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SUMMARY 

High-altitude EMP source currents and ionization resulting from Compton scatter­

ing of gamma rays were evaluated on the basis of the forward-scattering approximation 

and approximations to the actual angular distribution of the Compton electrons. Large 

differences were noted between results of the most accurate approximation and th'!! 

forward-scattering approximation for .the case of relativistic Compton electrons, espe• 

cially at late times. Accuracy at late times required a more accurate approximation than 

at early times. A special forward-scattering approximation wu tested which should allow 

accurate evaluatior, of peak fields below the source region. 
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THE EFFECT OF ANGULAR DISTRIBUTION OF COMPTON ELECTRONS 

ON HIGH-ALTITUDE EMP SOURCE CURRENTS 

I. INTRODUCTION 

l. Subject. The evaluation of the strtngth and time dependence of the electro­
magnetic pulse (EMP) from a high-altitude nuclear burst requires that Maxwell 's equa­
tions be solved for the case of time- and space-dependent source currents and air con­
ductivity for the regions of interest. This includes the region from the surface to an 
altitude of several hundred kilometers. The principal mechanism, which will be treat.cd 
in this report, of generation of these source currents is the Compton interaction of air 
molecules which bomb-produced, high-energy photons including gamma rays and x-rays. 
The methods and results of this study have some application to pair-production and 
photoelectric processes as well. (The extensive number of graphs in this report were in­
cluded to facilitate further analysis which might be performed by the reader.) 

II. METHOD OF CALCULATION 

2. Phy1ical Alaamption. The bomb-produced photons are assumed here to be 
prompt, unscattered, monochromatic photons propagating radially from the burst with 
a flux amplitude time dependence of the form 

A at f(t)= __ e_ 
1 + B ebt 

which is an exponentially rising and exponentially decaying function of time, t, using 
the followinf arbitrary and hypothetical values: a = 2x toB sec- 1; b = 3x I 08 sec- l; 
and B = e-1 . A is arbitrary here and would be a function 'of the bomb yield. Thus the 
y-axis amplitude values throughout this report are arbitrary. The function , f(t) , reaches 
11 maximum at about 5.23 x 1 o-8 sec. 

The Compton electrons generated by Compton collision of the source photons 
with air molecules orbit in helical paths along the gcomagnc!.ic field lines and suffer 
kinetic-energy losses through ion pair formation during repeated collisions with air mole­
cules. The Compton interaction is governed by t!1e Klcin•Nishina differential - ca ttering 
cross-section equations. The Compton electrons are assumed to undergo a smooth degra­
dation in kinetic energy due to collisions with air molecules until they come tu r ·st. ac­
cordi.ig to the range-energy relationship: 
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R = 0.368 En g/cm2, n = 1.26 - 0.064 In E, 

where E is in 1 'V. 

Tne "average range," which is not used here, is about two-thirds of this range. The 
actual lowing-down process is random and not smooth, but the assumption of smooth­
ness is adequate for the purposes of this report. The Compton electron trajectory in 
the geomagnetic field i • calculated by numerically solving the following equations of 
motion of a charged particle in a uniform, constant magnetic field with zero electric 
field using MKS units: 

dE = 
dt 

-v dE 
dx 

"Y 
? = E/m c·· 

0 

v = <' J -y (-y+2) / (-y+l) 

da _ q B sin D 
dt m

0 (-y+l) 

v r = ( cos D cos F + sin D sin F cos a) v 

v ,p = v sin F sin a 

v9 = ( cos F sin D + sin F cos D cos a) v 

dT = 1 - vr c 
dt 

where E is the Compton eler.tron energy and dE is given by the derivative of the range-
I • h' • h ddx energy re ahons 1p wtt respect to range an 

where: 

v = speed of the Compton electron 

m = rest mass of electron 

= speed of light 
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D 

F 

T 

= 

= 

= 

= 

= 

= 

= 

= 

= 

angle of turning of Compton electron in the geomagnetic field at 
time, t 

electron charge 

magnitude of 'the geomagnetic field 

angle between the radius vector from the burst and the geomagnetic 
field vector 

angle between the Compton electron initial velocity vector and the 
geomagnetic field vector at time, t = 0 

radial component of the Compton electron velocity a~ time, t 

• " " + phi component (in polar coordinates defined by rp = r x 8 / ( IBI sin D) 
" " ~ and r x s· = t/>J of tJ\e Compton electron velocity at time, t 

theta component of the Compton electron velocity at time, t 

retarded time or lag time of the Compton electron relative to the 
expanding photons from the burst. 

