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F I G U R E  C A P T I O N S

Figi0re 1. The SSJ/3 instrument and associated electronic
( 1 7) boards. The rec tangular slits are entrance apertures

fo r  e l e c tr o n s .  Beh ind the small circular hole is

a UV detector that causes the channeltron acceleration

vol tage to be turned off when viewing the sun.

F i g u r e  2 . De t a i l ed  ph totgraph of the SSJ/3 head assembly board.
(18) a ½” bl ock is also shown for comparison. The

narrowly separated plates select the high -energy

elec trons. The widely separated pl ates select the

lowe r energy electrons.

Figure 3. Detailed schematic sketch of a detector ass embl y .
( 19)  Also given are t h e  relevant dimensions for each

set of p l a te s .

Figure 4. Schematic of the electronic log ic used in S S J/ 3 .
(20)

Figure 5. Comparison between me ,isured and Monte -Carlo resul ts
(2~) for a normall y incident beam. Energies are o f f - s e t

for ease of d i s p l a y .

Figure 6. Angular response of the high-en ergy plates in  the
(22) R-pl ane (a).

Figure 7. Angular response of the low energ y plates in the
(23) R -p l ane (

~~
)

Figure 8. Angular response of the high -energ . p l.i tes in t h e
(24) plane parall e l to the plates (el .

Figure 9. Angular response of the low ene rgy p l a t e s  in  the
(25)

p l a n e  p a r a l l e l  ~o th e plates Li).

F i g u r e  1 0 .  T h e o r e t i c a l  r e s p o n s e  of t h e  h i g h - e n e r g y  p l s i t . c  t o
(76) n i s o t r o p i c  i n c i d e n t  f l a x . U s ”  T . t b l e  2 fox’

c h a n n e l  8 m i d - p o i n t  en e r ~~y .  F i n a l  a - ~ :~~a l i : a t  i on

i s  a l S O  s hc ~~n .

F i g u r e  11.  I h e a r e t i c a l  r e s p o n s e  ot  t h e  l~-~ c i e r i ’ i a t . - s  t o
(2 7 )  

:i n i p c i n c i ( l e n t  f 1 u x . U s e  Ta ~ 1 e 2 t r

c h a n n e l  9 m i d — p o i n t  e n e r g y .  F i n a l  r u r m a l i : a t i o n

i s a l s o  s h o w n .

--- .-. - . . ~~~~~~~ ~~~~~~~~~~~~~~ 
-.

~~~~~~~~~~~~~ • • .- • 
-

- ±



F ~~~~~~~~~~~~~~~~~~ 
‘~~~~~ 0~~0 ~~~ 00 •’.~~~~ 

~~~~~~~~~~~~~~ -.— ----~~~“00,~~~~ .—-.--—- - -.-
~
—--V. 

~~~~~~~~~~~~ ~~~~

I .  I N T R O D U C T I O N

The calibra tion of the SSJ/3 sensor was carried out

- us ing bo th experimental and theoretical techniques . Experi-

men tal m e a s u r e m e n ts w e r e  compared  wi th p red i ct i ons  f r o m  a
• Mon te Carlo particle tracing code and from analytic approxi-

m a t i o n s .
In Sec t ion I I  ins trumen t d e s i g n  is d i s c u s s e d .  Se cti on I I I

• d e s c r i b e d  t ech ni ques  used in c a l i b r a t ion wh i l e Sec ti on IV
descr ibes the logic used to obtain the final normalization

va l ues .
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I I .  I N S T R U M E N T  D E S I G N

In troduction. The SSJ/3 instrument package is shown in

Figures 1 and 2. Figure 1 shows the instrument case and the

associated elec tronic boards . The apertures on the case are

direc tly in front of the particle collimators that are shown

in the bottom of Figure 2. Behind the collimators are curved

cylindrical plates. The pla te separation and the applied

vol tage determine the energy band of the transmitted electrons.

The elec trons , af ter p a s s i n g  throug h the exit collimator , are
de tected by the C-shaped Channeltron Electron Multi p l i e r
de tectors that are also shown in Figure 2.

Head Assembly . Elec trostatic analyzers (ESA’ s) s e lec t

c h a r g e d  par ticles by applying a voltage between two con-

cen tr i c  p l a tes .  The SSJ/ 3 ins trumen t uses two se ts of
cylindr ical concentric plates as shown in Fi gure 2.  C h a r g e d
par t i c l e s  of the p roper  si gn and e n e r g y  have  tra jec tor i e s
that are almost parallel to the plate surfaces. Particles of

grea ter or l e s s e r  ene rgy  i m p i n g e  on the p l a t e s u r f a c e s . The
mean energy E can be easily derived b y r e q u i r i n g  a b a l a n c e
be tween electrostatic and centrifugal accelerations. For

p l a tes of r a d i i  r 1 and r 2 (r 2 > r1) and an applied vol tage

difference of V , E is given by

E eV
— 2 ln ( r 2 / r 1)  (1)

If V is fixed then the detected energy is determined by the

ra ti o of r
~ 

to r 1. This explains the larger plate separation ,

LIR , fo r  the  l ower  e n e r g y  detec tor assembly as tabulated in

Fi gure 3. The sector angle of the plates and their separations ,

together with aperture and exit slits , de te r m i n e  the

6
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transmission effic iency. Additional baffles are placed in the

aper ture assembly to eliminate sunli gh t (UV) scatter into the

de tectors .

Behind the exit aperture , the two cha nne l trons  are
mounted as shown in the lower rig h th a n d  c o r n e r  of Fi gure 2.
E l e c trons  impi n g ing on the cone-shaped area produce

• secondaries which cascade throug h the c h a n n e l tro n prod uci ng a
detectable pulse at the end. This pulse is then processed by

the instrumen t’s internal electronics. Channeltron operating

life time is extended by shutting off the accelerating potential

whenever the instrument is looking at the sun . This is done

by a s m a l l  pho to t r a n s i s tor moun ted ad j acen t to the ins t ru m en t

a p e r t u r e s .  See F igure 1. In Fi gure  3 is a sche m a t ic
rep resen ta t io n of the SSJ/3 h e a d  a s s e m b l i e s  and g ives the
relevan t dimensional values.

Elec tronic Logic. Fi gure  4 shows  the  e l e c tron ic log ic.

The channel tron outputs (DET L and DET H) are amplified and

then counted in nine-bit logarith mic counters . A complete

16-channel energy spectrum is read out every second. Appendix

A d e s c r i b e s  in de ta i l  the  co nve rs ion  of the l o g a r i th m i c
co unter to decimal form. The same prog rammable power supply

is us ed f o r  b i a s i n g  bo th se ts of pla tes. The voltage dif-

f e r e n c e  fo r  each se t of p l a t es is ob ta in ed b y ap p l y i n g ~V/2

to each plate. -

7

~ 

~~~~~~~~~~~~~~~~~~~~~~~ . •.: .~ ~~~- • - --_ A4



T

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~

III. TECHNIQUES USED IN CALIBRATION

Exper imental. Experimental calibrations were made using

accelera ted electrons from a Tritium source. After acceleration

by an applied vol tage , the beam was collimated so that a mono-

ene rge t ic , unidirec tional source was incident on the instrument

aper tures. A turntable enclosed in a vacuum system provided

m o b i l i t y  for angular response measuremen ts. The beam was

found to have an energy dispersion which was neglig i b l e  in
c o m p a r i s o n wi th the  i n s t rumen t ’ s r e s p o n s e .  By chang ing the
applied vol tage various energies could be selected.

