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SECTION 1 

INTRODUCTION 

One fruitful method for  studying the interaction of 

radiation with matter consists of examining the initial and 

the final states of the radiation-matter system. Another 

approach, of which this dissevtation is an example, consists 

of observing many of the elementary processes occurring be- 

tween the initial and the final states. These energy pathways 

studies in helium are especially meaningful because other 

theoretical and experimental investigations provide much addi- 

tional input data. 

Ionization occurs when radiation interacts with matter, 

and many experimentalists have measured the average energy 

expended by the radiation per ion pair it produces (W value). 

These W values are characteristic of the radiation-matter sys-  

tem under study; for 5-MeV alpha particles the W value of 

pure helium is 46 eV pes ion pair.' 

tential of helium is only 25 eV, it is possible that nearly 

half the energy expended by the alpha particle is dissipated 

via pathways other than ionization. 

Since the ionization po- 

About twenty years ago Jesse and Sadauskis2 discovered 

a peculiar effect as they irradiated certain binary mixtures 

of gases with 

whose 'w value 

5-MeV alpha particles. Far instance, to helium, 

they measured to be 41,3 eV per ion pair, they 
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added a small. amount of argon (0.13%). A large increase in 

ionization yie1.d caused the W value to decrease to 29.7 eV 

per ion pair. There are differences of opinion concerning 

the explanation of these Jesse effects + 

The light emitted in the vacuum ultraviolet (vuv) re- 

gion by helium has been studied using gas discharge, spark, 

and microwave excitation. 4-14 Tb.e light consists of atomic 

lines and broad molecular continua. There are conflicts of 

opinions concerning the atomic precursors and t h e  processes 

involved in the creation of these continua. 15,16 

The above two paragraphs cite but t w o  examples of 

studies to obtain additional information on pathways not in- 

volving direct ionization. It suffices here to state that the 

models suggested for ionization and light emission phenomena 

are in conflict. In search. of a unifying model for a given 

radiation-matter system, G . S .  Hurst initiated a systematic 

study of elementary radiation (swift monoenergetic charged 

particles) reacting with elementary matter (mainly the noble 

gases). At the University of Kentucky in Lexiny.tor1 and at 

O a k  Ridge National. Laboratory investigations have been made 

and are continuing The measurements accomplished are: 

17 1. W values of t h e  pure noble gases. 

2 .  The intensity of the vuv light as a function of 

I8 .-" 2 2 wavelength f o r  the same noble gases. 

3. The fraction of energy l o s t  by the charged 

particles that goes into vuv light emission 



4 .  The formation and decay times of the emission 

spectra at different wavelengths. 25 

Jesse effects17 due to the addition of impurities. 5 .  

6. The quenching of the  light with the addition of 

26 the same impurities. 

All these experiments are done over a wide range of pressures 

(under similar conditions) and under conditions where the 

charged particles lose only a small fraction of their energy 

in the gas. The experimental data obtained from the above 

measuremexts are coupled w i t h  a) theory and b) literature to 

suggest the radiation action model. 

In the present work the time dependence of the vuv 

emission from proton-excited helium was measured, the initial 

steps of the action of protons in helium was treated theore t -  

ically and information on molecular helium's potential sur- 

faces w a s  assembled. These inputs were combined with W-value 

measurements and with other emission studies to suggest an 

energy-pathways model for the vuv continuum and the Jesse 

e f f e c t  in helium. 



SECTION 2 

EXPERIMENT 

2 . 1  Method ----.-_- 

The a p p a r a t u s  used i n  t h i s  i n v e s t i g a t i o n  i s  d i s p l a y e d  

i n  F i g u r e  1. B u r s t s  of p r o t o n s  from a Van de Graaff a c c e l e r a -  

t o r  are  d e t e c t e d  w i t h  a t i m e  p i c k o f f  u n i t .  Some of t h e  pro- 

t o n s  scat tered by a gold f a i l  e n t e r  t h e  W c e l l  for i o n i z a t i o n  

measurements.  R o t a t i n g  t h e  g o l d  foil o u t  of t h e  bean a l l o w s  

t h e  p r o t o n s  t o  e n t e r  the emiss ion  c e l l .  The vuv l i g h t  e m i t t e d  

by t h e  g a s  i n  t h e  emis s ion  c e l l  w a s  ana lyzed  w i t h  a mono- 

chromator  and a s i n g l e  photon d e t e c t o r .  L i g h t  i n t e n s i t y  

can be  s t u d i e d  as a f u n c t i o n  of Wavelength o r  as  a f u n c t i o n  

of t i m e  a t  a g i v e n  wavelength .  The s i m p l e  geometry a p p a r a t u s  

can  be a t t a c h e d  a t  the viewing p o r t  f o r  a b s o l u t e  l i g h t  i n t e n -  

s i t y  measurements.  Emission s t i m u l a t e d  by d i s c h a r g e  e x c i t a -  

t i o n  can  be  compared w i t h  t h e  emis s ion  s t i m u l a t e d  by p r o t o n  

e x c i t a t i o n  by a t t a c h i n g  t h e  d i s c h a r g e  l a m p  a t  t h e  viewing 

p o r t .  I t  i s  e v i d e n t  t h a t  all s i x  of t h e  measurements men- 

t i o n e d  i n  t h e  i n t r o d u c t i o n  can b e  made w i t h  t h i s  s i n g l e  sys-  

t e m .  

The compl i ca t ed  g a s  f low and pumpi.ng system of F i g u r e  

2 i s  unavo idab le  when o b s e r v i n g  vuv r a d i a t i o n ,  and when u s i n g  

a s i n g l e  photon d e t e c t o r  and a V a n  d e  Graaf f  a c c e l e r a t o r  b o t h  

of which r e q u i r e  vacuum o p e r a t i o n .  T h e  Roots k lawer  i s  a 

Leybold-Hereaus t y p e  W S  7 0 0  backed w i t h  a D R - 1 8 0  forepump. 

4 
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- 4  The monochromator p r e s s u r e  w a s  a t  5 x 1 0  T o r r  when t h e  

emis s ion  c e l l  c o n t a i n e d  300 T o r r  of he l ium w i t h  pumping done 

th rough  a 50 micron by 1 cm monochromator e n t r a n c e  s l i t -  For 

p r e s s u r e s  above 300  Tor r  a 10 micron  by 1 c m  s l i t  w a s  used .  

By u s i n g  s h o r t  g a s  l i n e s ,  s t a i n l e s s  s t e e l  diaphram v a l v e s ,  an  

u l t r a - h i y h - p u r i t y  p r e s s u r e  r e d u c e r ,  epoxy t o  seal  porous  

i n s u l a t o r s ,  and an  M K S  b a r a t r o n  for p r e s s u r e  d e t e r m i n a t i o n ,  

w e  ma in ta ined  gas p u r i t y  w i t h  no c h a r c o a l  o r  molecu la r  s e i v e  

t r a p s .  A good g r a d e  of he l ium ( p u r i t y  9 9 . 9 9 9 9 % )  w a s  used .  

The f low rates  used w e r e  d i c t a t e d  by t h e  p r e s s u r e  i n  t h e  

emis s ion  c e l l  and t h e  s i z e  of t h e  e x i t  o r f i c e  ( t h e  monochroma- 

t o r  e n t r a n c e  s l i t ) .  W i t h  s l i t  d imens ions  of 50 microns  by 

1 c m  and 1 5 0  T o r r  of he l ium i n  t h e  emis s ion  ce l l ,  t h e  f l o w  

w a s  7 0 0  s t a n d a r d  ec p e r  minute  as measured by a t h e r m a l  con- 

d u c t i v i t y  f low m e t . e r .  

The ORNL 3-MeV Van d e  Graa f f  a c c e l e r a t o r  w a s  used  as 

a source of 2-MeV p r o t o n s ,  The beam w a s  p u l s e d  a t  t h e  h igh-  

v c l t a y e  t e r m i n a l  by e l e c t r o s t a t i c a l l y  sweeping t h e  beam a c r o s s  

an  a .pe r tu re .  The r e p e t i t i o n  r a t e  w a s  v a r i e d  from 1 2 5  kHz t o  

7 . 8 1  kHz. P r o t o n  b u r s t s  were less t h a n  50 nanoseconds i n  

d u r a t i o n .  The t i m e  averaged  beam c u r r e n t  w a s  p r o p o r t i o n a l  t o  

t h e  p u l s e  r e p e t i t i o n  r a t e ,  and a t  125  kHz 0 . 4  microamperes 

w a s  t y p i c a l .  

W-value expe r imen t s  a re  a c o n v e n i e n t  way t o  v e r i f y  t h e  

p u r i t y  of t h e  gas. 

d r o p  i n  W v a l u e  i s  caused  by t h e  a d d i t i o n  of o n l y  5 ppm of 

For  example,  Parks17  observed  t h a t  a 2 %  



a rgon .  S i m i l a r  e f f e c t s  occur  when o t h e r  a tomic  or molecu la r  

g a s e s  are  added t o  hel ium. 1'2'17r18 Neon i.s t h e  o n l y  known 
1.7 contaminant  t h a t  does n o t  c a u s e  a Jesse e f f e c t  i n  hel ium. 

The W c e l l ,  F i g u r e s  1 and 2 ,  i s  a p a r a l l e l  p l a t e  i o n i -  

z a t i o n  chamber w i t h  a s o l i d - s t a t e  d e t e c t o r  i n c o r p o r a t e d  i n t o  

t h e  f i e l d - v o l t a g e  p l a t e .  A s m a l l  f r a c t i o n  of t h e  i n c i d e n t  

p r o t o n s  w e r e  s c a t t e r e d  i .n to  t h e  W c e l l  by a t h i n  gold f o i l  

p l a c e d  w i t h  i t s  normal a t  45" t o  t h e  i n c i d e n t  beam. Some of 

t h e  R u t h e r f o r d - s c a t t e r e d  p r o t o n s  w e r e  c o l l i m a t e d ,  e n t e r e d  

t h e  W c e l l  through a n i c k e l  f o i l ,  l o s t  a f r a c t i o n  of t h e i r  

ene rgy  i n  t h e  g a s ,  and s t r u c k  t h e  p a r t i c l e  d e t e c t o r .  P ro tons  

w e r e  counttAd by c o u n t i n g  the s i g n a l s  from t h e  d e t e c t o r .  

The energy  expended p e r  p r o t o n  i n  the g a s  w a s  reckoned u s i n g  

p r e s s u r e  and l e n g t h  measurements,  tabulated s t o p p i n g  powers,  

and a n o r m a l i z a t i o n  t o  n i t r o g e n ' s  W v a l u e .  The t o t a l  i o n  

p a i r s  produced w e r e  de te rmined  by u s i n g  a v i b r a t i n g  r e e d  elec- 

t r o m e t e r .  From t h e s e  q u a n t i t i e s  t h e  W v a l u e  w a s  c a l c u l a t e d ,  

as  d e s c r i b e d  by P a r k s ,  17 

The emiss ion  cell, shown i n  F i g u r e  3 ,  w a s  made from a 

b lock  of s t a i n l e s s  s teel  hy b o r i n g  o u t  a c y l i n d e r  for t h e  

proton-beam p a t h .  P r o t o n s  e n t e r e d  t h e  g a s - f i l l e d  c e l l  through 

a 0.0001-inch hava r  f o i l .  The f o i l  was s e a l e d  w i t h  a l e a d  

g a s k e t ;  o t h e r  seals  were made w i t h  v i t o n  "0" r i n g s .  The 

l i g h t  e m i t t e d  by t h e  p r o t o n - e x c i t e d  hel ium e n t e r e d  t h e  mono- 

chromator  th roug?  t h e  e n t r a n c e  s l i t .  V i s i b l e  l i g h t  could  b e  

observed  by look ing  i n t o  the viewing park. Q u a l i k a t i v e  
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changes using different samples of helium were 

eye. At 1000 Torr pure helium appeared white; 

seen with the 

helium with 

traces of neon, peach; helium with traces of ai.]:, purple. 

These observations were crude compared with the sensitivity 

of the W-value measurement, but helped locate real and virtual 

leaks in the system before the W cell was operative. Emission 

spectra were obtained by recording the proton count rate as 

the grating rotated, Figure 4. The scanning monochromator 

was a McPherson model 235, differentially pumped at the en- 

trance slit. The diffraction grating had 600 lines per mi, 

was blazed at 1500 A, and was in a Seya-Namioka geometrical 

arrangement. A Bendix channel electron mu1tipl.i.e.r (CEM) was 

used as a photon counter. A schematic o f  the CEM and the 

amplifier27 is displayed in Figure 5.  

0 

The total electrical charge brought in by the incident 

proton beam was collected in the emission cell (isolated from 

ground) and conducted to an ammeter and current digitizer. 

We investigated whether charged particles were leaving the 

emission cell via escape routes such as electrons leaving the 

cell at the havar f o i l ,  or ions and electrons being swept 

out of the c e l l  with the flowing gas. An electron repeller 

at a negative 45 volts relative to ground was sufficient to 

prevent electron escape. There was no evidence of .ion flow. 

In the lifetime experiment a burst of protons entered 

the emission cell at some instant in time, radiation action 

occur~ed, and at some later instant a photon was emitted. 
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The l e n g t h  of  t i m e  between t h e s e  two i n s t a n t s  w a s  measured 

r e p e a t e d l y  for a f i x e d  p r e s s u r e  and wavelength .  The r e s u l t i n g  

d i s t r i b u t i o n  of time p e r i o d s  r e v e a l e d  c h a r a c t e r i s t i c s  of t h e  

r a d i a t i o n  a c t i o n .  The a p p a r a t u s  shown i n  F i g u r e  4 a l lowed u s  

t o  o b t a i n  c o n v e n i e n t l y  t h e s e  d i s t r i b u t i o n s  of t i m e  p e r i o d s .  

The t ime-pickoff  u n i t  f o r  t h e  s t a r t  s i g n a l  was an e x i s t i n g  

p i e c e  of hardware.  I t  w a s  a c y l i n d e r  w i t h  a 1- inch  i n s i d e  

d i a m e t e r  and a 12-inch l e n g t h  t h a t  w a s  i n s i d e  of  and i n s u l a t e d  

from t h e  beam pipe. When t h e  b u r s t  of p r o t o n s  pas sed  through 

t h i s  c y l i n d e r ,  t h e  s t a r t  p u l s e  f o r  t h i s  expe r imen t  w a s  gene r -  

a t e d .  The s t o p  p u l s e  w a s  g e n e r a t e d  when a photon s t r u c k  t h e  

CEM. S t a r t  and sto? p u l s e s  w e r e  shaped b e f o r e  e n t e r i n g  t h e  

t i m e  t o  p u l s e  h e i g h t  c o n v e r t e r  (TPHC) .  The o u t p u t  p u l s e  from 

t h e  TPHC had a h e i g h t  p r o p o r t i o n a l  t o  t h e  l e n g t h  of t i m e  

between t h e  two i n p u t  p u l s e s .  F u l l  scale r a n g e  on t h e  TPHC 

w a s  v a r i a b l e  from 50 nanoseconds t o  80  microseconds .  These 

t i m e  spans  w e r e  adequa te  e x c e p t  for a c o u p l e  of measurements 

a t  low p r e s s u r e s  where t h e  80-microsecond span was n o t  l ong  

enough. The p u l s e  h e i g h t  a n a l y z e r  had 1 0 0  c h a n n e l s  of memory 

and s t o r e d  one c o u n t  i n  a p a r t i c u l a r  channe l  when a p u l s e  

w i t h  a h e i g h t  co r re spond ing  t o  t h a t  channe l  was encoun te red .  

A f t e r  accumula t ing  enough d a t a  so t h a t  t h e  peak of t h e  d i s -  

t r i b u t i o n  had a t  l eas t  2 , 0 0 0  c o u n t s ,  w e  caused  t h e  p r i n t e r  

t o  l i s t  t h e  c o n t e n t s  of  t h e  memory. 

T h i s  t i m e  measuring sys tem w a s  cal ibrated by u s i n g  

two p u l s e s  from a s i n g l e  s o u r c e  and d e l a y i n g  one  of t h e  
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pulses a desired length of time with a digital time delay 

generator. During this work the maximum variation in the 

calibration number was 3.6%. The system was linear to 0.2 

microseconds on the TFHC 80-microsecond scale. The amount 

of this departure from linearity on all. ranges w a s  roughly 

proportional to the TPHC setti-ng. 

To determine the entire system's time resolution, we 

observed two relatively fast decay processes, nitrogen's 

emission lines at 1134 A and 1 2 0 0  A. The natural lifetimes 
0 0 

of the upper atomic states associated with these lines are 

less than 5 nanoseconds. We observed almost identical data 

at both wavelengths. Figure 6 illustrates measured and ideal 

response of the system at 1134 A. The smearing out of the 

time spectrum is nbout 100 nanoseconds. There may be corn- 

plicated decay processes involved in the nitrogen emission 

0 

making the prediction for an ideal experiment incorrect; 

however, the measurement did s h r m  that the time resolution 

was good to at least 100 nanoseconds. 

If in the course of this Lifetime investigation 2 

photons from one burst of protons were incident on the CEM, 

we would have seen only the first photon, and this would have 

skewed the distribution in time. However, the CEM detected 

less than 1 photon per 10 proton b u r s t s ,  assuring valid data, 

as can be argued from Poisson statistics. 

2.2 Results 

Since the objective of this work is the elucidation of 
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energy  pathways f o l l o w i n g  t h e  i n t e r a c t i o n  of charged  p a r t i c l e s  

w i t h  m a t t e r ,  w e  made many s t u d i e s  of t h e  i n t e r a c t i o n  of pro- 

t o n s  w i t h  he l ium g a s .  W e  measured t h e  time dependence of 

monochromatic vuv emiss ion  a t  many wavelengths  from p r o t o n  

e x c i t e d  he l ium g a s  a t  p r e s s u r e s  from 5 t o  1 0 0 0  T o r r  (see 

a p p e n d i x ) .  F o r  energy  pathways s t u d i e s ,  g a s  d i s c h a r g e  e x c i t a -  

t i o n  i s  i n a d e q u a t e .  G a s  d i s c h a r g e  e x c i t a t i o n  depends on ex- 

c i t a t i o n  mode (see Stewar t ' s18  comparison of p r o t o n  and d i s -  

cha rge  induced vuv emiss ion  f o r  t h e  n o b l e  gases), and it i s  

l i m i t e d  t o  low p r e s s u r e s .  With gas d i s c h a r g e s  t h e  u n c e r t a i n  

i n i t i a l  c o n d i t i o n s  ( o r i g i n a l  energy of t h e  e l e c t r o n s )  c o m -  

p l i c a t e  the  t h e o r e t i c a l  a n a l y s e s .  However, emis s ion  s t u d i e s  

done w i t h  monoenerget ic  p r o t o n  e x c i t a t i o n  are r e p r o d u c i b l e  

and t h e y  can be done ove r  a wide p r e s s u r e  r a n g e .  

Fur thermore ,  t h e s e  emis s ion  p r o c e s s e s  involvj-ng ex- 

c i t e d  atomic s t a t e s  can  be c o r r e l a t e d  w i t h  i o n i z a t i o n  s t u d i e s  

which i n v o l v e  t h e  i o n i z a t i o n  continuum. T h e  w e l l - d e f i n e d  

i n i t i a l  c o n d i t i o n s  of monoenerget ic  p r o t o n  e x c i t a t i o n  i n v i t e  

t h e o r e t i c a l  t r e a t m e n t  and p e r m i t  s imple  e s t i m a t i o n s  such  as 
28  t h e  optical approximat ion .  

