  h igh  

p re s su res  is  an  i n c r e a s e  i n  t h e  d c  c u r r e n t  forming t h e  b a s e l i n e  



FIGURE 20. RELATIVE SENSITIVITY AS A FUNCTION 
OF PRESSURE FOR 23Na+ IN AIR 



of t h e  s p e c t r a  r e l a t i v e  t o  t h e  maximum c u r r e n t  amplitudes of t h e  

peaks and a g e n e r a l  decrease  i n  c u r r e n t  amplitudes of t h e  peaks. 

No s e r i o u s  degrada t ion  i n  r e so lv ing  power w a s  observed up t o  40 l~ 

and u s e f u l  s p e c t r a  of 7 ~ i  were obta ined  up t o  60 U. 

The use fu lnes s  of t h i s  device  a t  h igh  p re s su res  can b e  

a t t r i b u t e d ,  a t  l e a s t  i n  p a r t ,  t o  i ts  h igh  s e n s i t i v i t y .  This  h igh  

s e n s i t i v i t y  i s  a r e s u l t  of t h e  l a r g e  volume of t h e  puls ing  r eg ion  

and is  obta ined  a t  t h e  expense of r e so lv ing  power s i n c e  energy 

focus ing  i s  enhanced by narrowing t h e  pu l s ing  reg ion ,  

Mass Discr imina t ion  a t  Low Pres su res  

Since t h i s  spectrometer  has  been s p e c i f i c a l l y  developed t o  

measure t h e  ambient i o n i c  composition of  t he  ionosphere,  i ons  

a r e  gene ra l ly  in t roduced  r a t h e r  t han  produced i n  t h e  pu l s ing  

reg ion .  Unfor tuna te ly ,  i n  a e o l l f s f o n  f r e e  environment, t h e  

i n t r o d u c t i o n  of i ons  by means of a t t r a c t i v e  f i e l d s  i n t o  t h e  p u l s e  

r eg ion  i s  mass dependent, The fo l lowing  s i m p l i f i e d  t rea tment  w i l l  

show i n  p a r t  how t h i s  dependence can occur ,  

Let  u s  cons ider  two planes  of i o n s  of t h e  same mass which 

are sepa ra t ed  by a small d i s t a n c e  Aria We w i l l  assume t h a t  a l l  

i ons  a r e  a t  rest w i t h  r e s p e c t  t o  each o t h e r ,  The v e l o c i  t y  of 

t h e  rocke t  is  g iven  by v S ince  t h e  socke t  is  immersed i n  t h e  
R 

plasma t h a t  c o n s t i  t u t e s  t h e  i onosphere, f t is  surrounded by a 

plasma shea th .  The time f o r  a p l ane  of f ~ n s  t o  t r a v e r s e  t h e  

shea th  i s  from a n  energy cons ide ra t ion  



where m is t h e  mass of t h e  i o n s ,  q is t h e  charge of t h e  i o n s ,  

V(r) i s  t h e  p o t e n t i a l  through t h e  shea th  r e l a t i v e  t o  t he  plasma 

p o t e n t i a l ,  and - 6 is t h e  shea th  th ickness .  I t  w i l l  a l s o  b e  

assumed t h a t  t h e  p o t e n t i a l s  on the  f i r s t  and second g r i d s  of t h e  

puls ing  reg ion  are equal .  The t o t a l  t i m e  t h a t  i t  takes  f o r  t h e  

f i r s t  p l ane  of i ons  t o  reach t h e  second g r i d  of t h e  puls ing  

reg ion  i s  

where Q i s  t h e  d i s t a n c e  between t h e  two g r i d s ,  VT = VR + VB 
where VR is t h e  p o t e n t i a l  of t h e  rocke t  r e l a t i v e  t o  t h e  plasma 

and VB is  t h e  b i a s  of t h e  g r i d s  r e l a t i v e  t o  t he  rocket .  

For  t h e  second p l ane  of  i o n s ,  t h i s  same t o t a l  time can b e  

w r i t t e n  



where T6 has  a l r eady  been def ined ,  A r i / V R i s  t h e  time f o r  t h e  

plasma shea th  t o  reach t h e  second p lane  of i o n s ,  and (QArf) 

/ d2c4 VT/m is t h e  time s p e n t  i n  t h e  pu l s ing  reg ion  wi th  A r f  

equa l  t o  some d i s t a n c e  n o t  y e t  t r ave r sed  by t h e  second p lane  of 

ions.  S ince  T1 = T2, then  

hence 

From t h i s  a n a l y s i s ,  i t  can  b e  s e e n  t h a t  t h e  d i s t a n c e  

between t h e  two p lanes  is  d i f f e r e n t  i n  t h e  pu l s ing  r eg ion  of t h e  

spec t rometer  than i n  t h e  ambient plasma. This  d i f f e r e n c e  is 

d i r e c t l y  r e l a t e d  t o  t h e  i o n  d e n s i t y  d i f f e r e n c e  between t h e  ambient 

and t h e  pu l s ing  reg ion .  I n  g e n e r a l ,  t h e  d e n s i t y  w i l l  be  reduced 

i n  t h e  pu l s ing  r eg ion  r e l a t i v e  t o  t h a t  of t h e  ambient plasma. 

Unfor tuna te ly ,  i t  i s  a l s o  apparent  t h a t  t h i s  r educ t ion  i n  i o n  

d e n s i t y  is mass dependent s o  t h a t  r e l a t i v e  i o n  concent ra t ions  i n  

t h e  ambient plasma a r e  n o t  those  measured by t h e  spec t rometer .  

A s  a n  example, i f  masses 1 and 16  were i n  equal  concen t r a t ion  i n  



t h e  plasma, t h e  r e s u l t i n g  s p e c t r a  would i n d i c a t e  t h a t  t h e  concentra- 

t i o n  of mass 16 was f o u r  t imes g r e a t e r  t han  mass 1. For t h e  ions  

p re sen t  i n  t h e  D-region t h e  d i sc r imina t ion  would n o t  b e  a s  g r e a t  

as t h a t  i n  t h i s  example; neve r the l e s s ,  c a r e  would have t o  b e  

exerc ised  i n  i n t e r p r e t i n g  t h e  q u a n t i t a t i v e  a s p e c t s  of t h e  s p e c t r a .  

Mass Discr imina t ion  Associated wi th  Gate Parameters 

Ions of d i f f e r e n t  m a s s  t h a t  f a l l  through t h e  same p o t e n t i a l  

w i l l  have d i f f e r e n t  v e l o c i t i e s ;  hence, t h e  heav ie r  i ons  w i l l  spend 

more time i n  t he  g a t e  r eg ion  than  l i g h t e r  ions .  The g a t e  should 

then  be  open long enough f o r  t h e  s lowes t  i o n  of i n t e r e s t  t o  pass  

through t h e  g a t e .  The maximum width of t h e  g a t e  pu l se  is con- 

s t r a i n e d  by t h e  r e so lv ing  power and s e n s i t i v i t y  t h a t  i s  des i r ed .  

For t h e  ope ra t ing  condi t ions  t o  b e  used i n  t h e  r o c k e t  f l i g h t ,  f h e  

s lowes t  i o n  would t ake  approximately 78 nsec .  t o  t r a v e r s e  t h e  g a t e .  

These ope ra t ing  condi t ions  w i l l  be  considered i n  t h e  s e c t i o n  on t h e  

payload. F igure  2 1  shows a n  exper imenta l ly  determined v a r i a t i o n  

i n  c u r r e n t  as a func t ion  of a change i n  b a r r i e r  p o t e n t i a l .  By 

e l e v a t i n g  t h e  b a r r i e r  p o t e n t i a l  AV above i ts  optimum va lue  wh i l e  

maintaining t h e  a c c e l e r a t i n g  and g a t i n g  p u l s e  cons t an t ,  t h e  t i m e  

t h a t  t h e  g a t e  was opened is  reduced. This  t i m e  r educ t ion  occurs  

because t h e  g a t e  p u l s e  is  approximately t r i a n g u l a r .  From t h i s  

curve,  i t  i s  seen  t h a t  a 20 V change from t h e  optimum b a r r i e r  

p o t e n t i a l  produces a 76 pe rcen t  decrease  i n  t h e  133~s s e n s i t i v i t y  

wh i l e  a 39 pe rcen t  decrease  i n  t h e  39 9 4 1 ~  s e n s i t i v i t y  is  observed. 



