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TEE Scattering OF GAMMA RAYS IN AN EKKWENTIAL AIIWS13HIRll

by

E. D. Caahwell, Conrad Loogmire,and J. R. Neergeard

ABSTRACT

In da.uiyingthe electromagneticsignal from the explosion of a
nuclear device at high altitudes, a problem of importance ia
%he determinationof the time dependence of a gamma-ray pulse
as it undergoe8 Compton 8cattering in the earthls atmosphere.
This report gives the results of Monte Carlo calculationsde-
SiQled to Study thiS problem.

I. Description of Problem.

In connectionwith the electromagneticpulse

produced by a high-altitudenuclear burst, it is

‘of interest to determine the time-smearingof a

gamma-ray pulse as it enters the atmos@ere and

undergoes Compkon scattering. This report gives

the results of Monte Carlo calculationsfor germne

rays with energies 0.5,1.5,end 5.0MeV which en-

ter the atmosphere in the downward vertical direc-

tion. Only those pho%ons which never fall more

than 3.2 p.ec kehind the incident beemare con-

sidered. Since this restriction rules out photons

which, as a result of scattering,are displaced

very far laterally,approximateresults for other

than vertical angles of entry can be obtained by

simple scaling, as will be described below.

In these calculationsit was assumed that the

density of electrons is given as a function of al-

titude by

/N(z) =No e-z ‘,

where

No = l.ox 1o20electrons/cc

h . 6.7kilometers.

The point z . 0 correspondsto an altitude of ap-

proximately 10 Kmabove sea level; gammas were not

carried below this altitude. The beam was started

at z . kO km, which corresmnds to a true altitude

of about 50 km; there is less then 0.1 scattering

mean free wth above this altitude for even the

lowest gamma energy considered.

The calculationswere performed using the gen-

eral Monte Carlo photon code. The latter ia a gen-

eral geometry program with the Klein-Nishine scat-

tering distributionfor Compton collisions built in

as a per~ent feature. A wide variety of informa-

tion is a~ilable as standard output, some of which

we mention below.

The flow of geumas d~ d acrosa the surface

is given at each of the infinite planes z . 0, 4,

8, 1.2,16,20,24,28,32,end 36km (the u-d

flows were found to be of negligible importance).

At each plane, the flow per source ~ticle is

given as a function of energy, angle, end retarded

time. The latter quantity denotes the time leg of

the incident gamma ray behind the direct beam. The

LU@L8r bins end the (retarded)time bins do not

vary with source energy and are aa follows:

Angle bins (COS d, where 4istheangle with the

normal to the plane)

1.0-0.9,0.9-0.75,0.75-0.6,0.6-0.

Retarded time bins:— ——

0-0.01,0.ol-5,5-lo,lo-20,20-40,40-80,

80-160,160-320shakes.

The energy bins for each source are as follows:
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Energy bins for 5.0 hfeVsource:

0.1-1,l-2, 2-3, 3-4, 4-5 MeV.

Energy bins for 1.5 MeV source:

0.1-0.3, 0.3-0.6, 0.6-0.9,0.9-1.2,1.2-l.5MeV.

Energy bins for 0.5 MeV source:

0.1-0.2,0.2-0.3,0.3-0.4,0.4-0.5WV.

We pre8ent below a table of the Compton scat-

tering cross sectionsused, which were taken from

National Bureau of Standards Circular 542, “Graphs

of the Compton Energy-AngleRelationshipand the

Kleln-NishinaFormula from 10 KeV to 500MN.” Ab-

sorption of gcuusarays is ignored in these cslcul.a-

tions.

-Cross Sections.—

IJ(MeV) Comp
g (Mev) Comp

(llar*&ctron) (Bar*ectron)

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.50

0.60

0.70

0.80

0.49

0.44

0.40

0.3’75

0.35

0.334

0.315

0.29

0.265

0.247

0.233

0.go

1.0

1.5

2.0

2,5

3.0

3.5
4.0

5.0

6.0

0.22

0.21

0.17

0.145

0.128

0.LL4

0.104

0.o~

0.083

0.073

The results of the Monte Carlo calculationare

given in Tables 111, IV, and V. Here the surface

numbers 2, 3, .... 11 correspondto plane8 at

Z= 36,32,.-o,0 km,respectively (or to true

altitudes of 46,42, ●...10km,withthe source

beam originatingat 50km ab~ sea level). A-:um-

ber written in the form 3.96 meanfi3.96 x 10 .

Also, the integer which appears below such a number

refers to the rounded statistical error in the num-

ber above It. For example, the first entry In the

sample matrix on Me 27 states that 3.96 x 10
-4

gammas per starting 5.0 MeV ganxuacrossed surface

2d ownward with energy between 4.0 and 5.0 MeV,

with cos 3 between 1.0 and 0.9 (4 is the angle with

the nor=l to the plane), and with a retarded time

between 10 and 20 shakes. The Integer 20 gives the
-4statistical error in the number 3.96 x 10 as 20$.

The interpretationof this is that (.2)x(3.96x10-4)

is the standard deviation of the mean. In other

word8, for each entry in the matrix, there is ap-

proxi=te~a 6% chance that the entry is correct

to within the error quoted (in this case,%).

II. Scaling to other Entry Angles.

To scale to other angles of entry, we make the

fol.bwi.ngargument. Let @ be the angle of entry of

the ganma ray beam, measured from the vertical.

The mass of air above en altitude z, for vertfcal

entry, is

m(z) = Ae
-z/h,

where A ia a constant,and the mess penetrated by

gamas entering at angle ~, at altitude z’, is

A
m(z’) . —

-zJ/h.
Cos @ e

These two masses are equal when z’ 1s higher than

z by an amount

21-2
()

=hhn~.
Cos @

Ignoring the effect of lateral spreeding of the

beam, the same number and types of collisions will

have occurred when the beam ha8 ~ssed through the

same msss of air. However, since the effective

scale height seen by obliquely entering gammas 1s

h/cos @, mean free paths will be longer by a factor

1
m

, and the retarded time at which the same

number and types of collisionsWI1l have occurred
1

will be proportionalto — .Cos @

Table I gives the approximate true altitudes

at the various surfaces as a function of entry

angle @, and Table II gives the equivalent retarded

tl.mescorrespondingto the time boxes used in the

Monte Carlo calculation.

III. Reduction of Monte Carlo Data.

In order to reduce the rather voluminous Monte

Carlo data in a way of significancefor W appli-

cations, we have swmned the Monte Carlo data in the

followlngway. For a given incident gamna energy,

given surface, and given time bin, we have sunmed

over anguLar and energy bins with a weighting fac-

tor such that the result is proportional to the

total forwerd Compton electron charge displacement

that would result. The weighting factor used was

f(E)
w(E,e) = COBe ~ $

0

where

f(E) =
2.

1.+o.88Eto.265r?
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E is the gamm energy in Mev, end E. la the incident ACKNOWMXMNT

gems energy. The function f(E) is a fit to the
The author8 are deeply indebted to Lena Furrh

product of total Compton cross 8ectlon and the mean
for the meticulous care she displayed in tabulating

forward range of the Compton electron produced by a
the data in this rermrt from the machine listings.