0 

The 1 0 0  Tor r  spec t rum ( F i g u r e  7 )  shows t h e  584-A 

r e sonance  l i n e ,  the 601-A peak with i t s  small a d j o i n i n g  

continuum, t h e  6 7 5 - A  continuum ex tend ing  from a b o u t  650  t o  

7 5 0  A ,  t h e  800-A continuum ex tend ing  f r o i n  750  t o  1 0 0 0  A and 

0 

0 

0 0 0 

o t h e r  a tomic  l i n e s  (Table 1).  The a tomic  l i n e s  are more 

prominent  a t  l o w e r  pressures, b u t  t h e  c o n t i n u a  dominate  at: 
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TABLE P 

POSSIBLE SOURCES OF OBSERVED LINES 

...- 
Wavelenyth 0 

source 
-. .- 

(A)  

5 8 4  He I 

6 0 1  H e  I 

619 N e  I 

7 3 6  N e  I 

7 4 4  N e  1 

7 7 0  0 1  

810 0 1  

835 N I1 or  c> I1 

8 5 8  N I or N I1 

8 6 9  N I  

N I  9 0 7  

9 2 9  h0r01 

9 3 7  H, He 11, or 0 7. 

9 5 1  He 11, N I r  0 I, or H 

9 7 1  

9 8 7  

1 0 2 5  

1 0 3 8  

H, He 11, or 0 1 

He I1 or 0 I 

He ]:I, 0 I F  or H 

N I o r O I  
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higher pressures. These are nearly identical with the spec- 

18 , 19,22 tra obtained by Stewart. 

Total-ionization (W value) measurements were made al- 

most simultaneously with the lifetime data discussed below. 

These W values were in the range of 41.9 to 4 3 . 8  eV per ion 

pair, except at 50 Torr where the W value was 40.9 eV per ion 

pair (see Appendix). Variation of lifetime data with W-value 

are indicated later in this section. 
0 

The time resolved spectra of the 584-A resonance line 

was studied at pressures from 5 to 150 Torr. The line is the 

result of an allowed atomic transition to the ground state 

(2 P to 1 S). After excitation the intensity of emitted 

light increased rapidly to a maximum, within the time resolu- 

tion of the system ( 0 . 1 5  psec) and then decreased exponentially 

1 1 

in time, as shown in Figure 8, The slope of a semilog plot 

of the intensity versus time is the decay rate. 

We investigated whether the slope of these decay 

curves would be affected by our finite time resolution. The 

135 Torr measurement, one of the fastest decays observed, 

was the trial case. A deconvolution procedure was carried 

out by using the spectrum shown in Figure 6, as a smearing 

function. For interpretational purposes, smooth curves were 

drawn through the input data. The resulting deconvolution 

is displayed as the points in Figure 9. Our decay-rate 

measurements are not noticeably affected by the finite time 

resolution. 
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T h e  s l o p e s  de te rmined  manual ly  ag reed  w i t h  t h e  com- 

p u t e r  l e a s t - s q u a r e s  f i t  t o  

0' 
I ( t )  = A exp ( - u l t )  d- A 1 

I(t) i s  t h e  observed  i n t e n s i t y  of e m i t t e d  l i g h t  a t  t i m e  t. 

A I ,  Ao, and u are c o n s t a n l s .  The decay rate, ul ,  i n c r e a s e s  

w i t h  p r e s s u r e  (Tab le  2 ) .  
1 

T h e  p r e s s u r e  dependence of t h e  decay r a t e  reveals 

i n f o r m a t i o n  conce rn ing  t h e  d e - e x c i t a t i o n  mechanisms as shown 

below. The change i n  t h e  number of atoms i n  t h e  2 P e x c i t e d  

s t a t e  p e r  c m  , d N * ,  i s  

1 

3 

dN* = - [y -t- @(N) -1- R N  + CN 2 ] N*dt 

w h e r e  N i s  t h e  d e n s i t y  of  ground s t a t e  atoms. For t h i s  pre- 

I i m i n a r y  a n a l y s i s  r a d i a t i o n  cascade  i n t o  t h e  2 P s t a t e  w a s  

n e g l e c t e d .  The c o n s t a n t  y i s  t h e  r a t e  f o r  spontaneous  de- 

e x c i t a t i o n  t o  t h e  2 s s t a t e .  U and C are r a t e  c o e f f i c i e n t s .  

B i s  t h e  e f f e c t i v e  r a t e  for spontaneous  d e - e x c i t a t i o n  .to t h e  

1 

l 

lLS ground s t a t e .  

r a t e  i s  used because  t h e  r e s u l t i n g  5 8 4 - A  photons  are absorbed  

An e f f e c t i v e  r a t e  r a the r  t h a n  t h e  n a t u r a l  
o 

and re-emittec! by ne ighbor ing  ground state atoms many t i m e s  

( r e sonance  t r a p p e d )  before t h e y  escape f r o m  t h e  g a s  c e l l  

t h u s  making the r a t e  s lower .  I t  i s  known from t heo ry2 '  that 

for a s p e c t r a l  l i n e  w i t h  o n l y  doppler  and n a t u r a l  b roaden ing  

(low gas d e n s i t i e s )  R var i e s  a s  l/N and t h a t  f o r  a s p e c t r a l  

l i n e  dominated by p r e s s u r e  broadening  (h igh  g a s  d e n s i t i e s )  



23 

TABLE 2 

0 

CALCULATED PARAMETERS FOR TIME DEPENDENCE OF THE 584-A LINE 

1 A1 AO Run No. Pressure U 

(Torr ) (LO 6 sec-l) 

157 5.4 3.02 973 -14 

56 

47 

45 

153 

158 

154 

155 

156 

55B 

10 

24.5 

50 

71.2 

86.3 

102 

121 

135 

151 

3.49 

4.29 

5.87 

7.28 

9.00 

9.73 

11.4 

12.8 

13.8 

2690 

3095 

1699 

1894 

2618 

2198 

1772 

1589 

1533 

4 

11 

6 

10 

21 

23 

26 

28 

58 
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B is independent of pressure. However, the dependence of 6 

on N is not known for the intermediate pressures of interest 

here. Following excitation, the time dependence of the 

observed 584-A intensity, I ( t ) ,  is 
0 

where D is the photon detection efficiency and A is back- 

ground. Therefore 

0 

2 u = y + P ( N )  + RN 4- CN 1 

0 3: 

y + fj ( p )  + BLP + CLP2 
7 6 0  7 6 Q 2  ul 

where L is Loschmidt's number and P is the pressure in Torr. 

To determine the relative importance o f  the various de-exci- 

tation processes, the rate (Table 2) w a s  plotted versus 

pressure, Figure 10. Both linear and quadratic terms are 

evident. 
0 

Time resolved spectra of the 601-A peak were obtained 

in the pressure range of 50 to 1000 Torr, Figure 11.. The rise 

times of these spectra were instantaneous within our time 

resolution. The decay was exponential but s l o w .  In fact, 

the 50 and 100 Torr decay rates were too slow to be determined 

accurately with this system, as mentioned previously. Because 

there was a small secondary component in the decay, the data 

were fit to 
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I ( t )  = A2 exp ( - u 2 t )  + A3 exp ( - u 3 t ) .  

Where u2 i s  t h e  decay ra te  of t h e  main component. 

and A3 are o t h e r  c o n s t a n i s .  

cay  r a t e  of t h e  main component w a s  p r o p o r t i o n a l  t o  t h e  p r e s -  

s u r e  squa red  ( F i g u r e  1 2 ,  Table 3 ) .  The m o r e  i m p u r i t i e s  occur -  

The u3, A2, 

Between 200  and 8 0 0  Torr t h e  de- 

r i n g  i n  t h e  g a s  sample, t h e  l o w e r  t h e  W v a l u e  and e m i s s i o n  

i n t e n s i t y . ’ *  Table 3 shows t h e  changes i n  t h e  t i m e  r e s o l v e d  

s p e c t r a  due  t o  i m p u r i t i e s .  The decay rates a t  wavelengths  

c o r r e s p o n d i n g  t o  t h e  h a l f  maxima of  t h e  601-A peak and t h e  
0 

s m a l l  a d j o i n i n g  continuum were s l i g h t l y  d i f f e r e n t  t h a n  a t  

t h e  peak i t s e l f .  
0 

The t i m e  resolved s p e c t r a  of t h e  675  and 800-A c o n t i n u a  

are  so s i m i l a r  t h a t  t h e y  w i l l  be d i s c u s s e d  t o g e t h e r .  Both 

i n t e n s i t i e s  b u i l t  up t o  a maximum w i t h i n  t h e  r e s o l u t i o n  t i m e ,  

decayed t o  h a l f  i n t e n s i t y  r a p i d l y  ( 0 . 3  p s e c ) ,  and t h e n  com- 

p l e t e d  t h e  decay  s lowly  ( F i g u r e  1 3 ) .  The f a s t  decay compon- 

e n t  showed a d e f i n i t e  p r e s s u r e  dependence between L O O  and 

600  T o r r ,  b u t  it was t o o  f a s t  f o r  u s  t o  measure a c c u r a t e l y  

( F i g u r e  1 4 ) .  The t o t a l  i n t e n s i t y  of t h e  f a s t  component re la-  

t i v e  t o  t h e  s low component i s  a b o u t  1 : 6  and c o n s t a n t  w i t h  

wavelength  e x c e p t  i n  t h e  r e g i o n  of 660 t o  6 2 0  A ( F i g u r e  1 5 ) .  
0 

The s low component w a s  ana lyzed  by o m i t t i n g  t h e  very e a r l y  

p a r t  o f  t h e  decay c u r v e  and f i t t i n g  t o  

The decay r a t e  of t h e  main component, u 4 ,  shows a p r e s s u r e  
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TABLE 3 

0 

PARAMETERS FOR THE TIME DEPENDENCE OF THE 601-A PEAK 

3 
U 2 Pressure U 

Run N o .  ( T o r r )  ( 1 0  6 sec-I) (10 6 s e c - 5  A2 A3 

55A 51 0 . 0 3 9  0 . 0 1 1  815 9 3 9  
1 4 0  1 0 2  0 .080  0 . 0 3 3  1 6 9 7  3 6 5 0  

212  0 . 1 1 0  0 . 0 2 0  1 4 6 1 9  300  
1 7  gb 2 0 2  0 . 1 2 0  0 .036  8 5 8 6  1 4 5  
123' 2 0 6  0 . 1 1 3  0 . 0 2 5  1 2 9 3 4  277  

3 4 a  

1 2 4 d  2 0 7  0 . 1 0 8  0 . 0 0 2  7 8 0 2  3 7  

1 2 5 e  2 0 8  0 . 1 1 4  0 . 0 2 6  6 7 9 4  1 5 4  
1 2 6 f  2 0 8  0 . 1 2 0  0 0 3 9  1 8 1 9  158  
1 8 6  3 0 1  0 . 2 0 4  0 . 0 7 8  1 0 7 5 1  409 

31  416  0 . 3 4 1  0 . 0 3 2  2 0 9 7  66  

3 7  6 1 2  0 .616  0 . 0 5 5  2 6 8 1  51 
1 7 9  8 0 3  1 . 1 0  0 1311 22  

7 4  1 0 0 2  1 . 4 3  0 . 1 1 5  2060  4 8  

a W = 4 3 . 8  e V  per i o n  p a i r .  

bW = 4 0 . 0  eV p e r  i o n  p a i r .  

'W = 4 2 . 7  e V  pe r  i o n  p a i r .  

d 5 9 6  i, W = 4 2 . 7  e V  p e r  ion p a i r .  

e 6 0 5  i f  W = 4 2 . 7  e V  per  i o n  p a i r .  

f 6 2 0  i f  W = 4 2 . 7  e V  per  i o n  p a i r .  
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dependence (Table 4 and Figure 16). Changes in the decay 

rate with gas purity can also be seen in Table 4 .  

W e  observed the time resolved spectra for five of the 
0 

impurity lines (736, 744, 971, 987, and 1025 A). These lines 

have a fast decay component and slower components similar to 

those of the 6 7 5  anci BOO-A continua. The resulting decay 
0 

rates shown in Table 5 were obtained by implementing the same 

analysis technique used on the 675 and 825-A data. The W 
0 

value of the gas used in making these measurements was 42.7 

eV per ion p a i r .  

The main decay rates reported (ul, u2, and u4) were 

reproduceable to better than eight pes cent with an absolute 

error of no more than ten per cent. 

Torr and LOO Torr are exceptions and are accurate to thirty 

Rates u2 and u4 at 50 

per cent. This is because the primary component was so long- 

lived at these low pressures that the 80 usee time period 

was not long enough to separate accurately the primary com- 

ponent from the secondary component. 
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TABLE 4 

0 0 

P A W E T E K S  FOR THE TIME DEPENDENCE AT 6 7 5  A and 8 2 5  A 

( T o r r )  ( 1 0  sec-l)  a4  A5 u5 6 u4  Pressure 

(10 sec-l) 6 Run No. 

57 
27C 
32a 

1 2 8 b  
176C 
185 

30  
3 5  

1 8 0  
2 3 1  

5 9  
28 
33a 

133d 
1 7  7Ac 
1 8 8  

29 
36 

181 
8 5e 

5 0  
1 0 0  
2 0 9  
2 0 7  
202  
3 0 0  
4 1 6  
6 1 0  
8 0 2  

1 0 0 6  

50 
1 0 0  
2 0 9  
2 0 8  
202  
3 0 3  
4 1 6  
6 1 2  
803 

1 0 0 3  

675 
I_- 

0 . 0 3 9  0 . 0 1 1  
0 . 0 7 2  0 . 0 2 8  
0 . 1 0 7  0 . 0 2 0  
0 . 1 1 0  0 . 0 4 2  
0 . 1 2 0  0 . 0 3 3  
0 . 2 1 9  0 . 0 9 0  
0 . 3 6 9  0 . 0 3 1  
0 . 6 1 7  0 . 0 5 0  
1 . 0 5  0 . 1 1 9  
1 . 4 0  0.098 

8 2 5  

0 . 0 3 5  0 . 0 0 9  
0 . 0 8 1  0 . 0 2 8  
0 . 1 0 7  0 . 0 1 5  
0 . 1 1 1  0 . 0 1 9  
0 . 1 1 4  0 . 0 3 6  
0 . 1 9 8  0 . 0 3 0  
0 . 3 7 9  0 . 0 3 0  
0 . 5 9 6  0 . 0 3 5  
1.11 0 . 0 7 6  
1 . 4 2  0 . 0 5 1  

5 7 6  
2 1 9 2  
4 4 5 6  

8 3 7  
2 0 6 1  
2569 

8 3 2  
2064  

8 3 8  
6 2 8  

4 4 2  
1 4 6 5  
6 1 6 4  
2 3 4 3  
1 8 9 4  
3 4 0 6  

861. 
2703 
1 2 2 4  
2 4 4 2  

6 2 9  
2576  

6 4 8  
256  

56 
6 1 4  

3 6 8  
123 

26 

3 0 8  

3 2 8  
1 7 7 9  

3 9 7  
113 

36  
9 4  

202  
1 1 2  

8 1  
96  

aW = 4 3 . 8  e V  per  ion pair. 

bW = 4 2 . 7  e V  p e r  i o n  pair* 

cW = 4 0 . 0  eV per i o n  pair. 

dW = 4 2 , 7  eV per  i o n  pair; 
e 8 0 0  A.  

8 0 0  i. 
0 
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F i g u r e  16. Pressure Dependence of,the Decay,Rate, u4 of the 
Main Component at 675 A and 825 A. 
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TABLE 5 

PARAMETERS FOR THE TIME DEPENDENCE OF SOME IMPURITY LINES 

u 4  Wave- Pressure 
R u n  N o .  l e n g t h  

0 (Tor:- ' 
A (LO" sec ")  (1.0" sec "1 

1 3 1  7 3 6  2 0 9  0 . 1 1 5  0 . 0 1 6  1 3 6 0  249 

1 3 2  7 4 4  2 0 8  0 . 1 2 3  0 . 0 0 8  9 9 7  819 

136  1 0 2 5  2 0 8  0 . 0 9 9  0 636 4 0 3  

137 9 8 7  2 0 8  0.115 0 .004  8 1 8  2 0 6  

1 3 8  9 7 1  2 1 0  0 . 1 1 8  0.012 9 3 0  299 



SECTION 3 

THEORY 

3 . 1  The S t e p s  o f  R a d i a t i o n  Ac t ion  

Some i n s i g h t  i n t o  t h e  f i r s t  s t a g e s  of t h e  i n t e r a c t i o n  

of  p r o t o n s  ( 1 - 4  MeV) w i t h  he l ium can  b e  o b t a i n e d  u s i n g  

t h e o r e t i c a l  t e c h n i q u e s .  The r a d i a t i o n  a c t i o n  may be c o n s i -  

d e r e d  t o  o c c u r  i n  f o u r  s t e p s .  3 ’ 2 8  

g e n e r a t e s  e x c i t e d  atoms,  i o n s ,  and secondary  e l e c t r o n s .  I n  

s tep 2 t h o s e  secondary  ( i n c l u d i n g  t e r t i a r y ,  e t c . )  e l e c t r o n s  

w i t h  s u f f i c i e n t  ene rgy  induce  f u r t h e r  e x c i t a t i o n  and i o n i z a -  

t i o n  u n t i l  a l l  t h e  e l e c t r o n s  have e n e r g i e s  less t h a n  t h e  low- 

e s t  e x c i t e d  a tomic  s t a t e  ( s u b e x c i t a t i o n  e l e c t r o n s ) .  The 

t h i r d  s t e p  i s  t h e  r a d i a t i v e  decay  of  e x c i t e d  atoms t o  long-  

l ived  e x c i t e d  s t a t e s  and t o  t h e  ground s ta te .  I n  t h e  f o u r t h  

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

reac t  w i t h  each o t h e r ,  w i t h  ground s t a t e  atoms,  and w i t h  

i m p u r i t i e s  p roduc ing  e x c i t e d  molecu le s ,  Jesse i o n s ,  and 

o t h e r  s p e c i e s .  The f i r s t  t h r e e  s t e p s  are  d e a l t  w i t h  i n  t h i s  

s e c t i o n ,  and t h e  f o u r t h  i s  examined la ter  by c o u p l i n g  t h e  

t h e o r e t i c a l  estimates w i t h  e x p e r i m e n t a l  da t a .  

I n  s t e p  1 t h e  p r o t o n  

3 . 2  S t e p  1--Primary I o n i z a t i o n  and E x c i t a t i o n  

Cross  s e c t i o n s  f o r  t h e  i o n i z a t i o n  of he l ium,  CT ( e , E ) ,  

by p r o t o n s  of energy  E y i e l d i n g  a n  e l e c t r o n  of energy  e are  

l i s t e d  i n  Tables  6 and 7 .  