FIGURE 21. MASS DISCRIMINAT1 ON ASSOCIATED WITH 
GATE PARAMETERS 



An exac t  a n a l y t i c a l  d e s c r i p t i o n  of t h e s e  curves depends on t h e  exac t  

shape of t h e  g a t e  pu l se ,  t h e  n e t  u sab le  volume of t h e  puls ing  r eg ion  

f o r  t h e  p a r t i c u l a r  m a s s  and t h e  mass dependent energy spread  of t h e  

source  t o  make these  measurements. However, i t  i s  obvious t h a t  c a r e  

must be  exe rc i sed  i n  s e t t i n g  t h e  g a t e  parameters;  o therwise  poor 

q u a n t i t a t i v e  r e s u l t s  w i l l  b e  obtained.  

Addit ion of F i e l d  Terminator Grid 

When t h e  pu l se  is  app l i ed  t o  t h e  f i r s t  g r i d ,  f i e l d  l i n e s  n o t  

only extend i n t o  t h e  puls ing  reg ion ,  b u t  a l s o  i n t o  t h e  surrounding 

plasma. I n  o rde r  t o  s e t  an  upper l i m i t  on the  d i s t a n c e  t h a t  t h i s  

f i e l d  p e n e t r a t e s  t h e  plasma, an e x t r a  g r i d  w a s  placed i n  f r o n t  of 

t h e  pulsed g r i d  of t h e  spec t rometer .  Because of t h e  s h o r t  mean f r e e  

pa ths  a s s o c i a t e d  wi th  t h e  D-region, no one doing D-region r e sea rch  

has y e t  undertaken a d e t a i l e d  a n a l y s i s  of v e h i c l e  p o t e n t i a l  phenomena 

o r  of t he  plasma shea th  a s s o c i a t e d  w i t h  t h e  v e h i c l e  o r  w i th  t h e  probe 

making measurements. U n t i l  such ana lyses  a r e  performed, t h e  chemical 

i n f luence  of t h e  v e h i c l e  and space  probe on t h e  ambient atmosphere 

w i l l  be  a m a t t e r  of con jec tu re .  

The a d d i t i o n  of t h i s  g r i d  does n o t  i n f l u e n c e  t h e  ope ra t ion  

of t he  spec t rometer .  When t h e  pu l se  is o f f ,  i ons  d r i f t  i n  t h e  r eg ion  

between t h i s  g r i d  and t h e  f i r s t  g r i d  because nea r ly  i d e n t i c a l  dc  

p o t e n t i a l s  a r e  maintained on both  g r i d s .  



Est imate  of P h o t o e l e c t r i c  E f f e c t  a t  the  Co l l ec to r  

The maximum photocurren t  d e n s i t y  g iven  by Bourdeau -- e t  a 1  

(1966) f o r  a tungs ten  t a r g e t  a t  120 km is 5 x 10-lo amp/cm2. The 

2 a r e a  of t h e  c o l l e c t o r  of t h e  mass spec t rometer  is 9 cm . This  

would g ive  a n  expected maximum photocurren t  a t  t h e  c o l l e c t o r  of 

4.5 x lo-' amp. I f  we c o r r e c t  f o r  t h e  t ransparency of t h e  g r i d s  

which i s  85 pe rcen t ,  then f o r  t he  seven g r i d s  of t he  spec t rometer ,  

t he  expected photocurren t  would b e  1 , 4  x lo-' amp 

I n  o rde r  t o  g e t  an  experimental  e s t ima te  on t h e  photocurren t ,  

two u l t r a v i o l e t  lamps were used t o  provide photons of wavelength 

comparable t o  those  encountered i n  t he  D-region. The n e t  f l u x  and 

s p e c t r a l  d i s t r i b u t i  on of one of t h e  lamps w a s  never  thoroughly 

i n v e s t i g a t e d ;  however, i t  w a s  known t h a t  t h e  minimum wavelength 

Q 
t r ansmi t t ed  through i t s  g l a s s  w a s  1800 A. The second lamp t h a t  

was used was designed,  cons t ruc ted ,  and c a l i b r a t e d  by E,L. Gee 

(1966). The measured photon f l u x  a t  30 cm. from t h e  window of 

t h i s  lamp was 2.6 x 10'' photons/sec-cm2 and predominately 

0 

Lyman a a t  1215.7 A. According t o  Bourdeau -- e t  a1 (1966),  t h e  

2 expected s o l a r  r a d i a t i o n  of Lyman a is  2 .7  x 1011 photonslsec-an . 
An experiment w a s  performed i n  which t h e  unca l ib ra t ed  W 

lamp w a s  shone d i r e c t l y  on t h e  c o l l e c t o r ,  The c u r r e n t  was between 

5 x 10-14a. and 1 x 10-13a. which was comparable t o  t h e  n o i s e  of 

t h e  system, When t h e  c a l i b r a t e d  lamp was shone d i rec tLy a t  t h e  

c o l l e c t o r ,  a p h o t o e l e c t r i c  c u r r e n t  of less than  1 x 10-'la. was 



observed. However, i f  a s p h e r i c a l  wavefront is assumed, t h e  photon 

f l u x  a t  t h e  c o l l e c t o r  should have been approximately a f a c t o r  of 

36 g r e a t e r  than  t h e  photon f l u x  of t h e  s o l a r  r a d i a t i o n ,  This  

experiment w a s  performed wi th  many v a r i a t i o n s  i n  t h e  ang le  of t h e  

lamp r e l a t i v e  t o  t h e  normal of t h e  c o l l e c t o r ,  a t  va r ious  p re s su res  

from 1 x 1 0 - ~ t o r r  t o  2 x 10-'torr w i th  air,  NO., ace tone  and benzene 

atmospheres. The lamp i t s e l f  was tuned over i ts  band of ope ra t ing  

condi t ions  and c a r e  w a s  taken t o  main ta in  a reasonably pure H2 

atmosphere i n  t h e  lamp. From t h e  forgoing  can b e  drawn t h r e e  

p o s s i b l e  conclusions.  The f i r s t  i s  t h a t  t h e  lamp c a l i b r a t i o n  l e f t  

something t o  be  d e s i r e d .  The second is  t h a t  t h e  photon f l u x  i n  

t h e  D and E reg ion  is  incompletely known. The t h i r d  is t h a t  t h e  

s t a i n l e s s  s t e e l  used i n  t h e  c o l l e c t o r  has  a poor e l e c t r o n  pe r  

photon y i e l d .  

I n  o r d e r  t o  cope wi th  t h e  p o s s i b i l i t y  t h a t  a c u r r e n t  i n  t h e  

range may occur ,  i t  is  suggested t h a t  t h e  r o c k e t  b e  launched 

near  s u n s e t  and away from t h e  sun. It may a l s o  b e  s t a t e d  t h a t  t h e  

photocurren t  may y i e l d  informat ion  about  payload o r i e n t a t i o n .  

F i n a l l y ,  i t  is  obvious t h a t  n i g h t  measurements are n o t  a s  l i k e l y  t o  

be  t roubled  by phoroe lec t r f  c e f f e c t s  . 

Discharge I n v e s t i g a t i o n  

S ince  t h e r e  a r e  pu l se s  used i n  t h i s  spec t rometer  t h a t  a r e  

80 V i n  magnitude, some concern can b e  expressed about  t he  

p o s s i b i l i t y  of s t r i k i n g  and s u s t a i n i n g  a d ischarge .  Although no 



absolute test could be arranged, some meaningful tests were performed 

to check for discharging. The regions of the spectrometer where the 

pulses are applied were immersed in electrons and ions without any 

discharge resulting. Electrons were accelerated to over 200eV in 

these regions up to pressures of 200 y. Simultaneously with electron 

bombardment and separately, ion beams in the a range were 

impinged on the pulsing regions. No discharges were visible and 

no anomalous effects or failures were observed in the electronics. 

The electronics used in this test did not incorporate current limits 

as do those in the payload and hence were more susceptible to damage. 

Electron Multiplier Detector 

A method for enhancing the sensitivity of the mass spectro- 

meter is the addition of an electron multiplier to the detection 

circuit. A 19-stage venetial blind multiplier was attached behind 

the collector which had a hole cut in it at the same level on the 

ion to electron conversion dynode of the multiplier. The flight 

path of the spectrometer in this experiment was 6.0 cm. Figure 22 

shows a spectrum that was obtained with this arrangement. This 

particular spectrum was obtained by J. Rarick and E.E. Barnes. 