Theoretical Approxi mations. Geometric considerations

lead to the following results: 1) If a and b are the heig hts

of the entrance and exi t apertures of the collimator and 9.. is
the separa tion then between them such that ~ >> a + b , t hen
the angular resolution , t~B , is to a good approximation given

by ~~~~~ (a + b)/9. . This approximation works well for the

direction parallel to the plates , bu t no t for  the or th o g o n a l
component. 2) The geome tric factor (cm2-sec) for a long

rectangular collimator is approxima ted by

G = A 1 x A 2
9..

A 1 = area of c o l l i m a t o r  e n t r a n c e  aper ture
A 2 = area of collimator exit aperture

9.. = dis tance be tween aper tures

This formula provides a rap id means  of ob tain ing a “ballpark”

estimate for the geometric factor of a rectangular collimator.

We used , however , th e exac t e x p r e s s i o n  g iven in A p p e n d i x  B in
der iving our final results.

Mon te Carlo Program. In Appendix C is a listing of the

Mon te Carlo computer code used to analyze instrument response.

The b a s i c  idea  is to trace  e l e c trons  thro ugh the ins tru m ent to
determine if they hit the channeltron. In this manner the 

~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ M.o. •~~~~~~
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effect of desi gn can immediately be recognized.

Inpu t data includes aperture geometry, plate radii , arc
length of p l a tes , ola te voltage , channeltron size , and the
position of the aperture and channeltrons relative to the

plates. A retarding poten tial can also be inputed which

impedes secondary electrons produced in the pla tes from

hit ting the channeltrons . Provision has also been made to

examine elast ic scattering off the plate surfaces. This

feature will not be used.

Let us now consider an isotrop ic f lux , J , i n c i d e n t  on the
• outside aperture. The number of incident particles per unit

area is given by

dN = J sinO cosO dO (1)

or if R is a random number over the interval 0-1 then the

relation

O = ½cos 1 (1—2 R) (2)

generates the appropriate angular distribution of incident

particles .

As a test we generated 6 x l0~ par t i c l e s  throug h t h e

hi gh-energy collimator using equation (2). The theoretically

calculated geometric factor for this collimator (1.8 cm hi gh

x 0.2 cm wide x 1.15 cm long) is 0.0622 cm 2/sr (Appendix B).

The “measured” geometrical factor using particle tracing was

found to be 0.0624 cin 2/sr which agrees with the theoretical

value to within 0.32%. This result confirms that the computer

code was properly simula ting an incident isotrop ic f l u x
through the collimator.

9 -
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IV . RESULTS

The Me thod. Instrument calibeation is determined by

comparing the predicted (Monte Carlo ) response curves with

the measured  o n e s .  F i rs t , we look at the ene rgy  resol uti on ‘

for  a norm a l l y  incident beam . Then angular response is

e x a m i n e d  in d i r e c t ions  p a r a l l e l  and pe rp e n d i c u l a r  to the
pla tes. After showing substantial agreement with experimental

da ta , t h e  Mon te C a r l o  code is used to c a l c u l a te the f i n a l
nor m a l i z a t ions  for  an i n c i d e n t , iso trop i c f l u x .  Co mp a r i s o n s
are  m ade wi th r e s u l ts f r o m  approx ima te a n a l y t ic techn i ques.
Chan neltron detection efficiency as a function of incident

e l e c tron e n e r g y  is also discussed and included.

Throug ho ut th is sec ti on we u s e  e n e r g y  c h a n n e l s  8 and  9

to determine the response properties of the two head

a s s e m b l i e s .

En ergy Resolution. In Fi gure 5 the Monte-Carlo and

e x p e r i m en tal  r e s u lt s a r e  show n fo r  a n o r m a l l y  incident

el ectron be am .  Th e b e a m  ene rgy w a s  sys tem a tic a l l y  sc ann ed

across the channel to obtain the energy response curve. It

is seen f r o m  F ig ure 5 th at the Mon te C ar l o  and e x p e r ime nt al
r e s u l ts are in e x c e l l e n t a g r e e m e nt .

Ang ular Response. Fi gure 6 shows  the ang u l a r  r e s p o n s e

(cL ) of the hig h e n e r g y  p l a tes in the p l a n e  p e r p e n d i c u l a r
to the plates CR-plane) . In this case the measured resolution

is somewhat wider than that predicted by Monte Carlo. This

effec t is probably due to scattering off the plate surface.

Fi gure 7 shows a similar response curve for the low-energy

pla tes. Observe that there are fewer measured par t i c l e s

th an p re d i c t ed a t l a r g e  p o s i t i ve  a n g l e s .  T h i s  e f f e c t is

p r o b a b l y  f r o m  f r i ng e e l e c tr i c  f ie l d  r e s u l ti ng f r om l a r g e r

plate separation. See Fi gure 2. The triangular shape of the

theoretical response curve indicates that the front collimator

10
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is the d o m i n a n t de te r m i n a n t of the a n g u l a r  r e s p o n s e .
Now we look  a t the a n g u l a r  r e s p o n s e (

~~ 
) in the  p l a n e

parallel to the plate surfaces. All angular response curves

are d etermined at the central (peak) channel energy. Figure

8 shows the appropriate curves for the high energy (narrowly

separa ted) plates. Note that while the resolution is in

e x c e l l e n t a g r e e m e n t , th e r e  is a sys t ema tic sh i f t of abou t

2 . 5 0. Because the resolution is about 8.00 , we do no t

consider this error as being ser ious . Fi gure 9 s h o w s  si mi l a r
cu rves for the low energy (widely separated) p la tes.  He re
there is also a systematic shift of about 1.250. Note that

for both angular scans the measured resolutions for the

low energy plates are less than the predicted ones. This is

oppos ite to what one would normally expect and indicates a

s l i gh t systematic error.

Final Normal izations. The final normalizations were

de t e r m i n e d  us i n g the Mon t e C a r l o  p r o g r a m . As desc r ibed
p r e v i o us l y , an iso trop ic fl ux is taken incident on the front

aperture. One thousand electrons are traced through the

pl ates at each epergy. Figure 10 and 11 show the results for

channels 8 and 9 respectively. The ordinate represents the

p e r c e nt age  of e l e c t rons  tha t are  det ec t ed af ter le av i n g  the
collima tor (i.e. the transmission efficiency through the plates).

Th e integral of this curve times the aperture C-factor g i v e s
the f i n a l  n o r m a l i z a t io ns .