3 7  
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TABLE 6 

QUANTUM MECHANICAL DIFFERENTIAL IONIZATION 

CROSS SECTIONS FOR PROTONS I N  HELIUM 

2 
e (ev) 0 ( c m  / e V )  _I- 

1-MeV P r o t o n  2-MeV Proton 4-MeV P r o t o n  

0 1 . 2 2  (-18)* 7 . 2 4  ( - 1 9 )  4 . 1 9  ( - 1 9 )  
2 . 7 2  9 . 7 7  ( - 1 9 )  5 . 7 9  ( - 1 9 )  3.35 ( - 1 9 )  
5 . 4 4  7 . 9 3  ( - 1 9 )  4 . 6 7  ( - 1 9 )  2 . 6 9  ( - 1 9 )  

1 0 . 8 8  5 . 4 0  ( - 1 9 )  3.15 ( - 1 9 )  1 . 8 0  ( - 1 9 )  
1 6 . 3 3  3 . 8 3  ( - 1 9 )  2 . 2 1  ( - 1 9 )  1 . 2 5  ( - 1 9 )  

2 1 . 7 7  2 . 8 2  ( - 1 9 )  1 . 6 2  ( - 1 9 )  9 . 1 5  ( - 2 0 )  
2 7 . 2 1  2 . 1 4  ( - 1 9 )  1 . 2 2  (-19) 6 . 8 5  ( - 2 0 )  
3 2 . 6 5  1 . 6 7  ( -19)  9 . 4 3  ( - 2 0 )  5 . 2 5  ( - 2 0 )  
3 8 . 0 9  1 . 3 3  ( - 1 9 )  7 . 4 s  ( - 2 0 )  4 . 1 3  ( - 2 6 )  

4 0 . 8 2  1 . 1 9  ( - 1 9 )  6 . 6 9  ( - 2 0 )  3 . 7 1  ( - 2 0 )  
4 7 . 6 2  9 . 3 2  ( - 2 0 )  5 . 1 8  ( - 2 0 )  2 . 8 5  ( - 2 0 )  
5 4 . 4 2  7 . 4 3  ( - 2 0 )  4 . 1 1  ( - 2 0 )  2 . 2 5  ( - 2 0 )  
6 8 . 0 3  4 . 9 8  ( - 2 0 )  2 . 7 3  ( - 2 0 )  1 . 4 9  ( - 2 0 )  

8 1 . 6 3  3 .53 ( - 2 0 )  1 . 9 1  ( - 2 0 )  1 . 0 3  ( - 2 0 )  
9 5 . 2 4  2 . 6 1  ( - 2 0 )  1 . 4 0  ( - 2 0 )  7 . 4 7  (-21.)  

1 0 8 . 8 4  2 . 0 0  ( - 2 0 )  1 . 0 7  ( - 2 0 )  5 . 7 0  ( - 2 1 )  
1 3 6 .  0 5  1 . 3 1  ( - 2 0 )  6 . 9 3  ( - 2 1 )  3.G6 ( - 2 1 )  

1 6 3 . 2 6  9 . 0 8  ( - 2 1 )  4 . 7 5  (-21) 2 . 4 8  ( - 2 1 )  
1 9 0 . 4 7  6 . 6 0  ( - 2 1 )  3 . 3 9  ( - 2 1 )  1 . 7 4  ( - 2 1 )  
21.7.68 5 . 0 2  ( - 2 1 )  2 . 6 0  ( - 2 1 )  1 . 3 5  (-21.) 
3 2 6 . 5 2  2 . 4 3  ( - 2 1 )  1 . 2 4  ( - 2 1 )  6 . 3 3  ( - 2 2 )  

* M u l t i p l y  t h e  cross s e c t i o n s  by 1 0  to t h e  power in 
parenthesis  a 
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TABLE 7 

CLASSICAL DIFFEFENTIAL IONIZATION CROSS 

SECTIONS FOR PROTONS IN HELIUM 

2 
e (ev) 0 (crn2/eV) e (ev) a(cm /ev) 

1-MeV Proton 4-Mev Proton 4-MeV Proton 

217.68 
326.52 
435.36 
653.04 

870.72 
1306.08 
1500 
1750 

2000 
2250 
2500 
2750 

3000 
3250 
3500 
3750 

4000 
4250 
4500 
4750 

4.96 (-21)* 
2.23 ( - 2 1 )  
1.26 (-21) 
5.61 (-22) 

3.16 (-22) 
1.40 (-22) 
1.06 (-22) 
6.12 (-23) 

3.19 (-23) 
1.54 (-23) 
5.68 (-24) 
1.93 ( - 2 5 )  

1.24 (-21) 
5.58 (-22) 
3.15 (-22) 
1.40 (-22) 

7.90 (-23) 
3.51 (-23) 
2.66 (-23) 
1.96 (-23) 

1.50 (-23) 
1.18 (-23) 
9.58 (-24) 
7.91 (-24) 

6.65 (-24) 
5.67 (-24) 
4.89 (-24) 
4.26 (-24) 

3.74 (-24) 
3.31 (-24) 
2.96 (-24) 
2.65 (-24) 

5000 
5250 
5500 
5750 

6000 
6250 
6500 
6750 

7000 
7250 
7500 
7750 

8000 
8250 
8500 
8750 

9000 

2.39 (-24) 
2.17 (-24) 
1.98 (-24) 
1.81 (-24) 

1.66 (-24) 
1.53 (-24) 
1.42 (-24) 
1.31 (-24) 

1.22 (-24) 
1.14 (-24) 
1.06 (-24) 
8.77 (-25) 

7.09 (-25) 
5.64 (-25) 
4.40 (-25) 
3.32 (-25) 

2.38 (-25) 

* M u l t i p l y  the cross sections by 10 to the power in 
parenthesis. 
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The quantum mechanica l  c r o s s  s e c t i o n s  are a r e s u l t  of 

t h e  Born approx ima t ion .  3 0 r 3 1  T h e  cross s e c t i o n s  f o r  &MeV 

protons w e r e  o b t a i n e d  by u s i n g  t h e  approximat ion  

Y ( e )  log E $. Z ( e )  
E o ( e , E )  = 

The pa rame te r s  Y ( e )  and Z ( e )  w e r e  de t e rmined  a t  each  secondary  

e l e c t r o n  energy  by u s i n g  t h e  a v a i l a b l e  1 and 2-MeV cross 

s e c t i o n s .  30 Cross s e c t i o n s  for . h i g h e r  secondary  e l e c t r o n  

e n e r g i e s  were e s t i m a t e d  u s i n g  t h e  c l a s s i ca l  b i n a r y  encoun te r  

c o l l i s i o n  model,  32 Tab le  7 .  

Cross  s e c t i o n s  f o r  t h e  e x c i t a t i o n  of hel ium by pro- 

tons are l i s t e d  i n  Tab le  8 .  Many pa rame te r  wave f u n c t i o n s  

w e r e  used by Bell33 _ _ ~  e t  a1 t o  f i n d  t h e  cross s e c t i o n s  f o r  t h e  
1 1 1 N S ( N  =1 2 t h r u  7 ) ,  N P (N = 2 t h r u  4 )  and 3 D e x c i t e d  sta. tes.  

For t h e  remain ing  c r o s s  s e c t i o n s  t h e y  used  a Hartree-Fock 

r e p r e s e n t a t i o n  of t h e  e x c i t e d  states. 

3 3 E l e c t r o n s  Slowing Down--Step 2 

When a p r o t o n  loses energy i n  he l ium,  e x c i t e d  he l ium 

atoms, he l ium i o n s  and secondary  e l e c t r o n s  are g e n e r a t e d ,  

The secondary  e l e c t r o n s  produced by t h e  p r o t o n s  have an  

energy  r ange  c o v e r i n g  thousands  of electron v o l t s  (Tables 6 

and 7 ) .  A s  each secondary  electron s l o w s  down to s u b e x c i t a -  

t i o n  energy  ( ene rgy  degrada t j -on)  I t h e  energy  t h a t  i t  loses 

goes  i n t o  i o n i z i n g  and e x c i t i n g  he l ium atoms. I t  is  d i f f i c u l t  

t o  de t e rmine  t h e  number o f  i o n s  and excited s t a t e s  because 
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TABLE 8 

EXCITATION CROSS SECTIONS FOR PROTONS IN HELIUM 

- 2 0  2 STATE 1 MeV ( 1 0  rm ) 4 MeV (10 em 1 -20 2 
- 

2% 

3% 

4% 

5% 

6's 

7% 

2% 

3 l P  

4lP 

5 I P  

6 'P 

3'D 

4 'D 

1 5 D  

6 'D 

39.22 

8.833 

3.383 

1.651 

.9279 

, 6 0 5 3  

5 0 2 . 6  

1 2 4 . 2  

4 9 . 8 5  

24.9 

1 4 . 2  

2.035 

1 . 0 8  

,602 

.363 

9 . 9 3 5  

2.237 

. 8 5 6 9  

. 4 1 8 2  

. 2 3 5 0  

.1533 

178.8 

44.07 

17.67 

8.57 

4.90 

.5238 

.272  

.151 

.0911 
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t h e  e x c i t a t i o n  and i o n i z a t i o n  p r o c e s s e s  a re  competing w i t h  

each  o t h e r  a t  e v e r y  s t e p  of t h e  energy  d e g r a d a t i o n .  

To d a t e  t h e r e  are no p u b l i s h e d  c a l c u l a t i o n s  f o r  t h i s  

s p e c i f i c  c a s e  of energy d e g r a d a t i o n ,  Fano, M i l l e r ,  and 

A l k h a ~ o v ~ ~  t h e o r e t i c a l l y  e s t i m a t e d  t h e  number of i o n s  caused  

by t h e  energy  d e g r a d a t i o n  (W v a l u e )  of e l ec t rons  in hel ium.  

Ersk ine3 '  d i d  similar c a l c u l a t i o n s  f o r  t h e  energy  d e g r a d a t i o n  

of f a s t  a l p h a  p a r t i c l e s  i n  he l ium.  I n  o r d e r  t o  use the 

a v a i l a b l e  i n f o r m a t i o n  f o r  t h i s  work, t h e  secondary  e l e c t r o n s  

a t  each  energy  w e r e  t r e a t e d  i n d i v i d u a l l y .  Alkhazov ' s  p u b l i c a -  

t i o n  was used because  (1) he c a l c u l a t e d  t h e  energy  d e g r a d a t i o n  

for e l e c t r o n s  of many e n e r g i e s  and ( 2 )  he  i n c l u d e s  t h e  i n d i v i -  

d u a l  p o p u l a t i o n s  of many e x c i t e d  s ta tes  as w e l l  a5 t h e  number 

of  i o n s  produced.  

3 4  3 5  

Al.khazov c a l c u l a t e d  t h e  energy  d e g r a d a t i o n  of elec- 

t r o n s  u s i n g  a set  of semi -empi r i ca l  cross s e c t i o n s .  These 

c r o s s  sec t i -ons  a g r e e  w i t h  a v a i l a b l e  e x p e r i m e n t a l  d a t a  f o r  low- 

energy  e l e c t r o n s  an3  c o n v e r t  to t h e o r e t i c a l  es t imates  a t  

e n e r g i e s  above 500 e V .  He did n o t  incl .ude p r o c e s s e s  which 

i n v o l v e  a change of state of  t h e  atoms,  such as t h e  fo rma t ion  

of molecu la r  (Hornbeck) i o n s  and a t t a c h m e n t  of e l e c t r o n s  t o  

atoms. Examples of h i s  c a l c u l a t e d  r e s u l t s  are reproduced  

f r o m  h i s  p u b l i c a t i o n  i n  Tab le  9 and F i g u r e  1 7 .  The popula-  

t i o n s  t h a t  he g i v e s  for t h e  2 D and 2 I) s'ca,t;es were ignored  

i n  t h e  p r e s e n t  work because  these two s ta tes  canno t  o c c u r .  

1 3 

Alkhazov alleged h i s  e s t i m a t e d  p o p u l a t i o n s  of the 
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TABLE 9 

AVERAGE NUMBER O F  ATOMS FORMED I N  VARIOUS E X C I T E D  STATES 

RESULTING FROM THE ENERGY DEGREDATION O F  A 1 2 3 0 - E V  ELECTRON 

0 . 1 6  

7 . 3 2  1 . 7 3  0 . 7 0  1 . 0 5  

0.11 

N I S  1 . 4 3  0 .29  0 . 1 1  
1 N P  

NID 0.82  0.19 0 . 0 7 3  

2 . 2 5  0 . 2 2  0 . 0 7 3  0 . 0 9 8  

0 . 0 9 8  

0.38 0 . 0 6 3  0 . 0 2 3  0.032 

3 N S  

0.071 N3P 1 . 2 1  0 . 2 0  

3 N D  
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states corresponding to forbidden transitions might be too 

high. In fact he provided a second but incomplete set of 

data using cross sections reduced by a factor of two for 

states corresponding to forbidden transitions. 

The number of helium ions and excited helium atoms 

resulting from the energy degradation were estimated by 

combining Alkhazov's data with the theoretical energy dis- 

tribution of secondary electrons (Tables 6 and 7). An inte- 

gration was done by the trapezoid technique. Alkhazov's popu- 

lations were assumed to be linear with electron energy for 

energies greater than 172 eV. 

Figure 18 is a graphic description of steps 1 and 2 

of the radiation action of a proton in helium. It was 

assumed that the proton's energy was constant as it passed 

through the helium. A more detailed representation is found 

in Table 10. The products of a 1-MeV proton are scaled 

(multiplied by the ratio of 4-MeV to 1-MeV stopping powers, 

9 6 . 6 / 2 8 5 ) ,  for comparison purposes. The proton induced popu- 

lations of the N S, (N = 4 to 6), N P, (N = 4 to 6), and N D, 

(N = 4 to 6) states were estimated using the data of Bell 

-- et a133 (Table 8). 

1 1 1 

The optical apliroximation28 was used for 

1 the N P, (N = 7 to 12), states. These populations are grouped 

together and labeled "other atomic levels" in Table L O .  

Alkhazov published the populations of the highly 

excited states (N > 3 ,  where N is the principle quantum num- 

ber) resulting from electron degradation for only one initial 



ORNL-DWG 7i-13324 

4 -  MeV PROTON 

27.9 EXCITED ATOMS 

F i g u r e  9 8 .  The Energy Degradation When a 4-MeV Proton Loses a Fraction of Its 
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TABLE 1 0  

THE AVERAGE POPULATIONS FCESULTING WHEN ONE PROTON I€AS A 

1 c m  PATH IN 1.0~9 cm-3 OF HELIUM 

4 MeV P r o t o n  1 MeV P r o t o n  ( sca led)  

P r i m a r y  Secondary P r i m a r y  Secondary 
P r o t o n  E l e c t r o n s  P r o t o n  E l e c t r o n s  

Products  

2;s 0.99 6 .24  1 . 3 3  6 . 3 0  
3 s  0 .22  1 . 2 1  0.30 1 . 2 2  

2;P 1 7 . 9  
3 P  4 . 4 1  

3 'D 0.05 

2;s 
3 s  

2 i P  
3 P  

33D 

Other  atomic 
levels 4 . 3 0  

Ions  7 2 . 5  

1 9 . 5  
4 . 4 7  

0.73 

11.3 
1.10 

6.13 
1.25 

1 . 3 1  

9.30  

66.0 

17 .0  1 8 . 1  
4 .20 4 . 1 2  

0.07 0 .73  

11 .5  
1 . 1 2  

6 .27  
1 . 3 1  

1.18 

4 . 2 5  9.05  

7 6 . 1  60.2 
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e l e c t r o n  energy  (1230 e V )  , Tab le  9 .  The popuLat ions  of t h e s e  

h i g h l y  e x c i t e d  s ta tes  r e s u l t i n g  from t h e  d e g r a d a t i o n  of a l l  

t h e  secondary  e l e c t r o n s  were e s t i m a t e d  by assuming t h a t  t h e  

r a t i o  of h i g h l y  e x c i t e d  s t a t e  p o p u l a t i o n s  (N > 3 )  t o  lower 

e x c i t e d  s t a t e  populat i .ons ( N  5 3)  i.s c o n s t a n t  w i t h  r e s p e c t  t o  

i n i t i a l  e l e c t r o n  ene rgy .  

One way t o  t e s t  t h e  v a l i d i t y  of t h e s e  e s t i m a t e s  i s  

t o  a u d i t  them f o r  ene rgy  c o n s e r v a t i o n  (see F i g u r e  1 8 ) .  The 

p r o t o n  i o n i z a t i o n  and pxoton e x c i t a t i o n  cross s e c t i o n s  i n d i c a t e  

t h a t  a 4 MeV p r o t o n  as it p a s s e s  th rough  1 c m  of he l ium w i t h  

d e n s i t y  lo1' cm w i l l  l o s e  3 6 2 0  eV + 1780 eV -t 6 0 9  e V  .f 

4 2 4  e V  = 6430 eV. T h i s  a g r e e s  w i t h  t h e  6 4 0 0  e V  from J a n i ' s  

t a b l e s .  The 3620 e V  o f  t h e  e n e r g e t i c  e l e c t r o n s  are  degraded  

t o  1 6 2 0  e V  .t 1350 e V  -f- 745 eV = 3 7 2 0  e V .  

- 3  

39 

The expe r imen ta l ly -de te rmined  W v a l u e  f o r  4-MeV pro- 

t o n s  i s  used t o  check t h e  accu racy  of t h i s  work. A W v a l u e  

= 4 6 . 4  eV/ion p a i r s  i s  c a l c u l a t e d .  6430 e V  
Of 6 6 . 0  + 7 2 . S  i o n  p a i r s  
The c a l c u l a t i o n  i s  n o t  complete  s i n c e  a d d i t i o n a l  i o n s  

(Hornbeck" i o n s )  are formed when e x c i t e d  he l ium atoms co1.ii.de 

w i t h  ground s t a t e  atoms. A l l  h i g h l y  e x c i t e d  s ta tes  (states 

w i t h  N > 3 )  have s u f f i c i e n t  energy  t o  form a Hornbeck ion. 41 

- He(excitec1) + He(ground)  --f- H P  -4- + e . 
-2 

I t  i s  g e n e r a l l y  assumed42 t h a t  t h e  Hornbeck process  h a s  c o m -  

p e t i t i o n  on ly  f r o m  r a d i a t i v e  d e - e x c i t a t i o n ,  a l l o w i n g  most of 

t h e  h i g h l y  e x c i t e d  sta, tes t o  f o r m  Hornbeck i o n s  a t  pressures 
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above 50 Torr. Contrary to the general assumption, the 

Elornkkck process may have strong competition from collisional 

de-excitation, as inferred by Huffman and KatayamaB3 from 

their photoionization experiments using argon. The measured 

W value (45 .5  eV/ion pairL7) lies between the W values cal- 

culated when the Hornbeck process is neglected (46.4 eV/ion 

pair) and when the Hornbeck process is taken to be 100% 

efficient (42.3 eV/ion p a i r ) .  

Another experiment to be compared with the theory is 

the d&/dx measurement of Hurst et al. l8 

2200 eV of V U ~  radiation results when a 4-MeV proton passes 

through 1 cm of helium at 400 Torr. Since the theory is f o r  

2 8 3  Torr, the 2200 eV is multiplied by 283/400 (energy lost 

by the proton is proportional to pressure) and 1560 eV is ob- 

tained. The theoretical estimate of atomic excitation energy 

is 1960 eV. At first t h i s  seems too high. However, some of 

the atomic excitation energy is converted to kinetic energy. 

This energy conversion occurs when exc i ted  helium molecules 

drop to the ground repulsive molecular state, the measured 

continuous vuv light is emitted, and the atoms speed away 

from each other. In addition, the small amount of radiation 

at optical wavelengths was, of course, not included in the 

vuv measurements. 