The effect of the EMP on the Compton electron trajectory is not evaluated. 
When the kinetic energy of the Compton electron falls to zero, it is aBSumed to have 
stopped completely. The number of positive ions is assumed to equal the number of 
free electrons 80 that there are no negative ions. 

3. Computer Code. The source currents were calculated using the NEPHl-70, 
high-altitude EMP computer code (developed at MERDC in June and July 1970) in con­
junction with a CDC 6400 computer. The computer code calculated the currents for 
each altitude evaluated as follows: 

a. The angular distribution of the Compton electrons was approximated by 
N times M individual electrons each having a unique initial direction, V ('Pi, 8j) , in spheri­
cal coordinates where i runs from I to N and j runs from I to M and where the radius 
vector from the burst is parallel to ,p = 0 and the nonradial (or transverse) component of 
the geomagnetic field is in the direction 8 = 0. The angle 8 is measured clockwise as seen 
when looking along the line of sight from lhe burst to the observer. The NM electrons 
were given equal weights. The values of the 'Pi were obtained in the following way: 
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The range of <f, from 0° to 90° was divided into N parts: (A0 , A1); 
(Ai A2) , ... (AN-l, AN) where A0 = 0°, AN = 90°, and 

~ 
~ = J P (4> , Oj) d <f,. 

~-1 

The function P (<f,, Oj) is the Klein-Nishina differential-scattering ampli­
tude normalized so that 

90° 

1 = / P(<f, , Oj)d<f,. 
oo 

The 'Pj were then moment-centered in (Ai-l • Ai) by 

A, 
I 

ct>i = N / <f, P (<f, , Oj) d <f,. 

~-] 

The initial kinetic energy assigned to the ('Pi, Oj) electron was likewise 
the moment-centered recoil energy for (~_1, Ai). The M Oj were assigned values of 
(360j - 180)/M degrees. (This process of approximating the angular distribution of the 
Compton electrons is equivalent to assigning abscissas and equal weights for a subsequent 
two-dimensional quadrature on <f, and 0. Other quadratures, such as Gaussian quadratures, 
are feasible on <f, and wiU be investigated in the future as a possible means of reducing 
computer running time for future calculations. The equal-interval quadrature on O is 
equivalent to evaluating the integral of an M-point trigonometric fit to the O dependence 
of the source currr.nts and is probably optimal since the O dependence of the source cur­
rents is periodic.) 

b. The NM source electrons thus defined were individually tracked along 
their helical trajectories, and the velocity components and energy-loss rate (due to for­
mation of ion pairs) were stored at each step along the helix as a function of the source 
time, t. The trajectory was followed by evaluating the source electron speed, energy-
loss rate, and turning frequency, !~ , and then finding the new a after a source time 

step OT. OT was taken to be the minimum of the two quantities E0 /(50 d! ) and 

20 n (where E
0 

was the initial energy of the source electron). The kinetic energy was 
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then decremented by DT (dE/dt) for each time step, DT. The trajectory was considm:cl 
terminated when the kinetic energy became zero , or negative. 

c. Th• velocity components and enrrgy -lo s rat e were thc ·n ·crnvolvc ·d wilh 
the gamma source function , f(t) , de cribcd in Parahrraph 2. Tlw uurcc· f11m:tio11 was sd 

to zero for all time ·uch that its amplitude wa • le ·s than 0.0001 of its 1wak a111plit111h- . 
A sixteen-point Gaussian 11uadrature was then performed on the non-zcru intq,rrand of 
the convolution integral for each tim~, t , de1,ircd: 

t 

J(t) = f x(t') f (t-t') dt'. 

0 

AJl currents were assumed to be zero at times, t , le than zero. 

For the cases where the Compton scattering distribution is assumed to 
be all forward (i.e., forward-scattering approximation), a fudr,e factor, Q , is applied to 
the currents but not to the ion pair density. Q is taken to be the cosine of the avcragf! 
scattering angle, also, for the usual "l x l" (see Paragraph 4, below, for explanation of 
the notation) forward-scattering approximation. Two special forward-scattering approxi-

mations were also studied. One, denoted as the l x lA approximation , used ~; = I -

(v/c) (average cos</,) and Q = average cos</,. The other, denoted as \he I x I B approxi­

mation, used~; = l - ½ (vr/c) and Q = V2 + Y2 (average cos <J, ). 

d. The resultant convolved current and ion pair density (equal to electron 
number density) values were stored on magnetic tape for later retrieval and plotting by 
the MERDC data retrieval and plotting code, BUDDHA. 