For an incide nt flux J the count rate (CR) is g i v e n  by

JG = CR

where C is the normalization factor in cm 2/sr/ev. The C-

fac to r can be  a p p r o x i m a t ed by

11 
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~~E

A = area of entrance aperture

= accep t ance  s o l i d - a n gl e
E = ene rgy  b a n d w i d t h

Dividi ng by the center energy E we have

H = G/ E~~~A~~~~E
E

Now si n ce A , ~~and ~ L / E  are cons tan t fo r  each se t of p l a tes ,

then this one number H characterizes the normalization for

all channels. For the hi gh-energy (narrowly separa ted plates)

cha nnels H = 1.30 x 10-4 cm 2/sr. For the low-energy (widely-

separa ted pla tes) H = 4.3 x l0~~ cm 2/ s r .
We now compare  th i s  r e s u l t w it h an a p p r o x i m a t e a n a l y ti c

approach . In this approach it is assumed that the energy and

a n g u l a r  r e s p o n s e  curves  a re  i n d e p e n d e n t ga us s i a n d ist r i b u ti o n s .
The f ina l  n o r m a l i z a ti on is the in t egr a l p r o d u c t of th e s e
dis tributions. The result is

H = 1.20 AC R0 E~ctt~

w h e r e  A is the aper ture  a rea , R0 is the channel tron detection

efficiency (at E “ 1 keV , C = 1), R0 is L~E / E , ~~ and A~
are the FWI-IM (full-width half maximum) of the angular response

curves.

U s i n g  the  meas u red r e s u l ts tab u l a ted in T a b l e  1 , this

a p p r o x i m a t ion g ives us H = 6.8 x lO~~ cm 2/ s r  fo r  the h i gh

e n e r g y  p l a tes and H = 5 . 5 5  x lO~~ cm 2/ sr  fo r  the low e n e r g y
pla tes. Note , however , tha t e n e r g y  and  a n g u l a r  r e s o l ut i o n s

are  no t in d e p e n d e n t fo r  th i s  pa r t i c u l ar e l e c t ros ta ti c
a n a l y z e r , con tr ary to the a s s u m p t ions  i n the a p p r o x im a t e
approach.

12
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• A wide collimator allows more elec trons at various

energies to reach the channeltrons. A narrow collima tor

allows fewer electrons to reach the detectors over a

n a r r o w e r  energy  b a n d w i d th .  Th i s  e f f ec t is seen  b y c o m p a r i n g
Fi gure  5 wi th Fi gu res  10 and 11. The e n e r g y  r e s o l u ti on o f
the high-energy plates is 2.3 times greater for an isotrop ic
flux than for a normally incident flux . For the low energy

pla tes it is 1.5 times greater. We interpret this difference

to be due to the c o l l i m a tor in f ron t of the hi gh energy plates

having a C-fac tor 16 times that of the one in front of the

low-energy pla tes. It is for this reason we consider the

Mon te Carlo normalization as more closely reflecting realistic

f l u x e s .
The final normaliza tin values for each energy channel

as given in Table 2. Dividing the count rate by the approx-

imate normalization gives the equivalent flux in electrons

per cm 2/sr/ev/sec. The chan neltron efficiencies were

ob tained from Archuleter and DeForest (1971). For 1 keV <

E <  50 MeV , C =  1.0 - 2.0/(3.0 + 6.5/(E - 0 . 5 )  + 30.0/

(E - 0.5)3) where E is expressed in keV . For 10 ev < E <70 eV

C was taken  to be

C = 0.10 E0.5l5 (E in ev)

No t e th a t  the  m id p o i n t  e n e r g i e s  in Fi g u r e s  10 and  1 1 ar
no t the same as in Table 2 , w h i c h  are  the f i n a l  cal ibra ted
values. This does not affect H , h o w e v e r , which is energy-

independen t. The stated errors in Table 2 for the various

energy channels are a best estimate from electronic and

experimental uncer tainties.
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TABLE 1

Measured Energy and Angular Res olutions With a

Monoe nerge t ic and Unidirec t ional Elec tron Bea m

Channels 1- 8 Channels 9-16

t~c~ 
1.6±0.2° 3.7±0.7°

8.0±0.8° 4.75±0.08°

~ E / E ( R 0 ) 4.0±0.4% 7.2±0.4%

G (Aper ture) 6 . 2 2 x l 0 2cm 2
-sr 3.929xl0 3cm

2
-sr
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TABLE 2

SSJ/ 3 Normalizations

-4 2H = l.30x10 cm -sr

I
: G = H E c

Normal i za t ion (C)
Channel Center Channel tron 2
Number Energy (eV) Efficiency c HEC (cm -sr-eV)

1 20 ,000±3% 0.405 l .OSxlO°

2 13 ,700±3% 0.43 7.66xlO~~

3 8,990±3% 0.48 5.S9xl0~~

4 5.500±3% 0.56 4.O0x10~~

5 3.790±3% 0.66 3.25x10~~

6 2 ,290±3% 0.83 2.47xlO~~

7 1,590±5% 0.94 l.94x10~~

8 1 ,060±6% 0.99 l.36xl0~~

H = 4.3x10~~
5cm 2

-sr

9 1 ,045±3% 1.00 4.49xl0
2

10 661±3% 1.00 2.84xl0
2

11 434±3% 1.00 l.86xl0
2

12 264±3% 1.00 1.l3xlO
2

13 183±3% 1.00 7.86x10
3

14 110±3% 1.00 4.73x10
3

15 77±5% 1.00 3 .31x10
3

16 51±6% .76 1 .67x10 3
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APPENDIX A

ELECTROSTATIC ANALYZER (ESA)
SSJ/ 3 OR GFE 3

Summ ary of Characteristics

Par ticles Detected Electrons 
. -

De tec to rs  Used 2 Channel t ron Elec t ron Mul tipl iers for
each of the two se ts of ESA pla tes

Me thod of Energy Analysis Voltage Stepp ing on ESA pla tes

Number of Energy Bins 8 for each set of ESA plates; total of 16

Energy Bins Large Plates Small Plates

20.000 keV 1 .000 keV
13.037 .652
8.498 .425
5.539 .277
3.611 .181
2.354 .118
1.5 34 .077
1.000 .050

Accep tance Angl es Large ESA:  1 .6° F W H M  across  the ape rt ures
8.0° FWHM along the apertures

Small ESA: 3.7° FWHM across the apertures
4.8° FWU M along the apertures

Nor mal iza t ion  Co n s tan ts Large ESA: 1.3 0x 10 4
cm

2-s ter.

Small ESA : 4.3x10 3cm 2-s ter.