They determined t h a t  -- 

In summary, the present work  indicates that the energy 

lost by a 1-MeV and a 4-MeV proton degrades to almost identi- 

cal end products (Table 10). A l s o  of general interest is 
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that the secondary electrons play the major role in excita- 

tion and ionization. Of particular importance to the energy 

pathways studies is that 30% of the energy lost by the proton 

goes into exciting atoms. Of these excited atoms, about half 

are in the 2 P state. 1 

3 . 4  Step 3--Radiative Decay ---- -- 

The radiative decay of the exciked states wi.th prinei- 

ple quantum number 2 or 3 is displayed j.n Figure 21. Decay 

rates for allowed transitions were obtained from Wiese's 

tables. 

Resonance (involving an allowed transition to the ground 

state) radiation from the 2 P and 3 P s t a t e s  is absorbed and 

re-emitted (resonance trapped) many times by neighboring 

ground state atoms before the photon escapes f r o m  the gas. 

The decay rate, P ,  for these resonance transitions were 

estimated by using Holstein's pressure independent decay 

constant: 

44 

1 A 20 sec-l decay rate4' w a s  used for  the 2 S state. 

1 1 

4 6  

Where A is the wavelength of the emitted l i g h t ,  t is the 

natural lifetime and R is the radius of the cylindrical gas 

container. The experimental conditions for this work yield 

5 x I - o - ~  I" 

t B 

'she reader is cautioned n o t  to draw conclusions from 
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F i g u r e  1 9  e x c e p t  a t  very l o w  p r e s s u r e s .  The e x p e r i m e n t a l  

part of t h i s  s t u d y  shows t h a t  t h e  2 P states are  d e p l e t e d  

r a p i d l y  by collisions b e f o r e  t h e y  can  r a d i a t e  t o  t h e  2 S 

s t a t e .  

1 

1 



SECTION 4 

POTENTIAL SUWACES 

When a proton interacts with helium gas, 30% of the 

absorbed energy goes into atomic excitation. At normal 

pressures (100 to 1000 Torr) most of .I.his excitation energy 

appears as vuv molecular radiation. To better understand the 

formation and de-excitation of these molecules, the available 

data on helium's potential surfaces has been combined into 

one useful diagram (Figure 2 0 ) .  

The task of data compilation for this diagram w a s  

lightened by exploiting Ginter and bat ti no'^^^ recent publica- 
tion of potential curves which are based mainly on optical 

spectra. In a private communication Ginter48 supplied the 

vibration frequencies and the coordinates of the minima for 

the D and F nu states. 

and shape of the very bottom of the potential wells. Theore- 

tical estimates by ScottB9 et al. for the A state show a 

maximum of 0.153 eV at 2.76 A. The four molecular levels 

originating from the 2 P atomic state were calculated by 

SchweinlerS0 using the dipole-dipole interaction. 

theoretical estimates 51'52'53 of the ground state are in 

1 These quantities describe the position 

~- 
0 

1 

The three 

agreement even though these publications span almost two 

decades. Jordan and Amdur ' s54  experimental data conform to 

this same surface. The binding energy of the ground state is 

small enough (less than 6 x eV, 0.005" K ) 5 5  to be 

53 
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n e g l e c t e d  i n  t h e s e  energy  pathways s t u d i e s .  

S e v e r a l  g e n e r a l  f e a t u r e s  can  immediately b e  s e e n  i n  

F i g u r e  22:  (1) There  are m o l e c u l a r  s t a t e s  w i t h  s u b s t a n t i a l  

b i n d i n g  ene rgy ;  ( 2 )  I n  o r d e r  t o  yain access t o  t h e  A ,  F ,  and 

C s ta tes  t h e  c o l l i d i n g  atoms must  overcome p o t e n t i a l .  b a r r i e r s ;  

and ,  ( 3 )  S e v e r a l  e17 of p o t e n t i a l  ene rgy  i s  c o n v e r t e d  t o  

k i n e t i c  ene rgy  i n  ve r t i c l e  t r a n s i t i o n s  f r o m  excited molecu la r  

s ta tes  t o  t h e  h i g h l y  r e p u l s i v e  X s t a t e .  



SECTION 5 

D I S C U S S I C ) N  

5 . 1  Proposed Model for t h e  Vuv Emission 

A t  t h e  p r e s e n t  s t a g e  of i t s  development a n  ene rgy  

pathways model f o r  hel ium shou ld  he c o n s i s t e n t  w i t h :  

(1) T.E.  S t e w a r t ' s  vuv emiss ion  s t u d i e s ,  ( 2 )  J . E .  P a r k ' s  

Jesse e f f e c t  measurements,  ( 3 )  time dependent  vuv emiss ion  

2 2  17 

expe r imen t s ,  (4) t h e o r e t i c a l  t r e a t m e n t  of t h e  first s t a g e  of 

r a d i a t i o n  a c t i o n ,  and (5 )  p o t e n t i a l  sur face  d a t a .  In t h e  

model sugges t ed  ( F i g u r e  2 1 )  energy  f r o m  t h e  p r o t o n  and secon- 

d a r y  e l e c t r o n s  e x c i t e  he l ium atonis t o  t h e  2 P s ta te .  A t  

p r e s s u r e s  above 50 Tor r  t h e s e  e x c i t e d  atoms l o s e  energy  by 

1 

c o l l i s i o n s  as t h e y  form e x c i t e d  m e t a s t a b l e  molecu le s .  The 

metastable molecule  i s  d e - e x c i t e d  by c o l l i s i o n  w i t h  he l ium 

ground s ta te  atoms t o  a r a d i a t i n g  molecule  which e m i t s  t h e  

slow component i n  t h e  vuv continuum. 

The f i r s t  energy  pathway i n  t h i s  model i s  v i a  a tomic  

e x c i t a t i o n  by p r o t o n s  and secondary  e l e c t r o n s .  S i n c e  a b o u t  

half of t h e s e  e x c i t e d  atoms are i n  the 2 P s t a t e  (Table 101, 1 

1 t h e  2 P s t a t e  i s  most l i k e l y  t h e  main energy  s o u r c e  f o r  b o t h  

t h e  vuv emiss ion  and t h e  Jesse e f f e c t .  
1 Two well-known energy  pathways o u t  a€ t h e  2 P s t a t e  are 

1 0 

v i a  t h e  a l lowed r a d i a t i v e  t r a n s i t i o n s  t o  t h e  2 S ( 2 0 , 5 8 1  A )  

s ta te ,  and t o  the ground (584  A )  state. Other  mechanisms 
0 

1 d e p l e t i n g  t h e  2 P s t a t e  are r e v e a l e d  by o b s e r v i n g  t h e  p r e s s u r e  

56  



ORNL- DWG 71 -i3526R 

I 
I 

1 
MOLECULE D MOLECULE B 

CONTINUUM 

COMPONENT 

F i g u r e  21. Energy Pathways Model. 



58 

1 dependence of t h e  2 P d e p l e t i o n  r a t e  as r e f l e c t e d  th rough  t h e  
0 

584-A l i n e  decay ra te .  T h i s  rake var ies  w i t h  p r e s s u r e  ( F i g u r e  

1 0 ) .  A t  584-A t h e  i n t e n s i t y  d i v i d e d  by p r e s s u r e  d e c r e a s e s  
0 

w i t h  i n c r e a s i n g  p r e s s u r e  ( F i g u r e  2 2 )  , i n d i c a t i n g  that c o l l i s i o n  

p r o c e s s e s  compete w i t h  584-A r a d i a t i o n .  1n t ; ens i ty  d i v i d e d  by 
0 

p r e s s u r e  i s  a fundamental  pa rame te r  s i n c e  t h e  ene rgy  l o s t  by 

t h e  p r o t o n  i n c r e a s e s  l i n e a r l y  w i t h  p r e s s u r e .  
2 

decay r a t e  i s  due t o  d e p l e t i o n  of t h e  2 P s ta te  by c o l l i s i o n s  

0 

The p r e s s u r e  squa red  ( P  ) dependence of t h e  584-A l i n e ' s  
1 

w i t h  t w o  ground s t a t e  he l ium atoms forming an  e x c i t e d  molecule:  

1 1 1 H e ( 2  P) + 2 He(1 S ) - t € I e  (U or  D )  6 He(1 S )  + k i n e t i c  ene rgy .  2 

The D and B molecu la r  s ta tes  ( F i g u r e  2 0 )  can  he r e a d i l y  formed 

by t h i s  p r o c e s s .  When t h e  D s take  r a d i a t e s  t o  t h e  X stake, 

t h e  f a s t  component i n  t h e  vuv continuum 

1 H e 2 ( D ) + 2  He(1 S )  + vuv l i g h t  + k i n e t i c  ene rgy .  

0 

The ene rgy  of t h i s  r a d i a t i o n  ( 6 4 0  t o  9 5 0  A i s  c o n s i s t e n t  w i t h  

t h e  D and X p o t e n t i a l  s u r f a c e s  ( F i g u r e  2 2 ) .  

The r a t e - d e t e r m i n i n g  s t e p  f o r  t h e  slow component i n  

t h e  vuv continuum i s  t h e  c o l l i s j - o n a l  d e - e x c i t a t i o n  of t h e  

m e t a s t a b l e  El s ta te  t o  t h e  r a d i - a t i n g  A s t a t e .  

1 1 H e 2 ( B )  + 2 H e ( 1  S ) + H e 2 ( A )  + 2 H e ( 1  S )  + k i n e t i c  energy 

The A s t a t e  t h e n  r a d i a t e s  t o  t h e  X s t a t e ,  i . e .  

1 H e 2  ( A ) + 2  He (1. S )  4- k i n e t i c  ene rgy  -I- vuv l i g h t .  
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6 0  

A n a l y s i s  of t h e  A and X p o t e n t i a l  s u r f a c e s  ( F i g u r e  2 2 )  shows 

t h a t  r a d i a t i o n  from a n  A t o  X t r a n s i t i o n  w i l l  have a wave- 

l e n g t h  between 6 0 0  and 1 0 0 0  A .  The measured l i f e t i m e  of t h e  

s low component i s  n e a r l y  c o n s t a n t  w i t h  wavelength  th roughou t  

t h e  continuum i n d i c a t i n g  a common r a t e - d e t e r m i n i n g  p r o c e s s  f o r  

t h e  e n t i r e  r e g i o n .  Between 2 0 0  Torr- and 8 0 0  T o r r  t h e  decay 

0 

r a t e  of t h e  continuum i s  e q u a l  t o  1 . 6  P2 ( F i g u r e s  1 2  and 1 6 )  

where P i s  i n  T o r r .  T h i s  i m p l i e s  t h a t  t h e  r a t e  d e t e r m i n i n g  

s t e p  f o r  t h e  s low component i s  a three-body c o l l i s i o n .  The 

r a t e  measured a t  1 0 0 0  T o r r  d e v i a t e s  from t h e  P2 s t r a i g h t  l i n e .  

T h i s  f a c t  c o u l d  i n d i c a t e  t h a t  t h e  r a d i a t i o n  r a t e  of t h e  A 

s t a t e  i s  comparable t o  t h e  r a t e  of c o l l i s i o n a l  d e - e x c i t a t i o n  

when t h e  p r e s s u r e  i s  1 0 0 0  

sec . -1 

The above comments 

l i n e  accoun t  o n l y  f o r  t h e  

6 T o r r ,  i . e .  comparable t o  2 x 10 

0 

on t h e  i n t . e r p r e t a t i o n  of t h e  5 8 4 - A  

P , and n o t  t h e  P t e r m ,  i n  the 2 

dependence of  decay r a t e  on p r e s s u r e .  To a t t r i b u t e  t h e  P 

t e r m  t o  a 2-body r a d i a t i o n  p r o c e s s  such as Franck-Condon 

emiss ion  i s  i n c o n s i s t e n t  w i t h  o t h e r  o b s e r v a t i o n s ,  Fo r  example,  

t h e  2-body t e r m  would be prompt and cou ld  be s a i d  t o  be t h e  

con t inuum' s  f a s t  component. B u t  t h i s  i s  i n c o n s i s t e n t  w i t h  t h e  

o b s e r v a t i o n  t h a t  t h e  r a t i o  of f a s t  component i n t e n s i t y  t o  

s low component i n t e n s i t y  i s  c o n s t a n t  w i t h  p r e s s u r e .  F u r t h e r -  

more, a Franck-Condon continuum o r i g i n a t i n g  a t  t h e  5 8 4 - A  

l i n e  i s  n o t  s e e n .  W e  s u g g e s t  t h a k  t h e  l i n e a r i t y  i n  P i s  o n l y  

a p p a r e n t  and i s  mere ly  a combinat ion of a 3 t h a t  i s  p r e s s u r e  

0 
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dependen", and t h e  P2 term. 
1 A t o m i c  s ta tes  o t h e r  t h a n  2 P are  e x c i t e d  by t h e  p r o t o n s  

and secondary  e l e c t r o n s  (Tab le  101. Account s h o u l d  b e  made 

for t h i s  e x c i t a t i o n  energy .  The 2 S and 2 S e x c i t e d  s ta tes  

are d e p l e t e d  s lowly  by c o l l i s i o n s  

1 3 

56 

1 2 S d e p l e t i o n  r a t e  (sec-l) = 200 P(Torr) 

2 S d e p l e t i o n  ra te  (sec-I) = 0 . 3  P ( T o r r  ) .  
3 2 2 

T h i s  f a c t  c o u l d  a c c o u n t  for t h e  s m a l l  secondary  component i n  

t h e  t i m e  dependent  s p e c t r a  of t h e  vuv continuum. The remain ing  

e x c i t e d  s ta tes  are d e p l e t e d  by p r o c e s s e s  i n c l u d i n g  molecu la r  
1 1 3 

f o r m a t i o n  and r a d i a t i o n  c a s c a d e  t o  t h e  2 P ,  2 S ,  and 2 S 

states .  Higher  molecu la r  s ta tes  t h a t  r a d i a t e  t o  t h e  A ,  B and 

D s ta tes  c o n t r i b u t e  more i n t e n s i t y  t o  t h e  vuv con t inuum' s  

f a s t  and s low components. 

Samples of  S t e w a r t ' s 2 2  d a t a  f o r  t h e  p r e s s u r e  dependence 

of t h e  vuv e m i s s i o n  i n t e n s i t y  produced when p r o t o n s  e x c i t e  

he l ium are  shown i n  F i g u r e s  22  and 23 .  These c u r v e s  w i l l  be  

comrnented upon u s i n g  t h e  p r e s e n t  model. The model i s  c o n s i s -  

t e n t  w i t h  S t e w a r t ' s  5 8 4 - A  d a t a  s i n c e  t h e s e  da ta  w e r e  used  as 

one i n p u t  t o  c o n s t r u c t  t h e  model. A s  t h e  p r e s s u r e  i n c r e a s e s  

above 2 0 0  T o r r ,  t h e  i n t e n s i t y  of t h e  vuv continuum a t  s h o r t  

0 

wave leng ths  decreases w h i l e  t h e  i n t e n s i t y  a t  l o n g e r  wave- 

l e n g t h s  i n c r e a s e s .  T h i s  i n t e n s i t y  v a r i a t i o n  i s  due i n  p a r t  

t o  c o l l i s i o n a l  d e - e x c i t a t i o n  t o  L o w e r  v i b r a t i o n a l  l e v e l s  w i th -  

i n  t h e  D ,  B ,  and A molecu la r  s ta tes ,  b u t  may be i n f l u e n c e d  as 
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well by radiation from higher molecular states. 

The necessity of employing a broad experimental program 

to resolve energy pathways is best illustrated hy comparing 
22 the present model with an interpretation by Stewart et a1 

- I_ 

made previous to these time dependent studies. This previous 

interpretation was based on proton excitation measurements 

and yet was almost identical to models given by gas discharge 

investigators. 7r10’11 

the 600-A region is produced from A to X transitions as in the 

It was suggested that the radiation in 
0 

present model. However, it w a s  indicated that the energy 
1 pathway to the A state is from the 2 S atomic state rather 

than from the H molecular state. The previous interpretation 

attributed radiation in the 675-A region to D to X transi- 

tions exclusively and the radiation in the 800-A region to A 

0 

0 

to X transitions exclusively. Whereas in the present model, 

radiation throughout the region 601 A to 950 A is from A to 

X transitions with additional radiation in the region 640 A 

to 950 A from D to X transitions. 

0 0 

0 

0 

5.2 Proposed Model for the Jesse Effect 

An explanation of the Jesse effect observed when argon 

is added to helium is derived from the model and from Parks 117 

ionization data. A reasonable model would yield a rate which 

is proportional to the concentration of argon and is of 

acceptable magnitude. If we assume that the Jesse effect 

and the collisional de-excitation mechanism are competing 

processes, we write 
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1 I He2(B) + 2 H e ( 1  S ) - + H e , ( A )  + 2 He(1 S )  f K i n e t i e  e n e r g y  

I 1 + 
H ~ * ( B )  + A P - ~  He(l S )  "t-  Ar + e + K i n e t i c  energy 

The number of ion p a i r s  i n  t h e  argon-hel ium m i x t u r e ,  N, i s  

g i v e n  by 

N = N 0 + (kPArN*)/(kPAs t- A) 

Where No i s  t h e  number of i o n  pairs i n  the p u r e  g a s ,  k i s  a 

p r o p o r t i o n a l i t y  c o n s t a n t  t o  be  de t e rmined ,  PA, i.s the p a r t i a l .  

p r e s s u r e  of a rgon ,  A i s  t h e  de-excitakion r a t e  of t h e  m e t a s -  

t a b l e  molecu1.e ( 1 . 6  P ) ,  and N* is the number of metastable 

he l ium molecu le s ,  H e 2  ( B )  . 

2 

If w e  d i v i d e  by No w e  obtain 

N/No = 1 + (kPArN*/No) / (kPA, + A) 

S i n c e  N/No = Wo/W, 

Wo/W = 1 + (kPArN*/No)/(kPAI + A) - 

Where h70 is t h e  W v a l u e  of p u r e  hel ium ( 4 5 . 5  e V  p e r  i o n  p a i r 1 7 )  

and W i s  t h e  W value of the m i x t u r e .  When a s u f f i c i e n t  amount 

of a rgon  ( a b o u t  I.% of t h e  volume) i s  added t o  h e l i u m ,  t h e  

Jesse e f f e c t  dominates  so  t h a t  W d rops  t o  an a r g o n - s a t u r a t e d  

v a l u e  W s .  Thus ,  

Thus the 17 W of t h e  mix tu re  i s  2 9 . 5  e V  per  i o n  pa i r .  
S 

q u a n t i t y  N*/N~ i s  obtained and t h e  e q u a t i o n  for k i s  e x p r e s s e d  
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in terms of experimentally-determined parameters 

-1 Between 200 and 8 0 0  Torr k is about 0.95 x lo7 Torr-’ sec 

(Table 11) corresponding to a rate constant of 2.7 x 10 

cm3 sec-l. 

the calculated rate constant for ionization of argon upon 

-10 

This rate constant is of the same magnitude as 
57  

1 collision with helium atoms in the 2 P excited state (9.1 to 

9.8 x 10 -lo cm3 sec-l) and with the measured de-excitation 

rates5* of metastable excited helium atoms (2 1 S, 2.2 x 10 -10 

cm3 sec -1 ; Z 3 S ,  0 . 7 4  x 10 -lo cm3 sec-l). 