~ of enerw E. The Wues of E and cos EIused
.

in the weighted sum were the values at the centers

of the bins, except that for the unscattered galmnas

(At= O), E= Eoandcos O = l were used, so that

the weight factor was unity.

The weighted sums are given in Tables VI, VII,

and VIII.

TABLE I

Altitudes of Surfaces as Function of Entry Angle@

Altitudes in kilometers

1 6
s

1

2

3
4

5
6

7
8

9
10

1-1.

(vert~cal) 300
50 51

46 47

42 k3

38 39
34 35
30 31

26 27

22 23

18 19

14 15

10 II

55
51

47

43

39

35
31

27

23

19

15

75°

59

55
51

47

43

39

35
31

27

23

19

TABLE II

Retarded Times as Function of Entry Angle@
Times in shakes

@ Retarded Times

o 0 5 10 20 40 80 160

30° 0 5.78 U .55 23.1 46.2 g2.4 U3j

60° 0 10 20 40 80 120 320

75° 0 19.3 38.6 77.3 155 309 618 1320369

640

1236

.-
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( ENTR ES IN

TA.BLE III

Monte Carlo Data for 0.5 MeV Gamas

MATRIX WITH ROWS AND COLUMNS LABELED

FOR E. = 0.5 MeV

MATRIX ARE NO. GAMMAS PER SOURCE PARTICLE )

SURFACE NO. = 2

At=5 - 10 SHAKES

Cose 100 - 0.9 0.9-0.75 0.75 - 0.6 0.6 -0

E

5.81-40.4- 0.5 MeV ,, I .42-4
21

0.3 -0.4 2.58-5 1.29-5
50 71

0.2 -0.3

0. I -0.2

.

.

.
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TABLE III (con’thmd)
.

Ee a --(),~-.MoV

SURFACENo.= ---?---

At = O—.

9.59-’

At .5-lo

[

5.81-4 1.42-4
7

u. 21

2.5a-= 1.25P=

Afz 20.40

-L.3F 7.29-4 l.y
7

1.9-4 8.39-s

At = 80-160
r 5.81-4 2.032 3.:3-5

Il. 6

6.4d 7.04-4 4.00-4
m n lx

6.We 6.4d 8.;~-5
loo

6.66 6.~e
m

Afso+-s SHAKES

1.184 1.10-* 1.29-=
m, -/7

‘?.1O-=6.WS
9

1.29-=
71

At =10-20 *

~o~.4 *.~5

9JL Z6

le29-s

A~z40-00

L23a 1.23-4 6,.4@
7 7

6.@e 3.03-4 2.32-4
>7

3.y5

6.4&e

.
J

At. 160.320

1.83- 4.$-5
6

6.4&e 1.29-s 1.13- 7.55-4

L I 1 I I

1



TABLE III (continued)

A?,5-ICI

1.344 3.I.O-4 6.J&e
1 U20

6.4@ 7.75-= 3.87-S
29

1.29-S

Af x20-40

2.tp 1.14< 2.58-=
5 m

6.4<0 1.29-s 3.>4 1.61-4
71 14 20

3.87-s

L

At , 80-160

3.05< 3.63% ,7.75-s
5 4 29

3.23-s 4.52-s 1.09-s 7e@-4

9
6.46-6 1.29-= 1.29-= 1.554

71 71 20
6.4@ 6.4&e

Afso+-s SHAKES

2.03a 2.65-4 1.94-=

1.29-4 3.23-s

Atz10-20

~e%d 6.13-4 1.94-=
K

1.29-= 1.44P 1.03-4
2?1

6.4&e

AT.40-80
r

3.15- 2,15-~ 5.8L-S 6.W6
=, x

3.23-s 3.23-s 5.62-4 3.5=4
*

6.4&e 7.I.O-=.

At x 160- 3~0

Lop 5.20-a 1.%4
7

8 4 22

4.%2-= 7.75-5 2.254 1.42-
7

2.58-s 3.::-5 5.s= 2.90-4
x 35 15.

6.@e 6.tie 6.4&e



..
TABLE III (continued)

. .

Ata5-lo

2 .21-s 4.*-4 1.29-5
K 77

7.IL)-= 2,58-5
50

A?.20-40

F;;1’
4.60 1.75 2.58-
4 6 50

3.23-5 2.58-= 4.78-4 3.36-4

6.S6 1.29-= 1.29-5 5.81-5
1 1 33

. .

At .80 -160

t-.

6.4d 6oJ@e 1.94-=

.

Af s Q+-6 SHAKES
3.~4~ 4.20-* 1.29-=

u 71

1.61-4 7.1o-5
m

1.2%
71

At=lo-20

3.40-~ 9J3-4 1.9+-s

6.4(T6 1.87-4 l.al-b

50

I ,!

I I I 1
Ata40-ao

5.7-= 3.56-” !xt$l-b
4 33

3.67-= 1.94-=’ 9.94-4 6.52-4
.

6.46_e 6.4&e 6.4<e 1.42-4

t6.4&e i6.4&e I I ‘1

At = 180-320

3.794 b.~ 2.39’4
4. 3 115

2.3T4 2.54?-4 3.e 2.41-
5

7.X+ 6.~5 5 4.97-4
30 32 7“% 11 .“

5.s5 5.8i-= 3.23-5 3.23-=

9



TABLE III (conkhued)

Ee s ---t)o~-M.v

SURFACENo.= -d---

3.21a 6.58-4 1.29-5
77

2.&7-4 9.68-5

6.46-0 6.WE

#

At z 0+-5 SHAKES

4.5P 5e5&4 6.ti=
11

1.81-4 L36-4
19 22

8.59_s @-s 5.-ii&44.97-4
P8 71 11

1.29-5 1.94-= 6.46-r

~~ S go -160

~9.243 8.2tW 2.$-4

3.23-= 10s4-= 3.23-= 1.94-=

.

\f810-20

4.8!53 I.@ 1.94-=
,

4.5-= 3&4 2.5a-4
14 3.6

1.29-’ 1.94-=
71 58

6.46-6
100

A~s~o-Oo -

Ei.&g= ~e@-3 70~-5 ~@J-s
II m 71

9.04-5 8.3~-= ~e-#3 ~.f.4

6
3.67-3 1.94-’ 3.23-5 1.9+-4
41 58 45 18

1.29-= 1.29-5 6.4&a
71 71

At. 160.320

6.42a 1.15-= 2.9-f4 6.Wa
3 2 u ~

4.84-4 5*68-4 4.45- 3.22-s
II

1.*-4 2.78-4 2.X5-4 1.~5-=’
13 15 17

9.68-5 7.75-s 8.3$r~ 7.3.0-5
30

I 1 I 1 J

10
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TABLE III (conlhued)

& = -?”2-- Mov

WJRFACENo.= -.&--

At= o
3.$5-1 6.We

At=s-lo
~e~-si fj9-4 1.94.-’

1

1.94-=’
58 71 18 18

1.29-=
71

A,t= 20-40

8.034 2.93a 1.94-5

9.66-’ 1.03-4 8.33-4 5.23-4
26 25 9 u

1.29-s 1.94-= 6.4d 1.29-4
71 m m

2.58-= 6.We

At = 00-160

I 1.12-2I 9.3P I 3.3tr413.23-s I

t“
3 lJL IL5

6.58-4 6.13-4 3.y 2.20-s
10 10 5

1;‘s‘k:““
1.74-4 1.87-4 1.W4 5.04-4

7.1o-5 5.16- 3.8rs 6.46-
41 32

.