This excellent agreement can be attributed to a dc retarding 

potential applied to the first grid of the spectrometer which 

prohibited'low energy ions from entering the pulsing region, and to 

the stability and linearity of the electronics that were used. 



FIGURE 22. SPECTRUM TAKEN WlTH WEDGE 
SPECTROMETER WlTH ELECTRON 
MULTIPLIER DETECTOR 



Table I1 l is ts  the  computer-predicted f l i g h t  t imes and t h e  

measured f l i g h t  t imes.  

TABLE I1 

COMPARISON OF PREDICTED AND MEASURED 
FLIGHT TIMES WITH GATED COLLECTOR 

Pred ic t ed  Tt Measured Tt Er ror  
(1-1 set) (1-1 set) (X) 

The primary problem t h a t  has  t o  be  i n v e s t i g a t e d  be fo re  such 

a device  is a t t ached  t o  a f l y a b l e  mass spec t rometer  i s  the  behavior  

of t h e  m u l t i p l i e r  a t  high p r e s s u r e s ,  namely, those  encountered i n  

t he  D-region. The vo l t age  app l i ed  ac ros s  t he  m u l t i p l i e r  w a s  3 kv 

which would most l i k e l y  cause a d ischarge  a t  these  p re s su res ;  thus 

low v o l t a g e  ope ra t ion  should be  considered and balanced a g a i n s t  

l o s s  of  ga in  i n  t h e  m u l t i p l i e r  



I V .  PAYLOAD DESCRIPTION 

Mechanical Considerat ions 

Vehicles  

Three mechanical designs were prepared because t h r e e  d i f f e r e n t  

programs, each wi th  d i f f e r e n t  v e h i c l e s ,  were under cons ide ra t ion .  

The f i r s t  con f igu ra t ion  of t h e  payload w a s  f o r  a Nike-Tomahawk veh ic l e .  

The experiments on t h i s  v e h i c l e  were t o  be a quadrupole mass spec- 

t rometer  of D r .  Goldberg of NASA Goddard, Greenbel t ,  Maryland, and 

the  t ime-of-f l ight  spec t rometer  t h a t  has been descr ibed .  The primary 

mot iva t ion  behind t h e  experiment w a s  t o  compare t h e  d a t a  and draw 

conclusions concerning any p o s s i b l e  d i sc repanc ie s  i n  t h e  da t a .  This  

would d e f i n i t e l y  enable  a comparison of t h e  two d i f f e r e n t  sampling 

systems of these  spec t rometers .  Because of s e v e r a l  mis for tunes  

encountered during t h i s  j o i n t  ven tu re ,  t h e  program w a s  suspended 

u n t i l  1970 o r  1971. The second conf igu ra t ion  of t h e  payload was 

developed f o r  a Sidewinder-Arcas HV v e h i c l e .  This  was a program 

wi th  M r .  Ba l l a rd  a t  White Sands M i s s i l e  Range, White Sands, New 

Mexico. A completed payload w a s  taken t o  t h i s  range and t e s t e d  b u t  

was no t  launched due t o  a i ncompa t ib i l i t y  i n  te lemetry t r a n s m i t t i n g  

and r ece iv ing .  The t h i r d  con f igu ra t ion  is  f o r  a Boosted Arcas I1 

veh ic l e .  This  con£ i g u r a t i o n  i s  almost i d e n t i c a l  w i th  t h e  Sidewinder 

ve r s ion  w i t h  t h e  except ion  of t h e  rocke t  s k i n  of t h e  payload reg ion .  

The Sidewinder v e r s i o n  had an aluminum s k i n  which n e c e s s i t a t e d  a 

twin antenna system. An antenna w a s  mounted on t h e  rocke t  s k i n  and 



dr iven  by t h e  payload antenna. I t  i s  necessary f o r  t h e  te lemetry 

carrier t o  b e  on a t  a l l  t i m e s  dur ing  t h e  f l i g h t  s o  t h a t  t h e  d i r ec -  

t i o n a l  antenna of t h e  r ece iv ing  s t a t i o n  can remain f i x e d  on t h e  

payload p o s i t i o n .  I n  t h e  Boosted Arcas I1 ve r s ion ,  a f i b e r g l a s  

rocke t  s k i n  i s  used which enables  t h e  payload antenna t o  supply t h e  

c a r r i e r  f o r  t h e  r e c e i v e r .  The fol lowing s e c t i o n s  w i l l  d e sc r ibe  t h e  

second and t h i r d  con f igu ra t ions .  

Sealed E lec t ron ic s  S t r u c t u r e  

The e l e c t r o n i c s  s e c t i o n  of t h e  payload w a s  designed i n  such 

a f a s h i o n  as t o  be  p re s su re  t i g h t ,  i , e . ,  leakage of gas from t h e  

e l e c t r o n i c s  s t r u c t u r e  was undes i rab le .  It was undes i r ab le  f o r  two 

reasons .  F i r s t ,  t h e  gas t h a t  would escape from t h i s  s t r u c t u r e  would 

in t roduce  contaminants which could be  ion ized  and then sampled by 

t h e  spec t rometer ;  thus ,  t h e  d a t a  would n o t  r e f l e c t  t r u e  ambient 

c o n s t i t u e n t s .  Secondly, t h e  r educ t ion  of p re s su re  i n  t h e  e l e c t r o n i c s  

s e c t i o n  would remove convect ive d i s s i p a t i o n  of h e a t  from t h e  com- 

ponents which i n  t u r n  could cause component f a i l u r e .  

Vacuum Chamber f o r  Pre-Fligh t Tes t i n g  

A vacuum chamber made of s t a i n l e s s  s t e e l  was incorpora ted  

i n t o  t h e  payload t o  f a c i l i t a t e  p r e - f l i g h t  t e s t i n g .  This  chamber 

had mounted i n  i t  a s u r f a c e  i o n i z a t i o n  i o n  dource. This  sou rce  w a s  

designed t o  s u s t a i n  t h e  r i g o r s  of t h e  f l i g h t  even though i t  would 

n o t  be  used during t h e  f l i g h t .  However, t h e  s a f e s t  procedure would 

b e  t o  remove i t  b e f o r e  t h e  f l i g h t  and r e p l a c e  i t  w i t h  a s imple 



s t a i n l e s s  steel cap. I f  dur ing  l i f t  o f f  o r  payload s e p a r a t i o n ,  

v i b r a t i o n  o r  shock caused p a r t s  of t h i s  source  t o  become f r e e ,  t h e r e  

i s  t h e  p o s s i b i l i t y  t h a t  t h e s e  p a r t s  could damage t h e  spec t rometer ,  

The disadvantage of adding a plug a f t e r  t e s t i n g  is t h a t  vacuum 

would have t o  be  broken. 

Af t e r  t e s t i n g  i s  completed t h e  p re s su re  i n  t h e  vacuum chamber 

should b e  e l eva t ed  t o  a p re s su re  above t h a t  of t h e  a l t i t u d e  a t  which 

payload s e p a r a t i o n  occurs .  The s a f e s t  procedure would b e  eaevat ing  

the  p re s su re  t o  about  10 mm of Hg t o  account f o r  p o s s i b l e  e a r l y  

payload s e p a r a t i o n  o r  t o  j u s t  below atmospheric p re s su re .  The f i r s t  

of t h e s e  is  chemically s l i g h t l y  p re fe rab le .  The gas used i n  e l e -  

va t ing  t h i s  p r e s s u r e  should be dry  n i t rogen  s i n c e  t h e  primary 

atmospheric n e u t r a l  c o n s t i t u e n t  up t o  80 km is  n i t rogen .  S ince  

expected i o n i c  spec i e s  a r e  pro tona ted  water  c l u s t e r s  ( N a r c i s i ,  1967) ,  

water  vapor should b e  excluded. 

The vacuum chamber should b e  baked i n  o rde r  t o  reduce con- 

taminat ion.  The maximum temperature during t h e  bake is  s e t  by t h e  

temperature acqui red  by t h e  e l e c t r o n i c s  s t r u c t u r e .  P rov i s ion  i s  

made t o  monitor  temperature w i t h i n  the  e l e c t r o n i c s  s t r u c t u r e  c l o s e  

t o  t h e  vacuum chamber. F igure  23 i s  a photograph of t h e  e x t e r n a l  

mechanical s t r u c t u r e  of t h e  payload. 