The magnitude and pressure dependence of the derived 

Jesse effect rate is encouraging. However, complications, 

particularly photoionization, are present, as illustrated by 

comparing the increase in ionization observed (W = 40 eV) due 

to natural impurities (Tables 3 and 4) with the increase 

predicted (W = 4 2  e V )  using the measured increase in the vuv 

continuum’s decay rate. Before Jesse rates and quenching 

rates can be directly related, these rates must be me3sured 

using known contaminant concentrations in reaction chambers 

with identical geometries, and under conditions where photo- 

ionization contributions can be estimated. 

It is possible that the differences in magnitude of 

Jesse effects in helium with the addition of argon (ioniza- 

tion potential, IP = 15.8 eV, 787  A), krypton (IP = 14.0 eV, 

886 i) , and xenon (IP = 12.1 eV, 1022 i)’’ are d u e  to the 

0 
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TABLE 11. 

J E S S E  EFFECT RATE FOR ARGON IN HELIUM 

0 . 0 0 2 4 9 %  Argon i n  H e l i u n u  

7 Total 
Pressure ( T o r r )  b7 (eV/ion p a i r )  k(1.O Torr-' sec-l) 

5 9 . 7 2  
80 .05  

1 0 8 . 6 4  

2 0 4 . 3 9  
3 0 5 . 4 6  
4 1 1 . 8 6  

5 0 2  I 0 0  
6 0 2 . 6 4  
7 0 5 . 4 9  

8 1 2  I 5 5  
9 1 0 . 6 4  

1 0 1 1 . 6 8  

3 4 . 4 3  
3 5 . 8 9  
3 6 . 1 9  

3 7 . 6 4  
3 8 . 7 7  
39 .53  

3 9 . 9 2  
4 0 . 7 2  
40 .84  

4 1  6 1  
4 1 . 9 1  
42 .57  

0 . 5 6  
0.50 
0 . 6 3  

0 . 8 2  
8 . 9 2  
1 . 0 2  

1 . 1 2  
1 . 0 7  
1 . 2 1  

1 . 0 9  
1 . 1 0  
0 .94  

0 . 0 9 8 5 %  A r g o n  i n  H e l i u m  

-1 'Total  
Pressure ( T o r r )  W (eV/ion p a i r )  k ( 1 0 7  Torr -__I-- sec-l)  

1 0 4 . 6 9  
2 0 2 . 4 1  
3 0 2 . 5 1  

4 1 0 . 4 4  
5 0 6 . 1 5  
6 0 7 . 7 2  

7 6 4 . 4 0  
8 1 2 . 7 0  
9 0 2 . 3 6  

2 9 . 7 2  
2 9 . 9 6  
30.09 

3 0 . 3 3  
3 0 . 3 7  
3 0 . 5 6  

3 0 . 6 9  
3 0 . 7 7  
3 0 . 8 6  

0 . 7 9  
0 . 7 2  
0 . 8 3  

0 .79  
0 .93  
0 .90  

0 . 9 2  
0 .99  
1 . 0 2  

1 0 0 8 . 9 0  31.. 0 4  1 - 0 0  
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spec t rum of ene rgy  a v a i l a b l e  f r o m  E l e 2 ( B )  e x c i t e d  m o l e c u l e s ,  

r a t h e r  t h a n  a n  e f f e c t  due  t o  s u b e x c i t a t i o n  e l e c t r o n s .  '' 
spectrum of accessible ene rgy  i s  t h e  d i f f e r e n c e  between t h e  

He2(B) and H e 2 ( X )  s u r f a c e s  and is  r e f l e c t e d  i n  t h e  vuv e m i s -  

s i o n  s p e c t r a .  Jesse's d a t a  f o r  xenon shows about 20 p e r  c e n t  

more i o n  p a i r s  t h a n  i n  a r g o n ,  and t h i s  i s  compatable  w i t h  t h e  

The 

ene rgy  i n  t h e  vuv s p e c t r a .  

5.3 Genera l  Remarks 

One s u r p r i s i n g  p a r t  of t h i s  model i s  f a s t  d e p l e t i o n  
1 ra te  of t h e  2 P s t a t e  by c o l l i s i o n s .  Another  i s  t h a t  t h e  

energy f o r  t h e  Jesse e f f e c t  i n  he l ium is  from a molecu le  r a t h e r  

t h a n  a n  a t o m .  

Experiments  t h a t  would f u r t h e r  e s t a b l i s h  t h e  v a l i d i t y  

of t h i s  ene rgy  pathways model i n c l u d e  t i m e  dependent  s t u d i e s  

of t h e  continuum a t  p r e s s u r e s  above 1 0 0 0  T o r r ,  t i m e  dependent  

quenching s t u d i e s ,  t i m e  dependent  s t u d i e s  of t h e  f a s t  compon- 

e n t  u s i n g  a p p a r a t u s  w i t h  b e t t e r  t i m e  r e s o l u t i o n ,  and t i m e  

dependent  a b s o r p t i o n  expe r imen t s  t o  s t u d y  t h e  2 1 P d e p l e t i o n  

r a t e  a t  p r e s s u r e s  from 200 t o  1 0 0 0  T o r r .  



SECTION 6 

SUMMARY 

These time dependent studies of the vuv emission from 

1 proton-excited helium gas show that the 2 P state is depleted 

primarily by collisional process and that the vuv continuum 

hac; two components, both of which are pressure dependent. The 

theoretical estimations illustrate in detail the initial ac- 

tions when a proton interacts with helium. Molecular helium's 

potential curves were used extensively in constructing the 

suggested model. These studies are productive because t h e y  

can be coupled directly with W value  experiments and other 

emission measurements to yield information on the energy 

pathways involved in the vuv continuum and in the Jesse 

effect. 
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APPENDIX 

The r a w  d a t a  f o r  t h e  r u n s  used i n  t h e  f i n a l  a n a l y s i s  

are l i s t e d  h e r e .  Also l i s t e d  are a few d a t a  r e p e a t s  ( r u n  

numbers 24, 2 5 ,  3 9 ,  5 3 ,  89,  1 2 2 ,  135 ,  153 ,  and 1 6 8 ) .  The 

first column is t h e  channe l  number and t h e  second column i s  

t h e  number of c o u n t s  in t h a t  channe l .  
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39s 64  232  
37 2 6 5  2U6 
3 77 66  230  
380 
360 
321  
322 
303 
312 
276 
268 
269 



7 4  

F U N  NUHBE? 33 
HTCDOSFCONDS/CHPNNEL 1.03 
WPVFLEN GTH 825 ANGSTPONS 
PPESSUFE 209. TORR 
PULSE ? R T E  15.6 KHZ 
W VPLUE 03.8 FV/TO?I  PPTF 

1 
2 
3 
4 
5 
6 

8 
9 
10 
1 1  
12 
13 
l U  
15 

-l 

0 16 
0 17 
1 18 

106 19 
194 20 
225 21 
205 22 
21 5 23 
177 211 
164 25 
190 26 

11520 27 
7326 28 
6535 29 
58 95 30 

5389 31 
4 857 32 
U381 33 
3902 34 
3576 35 
3250 36 
2857 37 
2609 38 
2369 39 
2108 u o  
1933 41 
17f6 02 
16110 u3 
1 U97 u u  
T U 0 1  u 5  

EUN N U N B E D  311 
YTCrOSFCOYDS/CH?NNEL 1.03 
W P V ' L Y N G T H  601 PNGSTs3VS 
F C Y 5 S U W W  212. m O ? D  
PIJLSE D a T p  15.6 KHZ 
Y VILUE U3.8 FV/InY c t T c  

1 
2 
3 
U 
5 
6 
7 
8 
a 
10 
1 1  
12 
13 
10 
1 5  

0 16 
0 17 
0 18 
75 19 

109 20 
134 21 
160 22 
101 23 
116 2a 
112 25 
126 26 

15134 28 
13612 29 
120u1 30 

8 7 U 8  27 

108112 31 
9322 32 
8676 33 
7690 34 
666U 35 
601U 36 
7556 37 
4893 38 
U S U O  39 
3959 u o  
3650 4 1  
3217 42 
2908 43 
2558 U 4  
2360 u 5  

1233 U6 
1190 07 
1019 48 
96 0 u9 
911 50 
862 51 
766 52 
7 00 53 
6U8 5u 
6U 0 55 
552 56 
56LI 57 
522 58 
4 6 U  59 
034 60 

u12 61 
402 62 
389 63 
3 50 6 U  
3 60 65 
323 66 
288 67 
3 13 68 
3 19 69 
262 70 
253 71 
266 72 
253 73 
251 
237 

231 
214 
218 
18 1 
198 
199 
174 

188 
193 
176 
183 
155 

2 17 

2107 
1867 
176 1 
1576 
l u l l  
12112 
1147 
1086 
9? 1 
8U 4 
809 
706 
66 1 
612 
552 

U6 u76 61 1 R O  
u7 07s 62 167 
08 425 03 176 
119 389 64 lU5 
50 372 65 124 
51 3uo 66 12U 
52 310 07 137 
53 296 68 12'7 
5 4  276 69 123 
55 251 70 131 
56 221 71 100 
!j7 236 72 105 
58 230 43 101 
59 168 
60 162 



7 5  

F U N  N U M B E D  35  
M'COOS ECONDS /C HF NN FL .2S8 
UP V"LENGTH 675 P N G S ? u O N S  
PFESSUPF 610. TOP? 
PULSE RRT? 62.5 KHZ 
W V A L U E  43.U ?V/ION PPIP 

1 0 16 
2 0 17 
3 0 18 
U 0 19 
5 0 20 
6 0 2 1  
7 0 22 
8 0 23 
9 0 24 
10 0 2 s  
1 1  0 26 
12 0 27 
13 194 28 
l U  173 29 
15 198 30 

181 
165 

10063 
1570 
11681 
279 3 
2U2B 
2119 
1024 
1602 
1525 
1192 
1180 
986 
87 1 

DUN NUFBEP 36 
i9 f C F  OS 3 CON DS / C  HP NTU'EL - 2  58 
V P V F L E N G T H  825 A N G S T F C 6 T  
PFESSUCF 612. T3RF 
PUfCP FPTP 62.5 KHZ 
V V F L U E  U3.U EV/IOV P b f ?  

1 0 16 
2 0 17 
3 0 18 
U 311 19 
5 ?2 20 
6 93 21 
7 74 22 
8 79 23 
9 '8 24 
10 69 2s 
1 1  77 26 

13 73 28 
14 79 29 
15 63 30 

12 65 27 

78 
46 
70 

1634 
5 967 
3389 
2797 
251 1 
2238 
1755 
1590 
1377 
1200 
95 3 
846 

31 8 4 8  46 3211 61 226 76 160 
32 7UU 47 329 62 213 7 7  167 
33 627 4 8  295 63 221 78 185 
30 610 U 9  27U 6 0  207 79 178 

S O  283 65 203 80 169 35 591 
36 579 51 2116 66 199 
37  458 52 296 67 207 
38 478 53 271 68 225 
39 u2u 5 U  2U6 69 237 
40 a36 55 265 70 226 
41 390 56 252 71 20s 
42 372 57 209 72 203 
43 370 58 2112 73 204 
44 313 59 233 74 186 
45 310 60 208 75 180 

31 7 U O  116 1 6 U  61 
32 706 u7 162 62 
33 563 08 137 63 
311 518 49 115 6 4  
35 4'8 50 138 65 
36 423 51 111 66 
37 360 52 118 67 
38 308 53 98 68 
39 295 54 97 69 

4 1  242 56 99 7 1  
42 220 57 103 72 
43 193 58 87 73 
44 181 59 96 711 
45 179 60 102 75 

(10 273 55 139 70 

75 76 71 

72 78 80 
75 77 61 

89 79 81 
a u  80 7u 
83 
97 
81 
71 
65 

77 
61 
73 
66 

72 



7 6  

PUN N U M B E D  3 7  
MT C F OSF COTD S /CH? N N E  L .2 5 8 
WPV'XFNGTH 6 0 1  PNGSTD@ES 
PFPSSUFF 6 1 2 .  T O F F  
PULSE P.4''E 62.5 KHZ 
W VnLIJP 43.U EV/TON Pa?? 

1 0 1 6  

3 0 1 8  
U 1 2  1 9  
5 1 9  20 
6 3 6  2 1  
7 2 3  2 2  
8 3 3  2 3  
a 26  2 4  

10 1 9  2 5  
1 1  1 8  2 6  
1 2  20 2 7  
13 2 4  2 8  
l U  2 0  2 9  
1 5  15  3 0  

2 0 17 
211 
1 6  
1 2  

1 u 2  
2 5 2 5  
237 1 
2 1 1 0  
1 7 6 6  
1 468 
1 2 5 0  
1 1 u 1  

9 2 8  
819 
6 6 9  
5 8 7  

P U N  NUMB?? 3 9  
MTC? OSFC@YDS/CH.E N N E L  - 0 2 5 8  
WPVELFNGTH 581, P N G S T P O M S  
P P E F S U P P  1 0 3 .  TOF? 
PULSE ?!T? 125.  K H Z  
W VE.LLE 42.2  FV/ION PAY? 

1 0 
2 0 
3 0 
4 1 1 5  
5 2 0 u  
6 1 9 9  
7 2 0 0  
8 1 9 1  
9 2 2 u  

11 1 7 9  
12 2 0 3  
1 3  1 8 9  
14  1 7 8  
1 5  1 8 9  

10 1 7 1  

16 1911 
17 177 
1 8  1 8 3  
1 9  1 9 5  
2 0  1711 
2 1  1 5 1  
2 2  200 
2 3  1 9 6  
2U 1 7 3  
2 5  150 
2 6  185 

2 8  204 
2 9  1 7 2  
3 0  166 

27  1 8 7  

3 1  u 7 9  46 8 1  6 1  3 7  7 6  20 
3 2  1128 4 7  58 6 2  3 3  7 7  3 1  
3 3  370 118 65 6 3  3 5  7 8  2u  
3 4  3 6 3  u 9  63  6U 3 2  7 9  17 
3 5  3 1 2  50 68 6 5  2 3  8 0  26 
3 6  3 0 3  5 1  67 6 6  37 8 1  20 
3 7  266 5 2  41 6 7  31 82 22 
3 8  1 9 9  5 3  u u  6 8  29 
3 9  1 5 7  5 u  u 9  6 9  2 6  
a 0  1 4 0  5 5  4 3  7 0  2 3  
U l  111 5 6  u u  7 1  2 0  
4 2  9 2  5 7  42 7 2  29 
4 3  1 0 6  5 8  25 7 3  2 9  
4u 1 0 5  5 9  U 1  7 4  2 3 
115 78 60 29 7 5  2 7  

3 1  1 7 5  U 6  1 8 8  6 1  
3 2  1 5 7  U7 179 6 2  
3 3  160 U 8  1 9 5  6 3  
311 1 7 5  4 9  171 611 
3 5  1 9 5  50 1'7 6 5  
3 6  1 9 7  5 1  16U 6 6  
37 1 7 8  5 2  192 6 7  
3 8  1 7 9  53 175 6 8  
3 9  1 5 1  54 1 7 2  6 9  
4 0  1 5 5  5 5  1117 7 0  
4 1  1 6 7  56 1 5 8  7 1  
4 2  1 9 3  5 7  179 1 2  
4 3  1 8 9  5 8  109 7 3  
4 4  2 0 3  5 9  197 I U  
U 5  1 7 3  60  1 8 1  7 5  

2 36  
9 7 4  

2 3 1 0  
3 3  14  
11098 
39 16 
3 0 5 8  
2U 3 8  
1 9 5 0  
150 1 
12 56 
9 8 2  
7 8U 
6 8 4  
6 1 6  

7 6  5 1 2  
7' 3 9 5  

7 9  3 7 6  
8 0  2 9 1  
8 1  3011 
82 275 
8 3  238 
811 2 5 5  
8 5  2 4 3  

T a  359 



77  

PUN N U R B E Y  U S  
!!TCrOSECONDS/CHPNNfL .006UU 
WAVELFWGTH 5 B U  1 N G S " F O R S  
PPESSUPE 50. TOFF 
PULSE FPTS 125.  KHZ 
W V A L U F  N 3 T  A V A I L P B L F  FVV/TON PAIR 

1 
2 
3 
U 
5 
6 
7 
8 
9 

1 0  
11  
12 
13 
1 U  
15 

0 
0 
0 
1 

1 3  
9 

27 
97 

210 
357 
537 
624 
8 0 1  
94 9 

10 28  

1 6  
17 
18 
19 
2 0  
2 1  
22 
2 3  
24 
25 
26 

28 
29 
30 

27 

1170 31 
125b 3 2  
1362 3 3  
1382 34 
1524 3 5  
lC2U 36 
1669 37 
1770 38 
1681 3 9  
1611 uo 
1521 4 1  
lU52 4 2  
1368 43 
1354 4 U  
1352 4 5  

F U N  N U f l B E ?  U 7  
Fl I Cr OS F CO J D S /C  H?.N N EL 
WF V f I , F N G ? H  58U A N G S T T ( C f l 5  
PPESSU9F 24.5 TOa? 
PULSE P P T E  125. KHZ 

. 0 12 9 

W V P L U F  

1 
2 
3 
U 
5 
6 
7 
8 
9 

1 0  
11  
1 2  
13 
l U  
15 

N 3 T  A V A ' I L A B L F  F V / I O N  PPI-?  

0 16  
0 17  
0 1 8  

1 0  19 
3 3  2 0  

313 2 1  
820 22 

136 1 2 3  
1868 24 
222 8 25 
2726 26 
2987 27 
3169 28 
3036 29 
2817 30 

2660 31 
2 U J 3  3 2  
2 3 a 5  33 
2256 3 4  
2156 3 5  
2019 36 
1926 37 
1796 38 
1751 39 
1590 u o  
1489 U l  
1 4 3 1  4 2  
13013 11.3 
1272 4 u  
1 2 0 5  u5  

l2Ul  
1208 
1140 
1102 
1013 
109 4 
9U6 

1013 
911 
90 2 
869 
86 3 
8 4 8  
777  
76 1 

U6 697 
07 684 
48 607 
U9 6U2 
50  595 
51 602 
52 619 
5 3  577 
5 4  567 
5 5  506 
56 477 
57 474 
58 470 
59 410 
60  428 

61 U29 76 231 
6 2  356 7 7  2 U O  
6 3  U 0 3  7 8  202 
6 4  356  79  228 
6 5  35U 80 188 
6 6  336  
6 7  329 
68  2 8 8  
69 305 
7 0  319 
7 1  259 
7 2  2 8 5  
7 3  2 6 3  
7 4  2U4 
75 258 

111 8 b6 507 6 1  209 76 9n 
1065 47 486 6 2  215 77 85 
1032 4 8  421 6 3  207 78 93  
9UO U9 416 6 U  206 79 89 
909 5 0  393 6 5  179 8 0  105 
88 4 5 1  387 66 794 
8U 5 52 403 6 7  1 7 1  
76 2 5 3  3u9 68  276  
737 54 347 69 1 4 5  
650 5 5  282 7 0  1 5 4  
67 9 5 6  284 7 1  1 3 2  
6 U 8  57 319 7 2  1 4 6  
6 05 58 261 73 117 
5 5 3  59 257 7 4  IO7 
55u 60  245 7 5  1 2 2  



9 8  

U U N  NWRBE" 53  
MICF OSECONDS/CHPNNPL 1.03 
WAVEEFNGTH 6 7 5  ANGSTPOMS 
PsESSWQF 51.  TOFR 
PUL'E P A T ?  7 . 8 1  K H Z  
w VP.LUE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
111 
1 5  

42.2 w V v / I O N  PAT? 