4. Parameters. There were several parameters that were varied to obtain the re­
sults presented here. Results were calculated for all combinativ,.~ of three gamma ray 
energies (1.5, 0.5, and 0.1 Mev) , four altitudes above the USA (80, 60, 40, and 20 km), 
and two angles between the line of s;ght and the geomagnetic field (77.8° and 19.3°). 
These three parameters are termed "primary" parameters here. For each combination 
of primary parameters, some secondary parameters were varied. The secondary param­
eters were nine orders of approximation to the angular distribution of the Compton 
electrons (ranging from a 4-point to a 256-point approximation), three types of forward­
scattering approximations (i.e., scattering angle is zero), and two gamma flux amplitude 
time history functions (including f(t), described in Paragraph 2, and a delta function 
time history). 
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Thl' r • ·ull • ar • portra ·d in 126 figures. Tables I through IV, Appendix A, 
d1·.wilw lhl' par am ·t ·r values u ·d tog ·ncrate the data found in each figure ( Figs. I 
I hrou~h 126, pp<'ndix B). Th • notation "4x8" means the angular distribution was 
appnl\ i111at1·d Ly a 4 times 8 point distribution with N=4 and M=8. 

Th,· amount of computer time consumed in the calculations was proportional 
lo time M o that the 16 x 16 result took 256 times more computer time than the 
I I re ·ult •. 

111. DISCUSSION 

5. Re•dts. In the following discussion, it is assumed that the more de-
laill'd approximation tend to yield more accurate an wers (all figures are located 
in ppcndix 0). 

Figure 1 through 8 portray the currents and ion (electron) densit)' for early 
time (zero to IOO ns) for ten angular distribution approximations, for the case of one 
altitud • (80 km), one gamma ray energy (l.5 Mev), a~ two line-of-sight geomagnetic 
field angles (77.8° and 19.3°). The time histories differ strongly as function of the 
angular distribution up to the 4 x 4 arrangement. For N greriter than 4, the cL•.Tents 
and ion densities do not differ appreciably. Thus, accurate time histories may be ob­
tained for the first 100 ns with a 16-electron (N=4, M=4) approximation. 

Figur s 9 through 24 portray the currents and ion (electron) density for late 
time (zero to 4 microsec) for the same parametcr8. The 4 x 4 approximation maintains 
fair accuracy out to about 0.5 microsec but lo8t't1 accuracy badly thereafkr. In fact, it 
appears that the more electrons in the approximation, the later in time are accurate cur­
rent and ion densities obtained. The converse argues thAt any finite approximation to 
the angular distribution will fail to give arnurate currents and ion densities after a certain 
time, and the less detailed approximations fail earlier. The 6 x 8 approximation holds 
well vut tu l.5 microsec, but only the 12 x 16 approximation weathers the difficult 
2-microsec region with goc 1 accuracy; the latter also holds well out to about 3 microsec. 

It is evident that the ion density is less sensitive to the angular distribution ap­
proximation than are the curre11t components. 

It is alii,o evident that, for 1.5-Mev gammas and 80-km altitude, there is a drastic 
difference between the currents obtained from the 1 x l forward-scattering model and 
the 16 x 16 angular-distribution model for times after l microsec. T' is would lead to 
very different. EMP fields calculated from them. 
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Figures 25 through 42 portray the currents and ion (elect.run) density for 
late time (zero to 4 microsec), for five angular distribution approximations, for th•· case 
of one altitude (80 km), two line of sight- geomagnetic field angles (77.8° and 19.3°) 
and three gamma ray energies (1.5, 0.5, and 0.1 Mev). As observed earlier, the tim • 
histories differ sharply for different approximations in the 1.5-Mev gamma case: it ap­
pears that the current time histories differ less sharply for 0.5-Mev gammas and diff cr 
little for 0.1-Mev gammas. The ion density description using forward scattering docs 
not improve so much with decreasing gamma energy, and the 1 x 1 approximation rrsult 
is high by about 40% r.t 4 microsec for 0.1 -Mev gammas. 