Separa t ion  of  Payload From Vehicle  

The payload i s  sepa ra t ed  from the  v e h i c l e  by a n  explos ive  

charge t h a t  i s  placed a t  t h e  base  of t h e  payload. When t h e  charge 

is de tonated ,  t h e  payload s l i d e s  up t h e  rocke t  s k i n  and leaves  t h e  



FIGURE 23. EXTERNAL MECHANICAL COMPONENTS OF 
EXPERIMENT MCKAGE 



v e h i c l e  completely.  This a c t i o n  can be  looked upon as similar t o  

t h e  s t anda rd  m i l i t a r y  mortor where i n  t h i s  case  t h e  payload is  t h e  

mortor p r o j e c t i l e  and t h e  rocke t  s k i n  is  t h e  mortar  tube. A t l a n t i c  

Research Corporat ion recommended a des ign  c r i t e r i o n  of 90g al though 

measured shocks were 66.48 and a time t o  peak of 0.005 seconds. 

I t  should be  s t a t e d  h e r e  t h a t  o t h e r  in format ion  l e s s  s t r i n g e n t  was 

a l s o  obta ined  from o t h e r  sources .  The payload underwent a s imula ted  

s e p a r a t i o n  shock t e s t  on a v i b r a t i o n  t a b l e  a t  NASA Goddard. Also, 

an a c t u a l  s e p a r a t i o n  t e s t  us ing  t h e  explos ive  charge p re sen t  during 

f l i g h t  w a s  performed a t  A t l a n t i c  Research Corporation. The payload 

s u c c e s s f u l l y  met bo th  of t h e s e  t e s t s .  

Shake Tes t ing  

The payload has  s u c c e s s f u l l y  undergone shake t e s t i n g .  This  

package has  passed t e s t s  which q u a l i f y  i t  f o r  f l i g h t  on both  t h e  

Arcas and Nike-Tomahawk v e h i c l e s .  The Nike-Tomahawk is  considered 

t o  have one of t h e  most v i o l e n t  v i b r a t i o n a l  p r o f i l e s  r e l a t i v e  t o  

o t h e r  sounding rocke t s .  

During t h i s  t e s t i n g  , some ho le s  were a c c i d e n t l y  punched 

through t h e  g r i d s  i n  t h e  a c c e l e r a t i n g  r eg ions  by NASA personnel ,  i .e . ,  

t h e  ho le s  were no t  t h e  r e s u l t  of shaking.  These h o l e s  were a s  l a r g e  

as a h a l f  an  inch  i n  diameter .  The spectrometer  wi th  t h e s e  ho le s  

s t i l l  func t ioned  w i t h  s m a l l  o r  no l o s s  i n  r e so lv ing  power. 



Separa t ion  of Nose Cone and Vacuum Chamber From the  Payload 

At an  a l t i t u d e  of about  70 km, t h e  payload w i l l  be  expel led  

from t h e  v e h i c l e .  When the  payload has  approximately a t h i r d  of its 

l eng th  pro t ruding  above t h e  top of t h e  s k i n ,  a ba l l - lock  arrangement 

is  r e l eased .  The r e l e a s e  of t h i s  locking arrangement al lows a 

compressed s p r i n g  t o  expand. This s p r i n g  is  a t t ached  t o  t he  nose 

cone and a l s o  t h e  vacuum chamber. When t h e  s p r i n g  is  f u l l y  expanded, 

t h e  nose cone and vacuum chamber w i l l  have a s e p a r a t i o n  v e l o c i t y  of 

approximately 21 f t / s e c  r e l a t i v e  t o  t h e  payload. If a malfunct ion 

i n  t h e  t iming f u s e  of t h e  s e p a r a t i o n  charge produced an  e a r l y  payload 

s e p a r a t i o n  drag f o r c e s  could reduce t h i s  s e p a r a t i o n  v e l o c i t y .  If  

we assume t h a t  t h e  v e h i c l e  w a s  t r a v e l i n g  a t  Mach 3 ,  which is  i n  f a c t  

approximately t h e  expected ve loc i ty ,  t he  r e t a r d i n g  f o r c e  on t h e  cone 

w i l l  b e  2.7* l b s ,  a t  50 km. 

During t h e  removal of the  vacuum chamber, i t  was f ea red  t h a t  

t he  s i d e s  of t h e  chamber would c o l l i d e  w i t h  t h e  spectrometer .  A 

photographic s tudy  and f i f t e e n  test f i r i n g s  a l l a y e d  t h i s  f e a r .  

Payload Weight and Center of Gravi ty 

I n  o rde r  t o  p r e d i c t  t h e  a l t i t u d e  a t t a i n e d  by t h e  payload, i t s  

weight  and c e n t e r  of g r a v i t y  had t o  be  determined. The payload 

weight of t h e  Sidewinder ve r s ion  w a s  17 l b s ,  wh i l e  t h e  Boosted Arcas I1 

v e r s i o n  w a s  16  l b s .  The d i f f e r e n c e  r e s i d e s  i n  t h e  l i g h t e r  f i b e r g l a s  

*Value based on d a t a  obta ined  from MACA t a b l e s .  



s k i n  of t h e  l a t t e r .  The cen te r  of g r a v i t y  f o r  t h e  Boosted Arcas I1 

ve r s ion  which w a s  launched w a s  13.15 rf: 0.005 inches  from 

where the  base  of t h e  payload meets w i th  the  rocke t  motor. 

E lec t ron ic s  Considerat ions 

Determination of R e p e t i t i o n  Frequency and Electrometer  Requirements 

3 The volume of t h e  puls ing  reg ion  is  17.15 cm . I n  order  t o  

f i l l  t he  volume completely a t  t h e  s lowes t  speed,  which is  near  apogee 

and which f o r  t he  v e h i c l e s  considered is about 350 m/sec, 14.3 y. s e c  

is  requi red .  It is  d e s i r a b l e  t o  ana lyze  masses t h a t  a r e  q u i t e  heavy 

s i n c e  D-region measurements made t o  d a t e  have n o t  analyzed s p e c i e s  

above a hundred atmoic mass u n i t s .  Consequently, a pu l se  width of 

3.00 y s e c  was chosen which would i n s u r e  proper  ope ra t ion  up t o  mass 

250, With t h i s  pu l se  wid th ,  reasonable  h igh  mass performance could 

be  expected even i f  t h e  p u l s e  h e i g h t  decreased.  I n  o rde r  t o  determine 

t h e  per iod  of t h e  p u l s e s ,  t h e  f i l l  time and p u l s e  t ime were summed 

y i e l d i n g  17.3 y s e c .  ; and, hence, t he  r e p e t i t i o n  frequency is  57.8 KC. 

A s  i s  obvious, ram f i l l i n g  has  been assumed and t h e  e f f e c t s  of t h e  

v e h i c l e  p o t e n t i a l  and b i a s  on t h e  f i e l d  te rmina tor  g r i d  have been 

neglected.  

When t h e  pu l s ing  r eg ion  i s  allowed t o  f i l l  completely between 

pu l se s ,  an  es t imated  t o t a l  i o n  concent ra t ion  can b e  made. I f ,  

however, t h e  spectrometer  is  flown i n  conjunct ion  w i t h  some o t h e r  

t o t a l  i o n i z a t i o n  monitor ,  then t h e  r e p e t i t i o n  frequency can b e  



i nc reased  s o  as t o  i n c r e a s e  s e n s i t i v i t y  a t  lower a l t i t u d e s  where t h e  

f i l l  t ime is  l e s s .  A reasonable i n c r e a s e  i n  t h e  r e p e t i t i o n  frequency 

w i l l  i n c r e a s e  t h e  n e t  c u r r e n t  s een  by t h e  c o l l e c t o r .  However, t h e  

per iod  between pu l se s  cannot be  l e s s  than  t h e  f l i g h t  t ime of t h e  

h e a v i e s t  i o n  s i n c e  t h i s  would cause the  peaks from d i f f e r e n t  

i n d i v i d u a l  s p e c t r a  t o  overlap.  

I f  i t  is  assumed t h a t  t he  concen t r a t ion  of NO' a t  75 km is  

3 300/cm , then t h e  n e t  charge i n  t h e  puls ing  r eg ion  8.24 x 10-l6 coul .  

This  assumption of t h e  i o n  concent ra t ion  is based on N a r c i s i ' s  (1965) 

r e s u l t s .  I f  we assume t h a t  t h i s  charge a r r i v e d  during the  17.3 p s e c  

of t h e  pu l se  per iod ,  then expected c u r r e n t  would b e  4.76 x 10-''a. 