0 1 6  60U 3 
0 1 7  522 3 2  
0 1 8  5117 3 3  

6 6  1 9  5 8 9  3 1  
9 6  2 0  5 5 5  3 5  

1 3 0 5  2 1  5 3 9  3 6  
7 8 3  2 2  5 2 9  3 7  
6 9 4  2 3  507 3 8  
6 94 211 U8U 39 
6 9 4  2 5  U90 u o  
6 5 0  2 6  5 0 7  4 1  
62 1 2 7  U9U 4 2  
6 0 1  2 0  UU6 u 3  

2 9  4 8 9  4 U  
6 1 9  571  30 u3u 4 5  

PUN N U N B F D  55P 
M T C ? O S F C O N D S / C H F N N P L  1.03 
WP.VvLFNGTH 6 0 1  PNGSTSOMS 
F?ESSUq? 51.  T O F P  
FULCE PPTF 7 . 8 1  K H Z  
W VILUF 

1 
2 
3 
U 
5 
6 
7 
8 
9 

10 
11 
12 
13 
l a  
1 5  

0 1 6  
0 1 7  
0 18 

8 8  1 9  
2 0 1  2 0  
6 2 3  2 1  

1 7 6 3  2 2  
1 7 5 1  2 3  
1 6 8 4  2 4  
156U 2 5  
1 6 0 9  26 

1 5 2 2  2 8  
11170 2 9  
1 3 5 1  3 0  

1 6 5 5  2 7  

1 3 9 8  3 1  
1 3 6 3  3 2  
1 3 6 1  3 3  
1 3 1 5  3 U  
1 3 2 0  3 5  
1 3 1 9  3 6  
1 2 9 3  3 7  
1 2 2 5  3 8  
1 2 5 5  3 9  
1 1 1 4  4 0  
1106 111 
1 1 0 1  0 2  
11111 (13 
1 1 3 9  4 4  
1 0 8 6  (1 5 

4 u 6  320 6 4 
U56 
u 10 
3 6 U  
386 
0 2 5  
3 9  3 
3 4 6  
37 5 
4 3 2  
3 2 4  
3 88 
37 4 
3 u l  
3u  1 

2 511 
Q 7  326 6 2  2 5 6  
4 8  310 6 3  26 '  
U9 301 6 U  2 3 8  
5 0  329 6 5  2 6 1  
5 1  3 U 5  6 6  2 U 1  
5 2  297 6 7  2U0 
5 3  3 1 1  6 8  2 1 7  
5 4  283 6 9  2 1 9  
55  278 7 0  2 2 0  
56 3 0 2  7 1  2 6 0  
5' 286 7 2  2 3 6  
5 8  268 7 3  2 0 0  
5 9  2 7 2  711 2 5 5  
6 0  2 6 6  7 5  2 0 2  

1 0 0 0  
1 0 0 8  

9U6 
9 8 1  
9 6 6  
9 u 7  
9 3 8  
? 05 
9 19 
9 07 
7 9 3  
8 5 8  
1 7 9  
8 85 
7 8  3 

4 6  77U 6 1  6 1 0  
U T  7 6 9  6 2  6 0 9  
U8 704 6 3  5 7 3  
u 9  7 1 3  6 4  5 7 7  
5 0  7 0 5  6 5  5 7 9  
5 1  675 6 6  5 8 9  
5 2  7 1 8  6 7  5 5 5  
53 6 9 7  6 8  5 3 5  
5 4  7U3 6 9  5 7 1  
55  1 2 6  7 0  5 5 5  
56 7 5 2  7 1  5 2 7  
5 7  6 18 7 2  5U4 
5 8  635 7.3 5 0 9  
5 9  6 6 2  7U 5 0 0  
60 655 7 5  u 7 7  

7 6  2 3 9  
7 7  2 0 5  
7 8  1 9 0  
7 9  1 8 2  
80 2 0 7  
R 1  188 
82 209 

7 6  U 6 1  
7 7  U65 
7 8  5 0 2  
7 9  5 1 1  
8 0  U38 
8 1  U 9 l  
e2 u s 9  



7 9  

R U N  N U M B E F  559 
U TC FOS F CCIN DS /CHANNEL 
UP VFLENGTH 5 8 U  ANGSTRClKi 
PFFSSURE 151. TOP? 
PU'LSl? PETE 125. KHZ 
W VPLUP P 3 T  A V A T L P B L E  P V / T O N  PRTF 

- 0  0 6 4 Lr 

1 
2 
3 
U 
5 
6 
7 
8 
9 

10 
11 
12 
13 
10  
15 

0 
0 

1357  
5 
0 

175  
3 6  
48 

2 1  1 
3 8 3  
5119 
7 3 0  
867 
9 3 9  

107 

16 
17 
18 
19 
20  
2 1  
2 2  
2 3  
24 
2 5  
26  
27  
2 8  
29 
3 0  

1063  
1197 
1334 
1339 
1468  
1503 
1567 
1593  
1608  
1479 
1336 
1 2 4 1  
1204 
10 15 

97 1 

F U N  NWPlBSE) 56 
M'CrOS E COF DS /C H P  N N PI, 
W?. V" LF NG TH S 84 1. N G S T  Ti0 
P F f T S U F E  10. T@?F 
PULSF 125. KHZ 

. 0 2 58 

w VP.LUF 

1 
2 
3 

5 
6 
7 
8 
9 

10 
11 
1 2  
13 
l U  
15 

U 

3 1  919 
3 2  820 
33  706 

3 5  622 
36 5 U 5  
3 7  525 
38  U70 
39  082  
40 398 
4 1  392 
4 2  366 
43 3 3 5  
44 320 
U S  297  

3u 7 1 4  

N3T A V A f L b B L E  SV/TON PP'I? 

u6 270 
4 7  260 
U 8  232 
49 259 
5 0  241 
5 1  175 
5 2  173 
53  172 
54 122 
55  163 
56 145 
5' 137 
5 8  1110 
59  119 
6 0  116 

6 1  1 3 3  1 6  66 
6 2  1 2 5  7 7  6 7  
6 3  1 1 2  
6 4  111 
65 9s  
6 6  1 0 7  
67  97 
6 8  1 0 6  
6 9  8 2  
7 0  93 

66 

7 3  8 1  
7 4  7u 
7 5  7 6  

" 7 2  7u 

0 16 
0 17 
2 1 8  
1 19 
U 2 0  

2'2 2 1  
1105  22  
2015 2 3  
270 6 24  
280U 2 5  
2550 2 6  
23U 1 2 7  
2058 2 8  
1932 29  
1690  3 0  

1556 
1060  
1366  
1203  
1 0 5 1  

96 8 
89 5 
7 8 9  
794 
660 
608 
57 4 
5 6 0  
072 
418 

3 1  397  46 117 6 1  
3 2  305  117 104 6 2  
33  332 a 8  90 6 3  
3a  305 0 9  74 6U 
3 5  2-77 5 0  70 6 5  
3 6  267 5 1  6 1  6 6  
3 7  256 52 67 67  
38 203 53 62 6 8  
39  1 9 1  54 49 69  
40 189  5 5  59 7 0  
4 1  1 6 9  5 6  52 7 1  
0 2  135 57 52 7 2  

7 3  
7u 

03 150  5 8  
U4 117 59 53  
45 114 6 0  34 7 5  

37 
3 0  
23 
2 7  
25 
2 0  
19 
20  
17 
1 5  
23 
11 
14 
1 2  
10 



F U N  NURBFP 57 
MTCFOSFCONDS/CHPNPPL 1 .03  
WAVELFNNTH 675 P N G S T S C R S  
PPECSUFF 50. Tnr)PP 
FULSE ? A T E  7.81 K H Z  
W VPLUE 

1 
2 
3 
U 
5 
6 

9 
9 

10 
11  
12 
1 3  
10 
15 

-7 

U0.9 EV/TON FA?? 

0 16 
0 17 
2 18 

67 19  
1'9 20 
632 2 1  

2551 22 
1267 23  
1239 2 4  
1188 25 
11112 26 

1033 28 
1090 29 
1002 30  

1099 27 

1132 
98 3 
912 
942 
898 
962 
907 
863 
879 
7 9 5  
85 2 
78 8 
7u 2 
71111 
711 2 

D U N  N U Y B E "  59 
!lTCFOSFCONDSSCHPNNELl. 03  
W?V?LPNG'"W 825 ANGST'FCBS 
DCESSUPF 50. 
PULSF D J T Z  7 - 8 1  K H Z  
w V?.LU!! 

1 
2 
3 
U 
5 
6 

8 
9 

10 
11 
12 
13 
lo. 
15  

-7 

U0.9 

0 
0 

18 
1 3  

126 
107  

21UU 
760 
757 
7'9 
7511 
7 1 1  
70U 
672 
691 

FV/TON P?.T? 

16 6U2 
17 612 
18 6U2 
19 621 
20 572 
2 1  575 
22 513 
23 5U6 
24 551 
25 558 
26  517 
27 U86 
28  502 
29 416 
30  1160 

31  716 U 6  528 61 U36 7 6  322 
32 713 47 567 6 2  U15 
3 3  7 1 5  U 8  531 6 3  U03 
34 664 U9 48U 6U 1112 
35  635 50 501 6 5  392 
36 6U2 51 50U 66 U 0 6  
37 685 52 U5U 6 7  3611 
3 8  665 53  073 6 8  3 9 3  
39 669 54 495 69 3 5 0  
u o  5 9 5  5 5  463 70  367 
U l  588 56 4 6 8  7 1  352 
42 597 57 419  7 2  358 
43 573 58 U52 7 3  3U6 
4u 531 59 095 711 3U8 
US 571 60 U38 7 5  3UO 

3 1  4-72 46 324 61 2 7 9  '6 2111 
32 520 U 7  356 6 2  2U5 
3 3  u59 U 8  315 € 3  2U3 
3U U31 4 9  298 6U 265 
35 u33 5 0  341 6 5  2 7 9  
36 (110 5 1  327 66 260 
37 429 5 2  307 67 261 
38  u u u  53 335 6 8  208 
30 381 5 4  334 69 256  
n o  387 55 310 70  236 
41 u 4 1  56 328 -71 2 5 8  
U2 367 57 2 5 l  72  253  
43  377 58 2951 7 3  219  
U U  3U6 59 260 7 u  210 
us 3u5 60 285 7 5  215  



81 

R U N  NUMBER 74 
MTC?O+ECCNDS/CHPNNEL . l a 9  
WPVELFNGTH 601 PNGSTRCMS 
PPESSUPE 1002. TOFF 
OULSE P P T F  125.  5HZ 
W VP.LUE 

1 
2 
3 
U 
5 
0 

8 
9 

10  
11 
12 
13 
1 4  
15 

7 

113.3 PV/ION 

0 1 6  
0 17 
0 1 8  

1 2  19  
1 7  2 0  
2 2  2 1  
22 2 2  
2 5  2 3  
1 5  24 
2 8  2 5  

1306 26 
2277 27 
1833 28 
15U8 29 
1200 30  

PLI? 

1043 
857 
659 
60 2 
50 9 
45 3 
3R0 
27 3 
25 6 
246 
158 
154 
118 
112 

8 9  

P U N  NUNBEP 85 
M ZC? OS ??CON 9s /C HP N N  EL . 1 03 
WPVFLFNGTH 800 PNGSTSCMS 
PPSSSUPE 1003.  TOFP 
PULSE Q P T F  125.  K H Z  

U3.0 F V / I O N  F P I F  W VfLrJE  

1 
2 
3 

5 
6 
7 
8 
9 

1 0  
11 
1 2  
13 
1u 
15 

U 

0 16 
0 17  
0 1 8  

31  1 9  
5 9  20 
62 2 1  
66 22 
'5 2 3  
5 5  2b 
5 3  25 
6 5  26 

u030 27 
3588 28 
2553 29 
221 8 30 

1974 
169U 
1 450 
1225 
1125 
97 0 
859 
732 
59 5 
58 1 
505 
4fi 3 
bo2 
390 
297 

31 79  46 35 
3 2  6 9  u7 17 
3 3  82  40 24 
311 5 8  49 30 
3 5  6 9  50  23 
36 5 1  
37 68  
38 41 
3 9  118 
40 43 
u 1  34 
42 39 
43 36 
4 4  14 
4 5  31 

31  287 
3 2  2119 
33 249 
311 227 
3 5  226 
36 193 
37 1 5 5  
38 158 
3 9  131 
40 158 
4 1  1 4 2  
U2 139 
43 1 2 s  
4U 117 
a 5  1 0 9  

46 89 
47 86 
118 106 
49 81 
5 0  80 
51 96 
52 88 
5 3  87 
54 86 
5 5  96 
56 68 
57 ?9 
58 81 
5 9  90 
6 0  83 

6 1  
6 2  
63  
611 
6 5  
6 6  
6 7  
6 8  
69 
70  

8 1  
7 7  
78 
91 
84 
69 
7 0  
67 
69 
69 



8 2  

R U N  NUMBPD 8 9  
H'CPOSFCONDS/CHPNNEL .064U 
WAVYLENGTH 8 0 0  PNGSTROMS 
PFESSUQF 1008.  TQp? 
PULSE FAT? 125. K H Z  
w VPLUP 43.0 FV/f"W P ? r =  

1 0 1 6  
2 0 1 7  
3 0 1 8  

8 9 2  1 9  
5 8 8 2  2 0  
6 4 1 U  2 1  
7 9 8 8  2 2  
8 8 0 1  2 3  
q 7 2 1  2 4  

10 6 2 0  2 5  
11 5 7 6  2 6  
1 2  4 9 3  2 7  
1 3  u 7 3  2 8  
10 5 9 5  2 9  
15  5 2 8  3 0  

U l 4  3 
4 1 0  3 2  
6 3 0  3 3  

2 3 2 8  3 u  
1 9 6 3  3 5  
1 3 3 6  3 6  
1 2 1 8  37 
1 0 7 2  3 8  
1 0 1 8  3 9  

9UO u o  
8 5 1  4 1  
8 1 1  42 
'00 u 3  
6 1 2  4 4  
6 3 3  u 5  

PUN NUMBEQ 1 2 2  
H T C F O S F C O Y D S / C H ? N N F L  1.03 
WPVCLVNGTH 6 0 1  PNGSTQPMS 
PFESSUPP 20U. T 3 F F  
PULSE OPTE 15.6 K H Z  
w VPLUZ 

1 
2 
3 
4 
5 
6 

8 
9 

10 
11 
1 2  
1 3  
14 
1 5  

7 

0 1 6  
0 1 7  
0 1 8  
7 1 9  

1 5  2 0  
24  2 1  
2 2  2 2  
1 4  2 3  
2 1  2 u  
3 8  2 5  

2 8 8 5  2 6  
28U2 2 7  
2U25 2 8  
2 1 4 2  2 9  
1 9 4 7  3 0  

1113 3 1  3 1 7  
1 5 0 7  3 2  2 8 0  
1 3 8 0  3 3  2113 
1 1 9 5  3 u  2 4 5  
1 0 8 9  3 5  2 0 2  

9 30 3 6  1 8 9  
A33 3 ?  1 8 9  
7 6 9  3 8  1 5 7  
6 7 4  39 1 3 9  
59 u 4 0  1 3 4  
520 4 1  1 0 3  
a98 42 1 0 7  
506 0 3  9 9  
3 9 3  4 u  1 0 8  
3 4 0  u 5  8 6  

116 1 9 6  1 7 0  7 6  55 
7 1  

5 6 8  
53 6 u 7  200 6 2  9 1  
5 1 2  1 9 3  6 3  9 1  "'8 75 
4 4 9  4 9  1 3 5  6 U  8 3  7 9  56 
38 2 5 0  1 5 9  6 5  8 0  8 0  69  
3 8 9  5 1  1 2 5  6 6  8 0  
36 1 5 2  1 5 1  6 7  6 0  
3 2 5  5 3  132 6 8  7 2  
29 3 5U 113 6 9  8 3  
2 9 9  55  127 7 0  7 3  
277 56 10' 7 1  82 
25  1 5' 116 7 2  7 6  
2U 3 5 8  1 0 3  7 3  72 
2 3 3  5 9  99 711 6 2  
24Y 6 0  70 7 5  C8 

7 7  

U6 
0 1  
4 8  
u 9  
50 
5 1  
5 2  
5 3  
5 u  
5 5  
56 
5 7  
5 8  
5 9  
6 0  

E3 6 1  2 8  
7 1  6 2  2 5  
66  6 3  21  
58 6U 18 
50 6 5  2 8  
u 1  6 6  2 2  
55 6 7  1 8  
43 6 8  2 1  
U 1  6 9  1 6  
40 70  20 
36 7 1  1 5  
29 
28  
29 
39 



8 3  

PUN N U N B F P  1 2 3  
HICFOSECONDS/CBANNEL 1.03 
W P  VFLFNGTH 601  BNGS? !?OFIS 
PFSSSUPE 206.  TORT, 
PULSF P P T P  15.E KHZ 
W V?.LIJE 42.7 S V / T 3 1  PAIP 

1 
2 
3 
U 
5 
6 

8 
9 

1 0  
11 
1 2  
1 3  
1u 
1 5  

7 

0 
0 
0 

5 8  
9 1  

1 0 0  
8 8  
0 9  
7 5  

1 4 1  
1 3 8 3 3  
1 4 0 1 8  
119 8 7  
1 0 7 8 2  

91 5 2  

1 6  
1' 
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
28 
2 9  
3 0  

0 3 9 4  3 1  
7 1 9 5  3 2  
6 6 7 9  3 3  
5 8 3 2  3U 
5 1 6 9  3 5  
U674 3 6  
4 1 2 2  3 7  
3 7 0 6  3 8  
3 3 5 7  3 9  
30211 40 
2 5 7 1  41 
2 3 9 6  4 2  
2 6 9 3  4 3  
1 9 2 4  4 4  
1 7 1 5  4 5  

P U N  NrJMBF? 1 2 U  
R f C P O S  "CONDS K H 1 E I N F L  1.0  3 
WP VE: LYNGTH 5 96 ? NGST WO PIS 
OFESSUPH 201. TOPF 
PTJLSZ PAT" 15.6 KHZ 
W VFLUE 42.7 EV/'ION F b T ?  