This result suggests that the effect of the angular distribution of the Compton 
electrons is primarily a relativistic effect-greater for gamma energies above 0.5 Mcv and 
less for gamma energies below 0.5 Mev. 

f igures 43 through 66 portray the currents and ion (electron) ,density for 
early time (zero to 100 ns), for four angular distribution approximations (including the 
three forward-scattering approximations 1 x 1, 1 x IA, and 1 x I B, and the 16 x 16 
angular-distribution approximation). These are for the case of two altitudes (80 and 20 
km), two line of sight - geomagnetic field angles (77.8° and 19.3°), and three gamma 
ray energies (1.5, 0.5, and 0.1 Mev). Since the phi component and radial component 
dominate the theta component of the EMP el'!ctric fields and since the high-altitude 
burst fields measured on the surface are governed by the phi current and electron den­
sity (essentially equal to the ion density) at the lower edge of the source region (about 
15- to 25-km altitude) for large yield bursts, it is of interest to compare the radial and 
phi currents and ion density for the 16 x 16, 1 x 1, I x IA, and 1 x lB approximations 
with particular importance laid on the 20-km altitude results. 

It is seen by examining Figures 43 through 66 that the 16 x 16 approximation 
results are closely followed by the 1 x 18 approximation results for 1.5-Mcv gammas, 
particularly at 20-km altitude, up to a time of about 60 ns. For 0.5-Mev gammas, the 
1 x 1B results are ck -' to the 16 x 16 results for the first 60 ns except for the phi cur­
rent at 20-km altitude where the 16 x 16 results are not followed closely by any of the 
forward-scattering approximations. For 0.1-Mev gammas, th,• 16 x 16 results are followed 
best by the 1 x 1 results at 80-km altitude and by the 1 x IA results at 20-km altitude. 

Since the burst gamma output is "hardened up" to several Mev average energy 
at the lower source region, it appears that the 1 x 18 approximation would suffice to ob­
tain accurate radial a, d phi currents and electron densities at aU altitudes for the first 60 
ns for bursts producing gammas of energy 0.5 Mev and greater. Thi period of time ex­
tends past the gamma tlux peak in time and also past the time of peak EMP total electric· 
field for altitudes less than roughly 50-km altitude. Thus. for low-altitude field mapping 
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of peak fo·!ds, the I x 1B forward-scattering approximation appears to be an accept­
ahle alternative to the more detailed and time consuming angular-distribution 
approximations. 

Fib•urcs 67 through 102 portray the cuirents and ion (electron) density for 
late tinw (zero to 4 microscc), for the l x l forward-scattering and 16 x 16 angular­
scatt ering approximations, for th , case of three altitudes (80, 60, and 40 km), two line 
of sight - geomagnetic field angles (77.8° and 19.3°), and three gamma ray energies 
( 1.5, 0.5, and 0 .1 Mev). These results illustrate the fact that relativistic Compton elec­
trons generat e source current s that have different time histories than indicated by the 
forward-scattering model especially at higher altitudes. On the other hand, EMP at 
higher altitudes (greater than 80 km, roughly) is dominated by X-rays instead of gamma 
rays so that the l x I forward-scattering approximation may be used safely to calculate 
EMP in the "X-ray source region" into the microsecond time region if the ion density is 
multiplied by a time-dependent correction factor. Comparison of Figures 79 and 97 
suggests the correction factor will be a slight function of the angle between the line of 
sight and the geomagnetic field. Comparis..m of Figures 79 and 81 suggests the correc­
tion factor may depend on the source electron lifetime and, hence, the altitude. 

Figures l03 through 126 portray the currents and ion (electron) density for 
lat· time (zero lo 4 mierosP-c), for a delta function gamma flux time dependence and 
the f(t) gamma flux time dependence d, ~cribed earlier and used throughout the previous 
figures. These arc for the case of a 16 x io angular-distribution approximation, one alti­
tude (80 km), three gamma ray energies ( 1.5, 0.5, and 0.1 Mcv), and two line of sight -
geomagnetic field angles (77.8° and 19.3°). In each case, the results for the two gamma 
source functions agree very well for times after about 150 ns. This means that it is not 
necessary to convolve the gamma source function with the source electron trajectory 
clements to obtain accurate source currents and ion density for times at least of the 
order of 100 ns after the gamma flux peak. A simple (and fast) folding with a delta 
f u:iction gamma source function will usually suffice. For times closer to the gamma­
flu~ peak, however, the full convolution must still be performed to obtain accurate 
answers. 