Af 8 0+ -s SHAKES7
5.554 7.68-4 3e&J

45
.

2.71:4 1.29-4
Ie

...
1.94-s

6.W”
100

At.lo-20
5.78a 1.58- 3.87-9

f

1
3.23-s 6.415_a3.:J-a 3.l&-4
45 lW

6.46_a 6.4Ca 6.46_e 5.81-s

&?B40-60

1.04+ 5.lo* 1.87-4”
19

2.32-4 1.42-4 1*W 1.;1-=
17 21 6

7*75-S 9.68-5 2.58-5 2.00-4
18

1.94-5 6.4&0 1.29-= 6.W=
58 71 100

At . ;60-320

8.814 1.36& 7.04-4 4*Z?-5
2 10 38

1.g7-= 1.28-= 5.;94 3.68-”
7 4

5.s4 5J)-4 4.00-4 1.28*
n M .

2.07-4~ 2.W5-4 1.67-4 1.42-4
18 S 19 21

U



TABLE III (conWnxd)

es-o --Q*Z. MoV

SURFACENo.= --J-A-

.

Af. Q

1.70
<1

A*zS-IQ

2.98-3 6.52-4 1.29-S
.77

1.9-5 1.68-4 1.1o-4

100 58

1.29-=
1

Afs20-4Q

6.71- 2.3e 604&
r/ / *-

1.94-4l.ld 6.13-4 3.67-4
lR m 13

4.!72-53.23-5 1.94-= 1.16-4
38 45 24

2.58-=

A~. Q+-~ SHAKES
4.43~ 6.S’ 1.29-=
4 10 71

6.46-8 1.42-4 9.68-5
100

3.23-=
45

1 1 I

1, I
Atrlo-2Q

4.87* I

l-’ ‘n3.23-= 1.YJS -3e&.4 2.2<4

1*9IJ-
I I + I ‘“i”

16.46”1 I I 1

T I 1 ,- , .—

-.>- 1 1 I 1
I I I

I

I I I I I

Ats4Q-8Q

RsTz%A
15 13 I I 0

1.61-4 5.81-s 5.1.6-S2.454
20 xx 35 s

5.81-s 1.29-s 1.2$3-51.s4-=
71

L 1 1 1 -1

At 8 8Q -16Q At= 160-320

9.79- 7.69A :.4*:-4 6~Jg~ 7.;4-= 1.06= 6.07-4 4.%2-5
2 10 38

loQo- 9.23-4 2.fx2-s 1.9P 1.934 1.78- 4.&-s 3.89*

2.45-44 3.5J4 ~ 5.5J4 7.~-4 lfo- 7$8-4 1.43*
7

2.XJ-4 1.2P 1.s4 7.I$P 4.58-4 4.($T-4 39s4 3.23-4
V% . ..

● &

1.2



TABLE III (continued)

~. s -~$-_ M,v

eSURFACE No. = -------

I

tt-t-t--

I I I I
l-w —,”

At.m-,fi

‘-1.2@ I 2.87-41 . I
c 77

9.68-6 6.46_6 7.10-5 2.58-5

3.23-” 3.23-6 . 2.5-s
100 35

3.23-6 3.23-e 6.4&a

Pi
I loo 1“ 71

A~.20-40

l’; ‘; ‘; ‘:;

3.15- 1.W l.g4-
3 6 41

1.00-4 9.36-5 3.13-4 2.I.6-4

4.%?-= 1.61-5 1.2P= 6.13-
27 45 m 23

2.26- 1.61-
38 45 “71

I———L—LJLJ
At a 80-160

h‘ ‘q.~~
4.35-= 3.23-a 2.19-4“ 9.68-
3 3 12 s

8.2c4 6.1ii4 1.19-= 8.29-4

3.55-4 3.~-4 1.61-4 3.2;-4
10 I&

1.78-4 1.39-4 6.13-= 9.36-s

.

At . ~+-~ SHAKES

l.ik~ 2.78-4
77

6.4&a 7.ILP 6.33-5

9.68-”
58

A?=IO-20

2.05-= 5.49-4 1.29-s

4.84-= 1.29-5 1.61-4
26

~e~-s ‘
14 ?1

1.*’ “ 3.23-’
41 32

A?.40-so
4.X2-” Lgg- 9.04-” 3.23-0“
3 4 19 100

3.78-4 2.54-4 60@3-4 4.I.3-4
7 9

1.2P 6.78-5 3.87-5 1.00-4
17 22 29 18

549P n!-!xF- ~ -l=!+-
“24 “33- “38 “50

A? s ~60-320

3.38-= 4.43~ 4.~8-4 5.16-5
3 3 25

1.37- 1.48a 2.21- 1.5P

8.;9-4 9.~-4 5.84-4 9.$5-4
7

13



TABLE III (continued)
.

~. .-k~- M8V

SURFACENo.= ---?-A-

2.gla

At,5-[o
?

1.52-4 3.71-= 1.61-e

9.68-8 4.84-’3

Afx~~-40

4.47-4 1.47-4 3.23-6
Tn

3.07-= 2.74-= 4.68-5 ~*w-5
19 24

1.29-= 6.46-6 1.61-S 3.23-0
35 50 100 71

1.61-6 1.61-s lo61-e

I I 1 1“ 1

At B so -160

7.08-4 4.91-4: 5.495 8.07-6
5 6 . 17 45

2.g4-4 1.73-4 1.94-4 1.34-4

loco-h 1.02-4 5.81-5 g.g-~
13 u 17

4.20-= 6.33-6 1.25r= 4.68-=

.

Afs o+-~ SHAKES

2.28-4 4.20-S
m

4*34.6 9.68-’3 4.84-6
9 41

71

4

At810-20

2.60-4 5.81-s

4.U4-6 3.23-e 1.61-= 1.29-s
71 32

1.61-6
lM

1.6L-6

1(20

.

I 6.49-4I 2.73-4I1.94-sI I
8.39-s 6.W’ -g.&-’ 6.46-5

16
1.45-” 2.$X)-”

23 25 33 24

I 1.61-s I 4.84-0 I 3.23-6 I 4.84-0 I
-- .0 -.

I 1 , , I

At a 160.320

50#-4 5.2~-4 6.~S 6.&
6 I

1

1.65-4 1.82-4 lolv 1.T4

.

14
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!C4BIJ?III (continued)

[q * 0.>--- .- MoV

SURFACENo,= -d?- --

“1

Ateo

1.9+-=

At=s-lo
2.42-6 .

l.fsl-e
71

4.84-’33.23-’5

8.07-7

{
Af a 80-160
.

1.61-5 1.X5-=
22 29

4.03-0 7.2@ 3.23-e 4.84-’3

3.2P 3.2P 3.23-6
50 50. 50 71

lolil-e2.42-~ 2.42-6 2●42-fJ
71

.

