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ST T N O U R
ABSTRACT

A particular solution is presented for the following problem:

What is the probability that straight line path aerial pene-
tration of &n atomic cloud will lead to a normalized gamma, radiation
dose in excess of a given value - where the normalized dose is defined
as the dose in roentgens divided by a parameter ‘K » having the di-
mensions of roentgens, which includes the penetration speed, the size
of the weapon which produced the cloud, and the characteristics of the
resultant gamma radiation.

The solution contained herein is only qualitative, as ade-
quate means for evaluating the above mentioned parameter experimentally
are not yet available. A supplement to this report is contemplated
upon receipt of the Greenhouse gamma radiation experimental program

results. Such a supplement will supply the information necessary to

an evaluation of ;\
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1. The radiation dose to be expected from aerial penetration of

an atomic cloud is clearly a matter of interest to the Department of
Defense. Unfortunately this problem is too complex to admit an exact
solution, so various simplifying assumptions and approximate methods
must be used. One such method will be found in reference (I), the
final results of which are presented in brief in reference (II). In
the following paragraphs, we shall attempt to develop a somewhat dif-
ferent method. The basic difference in these two methods is that they
employ different assumptions as to the distribution of the source of
radiocactivity throughout the cloud. Reference (I) assumes that the
available source is distributed uniformly over the entire cloud volume.
We shall assume that the available source is concentrated at n points,
and that these n points are distributed randomly throughout the cloud
volume, The latter has the advantage of allowing for '"hot spots” in

the cloud, and presents its result as an expectation of dose.

2. The One Point Case.

Consider an aircraft flying through an atomic cloud, with the

following asswmptions:

(a) The aircraft flies on a straight line path W at

constant speed.
(b) The motion of the cloud, in both ascent and expan-
sion, is small compared to the speed of the aircraft.

(c) The level of radiocactivity in the cloud is constant

s yrn UNCLASSIFIED
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during the time of exposure of the aircraft.

(d) The source of radiocactivity is assumed to be con-
centrated at one point, this point to be located within the cloud in a
random fashion.

(e) The only radiological hazard comes from exposure
to gamma radiation emitted by the fission products in the cloud and
not from any direct contact with or inhalation of these products.

(f) Sufficient time has elapsed after formation of the
cloud so that it has risen to an altitude where the cloud density is
essentially that of the surrounding atmosphere.

Tae probability of a point p lying within x and x + dx

of ¢ is given by

p = g (x)ax (2.1)
and the doses experienced by a point f’ , due to the gamma ray source

at p , while traversing g is given by
D = £ (x) (2.2)

We can then write:

X - p (D) ;where P = 1 (2.3)

and

, =& [POD] 7D a (2.4)
Where J (x,D) is the Jacobian of the transformation from the x domain
4
to the D domain. For this case, J = 4X = @° , hence
.o. .EO E .5.6... E‘z
.:o oEo E:o o:o :oo :o.
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- S (D) (2.5)

vhere E = g p- ?'. Z(D) is thus the probability density func-

tion for the one point case.

3. The Extension to the n Point Case,

Iet us now replace assumption (d) in paragraph 2 with the
following:

(d') The source of radicactivity is assumed to be con-

centrated at n polnts, each of these points to be located within the

cloud in a random fashion.
For simplicity of notation, we assume that each point carries

1 of the tctal available source. This, howe.ver » imposes little re-
n

striction on our solution.

Equation (2.1) is now replaced by the system of equations:

pn=nl 77 [9x dx: ]

(3.1)
and equation (2.2) is replaced by the system:
/ n
D, = 5 2, fex (3.2)
i
whicﬁ leads to
£(x3) = 41Dy - (1-1) Dy 4 (3.22a)

and hence

x; = ‘7’/4'0; -(r'-/).D,-_,/ (3.3)

... c§o g:o oé'o{ g:o §0§
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®
*
»
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[
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To obtain the analogy to equation (2.4) we combine and write:

P, 3 nl[/g[p(lDi [i-1] 11/ J (X5, Di) Z7G.Di
q[/..ltfl

174 n
Where the symbol O(‘ / below the integral sign indicates that
sy

(3.4)

an n dimensional integration must be performed. In each case the

range of integration O( is that dose range obtainsble from the ith
¢ .

point source of gemma radiation,

To simplify the above, we note that:

9%, . 9% |
0D, dDn
JCx: D) =
. . . Oxn
3D

and from (3.3)

o0x; _ ¢ 9 iD-(i'-l)D~_
EEi A w1/

Hence:

‘/.= ( => j.;‘ = ,.¢/

SE it => dx.=_((_,)¢'
JD; .
X,
‘ - S =0
./)( or (¢ /)=>-J.DJ
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Thus:

J X D) =

Substltutlng in (3.4), we obtain:

.=(/7/) 77/?/;0(:0 -[;-gD,-,)_/ j 4 (:D -[é-9D;_,) C(.D/

“‘:" (3.5)
-m/)/ /Z())dp/
Where, "

L =929

and
’zi ® (D; =~ (~)D,, = fx;)

To set the limits of integration we first note that D, ranges

b fob il
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from D to D + SD, hence the integral is truly of dimension

(n - 1), and we write:

ﬁ' 2 () do;f 2, [nD- (n->Dn.,] 4D

VY

y 2
{=net

The Jfovfélst dose obtainable from any point source we shall de-~
note by £ (R) * Dy , where R is the length of the normal from ¥
to the most distant point of the cloud. Hence, every lower limit is

equal to Dyp. To obtain the (n - 1)5% upper 1imit, we note that:

iDg - (i-1)Dp;; 2 D,
or
D;_; € i?:ll)o 3 i 02 2
Hence, ”D" =-mYDn.m ~Ds 2D, D
Aot
/0,,:(»/) ,/ / / 2/2:‘(/\ VdD;f 5 [nD- (»-oD.-,_] JdD
is
-Dw

(3.6)

vhich obviously reduces to equation (2.5) for n = 1.

To reduce this to a more usable form, let

Ze & K (D - D)

obtaining:

APPROVED ECR PUBLIC RELEASE. -
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ﬁ-l
:”n, //2;‘ (2:-2.:.)] di/z [no-0)-2,.]
: ey
(3.7)
vhere

2@ : 5 (x-D)

It is now clear that we are dealing with a multiple Faltung
integral. In fact,

I/n ,,// /I/Z[n(.b z>.)+1>.]j)/

-st
Wmere oy [ F(t ] 5 / € F(t) dt , the Iaplace transform of

F(t). (1)

o

Hence, finally:

p,= n-n! “Z 7/,( / 2 [n(2-.) +1>.]j/y (3.8)

(1). See "Modern Operational Mathematics in Engineering" by R. V
Churchill, Article 1k.
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., Thus far we have made no assumptions about the shape of the
atomic cloud, or about the intersection of % with the cloud. The
form of our solution for the one point case will obviously be dependent
upon both. Also, for the one point solution to be useful to us 5 1ts
Laplace transform must exist. Further, we must be able to raise that
transform to the n‘h power and find the inverse transform of the result.
Iastly, the assumptions we make about the shape of' the cloud, and the
intersection of & with it, must be consistent with previously obser-
ved facts about atomic cloud development and with reasonable and in-
teresting aircraft flight plans. '

The remainder of this paper will be devoted to one particular

solution which satisfies the above.

5. Let us modify assumption (c¢) as follows:

(c') The aircraft flies through the centroid of the
cloud on a straight line path, ;0 » at constant speed.
and add the assumption

(g) The cloud is a sphere of radius R .

Our complete list of assumptions will then be (a), (b),
(e"), (a), (e), (£), and (g).
The g (x) of equation (2.1) is then given by:

g (x) = 3x [R-4 (5.1)

R3

and the £ (x) of equation (2.2) is given by:

APPROVES FOR® PUBLI & RELEASE
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o & 0
® &
o (XX ) GLEd

£ (x) = I ( pxx) (5.2)
Y
g S
A= 2w
%
el
1,449 2 /e 37 oo

The strength of the gamma ray source at p , in

units of roentgens cm®
KT sec

The velocity of the aircraft in units of cm
sec

The effective total absorption coefficient for the

gamma rays under consideration, in units of 1
cm

It is convenient to comsider all distances in units of mean

free paths, hence we make use of the following definitions:

X = pX

v oz pr

and equations (5.1) and (5.2) become:

° « o o TR
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g (e¢t) = 3« r*- o (5.1a)
r3

£() = 5 T (%) (5.22)
ot

Also, in order that our solution will be applicable directly

to a wide variety of cases, we replace D by D s where

The reader can easily convince himself that this will in no
way alter our use of the equations developed in paragrephs 2 and 3.
For any given situation, A will b.e a constant. The analogy of
equation (2.5) is then:

P, = /2, (D) D (5.3)
Where:
- Sx* rr- «* /
D)= . L
Z (%) =3 Tz (5.1)
77/‘ -
_ e'm o
I" 3¢n 6 6
o

and Py is the probability that the dose experienced will be between the

limits D end D + OD . Finally, the probability of experiencing a

dose at least as great as D 1is given by:

APPROVED*FOR *PUBLI C RELEASE
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D
PS) =‘/2 (T) d7

Figures 1 and 2 are plots of I, (<) and I, (e<¢) respec-
tively. (2) Table 1 contains the results of computing D and p as
functions of & , for various values of the parameter r .(3) Figure
3 was prepared from this table, and contains the resultant six plots of
P versus T . Figure 4 exhibits the corresponding six plots of p
versus D . Figure 5 is an enlarged linear plot of p versus D for
r =1, and includes plots of two interesting simple approximations -

& truncated power law and a truncated exponential law. Figure 6 is

self-explanatory.

(2) These plots were made from machine calculations supplied the author
by the Computing Section of the LASL Theoretical Division. The
small tables on each contain the numerilcal results of those cal-
culations.

(3) The decision to use integral values of r from r = 1 +to
r = 6 vas based upon a perusal of Annex 4.1B of the Greenhouse
Report ~ "The Development of the Atounic Cloud" by Kellogg,

McKown, and McPherson.
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6. From peragraph 3, we see that our next step must be to find
1{ Z: }and raise it to the nbt power. This of course can be done
numerically, as an inspection of Figure 3 mskes it obvious that I{ 2}
exists. The labor involved seems hardly justified, however, when on.e
re-examines assumption (g) in the light of existing atomic cloud de-
velopment photographs. A more reasonable approach is to approximate

2(3) by some function whose Laplace transform is easily raised to
the ntR power, in such a way that a minimunm of violence is done to the
corresponding integral P (D) . This is equivalent to changing the
cloud shape from a sphere to some other distribution of points in
space,

We shall make use of a truncated exponential law to achieve

the desired approximation. A law, that is, of the form:

~5(B)=A e’ u(5-5.) (6.1)

where: A, B are parameters depending only upon r , and therefore are

constant for a given aircraft flight altitude and bomb.

u(dD-D,) = 0 for D < D,

= 1 for .1_)- 2 .l_)O
The values of A and B will be determined later. For the present

let us examine the extensiom of (6.1) to the n point case. From

paragraph 3, we have

co® o0d ¢

: e ® g
? e
< e
[ ]
L]

.24 &

ee sss Cr0 06
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Hence we can write:

(7)) = L[4 crlavisnrcn @fle

In which Y must be chosen in such a way that Pp = O vhen D= 50.
Equation (6.2) can be written:

sf -3( e . _
/I/a n/ // dt ; 1= n(d-3,)+D,

and:

..n,u(&fl)
Py n// 5*3) (6.3)

el o 3, i3
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Hence:
y 2V

Pn:A"ﬂ‘{?'”f’/ﬂ{ﬁ'jo)*éo"ﬁ/ﬂj exp -a/”(ﬁ'bo)*jo’ﬁ _.//

(6.4)
From which we see that the correct choice of /p is obviously

o= Do
n
Substituting, we finally obtain:
-ED = =.Jn-1 _-Bn(D-D
Pp = A" n2 e BDo [n (D - Do?] e ( o) (6.5)

T. Values of the parameter B (r) can be obtained in any number
of ways, depending upon how one wishes to fit straight lines to the
curves of Figure L, The only justification for the method used herein
is that it is simple and seems reasonable. Consider the curve labeled
I in Figure 7. Each point of this curve was obtained emplrically by
measuring the slope of a line drawn from the P = 0.1 point to the

P = 0.9 point of the corresponding curve in Figure 4. We shall de-

fine B by the expression:
B z e0.6 (r - l) (701)

(7.1) is the equation of the curve labeled II in Figure 7, which was

fitted to curve I by eye.
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1. SEE PARAGRAPH 7 FOR AN

EXPLANATION OF THE POINTS

ON THIS CURVE.

2. B = eo-e (l’-l)
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To obtain an expression for A, we recall the restriction

that:
Pn (7') 0'7' = J
D,
Hence: oo
S S Zn'le'BZdz-gn-l)z
Anl n e"'BDo Bn
and : 1
A = [2‘3_932‘3] n (7.2)
n

Our final expression for pp (D, r) can then be written as:

) 2 Ef [ @-59)) " @ P g

n !