The exceptionally sharp peak in the currents occurring at very early time is 
probably spurious bt'.causc the NEPHI 70 computer code was not built to fold a delta 
function and had to be fooled rather badly to do it. 

IV. CONCLUSIONS 

6. Conclusions. For high-altitude EMP source current and ionization amplitudes 
and time hi tories, calculated results based on the assumption of forward Compton 
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cattcring differ markedly from cal ulatcd m;:ult s Lased 011 approximations lo lhl' 
actual angular distribution of th Compton scattering. 

For times earlier than about 500 ns after the gamma-flux peal-. , tlw currents 
and ionization can be accurately eva luated by u ing only 16 cledron in the a1w11lar­
distribution approximation (the 4 x 4 model) for all altitudes and gamma rnergi,·s 
tudied. For 1.5-Mev gammas, a modification of the forward -scattering a surnptio11 

(the l x I B model) accurately cvaluat.e • the currn1ts and ionization 11p to about IO ns 
att~r the gamma-flux peak and may thus he u eful for peak fidd calculation ' . 

For 1.5-Mev gammas, the following statement s appear true: For time · later 
than about 500 ns after the gamma flux peak , the angular-distribution approximation 
requires more and more electrons than 16 ; accuracy to 1.5 micro ccond require al 
least 48 electrons (the 6 x 8 model) ; and accuracy to 3.0 microsecond requires al 
least 192 electrons (the 12 x 16 model) for an arbitrary angle between the line· of sight 
and the geomagnetic field. 

For 0.5--Mev gammas, th•! accuracy is maintained to slightly later limes than 
for 1.5-Mev gammas for the same scattering approximations. For O.l-1\tev th e forw ,ml­
Lcatlering approximation (l x I model) yields fair accuracy for the currents out lo the 
latest time considered here, 4 microseconds, and the 4 x 4 approximation give good 
accuracy. A time-:.ierl"ndent correction factor may be applied to the l x l ionization 
results for 0.1 Mev to improve accuracy. Thus, nonrelativistic Compton electrons can 
be treated with the forward-scattering model at higher altitudes (mon: than 60 km). 
These electrons are not effective in generating EMP at lower altitudes. 

It appears that a delta function gamma flux time dependence may be assumed 
without significantly affecting accuracy when calculating source currents and ionization 
at limes later than about 100 ns after the gamma flux peak. 
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appendix a

TABLES

Table 1. Parameter Values for Figures

SET fl 
SET B 
SET C 
SET 0 
SET E

1X1. 1X4. 2X4. 2XB. 4X4. 4XB. 6X8. 8XB. 12X16. 16X16
1X1. 1X4. 2X4. 2XB. 4X4. 16X16
1X1. 4X8. 6X8. 8X8. 12X16. 16X16
1X1. 1X4. 4X4. 8X8. 16X16
1X1. IXin. 1X18. 16X16

FIGURE

NUnBER

VRRIRBLE

PLOTTED

nRxinuN 
TIME (NS)

RLTITUDE
IKH1

GflltllR ENERGY 
I HEX)___

1
2
3
4
5
6
7
8
9
10 
11 
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32

Jr
Jr

5
Je
N
H
Jr
Jr
Jr
Jr

I
Je
Je
Je
Je
N
N
N
N

I
J»
■k
J»
Jr
Jr

100 80 1.5

100 80 1.5

too 80 1.5

too 80 1.5

100 80 1.5

100 80 1.5

100 80 1.5

100 80 1.5

4000 80 1.5

4000 80 1.5

4000 80 l.S

-000 80 l.S

4000 80 l.S

4000 80 l.S

4000 80 1.5

4000 80 1.5

<000 80 1.5

4000 80 1.5

4000 80 l.S

4000 80 1.5

4000 80 1.5

4000 80 1.5

4000 80 1.5

4000 80 1.5

4000 80 1.5

4000 80 0.5

4000 8G 0.1

4000 80 1.5

4000 80 0.5

4000 80 0.1

4000 80 1.5

4000 80 0.5

RNCLE BETHEEN 
8 RND 'DECREESI 

77.8

C0HPT0N SCRTTERING 
fiPPROXlHRTlDN

SOURCE
FUNCTION

19.3
77.8
19.3
77.8
19.3
77.8
19.3
77.8r».8
19.3
19.3
77.8
77.8
19.3
19.3
77.8
77.9 
19.3 
19.3 
77.8 
77.8 
19.3 
19.3 
77.8 
77.8 
77.8 
19.3 
19.3 
19.3 
77.8 
77.8