At810-20

5.65-B 8.w7

8.~-7

Afs40-so ,

1.37-= 3.23-e

lxl-s 1.61-6 1061-e 2.42-’3

2.42-8

1.61-s 8.07-7 8.~-7

A~s 160-320
1.05-5 1.05-3 lxl-”
28 28 71 I

l.tn-s 9.68-0
I
5.65-e 2.42”0

22 29 38
8.07-0 6.4&- 8
32 35

9.68-’51.6$hs 3.23-8
29 22

15



TABLE IV

Monte Carlo Data for 1.5 MeV G~s

SAMPLE MATRIX WITH ROWS AND COLUMNS LABELED

FOR EO = 1.5 MeV

( ENTRIES IN MATRIX ARE NO. GAMMAS PER SOURCE PARTICLE)

SURFACE NO. = 2

At ‘ 40 - 80 SHAKES

Cos e 100 – 0.9 0.9-0.75 0.75- 0.6 0.6-0

E

8.29-41.2- 1.5 MeV ,,

0.9- 1.2 I.:y 6.10-4
12

0,6 -0.9 9i::-6 l.lgq l.:+ 6.66-5

0,3 -0.6
9.52-5

32

0.1 -0.3

.

.

16
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TABLEIV (continued)

1

A*8o ,

9.7’J4

. ‘

A.t.s-{o

1+1

..3*- 9.52-1 I 1’ % 1 -m
9.52-0

t

MO

At = 20-40
1.13-3

9
1.24-’ 4.00-’
28 15

twm 1.24-- 1.90-~
2“58 28 n

1.90-=

Af x 80-160
,
l.n-.
24

1.90-4 1.20-~
22

50&J

1.05-4

“,

.

At a 0+-5 S~AKESv
9.::-4

1.90-s 6.67-s
71

6.67-5 9.52-s

1.90-s
71

Atr[o-zo

8.29-4
U

3.81-s 1.14-4
50 29

1.90-5 3.81-” 2.86-s
v 50 58

9.52-8
m

11 I I 1
1.6$r4I 6.10-4I 1
24 12

9.52-0 1.14-4 1081-4 6.67-s
100 29 23

9.52-s

9.14-4 .
Y 10

1.81-4 60&4 1.81-4
3 3.2 23

1.%P 9.;2-s 2.48-4
71

“ ‘i%” F .

17



TABLE IV (continu6d)

A~sQ , At=~+-~ SHAKES

9.5g-’ 1.04-~
7

9.5:-5 La.-d
, ‘

9.;2-8
3

3.&.-8 9.52-6
mo

71

A?.~-la . . .

1.ZF 9.52-6

. --s 1 - .0-4

Af8~Q-4Q ,
2.24-S

7
1.4g4 5.62-4

13
2.06-~ 1.90-4 4.76-g*

22 b5
~e~-s
45

,
1

.

At x 8Q -16Q

1.89-S 9.52-6 r ?

100
3*9g4 2.ti-~

9.52-8 1.7~-4 5.:3-4
100

2.29-4
2 \ 20

1.90-= 9.52-0 2.67-4

I. I I I

4t.lo-2Q
●

1.74-8

1.14-4 3.;3-4

1.90-s l.y 2.%-=

4.~6-s

&*40-80

2.50-S 9.52-8
6

3.05-4 I.*-=
~8 8

9.52-8 ,9.52-s 3.~-4 1.52-4
100 25

L*-4

At.16Q-32Q
-1

3.2-4

4.19-4 3.7-8 9.52-?-
15 * 100

. 9g* 3.2-4 1.17-3 4.~-d

2.a6-= 2.a6-8

41.*S 110019.52-
Imd
9.52-9

18
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.

TABLE IV (continued)

. .

.

.,

~vro
8.66-? ‘

*

u

● ‘

4

r

2.25-9

9 2-5 3.0-4
% J

3
2. -s 2.3-’ kg-’”

3.8J9

. .

At?s 20-40

4.13-3

3.14-* 1.09-9
17

6“;-s 2“$?-4 1“%-4

1.90-’ 1.14-4
71

A,t.80 -160
1 4.*-S

5

9.~;-4 3.44-’ 9.52-8
100

2.86-’ 4.38-4
9 15

1.21-~ 3.7J4

,2.86-’ 2.86-’ 9.52-e 4.:J4
58 58 100

“ 9i5mee

At . @ -~ SHAKES
3.21-9

5
6.67-9 3.24-4
* 17

1.90-= 1.14-4
71

l.$q-=

gig-e
l“%s, ;

Atsto-zo

3.7-=

~ 2“?3-4 4“nr4

3.81-s 1.3-4 8.~-s
50 d

At x 40-80

4e6 ‘3

2

4.48-’ 2.22-S 9.52-e

66-5

“; 2“;-4
;;-4 2.~-d’

9.52-e 1.33-4
100

A? =160-320
2,0 -9

?

1.9#-’

9.33-4 4JJ9-sJ 5.~-$ -
10 ‘ 4

6.67-s 5.~3-4 2.2-3 6.67-4
12 -

4.~6-s 9.52-s 2.86-’ 8.f;-4

,ze&-s 1.90-’
58

9ig4 1.90-’
71

19



TABLE IV (continued)
.

.

E. . -.&&. Mav

SURFACENo.= 5-— ---

Atxs-lo
P

3.23-s

1.90-4 3.$-4
22

6.67-s .1.33-4 1.90-=

‘“i-=

.

Af 880-160

7.y~ 1.90-5

~.4i-s 5011-s

i
4.&5 ;

1.2# 4.9-4 1.9-s
1? q

7.g-4

4.x6-S 4.6-5 3.81-’
L

8J9-4
50 la

“ 9ig-e 9ig-e l.y -,9.524
100 4

At 8 0+-5 SHAKES

5.1:-9

1.81-4 4.5J-4
23

4.76-s 9.52-= 5.71-’
45 32 41

7.6;-s

Atxlo-~

3.;4-4 l.11.-~

5.71-5 1.90-+ 8mj7-8
41 22 33

5.~~-5
1 1

Af=40-80

7.85-3 2.%-=

9.62-4 3.20-9 2.86-=
10 5

8.57-s 3.:;-4 1.19-S 3.;4-4
9

9.52-s 2.86-= 9.52-6 4.~:-4
100 58 100

8.52-8
lW

At, 160-320

4.88-S 1.90-’

1“6!-s?7“<-s
7.g-? -

1.7-4
J

l:y 3.17-8 1.1-s
5 J

1.33-4 1.52-4 1.7J4 l.p-s
w 5

.)3.81.-’.
50 5“iYs ‘“%-s 4*E-S~

.

.

20
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TABLEIV (continued)

I

?

*

At=o .

5.78‘ T
a

● “

At *5-lo
7

1.81-4 6.76-4
12

3.81-S 1.03-4 9.52-S

Zo&-s k.76-s
58

L

A~8 0+, -8 SHAKES
7.y .