~E Large ESA: 4.0%
E 

Sm all ESA: 7.2%

Da ta Rate One compl ete Spectrum per second

Dwe l l  T im e at Each Energy 98 ms.
Level

Di g it al Da ta Form at (9 bi t s per channel)  x (16 channe l s )  =

144 bits 
-

No t e: Each 9 bi t s in every  channel  are in loga rit hmi c for m , the five
least significant bits being the mantissa and the remaining four
the exponent. This number is converted to dec imal form
acc or d i n g  to the  f o l l o w i n g  r e l a ti on sh i p :

N = 2>’(x+32) - 33

28
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LSB
where ;

y x

Dat a Readout The first bit to be read out is the
leas t significant bit (LSB) of the
highes t channel followed by the next
to the highest one etc., i.e .:

y
1 

~~ 15 t b i t out000000000 000000000000000000

.O5keV 13.037 2OkeV

[ 144 bits ]

read out in one group
at the end of each sec on d

Analog Mon itors Plate voltages: 5.0 volts to .25v

Power s upply : 2 . S v
Temperature : 2.5v at room temperature

Size 5.SOin X 3 .39in X 5.lOin

height 3.046 lbs

Power Dissi pation .125 watts
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APPENDIX B

The G-fac tor for a rectangular shaped collimator can

be calcula ted exactly (Rothwell and Moomey, 1972).

W ith the front and rear apertures having the dimensions

(a 1, b 1) and (a 2, b 2) respec tively ,one can define

= ½ (a1
+a

2) a 1, a2 wid th

8 = ½(b 1÷b 2
) b 1, b 2 height

y = ½ (a1-a 2)

= ½ (b1-b 2)

If the co l l ima tor has a leng th L then

r 2  2 2 2 2 2
- • 

~ 
L +a +~5 L +y +8

G = L in LL 2 +a 2
+$ 2 L 2 ÷y 2 ÷ 6 2

+ F ( c ~, 8)  + F(y , ô) - F ( c ~~~ ) - F(’y,8)

where F ( c t ,8)  = F ( c t ,8)  + F ( ~~, ct)
8

F ( c L ,8)  = 2 8 ( L 2 +c~
2 ) i tan l J 

2 2L(L ~ a 2

This expression is consistent w i t h  t h a t  g i v e n  by W i l l i s  and

Thomas (1972) and by Sullivan (1971) (with a corrected

typographical  e r ro r ) .
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A P P E N D I X  C

L i s t ing  of computer code that was used for the Monte-Carlo computations.

PROGR AM ESA PLTS UNFUT ,CUTPUfl 10
OIMENSION OAT (24) ,E FF (200),EE (2 00),EG (200),A MAT(10,10 ),S 11

+UPII (lt’) 1.1
UIMEN S ION THH(100),AX (100) ,THM ( 100) 12

COP4P4ON /F1/EFF ,EC , ,OELE, N5 ,GINT 1 3
R2 (X )=A ~~X4B 1’.
c(X ,V ,AL )=2.c~.Y.SQf~T (AL ..2+X ..2)44TAN (Y ,SQRT(AL ..2+X~~42))
N5 60
N 7 N ~ /6 

-

P19=5 18
P-~jj=30 19
N 12 Nt1~ 2 20

L AMF=1 .€6E— 2 7 21
r)OV~.4P c .S38~ 07 22
A I”E= 9 .jE—31 23

00P’~ =1.7582E ii 2’
A A 18~~./~ .1415 9& 25
CNNTA=0.0

ELEC = dI E tECTRO N
I CONT INIJ E 2~CALL R A N S E T ( T I r I E ( C U M ) )  29

CP’NTA~~0.0 30
C IF 11=1 DC B A CK GRO UNO CALCUL ATION E A S E  ON “LINE CF SI fr1T~ 31
C IJ.NE . 0, AUTOMATICALLY A SSUM ES PA R AM ET E ’~S FOR L. F~ A NK S E 32

•SA 32
C 1.1=2, SIMUL A TES EL ECTRCN GLN SCAN OF FRANK S ESA AS SHO WN II~ F 33

+1G. 2 CF 33
C HIS PAPER 3~
C 11=1, O0!S LINE OF SIGHT BACKGRO UN D CALCULATIO N 3!
C 1 (1=0, NO ELASTIC SCATTERING OFF CF ESA PLATES 36
C 1(1:1, MO PE THA N 1 SCAT TER IhG OFF OF ESA PLAT ES PEP E LECT ROP~ A 37

+S CEF I NED
C BY 1(2 (IKt ~ER PLATE) 38
C 1(1=2, 1/ K2X100 PER CENT SCATTERING OFF OF ESA PLATES ( INNEF P 3

+L A TE S )  3q
C 1(1=3, SCA TTER ING OFF OF OUTE P ESA PL AT E AS DEFINED BY 1(9
C K1=1.,SCA T 1ER ING OFF OF OUTER ESA PLATE AS DEFINED ~Y 1/ K 9 X I O O
C K1=5 ,SC4ITE PING OFF OF BOTH P L ATES ,K 2  T HES INNER P LA TE , K~ 1

+Ifl(S CFF 42
C ATE ‘3
C Ki :6,CATTERING OFF OF BOTH PL ATESI/K2 INNER ,11K9 TIMES OUTER 44

•PIATE 44
C IF 1 i c 0  INCIDENT FLUX IS ISOTROPIC 45
C IK=1 INCICENT FLUX AT INCIDE NT ~~~~~ A NGE
C IF 1 K 2  SCAN IN R— PLANE IN STEPS OF ANGE DEGREES 47
C IF IK=3 SCAN IN Z— PLA N E IN STEPS OF ANGE DEGREES 48
C NOT E-— IF t IC GE 2 INPUT D A T A  PA CK CHANGES 49

READ 4 , I I, IJ , K1 ,K2 ,K9 , ANGA ,AN G2 , ANGD ,IK ,ANG E 50
4 FOP~4 A T ( 5 I 5 , 3 F ? . 2 , I S , F 7 . 2  51

PFINT 1900 ,IK,ANGE 52
19CC FO~ MA T ( j X ,I5, F7.2)  53

31 BEST AVAILABLE COPY 
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I F ( 1 ( 1 . E O . 0 )  1(7=1 5’.
IF (K1.EO.i) 1(7=1 55
IF(Kt.EQ.2) K?~~1. 56
IF(K1.EQ.3) K 7 2  57
IF(K1.EO.4) 1(7:3 50
IF (K1.EO .5) 1(7=2 59
I F ( K 1 . E O . 6 )  1 ( 7 3  60
IF(K1.EO.O) K 8 1  61
IF(K1.EC.1) K8=2 62
IF (K1.EQ.2) 1(8:3 63
IF (Ki.EQ.3) 1(8=1 64 *

IF (K1.EQ.Li) 1(8=1
IF (K1.EQ.5) 1(8=2 66
IF (K1.EQ.6) 1(8:3 67
I F ( K 1 . E O .7) K ? 2  6-P
IF(K1.EO.7) K 8 3  69
IF( K 1.EO.8 )  1(7=3 70
IF( K1 .EO.8)  1(8=2 71
READ 3 , ( O A T ( I ) , I= 1 , 2 4 )  72