SET fl 
SET fl 
SET fl 
SET fl 
SET fl 
SET fl 
SET fl 
SET P 
SET 8 
SET C 
SET 8 
SET C 
SET 8 
SET C 
SET 8 
SET C 
SET 8 
SET C 
SET 8 
SET C 
SET B 
SET C 
SET B 
SET C 
SET 0 
SET 0 
SET 0 
SET 8 
SET 0 
SET 0 
SET 0 
SET 0

FITI
fill
FlTl
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FITI
Fill
FITI
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FITI

Fill
Fill
Fill
Fill
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Fill
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Fin
Fin

Fin

Fin
Fin
Fin
Fin
Fin

Fin

Fin
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Table II. Parameter Values for Figures (cont’d)

SET R : 1X1. 1X4. 2X4. 2X8. 4X4. 4X8. 6X8. 8X8. 12X16. 16X16
SET B : 1X1. 1X4. 2X4. 2X8. 4X4. 16X16
SET C : 1X1. 4X8. 6X8. BXB. 12X16. 16X16
SET 0 : 1X1. 1X4. 4X4. 8X6. 16X16
SET E : 1X1. 1X1R. 1X18. 16X16

io

FIGURE VRRIflBLE HflXinUN RLTITUK Dflmfl ERERGY BNGIE BETREEM 
RilHBER PLOTTED TIRE IRS) (Kfll IHEVI 8 RRD R (DEGREESI

33
34
35
36
37

38
39
40
41
42
43
44
45
46
47

48
49

50
51
52
53
54

55
56
57

58
59
60 
61 
62
63
64

Or
Jr
Jr
R
R
R
R
R
R

\ tR 
Jr tJ* 
Jk CR 
Jr tJe 
J» tR 
Jr tJe 
JU CR 
Jr tJe 
JU CR 
Jr tJe 
J» CR 
Jr tJe 
J» CR 
Jr tJe 
J» CR 
Jr tJe 
J» CR 
Jr tJe
‘N

Jr tJe 
J» CR
Jr tJe

4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100too
100
100
100
100
100

80
60
80
80
80
80
80
60
80
80
80
80
20
20
80
80
20
20
80
80
20
20
60
80
20
20
80
80
20

20
80
80

0.1
1.5 
O.S 
0.1
1.5 
0.5 
0.1
1.5 
O.S 
0.1
1.5
1.5 
l.S 
l.S 
O.S 
O.S 
O.S 
O.S 
0.1 
o.i 
0.1 
0.1 
l.S 
l.S 
l.S 
l.S 
O.S 
0.S 
O.S 
O.S 
0.1 
0.1

COnPTOR SCRTTERIRG SOURCE 
flPPROXIIWnOR FUNCTIOR

77.8
19.3
19.3
19.3
77.8
77.8
77.8
19.3
19.3
19.3
77.8
77.8
77.8
77.8
77.8
77.8
77.8
77.8
77.8
77.8
77.8
77.8
19.3
19.3
19.3
19.3
19.3
19.3
19.3
19.3
19.3
19.3

SET 0 
SET 0 
SET 0 
SET 0 
SET 0 
SET 0 
SET 0 
SET 0 
SET 0 
SET 0 
SET E 
SET E 
SET E 
SET E 
SET E 
SET E 
SET E 
SET E 
SET E 
SET E 
SET E 
SET E 
SET E 
SET E 
SET E 
SET E 
SET E 
SET E 
SET E 
SET E 
SET E 
SET E

FIT!
FITI
FlTl
flTI
FIT)
FITI
FITI
FITI
FITI
FITI
FITI
FITI
FITI
FITI
FITI
FITI
FITI
FITI
FITI
FITI
FITI
Fill
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FITI
FITI
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65
66
67 
60
69
70
71
72
73
74
75
76
77
78
79
80 
81 
82
83
84

85
86 
87

68
89
90
91
92
93
94

95
96

* 1

Table III. Parameter Values for Figures (eont’d)

sti n:

SEI B : 
SE! C : 
SET 0 : 
SET E :

IXI. 1X4. 2X4. 2X6. 4X4. 4X8. 6X8. 8X8. 12X16. 16X16
IXt. 1X4. 2X4. 2X8. 4X4. 16X16
1X1. 4X8. 6X8. 8X6. 12X16. 16X16
1X1. 1X4. 4X4. 8X8. 16X16
1X1. IXIR. 1X18. 16X16