2.19-4 6.95-6
12

2.86-5 1.90-4 4.~;-5
58 22

6.67-5

At% 10-20
I 7.34-3I

E
15 9

4.~6-s 1.;;-4

1.90-= 9.52-8

9.52-6 9.52-6

I I

=1=1
9&?-

3.,;4-4 1.33-4

1.05-4

9.55-= 3.81-S

7.~T4

4.76-s 2.19-4 6.29-4 2.38-4
45 91 20

3.81-S 9.5re 2.76-4

3.81-s 9.52-0
b

At 8 ~o -160

( 1007-2I 4.76-S i I I

[ZE-!3ED
I ‘h “ ‘e MS

1.6~4 1.90-4 1.33-+ 1.04-8

● 9.3$-5 3.9J-S.
5“ii-

-,5.~~-

EE
1.20-= 5.;;-=

1.:4-= 4.;3-3

1.71-4 40.74

24 14

E&
Z91.9s

1
1.50-3 4ecJ7-4

8 14

w
Af = 160-320

7.:-= 5.::-5

2.50-= 1.04-= 2.00-4.-

I 6 t’ 3 I 22 I
6.1.0-4I 1.90-SI 4.0Y3 ~*5&3
3.2 7 5 8.

4.00-4 4.86-4 4.00-4 1.95-=

.1
“8 “ 1“9-4 ‘“W4 1“2-4 .

\

21



TABLE IV (continued)
.

.

SURFACE Na = -–l-

A~zo ,
v

3.61-1
c1

● “

9.52-6

b’

Atrs-lo
*

5.65-3

2.95-4 7*33-4
18

2.86-5 4.?6-s Pe76-* 7.6rs
5 19

9.52-6 9.52-= 5.:1-5

I 9 I .6 I #,

1.08-2 2.86-5
3

1.19-= 3.;2-S 3.Ei;-5

b

1.;:-4I 3.::-4I9.~:-4 3.:$-4

6.6-s
I I 1.90-s- 3.::-4

yoJ I 1 I

11001
9.52-e I

Af . 0+-8 SHAKES

I 8.52-s[ I I 1
3

1.90-4 6.67-4
19

9.52-e 8.77s 2.00-4 7.62_s
100

5.~-5

.

& r 10-29

8.22_s 9.52-0

5.::-4 1.;9-=

~.w-s 1.4-4
2? #-4

3*5
71

1.14-4

9.52-6 9-52-e 2.38-4
20

9.52-e
I I 1 -ltlo I J
At.40-80

1.34-2 5.:1-5
3

1.9P 5.f-” 5.7J-’

:3
3.0-4 7.82-4 l.p-~ k.~~-d

1.$-4 l.g’-d 9.32-s 7.:;-4
32

kg-s
L

At 8160.320

8.2%s 2*10-4
,

21”
3.?-” 1.23-” 4.76--,-1.90--

3 14 71
1.21-= 2.36-s 5.:5-3 2.:-S
9 6

7.62-* look-= 6.00-- 2.25-S
11 10

.,3*:{-* 3.24-* Q.~- 4 *-*
17 “15

.

.
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TABLEIV (continued)

,.

Ai=o ‘, .

1.53-=
a

o s

A?=S-10 .,

4.%-g
i-

2.19-4 5.72-4 4.76-a
15 100

1.90-= 3.81-s 1.33-4 4.76-s
50 19

9.52-0 4.:-’
71 33

9.:-6

A?.o++ SHAKES
6.51-S 4.76-5 .
3

1.$-4 4.95-4
10

1.4-~
J

5.71-= 1.57-4 6.g-s
.29 17

5*J#l
WI

&~.lo-20

6.49-s 9.5T’3
?

4.24-4 1.0>9 1.43-5
7 !%

6.;-= 9.52-s 3,.05-’ 1.24-’
22 12 20

2.t?6-~ 1.43-= 8.57-a
41 58 24

4.76-e 9.g-5 4.Y6-C
100 100

Af.zo-~ “ Atz40-80

8.7P 3.81-s
3 35

L 16-= 2.31-3 1.90-= 4.76-6
6 50 100

2.00-4 2.6T4 6.~-4 2.14-4
15 13 5

6.~-6 3.33-5 2.86-5 2.k-4

&..9$ ,.g-s Y ~s

9$5-3 2.05-4
16

2*)6-9 7.10-= 3.::-4 “
4 3

1.;9-3 1.61-s 2.29-= 1.05-s
5 5 7

4.71-4 5.48-4 4.33-4 1.:9-=
10

“2.29
15

2.~-’, q-
‘ “1“13-s

.

Ats 160.320

5.89-= 2.86-*
3 14

30:3-3 9*~-s 6.@-4, - ~*& “
1 2 9 50

l.p-= 2.y~ 3.98-= 1.99-=
3 5 ““

1.23-9 ~0~.3 low 2.:P

“ 6“;-” 6“;9-- ‘k-” ‘“P-’,

23



!l?ABLEIV (continued)

1“5 MsV.=8=——
9SURF- No.= .._—

Atrs-{a

1.:2-= 2.38-’3
.

100
7.38-s 2.52-4 2.38-6
18 10 100

1.43-5
41

3.33-= m-=
J-s

1.6
w

2.38-8 2.38-6
lCO

2.14-5
100 33

2.3P
100

At s.o+-~ SHAKES
2.49-=
3

7.6J” 2.79-4 4.76-6
9 71

7.2-” 2.38-5 5.00-5 2.14-’
32 22 33

2.38-5

MXIO-20

2.53-= 1.19-’
45

2.76-4 5.07-4 7.$-’

3“i-’ 7“i-s
1.:;-* 4.52-=

a

1.43-= 1.::-’ 4.76-0 5.00-5
41 71 22

7.14-’ 2.38-e 2.38-0
L 58 100 100 A

IM x20-40 “ Afs 40-80—. —- .—

I 3.57-=I 2.86-’I I [
3 29

5.19-4 9.29-4 1.90-s
5 35

1.50-* 1.40-* 2.95-4 1.24-4
13 13

4.52-S
‘“x-= 3“i-’ %4

2.38-6 4.76-6 4.76-6 2.38-s
100 71 71 100

3 I i3 I I
1.59-=I 2.65-sI 1.45-* 4.76-6~.

3- 13 71
7,&Y4 9.69-4 l.oo-~ 5.;7-4

5 5
4.57-4 4.6-4 3.19-4 6.~4

“1“1$-4 1“3-4. 1“!;-4 -“1”%-4

Afs 160-320

2.p-= 1.3-
{41

10w-~ 3.7-” 3.14-*. -1*43-U
4 9 9 41

1.22-9 l.y= lb~5-= 8.74-4
5 5

901D-4 I.OP 8.0Y4 y=

. 5.;-* 6.;2-4 4.;2-4 5p-4

24



TABLErv (Ccmtinued)

I

Ar.o .

1.99-=
,

0 ‘

c

At. 540

1. 6-4
i

1.07-= 2.38-s
33 22

1.19-’31.19-~ 7.::-0“ 3.57-’5
100 100 58

1.19-? . 3.57-e
100

A~. zo-~ .