Correc t ing  f o r  t h e  85% transparency of t h e  g r i d s  of t h e  spectrometer  

reduces t h e  c u r r e n t  t o  1 ,53  x 10 -I1,. I f  we assume t h a t  t h e  v e h i c l e  

is  t r a v e l i n g  a t  Mach 1 .5  a t  75 km and a normal shock* e x i s t s  i n  f r o n t  

of t h e  spec t rometer ,  then  t h e  p re s su re  i n  t he  spectrometer  i s  about  

a f a c t o r  of 2.5 g r e a t e r  than the  ambient p re s su re  which is  about  

20 p. Thus, t h e  spectrometer  ope ra t ing  p re s su re  is  about 50 p. Using 

the  experimental  d a t a  on t h e  r e l a t i o n  between s e n s i t i v i t y  and p re s su re ,  

t he  i o n  c u r r e n t  should be  reduced by about a f a c t o r  of 75. Then, t h e  

-13, expected c u r r e n t  is about  6.4 x 10 

The assumption of a normal shock e x i s t i n g  i n  f r o n t  of t h e  

spectrometer  cannot b e  r igo rous ly  j u s t i f i e d  b u t  has been made t o  g i v e  

a crude approximation of t h e  expected cu r r en t .  This  assumption is  

*A normal shock e x i s t s  when t h e  flow v e c t o r  does n o t  change d i r e c t i o n  

on passage through t h e  shock f r o n t .  



t h e  wors t  t h a t  can b e  made and a c t u a l  ins t rument  performance should 

probably b e  b e t t e r .  

On t h e  b a s i s  of t h e s e  c a l c u l a t i o n s ,  t h e  minimum d e t e c t a b l e  

c u r r e n t  should be s e t  a t  1 x 10-13a which would g ive  about 50 ions/cm3 

s e n s i t i v i t y  a t  75 km. At 90 km where p re s su re  co r r ec t ions  do n o t  

have t o  be  made 1 x 10-13a, would g ive  a p a r t i c l e  s e n s i t i v i t y  of about  

3 2 ions/cm . 
These c a l c u l a t i o n s  a l s o  assume t h a t  t h e  spectrometer  normal 

v e c t o r  and t h e  v e l o c i t y  v e c t o r  a r e  p a r a l l e l  and, as a l r eady  mentioned, 

ram f i l l i n g  of t h e  a c c e l e r a t i n g  r eg ion  is  t h e  predominant f i l l i n g  

mechanism. I f  t h e  ang le  between t h e  spectrometer  normal and t h e  

v e l o c i t y  v e c t o r  becomes l a r g e ,  then  ram f i l l i n g  is no longer  t h e  

predominant mechanism. The p o t e n t i a l  g r a d i e n t  between th6  pu l se  

te rmina t ing  g r i d  and t h e  plasma becomes t h e  primary mechanism f o r  

f i l l i n g .  Th i s  p o t e n t i a l  g r a d i e n t  i s  a f u n c t i o n  of payload p o t e n t i a l  

r e l a t i v e  t o  t h e  plasma which i n  t u r n  is  a f u n c t i o n  of a l t i t u d e .  

I n  o r d e r  t o  t r e a t  t h i s  s e n s i t i v i t y  problem completely,  an  

a n a l y s i s  similar t o  t h a t  of Sonin" (1966) cons ider ing  the  geometry 

of R. N a r c i s i ' s  experiment i s  requi red .  

Vehicle  P o t e n t i a l  

I f  a body i s  placed i n  a n e u t r a l  plasma, i t  w i l l  t a k e  on a 

nega t ive  v o l t a g e  wi th  r e s p e c t  t o  t h e  plasma because more e l e c t r o n s  

w i l l  c o l l i d e  wi th  t h e  body than  i o n s .  I f  t h e  e l e c t r o n s  a r e  a t  t h e  

same temperature a s  t h e  i o n s ,  t h e  e l e c t r o n s  w i l l  b e  t r a v e l i n g  t h e  

square  r o o t  of t h e  r a t i o  of t h e  i o n  mass t o  t h e  e l e c t r o n  mass f a s t e r  



than t h e  ions .  I n  t h e  D-region, t h e  e l e c t r o n  temperature is s l i g h t l y  

g r e a t e r  than t h e  i o n  temperature (Biondi ,  1968) which would tend t o  

d r i v e  t h e  body s l i g h t l y  more negat ive .  A competing e f f e c t  which tends 

t o  d r i v e  t h e  v e h i c l e  p o s i t i v e  is photoemission during a daytime 

launch,  which is intended.  Another i n f luenc ing  f a c t o r  on v e h i c l e  

p o t e n t i a l  may b e  t h e  t o t a l  spec t rometer  i o n  c u r r e n t  b u t  t h i s  is  

approximately two o rde r s  of magnitude below t h a t  of a n  unretarded 

photocurren t  from t h e  payload s k i n  of 1 0 - ~ a  based the  va lue  of 

5 x 10-lo amp/cm2 g iven  by Bourdeau -- e t  a1 (1966). Based on t h e  d a t a  

presented  by W i l l i s  (1965) and obta ined  from conversa t ions  wi th  

N a r c i s i  (1967, 1968),  t h e  v e h i c l e  p o t e n t i a l  even wi th  photoemission 

should b e  nega t ive  s i n c e  t h e  r a t i o  of t h e  payload s k i n  a r e a  t o  t he  

sampling a r e a  is  about  37. Thus, a good r e t u r n  pa th  i s  e s t a b l i s h e d  

between t h e  spec t rometer  and t h e  plasma. 

P o t e n t i a l  on t h e  Pu l se  Terminator Grid 

The d c  p o t e n t i a l  on t h i s  g r i d ,  which w i l l  be  c a l l e d  t h e  zero th  

g r i d  because i t  is n o t  e s s e n t i a l  f o r  spectrometer  ope ra t ion ,  is  set 

t o  -10 V r e l a t i v e  t o  payload s k i n .  This  may n o t  be  a very d e s i r a b l e  

p o t e n t i a l  from a chemical viewpoint  because ions  acce l e ra t ed  through 

a p o t e n t i a l  of t h i s  magnitude can poss ib ly  p a r t i c i p a t e  i n  r e a c t i o n s  

o r  e x c i t a t i o n s  which could modify t h e  ambient atmosphere be ing  

sampled. I f  t h e  payload swings nega t ive  then -10 V i s  t h e  minimum 

po tenc ia1  d i f f e r e n c e  between t h i s  g r i d  and t h e  plasma. On a f u t u r e  

payload, i t  would b e  d e s i r a b l e  t o  sweep t h i s  p o t e n t i a l  t o  check on 

t h e  p o s s i b i l i t y  of chemical r e a c t i o n s  induced by t h i s  p o t e n t i a l .  



But, t h i s  f i r s t  payload i s  o r i en t ed  more toward system tr ial  and 

eva lua t ion .  

P o t e n t i a l s  on t h e  Pulsed Grid and Second Grid 

The d c  p o t e n t i a l  of t h e  pulsed g r i d ,  which w i l l  b e  ca l l ed  t h e  

f i r s t  g r i d ,  w i l l  be  s e t  t o  -5 V r e l a t i v e  t o  t h e  payload s k i n  o r  

chas s i s .  This  p o t e n t i a l  w i l l  a c t  as a r e t a r d i n g  b a r r i e r  which w i l l  

l e s s e n  t h e  p r o b a b i l i t y  of chemical events  occurr ing  i n  t h e  reg ion  

between t h e  zero th  and f i r s t  g r i d ,  The second g r i d  of t h e  spectrom- 

e t e r  w i l l  b e  s e t  t o  payload c h a s s i s  p o t e n t i a l .  