To determine the behavior of (7.3) for very large n , we make use of

Stirling's asymptotic expansion for n! , and write:

P, (D, ) ~ Bn%_el_l_ X e ™™ ; wvhere X ® B (D - D)
Xyew
or
- nijl+ln X - X ;] X 20
P E+D,, 1)~ Bn e [ s

X foam , (7.%)

o. E §0275 :'
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Let us now consider the expression
Y = Il-Xx+bx ; X220

which has an extremum, and is equal to zero, at X ®* 1 . It is obvious

that y 1is negative for 0 € X ¢ 1 > hence the extremum is a maximum
and y € 0 forall X . As a result we can write:
lim

Pn (5: I') x ®° -ﬁ 8 l + D
n - oo B

1]
(o]

D # §+ D

Or, equivalently, p, (D, r) is a s function, the position of whose
peek is determined by r . Since letting n become infinite is equi-
valent to assuming e homogeneous distribution of geme, ray source

throughout the cloud, we see that the equation:

Pe = @601, 5 (7.5)

defines the expectation doses for homogeneous distributions in clouds
of various sizes,

Since we are primarily interested in the probability of ob-
taining & dcse, we shall meke no computations of Pp » but rather shall

proceed to a consideration of its running integral:

n/
”(5'-50)
.:: -§. §. 23: §. § §
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(-
= /_'_.’___.), z n-1 e ¢ dt  ; » integral
(n
Bnr (5 "50)

- y s grat (7.6)
/7(n)

where
X
(7 =f @ ¢” 't
°
and
[fan) 2/7(N)
The reference cited in Footnote (4) contains tables of
I(u p)i‘ru(p*ll
’ e+ 1)
where

u ] X

Ter

(k) See "Tables of the Incomplete / '~ Function" by Karl Pearson,

This volume is printed by the Caybridge University Press and pub-

lished by the Office of "Biometrika". 1934 Edition.

L ] e0® O e0® O0&o :..
o e ¢ o .

o 4« o 290 * 0
. o oo o " 0 s @
. o o . * s
+0 000 008 80O oo (X J
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Hence we can use these tables directly by noting that:
Phe1 Dy r) = 1-1I(BYo+l Yﬁ - 301 » 1) (1.7)

The function D, (D, r) is presented numerically in Table 2
and graphically in Figures 8 and 9. The six sections of Figure 8 de-
pict the trend of the function as n is varied and r is held fixed.
Since the 1 scale for these figures was changed to allow for more
clarity in plotting, Figure 9 was included to indicate the trend of the

function as n is held fixed and r is varied.

8. As we noted in paragraph 6, the particular solution exhibited
in Figures 8 and 9 is not for a spherical cloud but is for "some other
distribution of points in space". It is only logical that we should
attempt to derive some of the characteristics of that distribution.

In doing this, let us first re-examine the order of argu-
ments in paragraph 5. We postulated assumption (g), and from this we
wrote equations (5.1) and (5.12). A more general approach is to re-
place assumption (g) with the following:

(g') The cloud is such a configuration of points in
space that the g (x) of equation (2.1) is given by

e - m[P-F ;3‘2 - ¥ (5.2)

where R is the length of the normal from §#& to the most distant

point of the cloud. One such configuration of points is of course a

sphere of radius R.
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TABLE 2A (r =1)

Dm 2 na=5 n= 10
D P, (D, 1) b3 p5 (D, 1) D Pyp (D, 1)
+32830 1 +32830 1 .32830 1
.68185 84172 «55191 90419 486k <9999
1.03541 + 58694 «TT551 «92355 «92355 .99838
1.38896 +37416 «99912 .T5268 .80264 «97655
1.74251 22628 1,22272 «53740 96076 .89193
2.,09607 .13218 1,44633 « 314364 1.11887 . 72826
2.4hk962 | ,0753k4 1.,66994 .20131 1,27698 «52354
2,80317 | .ok216 1.89355 .11002 1.43510 33318
3.15673 .02326 2,11715 05687 1.59321 .19026
3.51028 01269 2.34076 .02810 1.75132 0989k
3.86383 .00686 2.56437 .01337 1.90944 ol Ly T
4.21739 .00368 2,78797 +00B17 2,06755 ,02128
4 57084 00196 3.,01158 «00277 2,22567 .00899
n= 20 n= 30 ns= 50
D Py (D,1) D Py (D,1) D Pso (D, 1)
66371 +99998
«TT551 +99902 69345 1
.88732 +98909 +T84T3 «99991
«99912 94490 87602 «99832
1,11092 «83573 +96731 98678 82327 1
1,22273 66077 1,05860 94220 .89398 +99986
1.33453 45922 1.14988 .83656 96470 «99827
1.44633 .28017 1.2k117 .66658 1.03541 .98835
1.55814 »15115 1.33246 6668 1.10612 .95126
1.66994 .07288 1.4237% «28520 1.17683 .86053
1.78174 .03176 1.51503 +15262 124754 +T0531
1.89355 .01265 1.60632 .07208 1.31825 «50962
2,00535 -00L465 1.69761 .03034 1.38896 « 32008
1.78889 «01150 145967 17418
1,87988 «00396 1.53038 082411
1.60109 0341k
1.67180 .01248
1.74251 00407