3 FO P MA T (( 12A6 ) ) 73
REA D2 , PA RT ,POST -i’.

2 FO P MAI (48 , F3.0 )  75
PR INT 5,(OAT(I),I=1,24)

S FOFMAT (1F1,12A6/12A6) 77
IF(II.EO.1) FRINT 10 78

10 FO PMA T ( 1X ,~~3AC K 1cOUMD CALC ULA T IONS ) 79
IF (IK.EQ.1) PRINT 1~~,A NG E 80

12 FORMAT (1x ,~ CONST . ANGLE SOkT ,A NGLE=~~,F7.2, CEG .~~
) 81

IF( °A RT. EQ.ELEC )  AMP = A M E
IF- (PART .EQ.ELEC) COVM F =—O O ME 53
PPINT 6, PA RT 54

F~ FCRMA T (1X ,+TRACINC ,~- ,3X ,A8/) 85
IF (°ART .EQ.ELEC.ANC .IJ.NE .0) POST=160.
IF(IJ.N€ .0) PRINT 16 57

16 F O F MA T ( 1X ,~ F RA NK S ESA 56
IF(IJ.EO.2) FRINT 18 89

18 F O l~MAT (1X,~~ELECTRON GUN FLUX 2.OE 0. ELEC/CMSO ISEC4) 90
IF(Ki.NE.O) F~ INT 17,1(1,1(2,1(9 91

1? FOR MAT(1X,~~EL4STIC SCATTERiNG OFF OF ESA PLATES ,~~, 92
+~~K1=~~,I5, 92
A ~ K 2 4 , I5/1X ,~~IF 1(1=1 1(2 S CAT TE ~~ING S PER PA R T . ,  IFK1 =2 93
• E VE °Y OT 93
9HEP 1(2 PART . MAY SCATTER~~,

K 1 = ,I5) 9I~
IF(K1.NE.0) PRINT 2 1,ANG2
IF (K1.NE.0) PRINT 19,ANGA
IF (K1 .NE.0) PRINT 23 ,A N G D 97

19 FO~ MAT (1X ,~ MAX SCATTECING ANGLE OFF OF OUTER OLATE : ,FT. 96
+2,* O E )  98

21 FOPMAT (IX ,+ MAX SCATTERING A PIGLE OFF OF INNER PLA ~~E:’,F7. 99
•2,~ DEG ) 9°

23 FC~ MA r(1X, -~ P1AX . A N GLE FOP. IP-~ELAS1IC SCATTER ING CFF OF DU 10)
+TEF ~L A T E  100

32 BEST AVAII..ABLE COPY
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A~
4 ,F7.2) 101

C SET—UP APERTURE AND CALCULATE ITS G— FACTOP 1~’2
PEAD 8,A1 ,Pt, A 2-,B2,AL 1, A L 2 , AL 3,VO ITI, R5 103

6 FOR P’AT (7F7.3 ,2F7 .3) i0i~
PPINT 11 ,A1, 81,A2,E2 ,AL 1,A L 2 ,4L3 ,VOLT 1 ,R5 ,POST

II FOR”AT (1X ,’-A PER TURE OIM E NS IONS ’/1X ,4F PON T WID1H - ,F7.3,~ C 1~~€
+M ’,3~~,~~FR 10€
1O P4THT~~~,F7.3, CP1~- ,3X , ‘BACK W IDTH ’,F7.3 ,’ CM4 ,3X ,’3ACK 107
+HT= ’- ,F7.3 I C ?
2,4CP1’/IX ,’LENGTH OF APER .=~- ,F7.3,~ CPI’,3X , IJIST 6TWN APE 108
+R AND FLA 108
3TFS=~~,F7.3,’ CPI’/IX,’DIST BTW N PLATES AND CHANN .=’,F7.3,’ 109
+ Ct~~,3X ,’ 1C9
4BIAS  VOLTAGE IN FRCP-1T OF DETECT.=4,F7.1,’ VOLTS’FIX ,’CFAN 110
+NELT RCI’ R 110
1ADIUS= ,F7.2,-~ CP1~,’ POST AC C EL ERAT IO N + ,F8 .0 , 4VO L T S 4 / )  111
A L FHA= (A I+A2)/2.0 112
BET A= (B1+B2 )/2 .0 113
G A P 4 = ( A 1 — A 2 ) F 2 . 0 i1~
OELT A= (B1—B2 )~~2.0 115
G1=AL 1442 ’ALOG ((A L 1’42+ALPHA~ ’- 2+OELTA ~ ’2)’(AL 1”2+GA1- ~~2+ liE
+BETA ”2)/ 116
1 (AL1”2+AL PHA ~~~2+ BET A~~~2)l AL1”2 +GAM ~~~2+OELTA 4*2 ) ) 117
G2=F (ALPHA ,BET A ,A1 i)+F (BETA ,AL PHA ,ALI),F (GAM ,OELTA ,AL1)+F 118

+ (OELTA ,GA 118
1M ,AL 1 )—F~ A L PH A ,DELTA ,4L1)—F (QELT A,A L P H A ,AL1)—F(GAM ,3ETA, A 119
+L1)—F (PET 119
2A ,GAM ,ALI) 120
G=G1+G2 121
PRINT 13,& I?2

13 FORMAT( IX ,4G—FACTCR FOP A PERTURE=1 ,E1C.~+,
+ CMSO—S~~ /) 123

PPINT 15 124
jS FOPMAT (IX ,’ESA PLATE OIMENSIONS’) 125

C R2 A=RAt?I US AT A PERTURE 12~.C P2~~=RA CIUS AT EXIT 127
°EAO 7,P1,R2A , R2B ,TH E ,VOLT ,I1 ,TOT ,R9 12S

7 FOFM AT( ~.F7.3, Ei0.2, F7 .3,E10.~4~~F7.2) 129
PF INT 9, R1,R2A ,R2B,T~~E,VO LT ,H, TOT,R9 130

9 FO i .MAT ( 1 X ,’ZE P.O POTE NTIAL RAO ILS=’ ,F7.3, 4CM’ ,3X , -~RAO IUS A 131
+T FOTENTI 131
IAL V AT APER TU PE=~~,F 7.3 , ’ CM’ ,3X ,4

~~A DIUS AT POTENTIAL V A 132
+1 EXIT=4 , 132
2F7.3, 4 C~~ /3X ,4 M A X .  AN GLE OF PLA TE S=’ ,F? .2 ,  DEGS~~,3 X ,~~~O 133
+L T A G E  ON 133
3 PLATES=’,IPEIO.2, VOLTS~ /3X,’PLATE HEIGHT

+ ,OPF7.2,e 134
4CM4, ‘ N 13 4
~U~~~E° CF PARTICLES TRACED FOR EACH ENE PGY ’,1PEi9 ,2~ jX ,~~LJ 135
4ISTANCE 0 135
SF CI4ANNELTRON FROM CENTER OF ESA AXIS=~~,1PE10.2,’ CM~~/) 13E
IF(PART. Q.EtEC) VCL T =—VOLT 1~~7
THE=THE/AA 138

3 
B~S~ 

AVAV L~tE’_t 
~~
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H=14’1.O E—02 139
A N &B=A N A / A 4  14.0
A NC.C ANG2/A 4
A N G e = A N G n , A A  142

AN =A NG E / A A  143
R1=°1’1.O E— 0 2  l~i’.
R2A ~~~2 A ’ 1 . 0 E— 0 2  14. 5
R2b= P2 P ’ 1 .O E-0 2  146
p5 P541.0E—02 147