3.$Y4 1.07-5

8.8JS 8.93-s 7.~Je
12

2.50-= 20@ 4c@-5 1.79-=
22 7 26

8.3‘e
3? 4“;-” 4“i-e

1.07-’

2.38-0 1.19-6 2.38-6 4.76-a
71 100 71

At .80 -160

3.;9-4 3.10-5
,

20
2.76-4 3.&r4 2.8435

al
1.51-4 1.61-4 1.18-4 6@&

10 13
8.81-5 1.02-4 7.38-5 1.19-4

.4.88+ 4.17-5 2.26-5 -3.69-S“
16 17 23 18

Ai . 0+ .5 SHAKES
!2.75-41.19-8
7 100

1.43-5 3.21”s

A~xlo-20
2.77-4

7
3.$-” 4.::-” 2.38-S

71
7.::-0 1.07-5 2.50-’ 4.76-6

33 22 50
4.76-6 ~fl-a 3.57-8 3.57-0
50 58

1.19-0
100 .

4.W* I 1.19-=I t I
5 32

1.;9-4 2.;2-4 1.55-5
&

7.98-= 7.14-5 8.K)-S 2.86-5



TABLE IV (continued)

1.49-5
20

, “

A? Z ~+-5 SHAKES

1.19-6 5.95-7
71 100

5.95-7

A~z5-jo

i%
2. -e

At=zo-40

3.!71-6
kl

5.95-7 1.79-e

1.19-6
’71

5.95-7

.

Atsio-20

4.1-e
,8

1.19-6 5.95-7 5.95-7
71 100

5g-7

A?.do-ao

k.17-6

k.7;-e 2.g-e

5.95-7 5@J-7 1.19-6 5&Y7
100 71
1.19-6 2.38-e 5.9J7

m
5.2-7 1.19-e
100 71

At 880-160 At, \60 -3z0

2.38-6 2.38-6
m

4.76-6 7.14-8 3.57-6 3.57-6 1.19-6“ “
35 41 ‘ 41

5i$r’ 5g-7
4“3-6 S“i-e ‘“g-e

3.ge 7.74-6 1.79-6 4.17+
38

. 1.194 2.38-6 “.1.19-6 45036-6 7.14-6 3.~l-e 2* ‘e
g ~

26
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b

.}

.

( ENTRIES

\

L Cos e

E—

4.0- 5.0 MeV

3.0 -4.0

2.0 -3.0

I.c) -2.0

- 100

TABLE v

Monte Carlo Data for 5.0 MeV Gammas

MATRIX

MATRIX

WITH ROWS AND COLUMNS LABELED

FOR EO = 5.0 MeV

ARE NO. GAMMAS PER

SURFACE NO. = 2

At=lO- 20 SHAKES

I .0 - 0.9 0.9-0.75 0.75- 0.6 0.6-0

3.96-4
20

2.55-4

6.::-5 1;::-5

1.52-5,
100

.

.
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TXLBLEV (continued)

SURFACE No. = -— ---2

At85-lo

2.89-4
93

1.22-4
35

3.05-= ~.z-s
Ion
1.22-= 3.05-5
100 71

Ats~o-40

1.07-4

4.2G4
19

1.83-4 6.09-5
?9

l.y 3.05-5
71

3.05-=

Afs 80-160

1 1 I

I 3.05-51 I I

Afz 0+-6 SHAKES

I b.ti3-4I I I
L3

1.07-4

3.05-5 3.05-5
71 71

1.52+’ 1.52-3
100 100

At.lo-20
r

3.%-4

2.59-4
26

6.09= 4.57-s
%

6.09-5 1.52-=
50 100

1.52-5

At * 160-320

1.93-4 3.20-4
98

2,59-4 1.52-4
24 32

4.57-=

.

.

.

.
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TJ4BLEV (continued)

E. = --;-Q.. MeV

SURFACE No. = --- ---3.

.

~f.o

9q-l
<1

,&,t*5-lo

6.70-4
15

3.05-4
22

4.57-5 7.61-5

3.05-5
71

3.05-5

&~820-40

8.07-4
14

9.75-@
.12

2.89-4 2.59-4
?3 ?4

lewd 9.14-5
28 41

7.61-5
A

At . ao -160
,

8.22-4
14

6.85-4 5.lb-4
17

p~-s 4.42-4 2.74-4 1.5P
“m 19 24 100
1.52-’ 2.33-4
100 27

Af z 0+ -~ WAKES
L45-3

10
3.95-+

20

7.61-5 9.14-5
45

l.p-~
100

3.05-5

Atrlo-20

Ml-=
1?

3.50-4
21

1.37-4 4.57-5
%

1.68-4 4.57-5
30 58

3.05-5
.77

~*.40-80

2.28-4
:26 “-

1.05-”
G I I I

3.50-4 i 4.26-4

~~ .160 -320

I I I
3.05-5
71

5.03-4 6.70-4

3.05-5
/

9.2$74 5.03-4 l.=jQ-s

3.:~-5

29



TABLE V (continued)

.

.

E, = .J%Q- MN

SURFACE No. = -—4J-

At=s-lo

1.39-3
Q

4.42 4
19

6.09-= 1.52-5
50 100

7.61-= 7.61-5
45 45

~e%-s

lCO

A?=2Q.4~

1.63-3

1.m-”
10

3.65-4 3.0s4
o

M%@ 1.6b-4 1.52-5
30 30 loo

1.37-4

At.80-160 .

1.22-4 . “.
5

2.10-=
9

1.07-3 1,19-=
11

7.61-s 6.83-4 4.57-4. 6.09-=
13 16

4.;-’ 2.74-4*
24

L? 8 0+ -5 SHAKES

2.70-3
8

4.87-+
18

1.22-4 3.05-5
5

1.22-4 4.57-=
35 B

At.jo-zo

I 1.49-3” I I I 1
10

1.19-3
u’

1.52-4 1.37-4
?

1.52-4 9.14-’
32 41

6.09-s
m

~f840-Oo

1.14-3 .,

x?
2.~5& 1.52-5

100

b.38-d 6.70-4
13 15

3.05- 4.87-4 2.59-4 lig-=
71 18

I

P4

2.59-4
?&

At x 160-320

I I I I I

I6.09-4 I I I I
16 I I I

l.le 1.51-3 I
7n

4.57-5 1.39+ (j,55-4 1.22-4
0 TG

3.05-5 4. -
36

6.o9 +
71 1.6.

.

.



b

TABLE V (continued)

IE.= -&Q. Mev

.’

At.5-lo
●

2.36-3
8

7.77-4
14

7.61-5 2.13-4
45 27

1.37-4
7 “E 33

3.05-5

At = 20-40

2.97-3
7

2.~-= 1.52=
100

8.22-4> 6.85-4
llb 1=1

4.57-= 4.;J4 2.74-4
* 24

1.52-4
P

t
3.%-3 ‘

I I

6 I

[: :“,:
1.40-3 1.69-3

1.22-4 1.16-= 1.08
35 I.1 12

3.05-5 1.!%2-=3.05-”543.05-71

5.63-4

Af s o~-~ SHAKES

4.77-s
6

7.61-4
14

Lgw L52-*
?8 P

1.22-4 6.09-5
35 m

1.52-5
I(XI

At.lo-zo

2.bQ-3
7

1.39-=
10

4.b7-4 3.20-4
18 ?9

1.32-s 1.63-4 1.37-4Lx-s
100 29 33 100
1.52-5 7.61-s
1(20

~fs~o-eo

2.19-3

4.29-3
6

1.25-a 1.32-3
11 11

3.05-5 8.07-4 4.$-4 1.52-5
71 14 100

3.05-5 3.65-4

A~. 160-320

2.03-d 1.52-~
9 100

2.:7-3 2.27-3 ..