1 
2 
3 
U 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
l U  
1 5  

0 
0 
0 

2 5  
6 0  
7 5  
Q 9  
5 5  
u 2  
El, 

8 1 5 4  
8 2 0 2  
7 2 0 8  
6400 
5660 

1 6  
17 
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 s  
2 6  
2 7  
2 8  
2 9  
3 0  

U983 
US76 
4 1 1 5  
3 5 5 9  
3 1 5 7  
2 8 7 5  
2 5 1 5  
2 2 7 6  
2 1 1 1  
1 8 U S  
1 58 1 
1 4 7 9  
1 3 4 4  
1 1 8 7  
1 0 3 5  

1 6 b O  
1 4 0 2  
1 2 4 4  
1 1 4 5  
1121 
10 1 3  

8 3 2  
7 6 8  
7 0 9  
6U4 
5 5 8  
SO 3 
U 8 8  
4 2  1 
3 8 0  

3 1  9 5 1  
3 2  8 6 1  
3 3  7 6 2  
3U 6 9 5  
3 5  6 3 9  
3 6  5 7 9  
3 7  5 0 4  
3 8  5 1 1  
3 9  3r3U 
40  3 9 5  
4 1  3 4 0  
4 2  3 4 7  
4 3  2 9 9  
4 4  2 7 3  
US 2 2 8  

U6 3 u 6  
4 7  3 5 3  
4 8  2 9 6  
4 9  2 7 6  
5 0  2 5 5  
5 1  2 3 5  
5 2  2 3 6  
5 3  2 2 8  
5U 1 9 2  
5 5  1 9 0  
5 6  1 9 7  
5 7  1 6 7  
5 8  133 
5 9  1 2 7  
6 0  1 2 2  

6 1  1 1 6  
6 2  8 8  
6 3  1 0 8  
6 4  1 0 2  
6 5  1 0 9  
6 6  8 0  
6 7  1 0 9  
6 8  88  
6 9  9 2  
7 0  83 
7 1  67  

4 6  2 2 5  6 1  
Q7 1 7 9  6 2  
& E  1 8 1  6 3  
4 9  1E5 6 4  
5 0  1 2 6  6 5  
5 1  1 4 0  6 6  
5 2  1 3 0  6 7  
5 3  1 2 6  6 8  
5 U  1 2 5  6 9  
5 5  84 7 0  
5 6  9u  7 1  
57 89 
5 8  1 0 3  
5 9  8 1  
6 0  7 1  

6 5  
5 2  
60 
6 2  
5 3  
5 2  
U f  
5 3  
49 
114 
5 1  



84 

F U N  N U ~ B F D  1 2 5  
MTCFOSEC@NDS/CHPNNPL 1.03 
U P V E L T N G T H  6 0 5  ANGSTPONS 
FFFSSUPE 208.  TOP? 
PULSE F A T 3  15.6 KHZ 
w VP-LUr: 

1 
2 
3 
U 
5 
6 

8 
9 

10 
1 1  
12 
1 3  
1 u  
1 5  

7 

U2.7 F V / I O N  P E T ?  

0 1 6  
0 17 
0 1 8  

3 0  19 
3 5  20  
5 2  2 1  
U8 2 2  
UU 2 3  
U8 2 4  
6 3  2 5  

728 1 2 6  
7 1 8 5  2 7  
6 2 0 7  2 8  
55110 2 9  
U8U9 3 0  

a 0 3 5  
3 8 0 4  
3 0 7 9  
303 1 
2 7 2 3  
2 5 2 1  
2 1 1 5  
1 9 8 5  
173U 
1 6 4 5  
1 4 7 2  
1 2 5 8  
1 0 8 4  
1 0 3 2  

935 

3 1  7 8 6  U6 189 6 1  6 6  
3 2  7 4 0  117 1 8 7  6 2  119 
3 3  6 9 7  0 8  1 5 7  6 3  60 
3 u  5 8 9  0 9  l U 0  611 6 6  
35 5 5 6  5 0  1 2 2  6 5  u 5  
3 6  512 5 1  1 3 3  6 6  5 7  
37 U50 5 2  1 0 1  6 7  3 8  
3 8  3 9 6  5 3  96 6 8  u 2  
3 9  3 8 2  5 u  95 6 9  4 1  
4 0  3 2 9  5F 1 0 5  7 0  5 3  
U l  2 9 2  = 6  95 7 1  3 6  
U2 2 5 8  5 7  86 
U3 2 1 6  5 8  8U 
u u  2 2 8  5 9  8 2  
4 5  1 8 3  6 0  7 0  

PUN NUY BE9 1 2 6  
HTCFOSFCQNPSKH?NNFI 1.03 
WPVFLENGTH 6 2 0  P N G S T F M S  
PTWSSUPE 208. Tq?Q 
P I X 5 5  QP.'L"F 15.6 K H Z  
w VPLU4 

1 
2 
3 
U 
5 
6 

8 
9 

10 
1 1  
1 2  
1 3  
14 
15  

7 

0 16 
0 11 
0 18 

17 1 9  
26 2 0  
2 6  2 1  
1 8  2 2  
2 3  2 3  
2 3  2U 
8 4  2 5  

27U3 2 6  
23Ub 27 
1 8 9 5  2 8  
1 6 9 6  2 9  
1 6 7 1  3 0  

l U Y l  3 1  290 4 6  711 6 1  2 8  
1 2 5 8  3 2  2 2 8  117 63 6 2  25  
1 1 2 u  3 3  1 9 5  U 8  59 6 3  2 6  

9 7 1  3u 2 1 9  119 59 6 0  27 
86 U 3 5  1 5 3  5 0  6 1  6 5  2 9  
80 0 3 6  1 6 9  5 1  6 U  6 6  2 1  
7 2  1 3 7  1111 5 2  u 9  6 7  2 5  
6 2 8  3 8  1 5 1  5 3  u7 6 8  2U 
6111 3 9  1 2 2  5 u  46 6 9  2 6  
5 1 2  4 0  1 2 2  55  4 5  7 0  14  
UU6 0 1  9 9  5 6  3 7  7 1  1 5  

a 2  9 9  5 7  2 5  
38 9 9 2  5 8  38 
32 8 Y O  98 5 9  39 
2 9 9  u 5  7 1  6 0  22 

u 5 9  u 3  



85 

'PUN N U N B F P  1 2 8  
MICnOS FCONDS /CHPNNCL 1.0 3 
WFVFLFNGTH 675 PNGSTFiOMS 
P R T S U F F  207. TD'I(P 
PULSE Q ? T 2  15.6 KHZ 
W V P L U E l  42.7 SV/T3N P A T ?  

1 
2 
3 
U 
5 
6 
7 
8 
9 

10  
11  
12 
13 
111 
15 

0 
0 
0 

1 7  
35  
311 
3 3  
32 
37 

192 
2536 
1283 
1135 
1063 

969 

16 802 
17 720 
1 8  667 
19  617 
20 573 
21 476 
22 483 
2 3  432 
24 390 
25 359 
26 332 
27 271 
28 283 
29 261 
30 235 

PUY NTJMRCP 133 
n'CFOSSCONDS/CHRNNES 1 .03  
WPVFLPNGTH 800 PNGSTWMS 
DFESSUQE 200. T39F 
PULZE 9PTn 15.6 K H Z  
w V F L U F  

1 
2 
3 
4 
5 
6 
1 

a 
9 

10 
11  
12  
13 
l U  
15 

U2.7 EV/'ION PP.?? 

0 16 
0 17 
0 18 

2 u  19 
41 20 
us 2 1  
58  22 

2 3  
39 24 

U31 2 5  
5513 26 
2938 27 
2542 28 
21 96 29 
2026 30 

180U 
1600 
1369 
1305 
1119 
1049 

930 
854 
7 30 
696 
629 
57 1 
45 5 

435 
u 27 

31 206 
3 2  206 
33  192 
311 181 
3 5  1411 
36 162  
37 144 
38 119 
3 9  114 
40 1 0 5  
4 1  102  
u2  104 
43 92 
UU 107 
u5 75 

31 367 
3 2  325 
3 3  313 
3U 318 
35  231 
36 224 
37 214 
38 191  
3 9  208 
UO 176 
a 1  182 
4 2  160 
43  lU3 
4 4  138 
4 5  126  

46 
(17 
4 8  
u9 
50 
51 
52 
5 3  
5u 
55 
56 
5 7  
58  
59 
60  

82 6 1  15 
81 6 2  03 

6 3  77 
6U 3n 

52 
70 6 4  
67 6 5  
66 66 U l  
7u 67 3 1  
65 6 8  29 
53 69 32 
62 7 0  uu 
39 
59 
51 
47 
U8 

46 117 6 1  56 
47 111 6 2  35  
U 8  91 6 3  51 
u9 93 6 4  57 
5 0  99 6 5  39 
51 93 66 uu 
52 92 6 7  ua 
5 3  69 6 8  40 
5 4  68 6 9  5 1  
5 5  72 7 0  u9 
56 72 7 1  46 
57 68 
58 58 
59 65 
60  63 
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FUN NUMFPu 135 
K C ? O S E C O N D S / C H P N N E T  1.03 
W 8-11 €LEY GT H 850 9N G S Y C  MS 
PFFSSUQF 206. Tnpc 
PULSE O P T ?  15.6 KHZ 
W V ? . L I R  

1 
2 
3 
U 
5 
6 
7 
A 
9 
10 
11  
12 
13 
l U  
15 

0 16 
0 17 
0 18 
21 19 
28 20 
42 21 
35 22 
39 2 3 
26 2n 
110 25 

U5R5 26 
239 1 27 
2166 28 
1912 29 
1685 30 

1560 
1400 
1253 
1034 
98 1 
886 
785 
728 
656 
588 
5 U  1 
437 
3'C 
357 
336 

RUN N U N B E T  lU0 
H'CFOSFCOYDS/CHFYYvL 1.03 
UPVFLENGTH 601 ?.NGSTP@MS 
P F P S S W P  102. '!'@To 
PULSE ?ATn 7.81 KHZ 
W V F L U E  U2.' uV/T9V P A y F  

1 0 
2 0 
3 0 
U 36 
5 93 
6 83 
1 88 
8 81 
9 10090 
10 77 
11 UU88 
12 5350 
13 5073 
111 4852 
15 4583 

16 
17 
18 
19 
20 
21 
22 
23 
211 
25 
26 
27 
28 
29 
30 

u495 31 
4122 32 
U005 33 
3814 30 
3630 35 
3U32 36 
3383 37 
3174 38 
3079 39 
2920 110 
2778 U l  
2 6 5 0  42 
2668 43 
2577 0 4  
2316 45 

31 299 U6 515 61 
32 274 u7 97 62 
33 289 118 78 63 
3U 2U9 U ?  96 6 U  
35 210 5 0  71 65 
36 20U 51 67 66 
3" 206 52 51 67 
38 1P5 53 61 68 
39 151 54 70 69 

511 70 U O  128 

u2 1110 57 u2 
113 120 58 60 
b 4  103 59 5, 
45 137 6 0  E O  

E E  

41 101 56 65 71 

56 
37 
511 
(17 
U6 
32 
u7 
u 9  
33 
26 
36 

2294 46 
2114 u7 

2051 4 8  
1983 U9 
1899 50 
1853 51 
169U 52 
1123 53 
158 5 5u 
1507 55 
1525 56 
1U58 57 
11165 5 8  
1321 59 
1337 60 

12Ul 
1162 
1169 
1096 
1053 
997 
941 
9UO 
937 
8 88 
8511 
8 32 
797 
7 57 
721 

61 756 q6 439 
62 7 0 9  77 U l O  
63 65U 78 393 
64 6U8 '9 385 
65 592 80 353 
66 549 81 351 
67 568 
68 565 
69 4 8 b  
70 U8l 
71 502 
72 461 
73 501 
711 426 
75 u u 3  



8 7  

PQN N U P l E i P  153 
MTCPOS FCOWDS /CH?.NNEL .O 129 
W P V P L W N G T H  58U P.NGS"RPPl5 
PF?SSIl'E 71.2 TO?? 
PULSE P P T ?  125.  K H Z  
W VP.LUE N3T A V A T L A B l E  FV/106 Pur? 

1 0 16 
2 0 17 
3 0 18 
U 1 0  19 
5 1 2  20  
6 9 2 1  
7 9 2 2  
8 11 2 3  
9 l a  24 

10 1u 2 5  
11 106  2 6  
12 6 2 7  
13 17 2 8  
l U  13 29 
15 2 5  30 

238 3 1  
55 2 3 2  
920 33 

1195  34 
1463 3 5  
1707 36 
1913 3 7  
2070 38 
1970  3 9  
1786 40  
163U 41 
7 U 6 0  4 2  
1321  u 3  
1 l 7 U  44 
1113  a 5  

F U N  NURBE? 15U 
MTCF OS E CON DS / C H P  N N  pL 
U P V E L F N G T H  584 a N G S * Q O H S  
PPE'SUQ" 102. TORF 
POISE F P T F  125. K H Z  
U V ? L U E  N 3 T  AV?.ILP.BLW F V f ' T O N  FAfQ 

. 0 129 

1 0 1 6  
2 0 17 
3 0 18 
U 26 1 9  
5 1 6  20  
6 1 5  2 1  
7 17 2 2  
8 9 2 3  
9 17 2U 

1 0  15  2 5  
11 1 8  26  
12 2 0  27 
13 8 20  
l U  1 5  29 
15 10060  3 0  

347 
705 

1070 
1458 
173 1 
1996 
2141  
2 1'6 
1964  
1837  
1612 
1404 

1055 
887 

1168 

3 1  
3 2  
33 
34 
35  
36 
3 7  
38 
3 9  
4 0  
4 1  
4 2  
e3 
44 
45 

92 3 
807 
785 
7 5 8  
701  
59 4 
565 
U9 2 
465 
40 4 
393  
39u 
34 8 
3 1  1 
2 7 2  

81 6 
717 
6U2 
569 
4 87 
443 
3 75 
34 7 
3 2 0  
20 0 
2 75 
21 6 
1 9 7  
18 1 
173 

lr6 
a7 
4 8  
49 
5 0  
5 1  
5 2  
53 
5 u  
5 5  
56  
57  
58 
59 
6 0  

265 
2 20 
195 
190 
160 
133 
1 7 1  
135 
101, 
116 
109 

91 
102 

76 
82 

46 138 
47 132 
48 120 
49 108 
50  124 
5 1  7 8  
52 96 
53 68  
5 4  63 
55 '7 
56 56 
57  47 
58  5 5  
59  a7 
6 0  43 

6 1  
62 
6 3  
6 4  
6 5  
66  
6 7  
6 8  
6 9  
7 0  
7 1  
7 2  
1 3  
7 u  
7 5  

69 
55 
60 
66 
57 
63 
u o  
05 
39 
3 0  
35 
3 5  
28 
27  
22  

7 6  6 1  
6 2  4 4  
63  34 7 8  
6 a  38  -79 
6 5  29 
6 6  36  
6 7  30 
6 8  35  
6 9  2 5  
7 0  34 
7 1  23 
7 2  33 
7 3  27 
7 4  23  
7 5  27 

4o 77 
22 
26 
29 
31 
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F i U M  NUflBEF 1 5 5  
R ? C F O S E C O N D S / C H P N N P L  .O 1 2 9  
WPVPLPNG"H 5811 P N G S P P O I S  
PPESSUPF 1 2 1 .  T O F F  
PULSE P P T E  1 2 5 .  KHZ 
U V E L U E  NOT A V 4 ' L A B I E  FV/ZO??  PFT? 

1 0 16 
2 0 1 7  
3 0 1 8  
U 1 2  1 9  
5 2 0  20  
6 1 7  2 1  
7 2 0  2 2  
8 1 6  2 3  
9 1 9  2 u  

10 1 7  2 5  
11 1 7  2 6  
1 2  1 3  2 7  
13 2 1  2 8  
l U  2 2  2 9  
15  8 8  3 0  

35 2 
7 1 9  
96U 

1 U U O  
168U 
1 8 3 5  
1 8 3 5  
1 6 2 2  
1 3 9 u  
11U3 

9 5 6  
8 8 8  
7 6 6  
6 3'3 

1 2 7 u  

3 1  5 8 3  U6 9 8  6 1  3 9  7 6  25 
32 4 7 9  u 7  7 9  6 2  3 6  7 7  25  
3 3  u u o  118 58 E 3  3 8  7R 3 0  
3U 3 5 8  u 9  65 6 0  3a 7 9  2 1  
35  3 1 2  5 0  6 1  6 5  2 1  8 0  28 
3 6  2P9 5 1  6 1  6 6  2 u  
3 7  230 5 2  5 1  6 7  2 7  
3 8  2 3 2  5 3  U 9  6 8  37 
3 9  1 9 0  5 0  60 6 9  3 8  
0 0  1 5 6  55 32 7 0  22  
U1 1 5 6  56 3 8  7 1  30 
a 2  l U 0  5' 32 1 2  30 
U3 1 2 5  58 28 7 3  31  
u u  1 1 9  5 9  U1 711 35 
u s  1 1 2  6 0  32 7 5  2 9  

3 U N  NUNBE? 156 
KTCF OSECOYD S /CH? NYE L 

P3ESSUgE 1 3 5 .  TOFF 
P U L S E  F I T ?  125.  KHZ 
W V P L U n  !TOT A V A T L A B L E  FV/TO1 ?:.YO 

- 0  1 2 0  
W R V E L F N G T H  5 e u  P N G S T F O N S  

1 0 1 6  

3 0 1 8  
U 1 8  1 9  
5 l U  20  
6 1 8  2 1  
7 2 1  2 2  
8 1 3  2 3  
0 2 0  2 u  

10 1 9  25  
11 22 2 6  
12 1 9  2 7  
13 1 8  2 8  
l U  1 9  2 9  
1 5  8 2  3 0  

2 0 1 7  
3 6 6  
6CU 
9 5 6  

1 1 8 2  
13U2 
1 5 1 0  
1 5 6 5  
1 5 9 3  
1 3 9 2  
1 1 9 5  
1 0 2 5  

8 3 6  
7 5 8  
6 2 0  
5 1  2 

3 1  1132 
3 2  3 7 1  
3 3  3 2 9  
3a  3 1 6  

3 6  1 9 6  
3 7  1 8 7  
3 8  1 6 U  
3 9  1 5 3  
U O  1 0 3  
U l  110 
42 96 
u 3  8 6  
u u  97 
U5 67 

3 5  2 5 7  

116 
U-i 
U8 
u 9  
5 0  
5 1  
5 2  
5 3  
5 4  
5 5  
5 6  
5 1  
5 8  
5 9  
6 0  

62 6 1  3 1  7 6  3 1  
57 6 2  3 1  7 7  4 1  
lr8 6 3  3 1  26 
4 5  6U 35 9 23  
u 3  6 5  2 1  8 0  3 4  
39 6 6  111 
a5 6 7  3 2  
43 6 8  3 8  
34 6 9  211 

70 26 
2 8  u3 7 1  3u 

35 1 2  3 3  
3 2  7 3  22 
29 11, 37 
37 7 5  2b  



89 

F U N  N U M B P  157 
M Y C F O S  ECOND'? / C H P N N P L  .O 129 
W P V E L F N G T H  58U FNGSl'FPOMS 
F?ESSU*'P, 5.4 TOFR 
PULSE Q P T u  125 .  K H Z  
W V A L U E  N3T A V A I L P . B L E  F V / I O R  P F I F  

1 
2 
3 

5 
6 
7 
8 
9 

1 0  
11 
12 
13 
1u 
15 

U 

0 1 6  
0 1 7  
0 1 8  
0 19 
1 2 0  
1 2 1  
1 2 2  
3 2 3  
1 24 
0 2 5  
0 26  
0 27 
0 28  
2 29  

30 3 0  

150 
267 
408 
57 2 
76 6 
88  1 

1028  
1080 
1072  

9 7' 

96 8 
969 
88' 
8 1  2 

i o n 8  

3 1  7u6 
3 2  8 1 2  
33  7 1 0  
3 4  6 5 1  
3 5  6U7 
36 625 
3 7  631  
38 6 1 U  
3 9  515 
0 0  529 
4 1  501  
4 2  513 
43 U62 
u4 u70 
45  u39  

D U N  NUrlBWF 158  
UTCOOS FCONDS / C H A N N P L  -0 129 
W A V E L E N G T H  580 P . N G S " P O M S  
PFISSUFP 86.3 TO?? 
DULSE ?ET? 125. K H Z  
Y V P L U E  B 3 T  A V A T L A B L E  FV/I '3N F P I P  

1 0 1 6  
2 0 17 
3 0 1 8  
U 1 6  1 9  
5 13 2 0  
6 1 3  2 1  
7 19 2 2  
8 1 9  23  
9 2 5  24  

10 9 25 
11 1 4  2 6  
12 18 27  
13 1 4  2 8  
l U  2 5  29 
15 100  3 0  

457 3 1  
890  3 2  

1310  3 3  
1690 311 
1966 3 5  
2390 36 
2441  3 7  
2565 38  
2362 3 9  
2029 40 
1923  4 1  
1636 u 2  
1488 4 3  
1 3 2 1  u u  
1 1 5 1  4 5  

1 0 5 0  
952  
8U 6 
7911 
659 
635 
565 
u90 
030 
3 7  3 
355 
29 0 
278  
24 1 
256  

4 6  423 6 1  238 7 6  118 
4 7  420 6 2  244 7 7  121  
48  383 6 3  224  7 8  117 
49  388 6 U  2 1 0  7 9  113 
50 371  6 5  2 2 3  8 0  98 
5 1  335 6 6  1 8 6  
52 332 6 7  180  
53 316 6 0  1 8 2  
5u 3 5 0  6 9  1 7 2  
55  319 70 16U 
56 256 7 1  167 
57  269 7 2  1 3 0  
5 8  26U 7 3  1 5 1  
59 266 7 4  1 3 0  
6 0  272 7 5  135  

U 6  228 6 1  35 76 31 
47 203 6 2  66 17 22 
48 189 6 3  uo 7 8  25 
49 162 6 4  u 9  l? 29 
50 155 65  29 8 0  23 
5 1  1 2 1  6 6  33 
5 2  112 67  38 
53  109 68  3 7  
54 94 6 9  44 
5 s  8 3  7 0  27  
56 73 7 1  3 2  
57 7 1  7 2  3 6  
58  5 1  7 3  23 
59 54 7 4  37 
6 0  58 7 5  27 



9 0  

P U N  YUMBFP 168 
MTC F OSEC OND S /CH P NNE L 
WP.VFLENGTH 58U ANGSTFOMS 
PPFSSUQE 10. IQFR 
PULSE PP.TF3 125. KFlZ 

. 0 2 5 8 

W VPLUE 

1 
2 
3 
LI 

5 
6 

8 
9 
10 
11 
12 
13 
1u 
15 

7 

NCT AVAILPBLE EV/ IO*  PPT? 