R =P9 1.~~E—02 148
~~ R2A 1~.9
4= (R23—R24)/THE 150
W I C I = A E S ( R 2 A — R j )  1~~iRR=(R1-+R28) / 2. 0 1’2
A1 =A 1’1.CE—02
3 1 9 1~~1. ( E — 0 2  154
A 2 =A 2 ’ 1 . O E — 0 2
B2=B24 1.~~E—- ) 2 156
A 1l=AL14 I .OE—02 157
AL 2 A L 2 4 1 . O E— 0 2  158
A L3 =At . .3 ’ 1.O E—02 159
~~=P~°— A j / 2, l) 160
R7=RP—A2/2 .0 161
P8 P P+ A 2 / 2 ,0  162
IF( IJ .P~E.0)  Rb 1 .24 E—01  153
IF( I -J . NE.0)  R7=Rb 164
IF(IJ.NE.0) ~8=~ €~+A 2 165
IF(IJ. EO.2 ) THY — 5 . 0 / A A  16€
DELY = 1.0f44 15?
THW=T HY—CE LY 168
T HX=T HE/2 .0  1.69

170
GO TO 14 1.71

24 IF( IK.GE.2) REA D 26 ,VOLT 172
IF (I1(.GE.2) PRINT 29,~ OLT 173

2€ FOP~lAT (1PE10.2) 171.
29 FC)R~~A1(tX,’ VOLTAGE ON PLATES=’,1PE1O.2,’ VOLTS’) 175

IF (DA PT.EQ.ELEC) VCL T -VOLT h f
CONT IMJ E 177

C US ING MKS SYSTEM——ENERGY IN JOULES lid
E E ( 1) = V O L T / 2 . 0 / A L O C - ( R 3 F R I ) - ’ 1 . 6 E —i.9 179
EE (1) ABS (EE (1)) 180
CONST QO~PlP’~lOLT 1.8 1