FI CURE 
NUnBER

VRRIRBIE

PLOTTED

nRXinUN 
TIRE INSI

RLTITUDE

ixni

CRIWR ENERGY 
IBEVI

RNGIE BETNEEN 
8 RND R lOEGREESI

COMPTON SCRTTERIN6 
flfPROXllWTlON

SOURCE

FUNCTION

Jk tN 
Jr CJ* 

CN 
tJe 
CN 
tJ, 
CN 
tJe 
CN 
tJe 
CN

CN 
CJ, 
CN 
tJ* 
CN 
tJ^ 
CN 
CJ, 
CN 
CJ, 

J» CN 
Jr tJo 
4 CN 
Jr tJ« 

CN 
Jr tJ» 
Jt CN 
Jr tJ, 
4 CN 
Jr tJ,

J*
Jr

Jr

4
Jr

i
i

100
100
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
4000
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20
80
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40
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80
80
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40
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60
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40
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80
80
60
60
40

40

0.!
0.1
I.S
I.S
I.S
1.5
1.5
1.5 
O.S 
0.5 
0.5 
O.S 
O.S 
O.S 
0.1 
0.| 
0.1 
0.1 
0.1 
0.1 
I.S
1.5
1.5
1.5 
I.S 
I.S 
O.S 
O.S 
O.S 
O.S 
O.S 
O.S

19.3
19.3
77.8
77.8
77.8
77.8
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77.8
77.8
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77.8
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77.8
77.8
77.P

77.8
77.8
77.8
77.8
19.3
19.3
19.3
19.3 
19.3 
19.3 
19.3 
19.3 
19.3 
19.3 
19.3 
19.3

SET E 
SET E

IXI C 16X18 
1X1 C16X16 
1X1 116X16 
IXI t 16X18 
IXI C 16X16 
IXI C 16X16 
IXI C 16X16 
IXI C 16X16 
1X1 C 16X16 
IXI t 16X16 
IXI t 16X16 
1X1 t16X16 
1X1 t 16X16 
IXI C 16X16 
1X1 t 16X16 
1X1 C 16X16 
IXI t 16X16 
IXI C 16X16 
IXI C 16X16 
IXI C 16X16 
1X1 C 16X16 
IXI i 16X16 
IXI t 16X16 
1X1 C 16X16 
IXI C16X16 
1X1 C 16X16 
1X1 C 16X16 
IXt t 16X16 
IXI t 16X16 
1X1 t 16X16

Fill
Fill
FITI
Fill
Fill
FITI
Fill
Fill
Fill
Fill
Fill
Fill
Fill
FITI
Fill
Fill
Fill
FITI
FITI
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FITI
FITI
Fill
Fill
Fill
FITI
FITI
FITI
FITI
FITI
FITI
FITI



Table IV. Parameter Values for Figures (conl’d)

SET R ; IXI. 1X4. 2X4. 2X8. 4X4. 4X8. 6.:8. 8X8. 12X16. I6XIS
SET 8 : IXI. 1X4. 2X4. 2X8. 4X4. 16X16
SET C : 1X1. 4X8. 6X8. 8X8. 12X16. 16X16
SET 0 : IXI. 1X4. 4X4. 6X6. 16X16
SET E : IXI. IXIR. IXIB. 16X16

FIGURE

NUH6ER

VARIABLE

PLOTTED

nAxinun 
TIHE INS)

ALTITUDE

IKd)

GAintR ENERGT 
IHEVI

ANGLE BETHEEN CODPTON SCATTERING SOURCE

97
98
99
100 
101 
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103
104 
IDS 
106
107

108 
109
no
111
112
113
114

115
116
117
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119
120 
121 
122
123
124
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126

J» tN
Jr tJe 
4 tN 
Jr tJ, 
Jk CN 
Jr tJ, 

Jr

?
Jf

?
Jr

?
Jr

t
Jr

?
Jr

i
N
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4000
4000
4000
4000
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4000
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4000
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4000
4000
4000
4000
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60
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80
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80
80
80
80
80
80
80
80
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0.1
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0.1
0.1
0.1
0.1
1.5
1.5
1.5 
1.5 
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0.5 
0.5 
0.5 
0.| 
0.1 
0.1 
0.1 
1.5 
1.5 
1.5 
1.5 
0.5 
0.5 
0.5 
0.5 
0.1 
0.| 
0.1 
0.1