0 16 
0 17 
0 18 
0 19 
2 20 
2 21 
1 22 
1 23 
0 2u 
2 25 
0 26 

u u  27 
3’0 2R 
709 29 
120u 30 

lU80 
12811 
1313 
1130 
97 7 

90U 
86 9 
I 8  3 
7 37 
668 
6U3 
586 
522 
U52 
U17 

PUII’ NUMBEP 175 
MTCFOSECOYDS/CHPNNPL 1 . 0 3  
WPVELFNGTH 601 P.NGSTR3AS 
PFESSUQF 202. T O F F  
PULSE RP.TP 15.6 K H Z  
u V F L U E  

1 
2 
3 
U 
5 
6 
7 
8 
9 
10 
11 
12 
13 
1u 
15 

uo.0  YV/TOY PAT? 

0 16 
0 17 
0 18 
16 19 
28 20 
28 21 
26 22 
24 23 
18 24 
163 25 

8118 1 26 
7813 27 
6807 28 
6264 29 
51173 30 

U T 0 6  
4182 
3762 
3241 
2887 
2605 
2283 
205Y 
1750 
1586 
1450 
1278 
1159 
1000 
87 3 

31 3’7 U6 
32 335 117 

3 3  321 a8 
3U 295 09 
35 291 5 0  
36 251 51 
37 236 52 
38 222 5 3  
39 182 54 
uo  159 5 5  
U l  166 56 
112 1u5 5 7  
U3 123 5 8  
ULI 121 59 
115 110 60 

11 1  
85 
eo 
81 
68 
80 
68 
61 
53 
U6 
la8 
38 
3u 
22 
32 

61 
62 
63 
64 
65 
66 
67 
68 
69 
’0 
71 
7 2  
73 

- 5  
7u 

26 
34 
21 
16 
17 
20 
10 
12 
15 
13 
15 
10 
11 
13 
7 

31 812 U6 159 61 U6 
32 702 u 7  127 62 52 
33 625 U8 130 6 3  5 0  
3 4  57u U9 103 6U 35 
35 509 50 96 65 28 
36 (118 51 81 66 a3 
37 uoo  52 86 67 23 
38 379 53 82 68 26 
39 316 5u 80 69 26 
U O  285 55 66 70 24 
41 252 56 61 71 17 
U2 232 57 51 
43 232 58 05 
4U 176 59 4u 
U 5  151 60 42 

7 6  13 
77 5, 
7 8  13 
79 
80 U 
81 lir 
82 9 

- 



91 

FUN NUMBP? 176 
R r C F O S F C O N D S / C H P N N E E  1.03 
UP VFLFNGTH 675 RNGSTPOMS 
PFESSURF 202. T D D R  
?ULSE VFTE 15.6 K H Z  
w V P L U E  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
l U  
15 

40.0 E V / I 3 N  PPhTF 

0 16 

0 18 
6 19 
13 20 
8 21 
7 22 
5 23 

1 1  24 
103 25 
4694 26 
2306 27 
2003 28 
1769 29 
2595 30 

0 17 
1369 
1237 
1232 
96 7 
889 
758 
694 
6U 7 
590 
471 
4 57 
364 
317 
325 
20 2 

F U N  N U M B E R  177A 
MTC? OS 8 CON OS /C BANN EL 
UP.VPLFNGTH 825 P.NGS?PF(?MS 
PnESSURE 202. TOP? 
PULSE F l T F  15.6 KHZ 
W V F L U E  110.0 E V / I O N  ? A I ?  

1 0 16 13'33 
2 0 17 1194 
3 0 18 1098 
4 4 19 933 
5 12 20 830 
6 14 21 771 
7 10 22 694 
8 13 23 606 
9 8 24 513 
10 33 25 479 
11 4408 26 450 
12 2170 27 382 
13 1961 28 314 
14 16133 29 296 
15 1609 30 279 

1 . 0 3 

31 268 46 
32 221 47 
33 208 48 
34 206 49 
35 174 50 
36 135 51 
37 146 52 
38 109 53 
39 95 54 
40 90 55 
41 81 56 
42 96 57 
43 79 58 
ULI 78 59 
45 77 60 

42 61 
56 62 
31 63 
37 64 
42 65 
36 66 
41 67 
31 68 
33 69 
20 70 
27 7 1  
17 
16 
18 
19 

31 245 46 53 61 
47 49 62 32 220 

33 200 48 46 63 
49 33 64 34 174 

35 l U l  SO 32 65 
36 147 51 31 66 
37 130 52 27 67 
38 106 53 21 60 
39 108 54 25 69 
uo 90 55 21 70 
41 90 56 13 71 

43 58 13 
44 62 17 
45 46 60 15 

71 57 ia 

19 
1 0  
18 
17 
13 
12 
1 1  
13 
8 
8 
13 

16 
17 
16 
9 

1 1  
9 
15 
12 
7 
5 
6 



9 2  

FUN N U B E E F  1 7 9  
HTC? OSFCOND S /CH F NNE L 
YPVPLENGTH 6 0 1  ANGSTR@RS 
P F E S S U R F  803. TQRF 
PULSE FP.TY 125.  KHZ 

. 0 6 4 4 

U VPLUE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1u  
1 5  

41.8 

0 
0 
0 

3 5 8  
4 1 4  
UU2 
5 0 1  

1 1 7 2  
144 1 
1 2 7 8  
1 2 0 5  
1 0 9 8  
1 0 u u  

9 3 3  
8 8 3  

? V / I Q N  PAT? 

1 6  8 4 2  
17 7 5 4  
1 8  7 1 2  
1 9  6 6 6  
2 0  5 8 2  
2 1  5 6 5  
2 2  5 4 7  
2 3  476 
2 4  4 7 0  
2 5  4 0 9  
2 6  4 1 5  
2 7  3 7 1  
2 8  3 1 7  
2 9  3 5 5  
30 3 1 0  

R U N  NUMBEQ 1 8 0  
nTCFOSECONDS/CHP tJNEL .06UU 
YPVTLFNGTH 6 7 5  ANGSTROMS 

PULSE Q A T E  125.  KAZ 
PFESSUPF 602. T O F P  

U V?.LrJE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
1 4  
1 5  

42.4 FIV/TQN ?P.IP 

0 
0 

1 0 0  
2 8  2 
3 4 9  
4 0 5  
8 2 9  

2 1 8 2  
1 1 4 3  

9 9  3 
1 0 2 4  

8 6 3 
8 0 3  
7 6 3  
7 3 5  

1 6  6 4 3  
17 6 5 1  
1 8  5 8 3  
1 9  5 5 9  
20  5 3 1  
2 1  467 
2 2  5 2 1  
2 3  42U 
2 4  4 3 6  
2 5  4 1 0  
2 6  3 8 2  
2 7  3 5 3  
28  3 4 9  
2 9  3 1 7  
30 3 3 3  

3 1  3 0 2  4 6  129 
3 2  2 9 1  4 7  117 
3 3  2 4 4  U8 1 0 5  
3 4  2 4 0  4 9  1 2 2  
3 5  2 1 6  5 0  106 
3 6  2 1 6  5 1  8 1  
3 7  2 1 2  5 2  9 5  
3 8  1 8 1  5 3  9 6  
3 9  1 6 4  5 4  8 7  
4 0  1 9 1  55 8 9  
4 1  1 4 8  5 6  7 0  
42 1 2 7  5’ 64 
4 3  1 3 4  5 8  69  
4 4  1 3 8  5 9  63 
a5 114 60 5 9  

6 1  63  76 39 
6 2  5 4  7 1  3u 
6 3  55 7 8  35 
6 4  4 6  7 9  28 
6 5  4 5  80  29 
6 6  3 7  9 1  36 
6 7  u 3  82 3 6  
6 8  3 5  8 3  30 
6 9  3 9  
7 0  36 
7 1  32 
7 2  37 
7 3  2 9  
7 u  40 
7 5  31 

3 1  2 8 1  46 198 6 1  1 0 3  76 93 
3 2  2 7 6  4 7  1U6 6 2  1 0 9  7 7  98 
3 3  2 6 5  4 8  1 7 6  6 3  1 0 7  7 8  7 8  
3 4  2 5 4  119 1 1 5  6 4  1 1 3  79  86 
3 5  299 5 0  1 5 6  6 5  1 0 8  a 0  80 
3 6  2 4 3  5 1  139 6 6  7 4  
37 2 4 3  5 2  1 5 1  6 7  8U 
3 8  2 1 2  53 168 6 8  9 7  
39 238 5 4  139 6 9  8 0  
4 0  2 2 5  5 5  149 7 0  1 1 3  

7 1  1 0 1  4 1  2 1 4  5 6  1 1 8  
42 1 9 9  5 7  1 3 1  7 2  1 0 0  
4 3  2 1 1  5 8  1 1 2  7 3  71 
4 4  1 7 6  5 9  110 7u 8 2  
(15 1 7 6  6 0  1 0 6  7 5  9 4  



9 3  

FUN NUHRE? 181  
HTCFOSECOHDS/CHPNNEL .0644 
WPVFLFNGTH 825 AHGSTPORS 
PRESSUFE 803. TOE(P 
PULSE ?>.TI: 125. K H Z  
w V F L U F  

1 
2 
3 
U 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14  
15 

42. u 

0 
0 

u 4 1  
u 82 

78 
985 

3275 
1966 
1450 
1382 
1288  
1141  
1109  
1007 

0 

EV/TQN PATF 

16  889 
1 7  8 6 1  
18  839 
19 722 
20 684 
2 1  646 
2 2  626 
23  573 
24 593 
2 5  542  
26 485 
27 5 0 1  
28 403 
29 397 
30  403 

FUN NUMBER 185  
R TCC OS ECONDS /CHP N N  EL 1 . 0 3 
WP VFLENGTH 675 RNGST PORS 
P F E S S U R F  300. T@RF 
PULSE ?P.TF 31.3 KHZ 
w V P L t l E  

1 
2 
3 
u 
5 
6 

8 
9 

1 0  
11 
12 
13 
14 
15 

7 

41.9 EV/ION PAIP 

3 1  382 
32 363 
33 316 
34  320 
3 5  297 
36 3 0 1  
3 7  254 
38 2U6 
3 9  241  
40 219 
41 181 
4 2  195 
43 182 
44 212 
45 138  

0 16  
0 1 7  
0 18  

5 1  19 
68 2 0  
82 2 1  
90 22 
6 1  2 3  
7 1  2u  
6U 25  

721U 26 
38U2 27 
3210 28  
2550 29  
207 1 30 

1720 3 1  
1369 3 2  
1159  33 
983 34  
80 2 3 5  
666 36 
57 5 3' 
46 9 38 
415 3 9  
375 40 
276 41  
28 2 0 2  
19 3 43 
104 44 
171 45 

21 2 
118 
109  
108 
75 
0 2  
6 1  
72  
5 5  
7 2  
68 

6 400 
3784 
3173 
2599 

46 156 6 1  
47 173 6 2  
U8 178 6 3  
49 IUS 6 4  
50  129 6 5  
5 1  131 6 6  
52  150 67 
5 3  133 68 
54 119 6 9  
55 118 7 0  
56 130 7 1  
57 1 0 1  7 2  
5 8  99 7 3  
59 116 7 4  
6 0  99 7 5  

70 7 6  7 1  
1 0 6  77  75 
110  78  69 

93 7 9  174 
I83 80 61  

86 
63 
83 
80 
80 
68 
80 
6 5  
72 
60 

46 
47 
U 8  
49 
5 0  
5 1  
52 
53 
5u 
55 
56 
57 
58 
5 9  
6 0  

2127 
1757 
1508 
1189 
1 0 7 1  

870 
756 
580 
518 
410 
380 
327 
248 
235 
189 

6 1  180 
6 2  173  
6 3  150  
6 4  1 3 5  
6 5  1 1 3  
6 6  100 
67 9 2  
6 8  80  
6 9  57 
7 0  63 
7 1  6 1  



94 

PUN NUHBE? 1 8 6  
NfCFOSECONDS/CHPNNEL 1.03  
WPVPLENGTH 6 0 1  ANGSTRONS 
PFESSUFF 3 0 1 .  T O F F  
PULSE P A T E  31.3 K H Z  
U Va LUE! 4 1  .9  E V / I O B  P A I D  

1 
2 
3 

5 
6 

8 
9 

10 
1 1  
12 
13 
14 
15  

U 

7 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 6  
17 
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
30  

0 3 1  
0 3 2  
0 3 3  
0 3 4  
0 35  
0 3 6  
0 3 7  
0 3 8  
0 39 
0 U O  
0 111 
0 4 2  
0 4 3  
0 4 4  
0 115 

N U M B E P  1 8 8  
RTCPOSPCONDS/CH??JNPL 1.03  
WAVFLPNGTH 8 2 c  PNGSL'?OMS 
D"FSSUD" 3 0 3 .  T P F F  
PULSE ? A T P  31.3 KHZ 
w VFLUF 

~ 

U1.9 EV/TON ? A T P  

1 
2 
3 
U 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
14 
1 5  

0 1 6  
0 1 7  
0 1 8  

3 7  1 9  
7 7  2 0  
7 7  2 1  
6 7  2 2  
4 4  2 3  
5 6  2 4  
49 2 5  

"'325 2 6  
4 3 3 9  2 7  
3 3 6 0  2 8  
2 8 1 4  2 9  
2 2 1 2  30  

1 8 1 7  3 1  
1 u 2 u  3 2  
1 1 8 0  3 3  

9 4 5  3 4  
7 6  U 3 5  
7 0 2  3 6  
U 8 U  3 7  
UT 6 3 8  
1106 39 
3 3 0  u o  
2 6 4  u 1  
2 3 0  42 
209 4 3  
1 0 6  4 4  
1 3 5  4 5  

0 
0 
0 
0 
0 
0 

1 4 1  
1 1 6  

8 1  
9 0  

20 5 
1 2 2 2 8  
136 10 
1 1 2 9 3  

9 0 3 7  

46 
47 
U 8  
4 9  
5 0  
5 1  
5 2  
5 3  
5n 
5 5  
5 6  
5 7  
58  
5 9  
6 0  

1'9 4 6  
1 1 5  u i  

8 7  U 8  
7 7  u9 
7 7  5 0  
7 7  5 1  
55  5 2  
7 5  5 3  
5 9  5 4  
42 5 5  
7 9  5 6  

6 5 9 1  5 7  
4 2 4 5  5 8  
3 5 8 2  5 9  
289 6 6 0  

7 4 1 1  
5 8 9 2  
4 996 
3 9 0 9  
3 3 6 5  
2 7 3 0  
2 2 8 3  
1 8 1 5  
1 5 0 2  
1 2 3 5  
1 0 5 3  

8 36 
7 1 9  
556 
446 

2 3 2 5  
1 8 2 4  
1 5 8 5  
1 3 2 6  
1 0 3 7  

8 9 2  
7 8 7  
6 19 
505 
437 
3 6 2  
305 
234 
220 
164 

6 1  3 9 0  
6 2  3 5 7  
6 3  3 0 0  
6 U  2 6 5  
6 5  1 9 9  
6 6  1 7 0  
6 7  1 3 4  
6 8  1 3 7  
6 9  1 7 8  
i o  9 3  
7 1  83 

6 1  1 E 5  
6 2  1U5 
6 3  1 3 0  
6U 1 1 2  
6 5  1 0 7  
6 6  7 5  
6 7  91 
6 8  7 0  
6 9  53 
7 0  6 3  
71 5 7  



9 5  

R U N  NURBEF 231 

UP VPI,ENGTH 675 PNGS?POMS 
PFFSSUDE 1006. TOP* 
PUZSB PATE 125. KHZ 
W V P L U E  42.5 EV/ION PAT? 

1 0 16 413 
2 0 17 327 

U 13 19 239 
5 18 20 241 
6 13 21 173 
7 16 22 154 
8 8 23 149 
9 10 24 114 

10 8 25 82 
1 1  1442 26 95 
12 851 27 59 
13 666 28 62 
14 583 29 68 
15 505 30 u7 

MTCQOS~CONDS/CHPNNEL .117 

3 II 18 2aa 

31 50 
32 42 
33 39 
34 29 
35 41 
36 34 
37 28 
38 29 
39 26 
40 26 
41 21 
4 2  20 
4 3  24 
44 9 
45 10 

U 6  
47 
48 
09 
50 
51 
52 
53 
54 
55 
56 
57 

59  
6 0  

sa 

28 
21 
15 
16 
14 
23 
10 
14 
19 
17 
1 1  
14 
16 
12 
19 

61 
62 
63 
6 U  
65 
66 
67 
6 8  
69 
70 
7 1  
72 
13 

26 
10 
8 
8 

17 
16 
12 
7 
12 
10 
15 
8 

10 
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