~~ =E E( f l h 1 . 6 E— 1 9  1.52
PR INT 31,EA

F O~~~A T ( 1X ,-~ MEA ~’J ENER ’f ’,1PE1 C. 2,~~EV’ ) 18’.
IF (IK .LT .2) GO 70 34. 18~THH (1)=—ANGE’N12

DO 33 I1,N11. 18?
T HH (I.1 )= T H H (  I) +ANG E
T I IM( I)=T H H( I)4A A  1.89

BEST AVAILABLE COPY
34

~~~~
.-.---_.--.---—. ------- -----—. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —-.--.- 
- ._- _ -- ---- . _ _______-~.. 



A X ( I ) = 0.0 19~
33 C CN TINUE 1~~1

THM(N11 41):THH (N1191 )4AA 19?
CC IC 36 1~~3

34 CONTINUE j g4
OELE 0.O05~ EE (1)
EE (1)=0.9’E~~(1) 196
00 35 K 1 , N5 197
EE (K+1)EE (K)+OEL E i~~

35 CONTINUE 1~~9
36 CONTINUE 200

00 22 J 1,10 201
00 22 K 1,10 20?
AM A T (K ,J)= 0.0 203

22 CONTINUE 2 04
25 CONTI NUE 2~~5

TH W T H ~ +’~ELY 206
T HP4 =—4.0 / AA  2 0 7
00 600 K=1,M 5  2 0~ 

—

K13 1 2 C 9
37 CONT INUE 21 0

K 4 0  211
N 4 0  212

N 6 0  2 1.3
214

CNT=0.C 215
COUNT=0 .0
CNTA O.0 217

C OELT=T IM~ INT ERVAL FOR EA C H STEP 218
CC IC 40 219

38 IF (IK .GE.2) GO TC 202 220

~ 0 CONTINUE 221
K 3 f l  222

223
1(11:0 224
1(12=0 225

EX EE (K) 226
IF(IK .GE.2) EE (K)=EA’1.EE—1~ 227

V=S QRT (2 .~~E~~(K )IAM F) 22 6
C PULL OUT DEFOREST CARDS 229

P= R6+AI4 RANF (OUh I ) 230
Z1 91’FANF (DUH ) 231

C CH OOSE TI SUCH THAT FOR J (FL IJX) = CONST . TI IS PICKED SIN (Ti’ 232
•COS (T1) 232

C TIMES ,, SIN FOR SOLID A H LE COS FOR PROJECTED A REA 233
T1=ACOS (I .0—2 .O’RANF (DUM ))/2 . C 23.e

• T2 6.2831~ RAN F(DtJM ) 235
IF(IK .EO .1) T1=AN CE 236

IF (IK .E Q .1) T2=0.0 237
• IF (IK.EO.2) T1 THH (1(13) 238

IF(t IC.EQ.2) 12=0.0 23~

-Ieb~~
-- ~BESL AVAII~AB11 L~~~~~
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I

IF (!K.EO.3) T1 THI4 (K13) 240
IF (IK.E~ .3) 12:j.C707 24.1

IF (IJ .EO.2) T1.ABS(T HW ) 242
IF( IJ .EO.2 .A ND.T HW .GE.C. C) 12= 180./A A 24.3
IF(IJ.EO .2 .A ND .T HW.LT . 0 . 0) T~~=0. 0 244
Y i= 0 2k~i
VR=V SIN (T1)’COS (T2) 246
4TT=~I~ COS(T I)  24. 7
VZ :V4 S IN(T 1) ’STN (T2 )  21.8
DT=AL 1/VTT 24.9
R R+VP4 DT 250
Z 1=Z1+tlZ’DT 251
IF(ZI.GT.B2 .OR.Z 1 .LT .0 .O )  GO TO 38 252
IF(R .GT .R8.OR.R.LT.R 7) GO TO 38 253

CNTA CNTA + 1.0 254
OT=AL 2/ ~iPTT 255
R P+V P4 DT 2~~6Z 1=z1+VZ’or 2 5 ?
IF(R. E.R2A .OR.R.LE.R1) GO TO 202 258

A NGfr~~~TT’ R 259
H 111=0.0 260

R3=R2(TT 1) 251
C ONT’=CONST/A LO (R3/R1) 2(

~2
CONS S=CO PIST 263
IF(II.EO .1) CO NSS = G .0  26’, —

D ELTT =CO NTT / ( R t+ R3) ’ - 2 265 1
O FLTT=3 .~~E—01 ’V / OE 1TT 266
DELT 3.ik16’THE (r~~+~~3)/ 2 ./ - i / /2 .0E 02 26 7  1
IF(UEL1T .LE.DELT) CE LT =D ELTT 25~
GO TO 20 2 6 9

27 CONT INUE 270
IF(K12.GT .U.OR.K11.GT.0)  R=R+~ R’D:LT 271
GOTO 28 272

20 CONTI NUE 2 73
R3=P2 (111) 274
CONS?= (V T T 4 4 2— C O N S S / A L C G ( P.3/0 1) )/ R 2~~5Fc=~~+t 1~

4 CEL T +CONS2 OELT”2/2.  0 2 7 €
V P=V Pf  CONS2’DEL T 277

28 CONTINUE 27 d
VTT=ANGM /R 279

TT1=TTj+4TT~~DELt/R 260
Z1=Z i+ OELT’VZ 261
iF (ZI.IE.0.0.OR .Z1.GE .H) 6010 202 282

IF (TT1. E.THE) GO 10 4 00 293
IF (R.GT.~~I.A~1O. R.LT.P3) GO TO 1700 28’-
GO TO 1800 2 35

1700 CONTINUE
267

1(12:0 268
GO TO 20 289

1800 CON T IN U E 29~

?Z~ ~tUi~
36
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C 1(1=1,2 — S C A T T E R  OFF CF INNEf~ SU RFACE ONL Y 291
C V 1 = 3 , 4 — - — — S CATTER OFF OF OUTER SURFACE ONLY 292

IF(R.C’E.~~3) GO TO 1300 293
IF(~~.LE. R1) G O TO 14 00  29 4
GO TO 202 295

1 30C CONTINUE 296
IF(K11.GT.0) GO TO 27 297
1 (11=1 (11+1 299
GO TO (2C2 ,1100 ,120 0),K7 299

1.0C CONT INUE 300
IF( K 12. GT .0) GO TO 27 30 1.
1(12:1(12+1 3 0 2
GO TO ( 202,900, 1.000) ,K8 303

900  CONT INUE 301.
N3 N3 +1 3 0 5
IF(N3 .GT .K9)  GO TO 2 0 2  306
v o =A e s (~ R) 307
THF~~ATAN (VD/VTT) 308
I F (A R S ( T H P ) . G T .A N G C )  GO 10 1500 309
VF .=—V R 31.0

GO TO 27 311.
1000 CONTI NUE 312

VD=A .3S (V~) 313
T H F= A T A N - ( V O / V T T )  314.

31c
rF (~~9s(T-~P,.r,T.4NGC) GO 10 150’) 31F

V P- =—V R 317
GO T O 212. 31e

1100 CONT INUE 319
V O 4 ~~S(V P) 320

K,3 K3+1 321
IF( K3 .GT .K2)  GO TO 2 0 2  322
THP= A T 4 N ( J R / ~1TT) 323
t F(A 4 S (T HP) .GT.ANG C) GO 10 202 32’,
IF(A ~~S(T F’ P) .GT .4NGE ) CC 10 16 00 325

VF =- ’4R 326
GO TO 27 327

120 0 CONTIN UE 328
VD=ABS (VR )

330
THP= AT A ’ 1(J R/4TT) 331
I F ( A ~~S( TH P ) . G T . A N G C )  GO TO 202 332
IF(Ae S(T HP)  .GT.AN GB ) GO TO 1600 333

33’.
GO ~ O 2 00 335

i~~O 0 CONTI NUE 336
EX=EX ‘(i.0—RANF (DUM ))” (1 . 0/i.3~ ) .537
VA= S Q P T ( 2 . C ’ E X/ A M P )  3 3 €
~1f .=lA4SIN(T I1P) 339
V T T :VA ’COS (THP )  34 0
IF (K8.EQ.3) GO TO 201 34.1

~~
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GO TO 27 34.2
1600 CONTINUE 34.3

EX=EX ‘- (1.0—RANF (OUM))” (1.0/t.35) 3l~4
VA=SDRT (2.O*EXfAMP ) 34.5
IF:— VA ’SINITHP) 34.6
V TT=VA 4COS (TH~ ) 34.7’

IF (K7 .E Q .3) GO TO 200 348
GO TO 27 349

200 CONTINUE 350
IAB =MCO (K4,K23 351
IF( IA B.EQ.0) 1(4=0 3~~2K5 K4 353
IFUA e .EQ .0)  GO TO 27 35’
GO TO 2 02 35~

201 CONTINUE 356
IAC MOC (N6,Kg)
IF( IAC . EQ .0)  P,16=0 358

359
IF( IAC.EQ .0) t 0  TO 27 3~,r

2’~2 C C N T I N tJE 36 1
CNT =CNT+ 1 362
IF(CNT .GE.TOT )  50 10 500 353
GO TO 40 364.

400 CONTINUE 3~~5
C SET UP MAT R IX AT EXIT APERTURE OF FLATES 3~~6

00 ~ 20 N=1, ’~19 36 7
IF(71 .G E.( N— 1)4 H/N9 .AN D.Z t .LT .N’ H/N9 ) N 1 N  368

42 0 CONTINUE
00 4. 30 N 1,N9 3 7 0
RRR1=R1+ (N— 1)4WI Di/ N 9 371
RRF 2=R1+N4WICI/N9 3/2
IF (R.GE.PRRI.AN 0.R.LT.RRR2) N2=N 373

430 CONT INUE 37~
A MAT ( N 1 ,  N2) A H A T ( N 1 , N 2 )* 1 .O  37~C DO WE ~1IT T’lE CHANNELT RON? 376
R~ = ( P 1+ R2 B )/ 2 . 0  3 7 7

C FULL OE FOFEST ESA CA RDS 378
OIS2= -~L3 379
OT=01S2/ %Tt 38,
XX=O.O 381
JXX=~lTT 382

VT=VOLTI 383
011:0.1401 384.
TT=C.0
ACC=OCi4PIP’ilT/01S2 386

4.60 CONTINUE 3~~7
TT =TT 4C TT 388

X X = X X + V X X ’ O T T — A C C ’ J T T ” 2 / 2 .  C 3 e 9
~X X = 1X X — A CC~~DTT 390

C OC ES LOW—ENERG Y EL E CT F ON STOP - 3~~iIF (V X X .LE.0.0)  GO TO 202 3 2

38 BEST AVA!M3; E copy
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IF(XX .LT.OIS2 ) GO 10 4.60 393
R=f -+ V P4 TT 3~ ’.
Z 1=Z 1+~~Z ’TT 3q5
IF( IJ .NE.0)  P5 1.77E-03 3~3 E
IF( IJ .NE.0)  Rg =—R c 397
R4.=A3S (PQ_R9_R ) 398

C PUlL OUT CEFOREST CARDS 3-~9
IF (p..LT.(RR_ A 2/2.o).Oc.R .GT. (RR ÷A2/2.0)) r-o TO 20? 1 + 0 0
IF(71.GT.~3 2 . O R . Z 1 . L T . C . 0 )  GO TO 202 4.31
Pi )A = SCR T (R 4 .” 2 . - (Z 1 — 02 / 2 . 0 — R 5 ) ” 2 )  ,02

SQRT (P~+ ’4 2 + ( Z 1 — ) 2 / 2 .r+ P5 )”2 )
IF (~~4 .G T .R5.AND .R’+B.GT.R ~

) GO TO 2 0 ?
IF (IK.GE.2) AX( K1~ ) =AX (K1 3) +1.0 ~05

COUNT=COU NT+1
G O TO 2 02 L : 7