1.37-4 2.?-= 1.W 1.52-4
33 10 32

1.0-4 7.~-5
,Z
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TABLE V (continued)

5.0 ~o”EO B ------

SURFACE No. = ---%--

.

.

Atso

7etj$-1
<1

At= 0+-5 SHAKES

%

7.&54

1.54
10

2.89-4 1.68-4

1o68-
30

\

At.5-lo At =10-20

JA.

21

z B
0

3.05-4 3.50-4 ‘“ 5.9-4 5. I.8-4

1.22-4 1.22-4 1.52-= 2.59-4
35 35 24

4.57-5

Atszo-ao

El=
3.~~

1.13a 9.29-4
9

1.5P 7.77-4
100 14

Af .80 -160

I 1.53- I

E
6.43* 3.05-s

1

3.2P 2.7~

3.05-4 2.30d
22 8

12mr-

1

I

=

3.81-4 1.!X2-=
20

1.s-= 3.20-4

Atx 40-80

I3.56-9 I
7

5.76A
5

w
Ata160-320

aE

t

I

I

I

.

.
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TAMEV (continued)

5“0 MoV ,Ee 8 ---..-

SURFACE No. = - ---- -:

At=O

At =5-10

I 4042-4 t 3.20-4 I 1’

At =20-40

8.3.0-

6.334
5

1.66= 1.23-:
9 11

1.22-4 1.05-9 7061.-4 3.05-5

4.57-54.5J+ 1.!2?-s
58

3.35-4
m 21

At .80 -160

2.22-3

8

9.024 3.05-5

3.:9-~3.762
6

4.72-43.884 “ 2.gl- 1.37-4
. 18
3.51g43.50-4 2.;&4 1.74~

21 9

At x ~+-~ SHAKES

l.e “

l.w~ ~

5.33-4 4.42-4
17 19

1.Z-= 2.8Y4 1.83-4 xx?-=
100

9.I.4-5

\t= lo-20

7.36A

3.36a
7

9.14-4 5.79-4
7X

1.!%2-5 5.y4 3.05-4 p~-5
100 100

1.%2-= 1.52-= 2.59-4

At =40-00

5.ti

8.89- 3.05-5

3.29-” 2.~~
7

2.74-4 2.@ 1.17- 1.22-4
5

6.0FS 1. -4
3

7.6g5 6.40-4
50 3 15

At= l~oA320

1.99-4
28

5.442 6.0~5

4.W 5.18~ 4.37-5
6 5 *

l.ol~ 5.@ 3.7P 3.05-4
P

?.y4 9e7g-4 6.2~-4 3.~
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TABLEV (continua)
v

.

& , -. -5aQ MoV

SURFACE No. = ---!---
.“

A~xo

4.03-
4
1.!32-=
71

Atas-lo

6.78~

2.44A
6

5.9+-44.57-4

3.81-S3.81-4 2.21-4 1.!2-=
45 _ 1.4 19 71

1.07-*
27

At.20-40

9.l@

7.30~ Q.28-s
3

2.31-=l.q-= 7.61-o
6 7 100

2.&-d 1.273 7.16-4 6.85-=
7 8 0

7.~-’ 6.;;-6 1.5Q-S 5.71-4
71 =

At .80 -160
v

2.63-”
7

l.e l.m-d

5.? “ 4.M-” 1.5&-=
4 71

1.04= 4.654 2.sQ~ 3.50-4 .
9 4

6.17-*7.6gF4 5.03-4 2.;3a
U. 12

.

At = 0+-5 SHAKES ,
1.36A

2.373

5.&-4 4.3J-4
11

3 .05-= 3.43-4 2.13-4 7.63.-8

7.61-0 p~-4 “

25

At.lo-zo
f

8.654

1.25-= 8.07-4
in

9.14-= 7.92-4 4.04-4 2.28-s

2.51-4
17

Afx40-80

(5&&
h

1.03~ 3.05-5

3.yJ 3.1.8a
5

5.79-4 2.683 l.m- 1.37-4

2.8BY4 2.5P4 1.90-4 9.:.4
17 20 9

ht x ISO -320

3.73-4
19

6.314 9.90-s

s.06a 5.:-= 5.;;-=
5

l.*-S 6.4P= 4*4H 5.86-4



‘,

.

TABLEv (continua)

Ea = ---XL MW

I

I

SURFACE No. = --g-- -.

At=o

1.91-1
<1

1.I.4-=

1.14-5

A? =5-10

6.08-sI I
3

2.1P
4

5.99-43.92-4

3.43-53.27-4 1.6P
33 ‘Ii “i5

1.!Z2-=3.81.-e 1o1o-4
50 100 19

At =20-40

7.69A

6.4P 3.05-5
2 3!5

2.4P l.l+o~
5

4.07-4 1.34~ 6.70-4 6.47-5
10 8 24

2.02-4 L18-4 5.7L-5 4ey.4
14 g

At = 00-160

2.20-

8.724 1.48-4
16

4.74-9 4.23-3 4.19-=

1.714 4.37-3 2.4@ 3.54-4
4 10

“1.02- 1.23-0 9.71-4 2.*

At= 0+-5 SHAKES

1.154
2

2.I.0=

5.~5-4 4.30-4

1.14-’ 2.55-4 1.41-4 1.14”=
58 u 3.6 . 58

7.61-6 1.14-5 8.76-5
21

At =10-20

7.*a
3.88-9 l.go-s
3 45

1.223 7.6F4

1.37-4 6.;5-4 3.6Y4 l.go-~
17 lo 45

7.23-s 2.66-= 1.%-= 1.*-4
38

Af=40-ao

5.86-3

8.6EF 9.52-’
2 20

3.70= 2.70-3 l.go-s
5

9.~4 2.33-3 1.45-= 1.794
4 5 15

4.19-4 3.6y4 2.85r4 9.75-4
10 la

At = 160-320

3.69-4

5.:3-3 1.8P
15

4.01& 4.624 6.85-5

1.8P 5.;63 3.2P 8e~-4.

2.;3 2.fy3 2.;8& 4.&”
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TABLE V (continued)

SURFACE No. = --.dfl --
,

A~.~

4.80-2
<1
3.81-0
71

.