I n  t h e  l abo ra to ry ,  t h e  o v e r a l l  performance of t h e  spec t rometer  

is governed by t h e  energy spread a s s o c i a t e d  wi th  t h e  p a r t i c u l a r  i o n  

source  t h a t  is used, This  spread n e c e s s i t a t e s  l a r g e r  acce l e ra t ed  

pu l se s  than  i s  r equ i r ed  f o r  b e s t  space  focus ing .  I n  t h e  ionosphere,  

one has  t h e  near  p e r f e c t  i o n  source .  The i o n  temperature is j u s t  

s l i g h t l y  above the  n e u t r a l  gas  temperature of about  225°K (Biondi ,  

1968). Consequently, t h e  a c c e l e r a t i n g  p u l s e  v o l t a g e  can more c l o s e l y  

approach t h e  condi t ions  f o r  b e s t  space  focus ing .  The b e s t  space  

focusing p u l s e  h e i g h t  w a s  about  45 V.  However, because some energy 

spread w i l l  b e  in t roduced  dur ing  t h e  f i l l i n g  of t h e  r eg ion ,  a pu l se  

h e i g h t  of 75 V is d e s i r a b l e  t o  o f f s e t  t h e  spread.  This  spread could 

be  reduced by r a i s i n g  t h e  dc  p o t e n t i a l  of t h e  f i r s t  g r i d  t o  -1 V ,  

thus s e t t i n g  t h e  maximum spread  t o  l e s s  than  a v o l t ;  however, i f  f o r  

some reason t h e  payload s k i n  would swing p o s i t i v e  more than one v o l t  

r e l a t i v e  t o  t h e  plasma, t h e  i o n  c u r r e n t  i n t o  t h e  pu l s ing  reg ion  

would be  c u t  o f f ,  s o  t h e  -5 V w a s  chosen on a p ro to type  c r i t e r i o n .  



Remaining DC P o t e n t i a l s  and Gate Pu l se  Height and Width 

The p o t e n t i a l  of t h e  t h i r d  g r i d  is minus 60 V wi th  r e s p e c t  t o  

t he  payload chass i s .  The f o u r t h  g r i d  which is  t h e  beginning of t h e  

g a t e  r eg ion  is  common t o  t h e  t h i r d  which is a l s o  common t o  t h e  s i d e s ,  

top and bottom of t h e  wedge. The g a t e  dc  p o t e n t i a l  i s  set t o  + 70 V 

dc  s i n c e  t h e  a c c e l e r a t i n g  p u l s e  of 75 V is  app l i ed  t o  a -5 V d c  level,  

s o  t h e  n e t  v o l t a g e  i s  70 V r e l a t i v e  t o  payload c h a s s i s .  The width 

of t h e  g a t e  pu l se  a t  t h e  base  is  90 t o  100 nsec.  and i ts  h e i g h t  is  

about -80 V, Mass 150 takes  approximately 78 nsec.  t o  t r a v e r s e  t h e  

g a t e .  Thus, q u a n t i t a t i v e  measurements can b e  made a t  l e a s t  up t h i s  

mass i f  a l l  necessary  c a l i b r a t i o n s  are made. The g r i d  te rmina t ing  

t h e  g a t e  r eg ion  i s  common w i t h  t h e  s i d e s  of t h e  wedge and thus is  at  

-60 V r e l a t i v e  t o  payload c h a s s i s .  F i n a l l y ,  t h e  c o l l e c t o r  i s  h e l d  

a t  -60 V. 

Sweep Condit ions and Electrometer  Frequency Response 

The g a t e  is swept from 0.3 u sec .  t o  6.0 p sec .  which sweeps 

over t h e  range from mass 1 t o  250. This  scan  occurs  over a two second 

i n t e r v a l  which g ives  adequate  a l t i t u d e  r e s o l u t i o n  f o r  t h e  d a t a  ob- 

ta ined .  With t h i s  s can  rate, a frequency response of 1000 Hz a t  

10-"a is  adequate  t o  i n s u r e  t h a t  RC smearing w i l l  n o t  b e  excess ive .  

Spectrometer Sh ie ld  

I n  o rde r  t o  prevent  t h e  exposing of t h e  s i d e s ,  top ,  and bottom 

of t h e  spectrometer  t o  t h e  plasma, a s h i e l d  is placed around t h e  

spectrometer  similar i n  a p p l i c a t i o n  t o  t h a t  of a guard, This  s h i e l d  

is  h e l d  a t  0 V r e l a t i v e  t o  t h e  experiment package chass i s .  



Summary of Requirements 

A summary of t h e  e l e c t r o n i c  requirements  f o r  t h e  spectrometer  

i s  l i s t e d  i n  Table 111. 

Block Diagram of Payload E l e c t r o n i c s  

F igure  24 is a b lock  diagram of t h e  e l e c t r o n i c s  of t h e  payload. 

The s e c t i o n  of t h i s  diagram p e r t a i n i n g  t o  t h e  a c c e l e r a t i n g  and g a t e  

pulses  is  i d e n t i c a l  t o  t h a t  descr ibed  e a r l i e r  and w i l l  n o t  b e  d i s -  

cussed he re .  The diagram of t h e  d c  c o n t r o l  desc r ibes  t h e  d c  d i s t r i -  

bu t ion  t o  t h e  g r i d s  and is s e l f  explanatory on the  b a s i s  of t h e  

previous s e c t i o n .  The dc  power supply f o r  t h e  whole payload w a s  

designed and b u i l t  by Betco E l e c t r o n i c s ,  B u r t o n s v i l l e ,  Maryland. 

I n  a d d i t i o n  t o  t h e  primary func t ions  r equ i r ed  f o r  spec t rometer  

opera t ion ,  several p e r t i n e n t  a d d i t i o n s  have been made t o  t h e  e lec-  

t r o n i c s .  The f i r s t  of t h e s e  is  t h e  a d d i t i o n  of t i m e  markers.  By 

t i m e  markers are meant t h a t  when t h e  g a t e  p u l s e  i s  a t  1 p sec .  and 

3 sec .  r e l a t i v e  t o  t h e  l ead ing  edge of t h e  a c c e l e r a t i n g  pu l se ,  

narrow squa re  pu l se s  a r e  genera ted  and f e d  i n t o  t h e  lower frequency 

channel of t h e  te lemet ry ,  which w i l l  b e  d iscussed  later. These two 

time marks h e l p  d e f i n e  t h e  mass s c a l e .  The o p e r a t i o n  of t h i s  c i r c u i t  

a d d i t i o n  is  s t r a i g h t  forward. The l ead ing  edge of t h e  vary ing  wid th  

pu l se  coming from t h e  p u l s e  width modulator t r i g g e r s  both t h e  1 p sec .  

and t h e  3 p sec .  monostable m u l t i v i b r a t o r .  The t r a i l i n g  edge of 

t h i s  p u l s e  is f e d  i n t o  t h e  g a t e s .  I f  t h e  t r a i l i n g  edge of t h e  p u l s e  

occurs  a t  t h e  same i n s t a n t  a s  o r  a f t e r  t h e  t r a i l i n g  edge of one of 
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t h e  monostable p u l s e s ,  t h e  app ropr i a t e  g a t e  t r i g g e r s  a b i s t a b l e  

m u l t i v i b r a t o r .  This  b i s t a b l e  m u l t i v i b r a t o r  i n  t u r n  t r i g g e r s  a 

monostabla genera t ing  t h e  time marker. The b i s t a b l e s  a r e  r e s e t  by 

t h e  f l y  back of t h e  slow sweep c i r c u i t .  

The slow sweep c i r c u i t  a l s o  t r i g g e r s  a small computer, which 

is  des igna ted  as programmer i n  t h e  b lock  diagram. This  computer 

i n t e r r u p t s  t hebeg inn ing  of every t h i r d  slow sweep o r  spectrum. Its 

f i  rst f u n c t i o n  is  t o  p l ace  on t h e  high frequency , channel 18, a 

vo l t age  which is  r e l a t e d  t o  t h e  temperature of t h e  e lec t rometer  and 

log a m p l i f i e r  a r e a  of t h e  payload. Next, i t  sequences through t h r e e  

c a l i b r a t i n g  c u r r e n t s  whi ch determine t h e  r e l a t i  onship between t h e  

log a m p l i f i e r  vo l t age  output  and t h e  c o l l e c t o r  c u r r e n t .  

F i n a l l y ,  t h e  l a s t  a d d i t i o n  i s  t h e  au toranger  which i s  a l o g i c  

c i r c u i t  t h a t  determines which of t h e  two feedback r e s i s t o r s  a r e  used 

i n  t h e  e l ec t rome te r ,  Whenever t h e  spectrometer  c o l l e c t o r  c u r r e n t  

exceeds a c e r t a i n  l e v e l ,  t h i s  c i r c u i  t w i  11 decrease  t h e  s e n s i t i v i t y  

of t h e  e l ec t rome te r ,  S i m i l a r l y ,  i f  t h e  c o l l e c t o r  c u r r e n t  drops below 

a minimum l e v e l  i n  t h i s  l e s s  s e n s i t i v e  range,  t h i s  c i r c u i t  w i l l  

i nc rease  t h e  s e n s i t i v i  t y  of t h e  e lec t rometer .  Whenever a change i n  

range occu r s ,  a pu l se  is  placed o ~ t c h a n n e l  l 7  by t h e  au toranger .  