~~~~~~~ CONTINUE L~~0~~~

EFF(K)=C OUNT/CNT
IF( IK.GE .2) A X ( K 1 3 )  :A X ( Kj 3 )  /C~4T 1+ 10

EG (K)=EE (K)/i .EE—19 ~i1
C NN TA C NNTA +CNTA
PR INT 5 C 7 , E G ( K ) , C N T A ,CNNTA 4 j 3

507 FODMAT( 1X ,4 AT ENERGY = 4,1PEIO.?,’ EV NUt~~E~ OF P A  & j I .~

+RTIC LES 41.4
1 THROUGH APERTURE = ~ ,0cF10.2, ~ RUNt-.IP~1G TOTA L-= ‘,Ur F 10.2
IF (II.EO .1) GO TO 630 ‘-1€
E99 EG (K)/t .OE 03 1’ lT

EFI=1.0
TE~~P EG (K)
EG (K)=EG (K )—-I T+DOST ‘i2C
IF (PART .EO .ELEC .AN) .EG(K).CE.1.CE 03. ttN~).EG (K) .LE.5 .0t 0 1+21

+6) 421
1 FFI 1 . 0 — ( 2 . 0 / ( 3 . 0 4 6 . 5/ ( E 9 9  —0 .5) +30.l (E9) — 0 . 1 ~) ’~- 3 ) )  b22
IF (~~ART .EQ .ELEC .AND .~~G (K).GE .1C.O .AND.EG (K).LE.70.) EFI=0 423

+ .104 EG ( K )  1+23
1’-~- 0 . E 1 5
I F (PAFT.E Q .ELEC .A D.E G (K ) .GE .200.AND .IJ .NE .0)EFI ~~~.199/EG 425

4.25
A7 1+26
IF (PAFT. EQ .Et.EC .ANC .EG (K).LT .2C0.AND .IJ.NE.0)cFI~~~.9E—0~. 427

+EG (V )~~4i. 1,27
A 3 6  ‘-28

EG( K)~~T EMP 4.29
IF( IK.G E.2) A X ( K 1~

) :A ’~(K13) ’ EFI L~30
IF( IK.GE.2)  GO TO 4.4 0 432.

• E FF(K):EFF(K)’EFI 1+32
IF(IJ.EO.2) EFF(K) =E FF (K) ~2. OE 06  4*33
IF( P~CD (K ,M7) .NE. C ) GO TO 41+0

E 1=EF(K— ~17+1)/1.6E—19 
l~35

E2 = E E( K)/ 1 .~iE— 19 1+3 6
A N7 =t ’7  ‘~37
DO ‘35 N:1,149

DC~T A I IAU ~~ r r-~r~~ .’L)UI I i VI U i . J L J  L~ a ’
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S(JP4I~~N)=0.~) 439
00 ‘i35 I1,’19
SUt 11(N) SUM I ( N) +A M AT ( I , N) 44. 1

4.35 CONTINUE 44.2
A N8 N74TOT 41,3

PRINT 1+33,Et,E2, ( (A M A Tt h I , N2) , N2=1,U9 ) ,Nt l, N9) , (SU~~1. (N. ) , 4.~.L.

+N=1,N 9)- , 4.44
IA N8 44 5

1.33 FO FPIAT ( 1X ,’EFFICIENC Y ~4ATR IX  FOR EXIT AP ERT UF’- E OF ESA F LA 446
+TES FRCM
1ENE PGY= 4 ,IPE1 0.2,4EV ~~,4TO~~,1PE 10,2,~~EV4f 0P!Fj0 ,2/5F10.2I5 447
+F1O.2/5F1 ‘~~7’
Zo.2/cF 1o.2/1x ,.TOTaLS-~/5F1o .2,’PARTICLES TRACEC :’,IPEIC .2 4’~e
+1/)

DO 438 1=1,1_ a 4’IS
00 4.38 N=1,iU 45C
AMAT ( I,N)=0,O 451

438 CONTINUE 452
440 CONTINUE 4 3

IF(IK.GE.2) 1(13=1 (1341
IF (IK.GE.2 .AND.K1 3.LT.N11) GO TO 37
IF (IK.GE.2) GO TO 610 ‘-56

GO TO 600 45 7
600 CONTINUE 1+58

CALL !IHP 1+59
610 CCNT INUE 460

IF(IK .EC.3) PRINT 61.3 (+61
613 FC RMAT ( 1X , ’AN G ULAP SCAN IN Z—FL ANE’) 1.62

IF(IK Er).2) ~ RINT 6 0 9  1+63
609 FC PMAT ( IX ,-’ e’ IGULAP S CAN IN R— FLANE’) 4.64

IF(IK.G~.2) PRINT 611, (TH M (K),AX (K),K 1,NI1) 4.65
611 FOI?MAT((IPI2E1O.?)) 4.66

IF(IK.GE.2) GO TO 24
630 CONT INUE 4.68

T HR TH~ +AA 1+69
IF (IJ.EO.2) PRINT 740,THP 470

740 FOPMA T (1X ,4ELECT RO tS FRO PI GUN INCIDENT ON A PERTURE AT AN 471
+ANGL E CF 4.71

740 A ‘,F7.2,’ DEG’) 4.72
PRINT 51 ~7351 FO P MAT ( IX ,’EFFICIENC V OF CHANNELTRON TO SEE PARTICLES’) ‘+7’.
PR INT S 5 , ( E G( K) , E F F ( K) , K= 1 , N5) 475

55 FOPMA T (IX ,’ENERGY — EFF ICIENCV4/(IP1OEI2.2) ) ‘+76
G1=G~ r ,INT 1.77
PRINT 63,GIPIT ,G1 478

33 FOPMAT (jX ,’INTEGRAL. OF CHANN . EFFIC. ’,IPE1O.4,’ EV’,3X,’ 4.79
+NOP’4ALIZA
ITION FACTOR FOR ENTI RE ESA : ,IPE1O.4,’ CPI SC—S R—EV 4 ) 4.80
HH=G1/EA ‘-81
PRINT 67,HH 4.52

F? FORMAT ( IX ,’DEFOREST H— FA CT O R=’ ,IPElO. ie ,’ C P4 SO—! R’)  ~83

GO TO 1 484
— END

BEST AVARABIE cop’?
40
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SUP~ OUTINE SIP4~OIP~ENSION EFF(2 00 ) , E G ( 2 0 0 )  ~87
COP4~1ON/F1/ EFF,€G ,OEL E ,N5 ,GINT

C SIrPSON PULE
• OEL=DELE/1.GE—19 49(

N6 N c—3 491
N7 N5— 2 ‘92

• S Ur i l= 0 . 0  ~193
DO 10 J=3 ,N6,2 494
SUP~1 SUMi+EFF(J) 4.95

10 CO NTINUE 496
SUH2 O. 0 49?
00 20 J=2 ,N7,2 498
SUM2 SUM2+EFF(J)

20 CONT INUE 500
GINT (EFF (1)+EFF (N5—1) +4..O4SUM2# 2.O’SUM1)’DEL/3.0 sOt
RETUPt’.
ENP 503

1)’~ T A~!A ! ,*Q ! .r rn~L)&.~~l iYt LhJ~~ LLA

41 ,
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