At.5-lo

2.84a

1.094 1.90’6
4 100

3.05-4 2.1$)-4
Q

3.62-5 1.35-4 9.*-5 1.90-6
23 32 14

1.71-= 7J5p l.glp 5.52-5
% I.cfl

I II 3.51-3.
-1 t

3.33- 3.62-5
2 23

1.32A 7.77-4 5.71-8

3.54-47.25-4 3.27-4 3.81-S
8 22

1.01-41.28-4 .76-5 2.51.-4
I/b 19 i

Lop

3.;5- 1.31-4
)2

2.5e& I*W 5.33-s

l.?= 2.1k- 1.24A 2.57-4
4

‘9.s-4 1.08- 7e~4 1.38-
=i

Af x 0+ -5 SHAKES

! 5.36* I I I I
P

1.06= 3.81-0
4 71

2.40-4 2.07-4 l.go-e
Q ml

1.92-= 1.77-4 1.X2-4
35 10

5.71-6 3.81-6 4.76=

A?= IO-20
[3e@

I I
9

2.00-3 1.33-5
3 38

6.764 3.98-4

1.43-4 3.43-4 1.71-4 1.14-=
If? n’ 41

4.38-s ~.~s 2.28-= 1.2r4
1 xi 90 19

Afa40-S~

2.sla

4.08~ 5.90-5
2 18

2.07-3 ~028~ 1.71-=
k

8.01-4 L.~9+ 7.10-4 9.90-=
5

3.22-4 f●W-4 2.61-4 5el&-4
fi

Af z 160-320
t

1.48-4
Ill

1.92+ IL.lz+
.

.
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TABLE V (continued)

E. a ..%0.. MN

.’

SURFACE NO. = --.8---

Af=O

4.03a

1 i

A? =5-10

4.00-4

1.95-4
7

!5.04-= 2.TC5

1.43-= 2.09-s 1.05-5 .9.5Q-7
26 21 30 m

2.86-6 1.$10-8 ~*z-7 fj.ij.p
71 lfn Tz

Ats 20-40

5.09-4

5.:5-4 8.TS

2.48-4 1.31-4

7.W= 1.35-4 6.&s 6.:e
u 8 12

2.1’GS 3.04-5 2.19-s 4.66-=
-lfl 91 L

Af Z 0+ -~ SHAKES

A?= IO-20

5e@.4

k

3.44-4 3.81-e

1.28-4 6.28-s 9.!%2-7
Q 19

2.9!-= 6.38-s 2.:5$-= 2J%-’5
12

1.14-= 6.&e 2.8(P 2.28-s

Af =40-60

I3.58-4 I I I I
ti

6JW4 7.61-a.
4 35

9099-= U5-4 637-s 1.28-4
a I

At = 80 -IGO At= 160-320
,

I 1.24-41 I I

L!O!4.il-42.36-5
2 I

3.45-42.61-4 6.6&e

2.39-43.W4 1.73-4 .6.28-5
6 12

“2.19-42.89-4 2●XL-4 3.29-4
7

I1.43-sI I I I

1.99-4 1.9s4 1.!2-=

1.8T4 2.:9-4 1.81-4 7.32-5
7

3Q.4 4*p-4 3.~-4 5.;-4
5

t
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TABLE VI

WEIGETED GAMMA CURRlllT
O.3 MaV Source

‘%t
s

2

3

4

5

6

7

8

9

10

0 0+-5 5.1o 10-20 20-40 40-80 bo-lm L60-320

9.59-1

0.91-1

7.79-1

6.09-1

3.93-1

1.“[6-1

4.11-2

2.91-3

1.94-5

1.07-3

1.67-3

3.05-3

4..1.3-3

5.U-3

4.W-3

1.69-3

2.uL4

3.36-6

5.75-4

1.33-3

2.I.3-3

3.12-3

3.51-3

2.94-4

1.25-3

loy2-4

2.78-6

1.15-3

2.05-3

3.46-3

5.I.O-3

5.94-3

5.08-3

2.14-3

2.61-4

5.24-6

1.69-3

3.06-3

5.M-3

7.X-3

~.99-3

7,!2-3

3.51-3

5.18-4

6.3-6

s . surface number
;~tin shakes

TASLE VII

WEIGHTED CAMM4 CURRENT
1.5 MsV Source

\
t

s

2

3

4

7

C5

2.01-3

4.35-3

7.51-3

1.3.3-2

1.30-2

1.15-2

5.46-3

U.63-4

1.66-5

2.24-3

5.60-3

9.38-3

1.49-2

1.60-2

1.61-2

7.43-3

1.32-3

3.14-5

LAL3

5.75-3

1.07-2

1J3-2

2.14-2

1.91-2

9.35-3

1.61-3

4.21-5

0 0+-5 5-10 10-20 20-40 40-60 WI-16(I 160-320

9.77-1 9.00-4 5.53-4 S.06-4 1.26-3 1.23-3 1.04-3 7.73-4

9.56-1 1.6U-3 1.26-3 1.7&3 2.31-3 3.27-3 3.20-5 2.71-3

8.66-1 2.93-3 2.14-3 3.07-3 4.36-3 5.71-3 6.63-3 5.97-3

7.51-1 4.63-3 3.I.2-3 5.19-3 7.10-3 9.47-3 1.07-2 1.10-2

5.7&l 6.X-3 4.72-3 7.33-3 1.04-2 1.43-2 1.61-2 1.55-2

3.61-1 7.69-3 5.47-3 8.23-3 1.20-2 1.6%2 1.96-2 l.p-~

1.53-1 3.97-3 4.32-3 6.47-3 9.71-3 1.30-2 1.59-2 1.59-2

9 3.24-2 2.32-3 1.66-3 2.63-3 4.06-3 5.61-3 6.60-3 6.tu-3

10 1.99-3 2.60-% 1.71-4 3.00-4 4.65-4 7.01-4 8.33-4 8.47-4

u. 1.49-5 1.06-6 1.97-6 4.79-6 6.Y{-6 9.19-6 1.3P-5 1.24->

,

.

s . am-face number
At in shalces
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TABLE VIII

WEIGHTED GAMMA CURRENT
5.0 %V Source

k<
t o 0+-5 5-1o 1o-20 20-40 40-80 &-l&l 160-320

s

~ g.tf$l 9.15-4

3 9.q-l 1.69-3

4 9.31-1 2.92-3

5 6.70-1 5.10-3

6 7.66-1 6.52-3

7 6.1o-1 1.17-2

8 4.03-1 1.47-2

9 1.91-1 1.26-2

10 4.wl-2 5.96-3

XL 4.03-3 9.16-4

s = Surface Number
At in shakes

3.90-4

9.09-4

1.q-3

3.10-3

4.96-3

7.67-3

8.72-3

7.84-3

3.74-3

5.66-4

6.35-4

1.43-3

2.48-3

4.12-3

7.22-3

1.02-2

1.26-2

1.12-2

5.57-3

6.96-4

6.20-4

1.%-3

3.39-3

5.50-3

b.b3-3

1.44-2

1.q-2

1.4’8-2

7.35-3

1.18-3

6.o&4

1.9-3

3.62-3

7.05-3

1.03-2

1.57-2

1.96-2

1.71-2

8.27-3

1.32-3

4.22-4

1.51-3

3.38-3

5.91-3

I.09-2

1.51-2

I.91-2

1.65-2

7.93-3

1.12-3

2.54-4

1.10-3

2.56-3

5.25-3

6.71-3

1.31-2

1.5$-2

1.29-2

5.59-3

6.85-4
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