Because of volume cons trai n t s  and t h e  necessary dynamic range r equ i r ed  

of t h e  e l ec t rome te r ,  a two range system i s  used w i t h  a loga r i thmic  

a m p l i f i e r  which, however, makes d a t a  r educ t ion  more ted ious .  On 

f u t u r e  payloads on l a r g e r  v e h i c l e s ,  a s i x  range l i n e a r  system would 

be  h ighly  d e s i  r a b l e .  



A d e t a i l e d  d e s c r i p t i o n  of a l l  t h e  c i r c u i t r y  t h a t  has  been 

d iscussed  w i l l  appear  i n  t h e  t h e s i s  of E.E. Barnes.  

Telemetry 

The c a r r i e r  frequency f o r  t h e  te lemet ry  is 1680 MHz. This  

frequency w a s  chosen because i t  i s  t h e  s t anda rd  frequency of t h e  

weather  payloads t h a t  a r e  launched on ba l loons  and rockets .  The 

t o t a l  system w a s  an  FM/F'M system. I n  t h i s  system, t h e  analog s i g n a l s  

d r i v e  v o l t a g e  c o n t r o l  o s c i l l a t o r s  (VCO's) which i n  t u r n  a r e  used 

t o  frequency modulate t he  c a r r i e r .  The two s u b c a r r i e r s  f requencies  

were 70 KHz, which i s  1 ~ 1 ~ " c h a n n e l  18 ,  and 52.5 KHz, which is  I R I G  

channel  17. The frequency response of channel 1 8  is  1050 Hz and t h e  

frequency response of channel 17 is 790 Hz. From t h i s  i t  is seen  

t h a t  t h e  1 KHz frequency response of t h e  e l ec t rome te r  w a s  c l o s e  t o  

t h e  l i m i t  of t h e  c a p a b i l i t y  of t h e  te lemet ry  system. 

The s t anda rd  r ece iv ing  system f o r  t h i s  c a r r i e r  i s  t h e  GMD** 

system. However, t h e  GMD is  n o t  as a r u l e  equipped f o r  FM/FM 

decoding b u t  AM/FM. Consequently, i n  o rde r  t o  u se  t h e  GMD, t h e  

s i g n a l  must b e  tapped from t h e  IF*** which can then  b e  f u r t h e r  

processed back i n t o  analog d a t a  by d i sc r imina to r s  a t  t h e  a p p r o p r i a t e  

s u b c a r r i e r  f requencies .  

The V C O ' s ,  mixer ,  and t r a n s m i t t e r  were designed and b u i l t  by 

Betco E l e c t r o n i c s ,  B u r t o n s v i l l e ,  Maryland. 

*IRIG: I n t e r r a n g e  Ins t rumen ta t ion  Group 
**GMD: Ground Meteorological  Detec t ion  

***IF: In t e rmed ia t e  Frequency 



The antenna used f o r  t r ansmi t t i ng  w a s  a modified c i r c u l a r  

s l o t  o r i g i n a l l y  descr ibed  by Cuff in  (1965). Cuff in  a l s o  s t u d i e d  t h e  

p a t t e r n  of t h i s  modified antenna and found one node. Information on 

payload s p i n  can be  obta ined  from the  presence of t h i s  node. This  

antenna has been s u c c e s s f u l l y  used by H a l e  (1967). F igure  25 and 26 

a r e  photographs of t h e  e l e c t r o n i c s  s t r u c t u r e ,  

E lec t ron ic s  Tes t  of t h e  Experiment Package 

A l l  c i r c u i t s  were i n d i v i d u a l l y  t e s t e d  and the  system as  a 

u n i t  was t e s t e d .  By t h i s  is  meant t h a t  a l l  t h e  app ropr i a t e  dc 

vo l t ages  and pu l se s  were app l i ed  t o  t h e  spec t rometer ,  I n  a d d i t i o n ,  

t he  te lemet ry  and an tenna  system were checked and shown t o  b e  opera- 

t i o n a l .  Analog d a t a  c o n s i s t i n g  of t h e  e l ec t rome te r ,  c a l i b r a t i o n ,  

temperature monitor ,  slow ramp, range change marks, and time marks 

were obta ined  us ing  t h e  te lemet ry  and antenna system. F i n a l l y ,  t h e  

s u r f a c e  i o n i z a t i o n  sou rce  w a s  turned on a t  a h igh  p re s su re  and an  

ion  b u r s t  from the  sou rce  w a s  measured by t h e  spec t rometer ,  This  

measurement aga in  w a s  made wi th  t h e  te lemetry l i n k ,  

Launching of Rocket 
? 

On October 29, 1969, t h e  f i r s t  of t he  two cons t ruc ted  packages 

was launched from Wallops I s l a n d ,  V i rg in i a .  The f l i g h t  was des igna ted  

a s  NASA Arcas 15 -42 ,  Launch occurred a t  1605 EST. The v e h i c l e  was 

t racked by Wallops I s l a n d  r ada r  and telemetry t ransmiss ion  w a s  

rece ived  by t h e  Wallops I s l a n d  Weather S t a t i o n  and t h e  B a l l i s t i c  

Research Laboratory te lemet ry  van. The f i r s t  and second s t a g e s  of 



FIGURE 25. ASSEMBLED E LEnRONICS STRUCTURE WITH 
NOSE CONE AND VACUUM TIGHT SKIN 



FIGURE 26. PRINTED CIRCUIT BOARDS WITH POWER 
SUPPLY AND TELEMETRY 



t h e  r o c k e t  performed exce lLent ly ,  However, payload s e p a r a t i o n  never  

occurred because t h e  explos ive  charge w a s  n o t  p re sen t  i n  t h e  second 

s t a g e .  Due t o  a n  e r r o r  on NASA's p a r t ,  t h e  wrong second s t a g e  motor 

was used. Because s e p a r a t i o n  d i d  no t  occur ,  t h e  spectrometer  was 

never exposed t o  t h e  ionosphere; hence, no s p e c t r a  were obtained.  

On t h e  b r i g h t e r  s i d e ,  t h i s  f l i g h t  provided proof t h a t  most of 

t h e  e l e c t r o n i c s  can func t ion  w e l l  throughout a f l i g h t .  Telemetry 

r eco rds  of t h e  temperature i n  t h e  e lec t rometer  r eg ion ,  e lec t rometer  

c a l i b r a t i o n s ,  mass scan ,  time marks, and range change marks dur ing  

e lec t rometer  c a l i b r a t i o n  were obtained.  



V. STJMMARY AND CONCLUSIONS 

A c y l i n d r i  c a l  t ime-of-f l i  g h t  mass spec t rometer  wi th  a double 

a c c e l e r a t i n g  reg ion  has  been analyzed t h e o r e t i c a l l y .  A computer 

program has  been developed t o  p r e d i c t  t h e  f l i g h t  t imes f o r  i ons  i n  

t h i s  spec t rometer .  This  has  allowed a d e t a i l e d  s tudy  of t h e  space  

focusing p r o p e r t i e s  of t h i s  instrument .  It has  been shown t h a t  

t he  space focus ing  p r o p e r t i e s  of t h i s  ins t rument  a r e  s u p e r i o r  t o  t h a t  

of a comparable l i n e a r  device .  A s p h e r i c a l  t ime-of-f l ight  mass 

spectrometer  w i t h  a double a c c e l e r a t i n g  r eg ion  has  a l s o  been 

t h e o r e t i c a l l y  analyzed and computer program has  been w r i t t e n  t o  

y i e l d  f l i g h t  t imes necessary  f o r  t h e  s tudy  of space  focusing.  This  

a n a l y s i s  has  i n d i c a t e d  t h a t  t h i s  spectrometer  has  s u p e r i o r  space  

focusing r e l a t i v e  t o  c y l i n d r i c a l  and l i n e a r  devices  of t he  same 

dimensi ons , 

A c y l i n d r i c a l  wedge mass spectrometer  has  been experimental ly  

i nves t iga t ed .  This  ins t rument  is similar enough t o  t h e  f u l l  cy l inde r  

instrument  t h a t  t h e  f l i g h t  times p red ic t ed  by t h e  f u l l  cy l inde r  

theory a r e  reasonably c l o s e  t o  those  experimental ly  observed. This  

wedge spectrometer  has  d isp layed  a r e so lv ing  power of 5 w i t h i n  t h e  

c o n s t r a i n t s  of t h e  i on sources  t h a t  have been used. Because of i t s  

s h o r t  f l i g h t  pa th  and h igh  s e n s i t i v i t y  i t  has  been a b l e  t o  o p e r a t e  

a t  p re s su re s  up t o  60 1-1. An e l e c t r o n  m u l t i p l i e r  was added t o  t h e  

d e t e c t o r  c i r c u i t  i n  p l a c e  of a ga t ed  c o l l e c t o r  d e t e c t i o n  method. 