19.3 IXI t 16X16 FIT)
19.3 IXI t 16X16 FIT)
19.3 IXI t 16X16 FIT)
19.3 IXI t 16X16 FIT)
19.3 1X1 t 16X16 FIT)
19.3 IXI t 16X16 FIT)
77.8 16X16 FIT) taT)
77.8 16X16 FIT) taT)
77.8 16X16 FIT) taT)
77.8 16X16 FIT) taT)
77.8
77.8
77.8
77.8
77.8
77.8
77.8
77.8
19.3
19.3
19.3
19.3
19.3
19.3
19.3
19.3
19.3
19.3
19.3

19.3

16X16
16X16
16X16
16X16
16X16
16X16
16X16
16X16
16X16
16X16
16X16
16X16
16X16
16X16
16X16
16X16
16X16
16X16
16X16
16X16

FIT) C8IT)
FIT) tan
FIT) taT) 
FIT) taT) 
FIT) taT) 
FIT) taT) 
FIT) taT) 
FIT) taT) 
FIT) taT) 
FIT) taT) 
FIT) taT) 
FIT) taT)
FIT) tan
FIT) taT) 
FIT) taT) 
FIT) tan 
FIT) taT) 
FIT) taT) 
FIT) taT) 
FIT) taT)
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Fig. 60. Calculated Results for Parameter Set 60. 
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Fig. 79. Calculated Results for Parameter Set 79. 
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94 

1,00 
I -4 I 

N 
• • • "' ~ 
"' E 

• "' IL .,, 
"' • 
"' IL 
E 
0: 

- I ,00 
I -4 I 



2,50 
I • l I 

N 

• • II: .., 
~ .., 
E 

II: 
~ 0 .oo 
II> .., 
II: .., 
CL 
E 
cs: 

- 2.so 
I - 3 I 

2.00 
TINE• 10·• 

--- L J•PIII 11111 lLlC 
- - - - - I COIID •lLlCI 11111 lLIC 

• • • • • • • L J•PIII Ill ILIC 
. .. . . .. .. .• •• I t••lLICI Ill ILIC 

11, J-PHI ANO ELEC DENS 110 KN, 0.1 NEY, 77.1 0£01 

Fig. 81. Calculated Results for Parameter Set 81. 

95 

,.so 
l•ll II 

... 
• • • .., 
~ 

w ... .,, 
I • ... 
u .., 
~ .., 

-1 .50 
I •II I 



J.00 
I · ] I 

N 
• • a,: .., ... .., 
I: 

a,: 

~ o. 0 
I 

2.00 
Tl"E • 10·• 

3.00 

· 3-00 
I • 3 I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' I 
I : I 
I I 
I I 
I • I 
\ : I 
I : I 
I ; I 
I : I 
\ : I 
I ; I 

'°~' 

I 
I 
I 

' I 
I 
I 

--- l J·IIIIOIIII. 11111 IUC 
- • • - • I J • flCfl 11111 IUC 

• • • • • • • l J•IIIIOIIII. Ill ILIC 
........ . .... I J•f .. fl Ill Ille 

12. J-RAOIAl -ANO J-THETAIIO K"• 0,1 "£¥, 77,1 0£01 

Fig. 82. Calculated Results for Parameter Set 82. 

96 

&.so 
I -4 I 

N 

• • • 
"' ► 
"' & 

• 4 00 "' L 

V, 

"' • 
"' L 
& 
C 

-&.so 
I -4 I 



Ii 

Ii 
I: 

[ , 

I 

' 

i 

1, 
,,, 

' 

1, 

\ 
I 

,, 

I> 

I' 

I:, 
2.00 
I · 4 I 

:i 

;, 

' 

!, 

,,, 

N 

• • CIC .... ... .... 
lC 

CIC 

:t' 0. 
II) .... 
CIC .... 
CL 
lC 
er 

-2,00 
I • 4 I 

~------------------------

00 I .oo 
T l"E 

--- L J·""I Ill II lllC 
- - - - - I CDIIIMLlCI 11111 lLlC 

2.00 3.00 

• 10 ·• 

• • • • • • • L J•PIII Ill lLIC 
...... ....... I CN·lLICI 111 IUC 

83. J·PHI ANO ELEC DENS 140 K"• 0,1 "EY, 11,1 OEOI 

Fig. 83. Calculated Results for Parameter Set 83. 
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Fig. 87. Calculated Results for Parameter Set 87. 
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