An i n c r e a s e  i n  t h e  f l i g h t  pa th  from 4.4  cm. t o  6.0 cm. increased  t h e  

reso lv ing  power t o  7 with  t h e  m u l t i p l i e r  as t h e  d e t e c t o r .  



It i s  suggested t h a t  an  experimental i n v e s t i g a t i o n  of the  

f u l l  cy l inder  and t h e  s p h e r i c a l  mass spectrometers  b e  conducted. 

Because of t h e i r  i nhe ren t  high s e n s i t i v i t y ,  they could be  used a s  

p a r t i a l  pressure  analyzers  and f o r  s tudying chemical r e a c t i o n  k i n e t i c s  

a t  reasonably high pressures .  The use of t h e  o r b i t r o n  p r i n c i p l e  a s  

a method of producing i o n i z a t i o n  i n  the  puls ing  region  has been a 

t o p i c  of d iscuss ion  among D r .  Kendall,  t h i s  author and co-workers. 

A study of t h e  a b i l i t y  t o  ob ta in  quas i -c i rcular  e l e c t r o n  o r b i t s  

between the  f i r s t  two g r i d s  whi le  being compatible wi th  t h e  spec- 

t rometer  operat ing condi t ions  would b e  required.  It i s  a l s o  

suggested t h a t  an  i n v e s t i g a t i o n  of the  opera t ion  of e l e c t r o n  mult i -  

p l i e r s  a t  high pressures  and low vo l t age  be  considered. 

A complete instrument  package has been developeg f o r  use  i n  

the  D-region of t h e  ionosphere. This payload has  been designed f o r  

f l i g h t  on a smal l  v e h i c l e  b u t  could be  adapted f o r  use  on a l a r g e  

rocket .  The wedge spectrometer has  i t s e l f  been t e s t e d  and success- 

f u l l y  withstood t h e  v i b r a t i o n s  a s soc ia t ed  w i t h  a l a r g e  veh ic l e .  

The c a p a b i l i t y  of being flown on a smal l  rocket  enables t h i s  payload 

t o  be  more e a s i l y  deployed t o  t h e  more remote missile ranges. 

By i ts  a b i l i t y  t o  func t ion  at  high pressures ,  t h e  wedge 

spectrometer demonstrated t h a t  i t  has a c a p a b i l i t y  of making measure- 

ments i n  the  D-region wi thout  t h e  necess i ty  of pumping through an  

o r i f i c e ;  thus,  it: measures wi th  a n  open source  region  which may 

become important a s  more knowledge about t h e  chemistry of t h i s  r eg ion  

is  acquired.  D i f f i c u l t i e s  have been observed wi th  closed source  

regions  i n  E-region measurements (von Zahn, 1967) . 



A major d i f f i c u l t y  a s s o c i a t e d  w i t h  t h e  measurements i n  t h e  

D-region is  es t ima t ing  t h e  in f luence  of shock phenomena on the  d a t a  

t h a t  are obtained.  The D-region i s  a reg ion  i n  which parachute 

technology has  only been s c a n t i l y  developed; hence, supersonic  speeds 

have been t h e  r u l e  i n  mass spec t rome t r i c  measurements made t o  d a t e .  

Sonin (1966) has t h e o r e t i c a l l y  t r e a t e d  t h e  b l u n t  nose conf igu ra t ion  

of N a r c i s i ,  and Burke and M i l l e r  (1968, 1969) have experimental ly  

s imulated w i t h  plasma jets t h e  e f f e c t s  of t h i s  con f igu ra t ion  moving 

through t h e  ionosphere.  Both papers  have descr ibed  problems 

a s soc i a t ed  w i t h  t h e  pro tona ted  water c l u s t e r s  t h a t  have been ob- 

served  by N a r c i s i  (1967). Ferguson and Fehsenfeld (1969) have 

ind ica t ed  t h a t  a sampling method t h a t  does n o t  des t roy  t h e s e  c l u s t e r s  

i s  h ighly  d e s i r a b l e .  A p o s s i b l e  advantage of t h e  wedge spectrometer  

is  t h a t  t h e  source  r eg ion  may r e s i d e  ahead o r  be  p a r t i a l l y  f r e e  of 

t h e  shock a s s o c i a t e  w i th  t h e  c o l l e c t b r ,  s i d e s ,  top ,  and bottom of 

t h e  wedge s t r u c t u r e .  With an  o r i f i c e  arrangement,  t h e  source  r eg ion  

always r e s i d e s  behind t h e  shock, The s i d e s ,  top ,  and bottom of 

t he  wedge have been p e r f o r a t e d  t o  permit  e a s i e r  flow, The g r i d s  of 

t he  spectrometer  a r e  85 pe rcen t  t r anspa ren t  and t h e  p o s s i b i l i t y  

e x i s t s  t h a t  shock e f f e c t s  may b e  n e g l i g i b l e .  P r i v a t e  communications 

were he ld  w i t h  s e v e r a l  aerodynainists b u t  none would commit himself  

t o  a d e f i n i t e  s ta tement  of t h e  shocks a s s o c i a t e d  w i t h  t h e  g r i d s .  

Perhaps, i t  would prove t o  be i n t e r e s t i n g  s tudying  t h e  gas dynamic 

e f f e c t s  of t hese  g r i d s .  



The a b i l i t y  t o  func t ion  a t  h igh  p re s su res  has  been bought 

w i th  a l o s s  i n  r e so lv ing  power, The r e so lv ing  power of t h e  i n s t r u -  

ment i n  t h e  l abo ra to ry  i s  cons iderably  dependent on t h e  source.  

The ionosphere should provide ions  wi th  a thermal energy spread  thus 

the  r e so lv ing  power of t he  instrument  w i l l  b e  h ighe r ,  It i s  hoped 

t h a t  t he  d a t a  acqui red  w i l l  be of s u f f i c i e n t  q u a l i t y  so  a s  t o  be 

a b l e  t o  apply deconvolution methods. These methods enable  t h e  

unfolding of overlapped peaks. Some computers methods have been 

descr ibed  by Kendall  (1961, 1962, 1967),  Zab ie l sk i  (1966), 

Rarick (1970),  Enhancements i n  e f f e c t i v e  r e so lv ing  power up t o  a 

f a c t o r  of 8 have been made which would provide a r e so lv ing  power 

of a t  l e a s t  40 f o r  t h i s  ins t rument .  

I n  o r d e r  t o  ob ta in  t h e  maximum amount of  information from 

a given f l i g h t  of t h i s  payload, a t o t a l  i on  concent ra t ion  measure- 

ment should be  flown a t  t h e  same time. It  i s  n o t  poss ib l e  t o  p l ace  

t h i s  a d d i t i o n a l  measuring device  on t h e  p re sen t  payload. However, 

Hale (1967) has  developed a payload f o r  sma l l  v e h i c l e s  t h a t  could 

be launched nea r ly  s imultaneously wi th  t h i s  mass spectrometer  

experiment,  When t h e  payload is  modified f o r  f l i g h t  on a l a r g e  

v e h i c l e ,  t o t a l  i o n  concen t r a t ion  experiments should be  incorpora ted  

i n t o  t h e  payload. A b l u n t  probe (Hale, 1967) mounted bes ide  a 

spectrometer  and a Langmuir probe mounted on a n  am extending from 

the  s i d e  of t he  v e h i c l e  would al low a p o s i t i v e  and a nega t ive  ion  

spectrometer  t o  be flown s i d e  by s i d e .  



The payload has been developed pr imar i ly  f o r  the  D-region. 

However, i t  can a l s o  have immediate a p p l i c a t i o n  i n  t h e  upper 

F-region where the  primary ions  a r e  H', ~ e ' ~  and 0'. By labora tory  

measurements, i t  has  more than adequate resolv ing  power and i t  has  

the  d e s i r a b l e  open source  region.  
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