' [J

APPHOED FOR P.UI_%L.I'C REL EASE




APPROVED FOR PUBLI C RELEASE

TABLE 2B (r = 2 )

— ne 2 nw=S5 nml0
D P, (D, 2) D P5 (D, 2) D Pro (D, 2)
04855 1 04855 1 04855 1
24258 L8172 17127 99419 .13532 - 99994
J+3661 «5860L .29398 .92355 »22210 .99838
+63064 «37416 JLL6T0 75268 +30887 97655
82467 .22628 «53941 53740 « 3956k «89193
1,01870 .13218 66212 « 34364 L8241 . 72826
1.21273 07534 «T848Y4 .20131 +56919 .52354
1.40676 .0k216 +90756 .11002 .65596 .33318
1.60079 .02326 1.03027 .05687 4273 ~19026
1.79482 .01269 1,15299 .02810 .82950 .09894
1.98885 .00686 1.27571 01337 .91628 OLTh9
2,18288 .00368 1.39842 00617 1.00305 .02128
2.37691 .00196 1.52113 - | 00277 1.08983 .00899
ne 20 n = 30 n = 50
D Poo (D, 2) | D P (D, 2) D Py (D,2)
23262 «99998
»29398 «99902 2480l 1
35534 98909 «2990k «99991
111670 +9lk90 3401l .99832
7805 83573 «3992L .98678 .32019 1
«53941 66077 Jio3h 94220 «35899 «99986
+600TT L5922 J99L3 .83656 39761 .99827
66212 +28017 54953 66658 J+3661 .98835
.72349 15115 +59963 L6668 Jshe . «95126
. 78L48% .07288 64973 +28520 .51422 .86053
84620 .03176 .69983 15262 .55303 .70531
.90756 .01265 <4993 .07208 .59183 .50962
.96891 00465 .80003 .0303% .6306k «32008
.85012 .01150 66945 217418
.90022 .00396 .70825 ,08241
< THT706 L0341k
.T78586 .01248
82467 00407
ST S - O
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TABLE 2¢ (r = 3 )

ne?2 nab n= 10
D Py (D, 3) D Pg (D, 3) D 0 (D, 3)
.01027 1 .01027 1 .01027 1
11676 84172 L7762 .9ok19 .05789 «9999k
.22325 - 58694 L1497 «92355 .10551 .99838
«32974 37416 21232 . 75268 .1531% 97655
L3623 .22628 27967 .537h0 .20076 .89193
54272 .13218 34702 . 34364 24839 .T2826
64921 07534 k37 «20131 .29601 .52354
+T5570 .0l216 L8172 .11002 . 34364 .33318
86219 .02326 «54907 .05687 39126 19026
. 96868 .01269 61642 .02810 .43888 .0989k
1.07517 .00686 68377 .01337 LU8651 LOUTho
1.18166 .00368 . 75112 00617 .53413 .02128
1.28815 .00196 81847 00277 .58176 .00899
nw» 20 n = 30 n = 50
D Psg (D, 3) D Pag (D, 3) D Pgy (D, 3)
11129 .99998
o7 .99902 «12025 1
.17865 98909 <4775 «99991
.21232 94190 1752k «99832
24599 83573 .20274 .98678 »15935 1
27967 660TT 23024 94220 .18065 +99986
.31335 115922 «25773 .82656 .20195 «99827
.34702 .28017 28523 .66658 .22325 .98835
+38070 .15115 .31272 L6668 255 .95126
JL1h37 .02788 .34022 .28520 .26585 .86053
44805 03176 36771 15262 28715 .T0531
48172 .01265 «39521 .0T208 . 30841 .50962
«51540 ~00465 L2271 .0303k4 «3297h «32008
45020 .01150 «35104 17418
JTTTO .00396 «3723% .08241
.39363 0341k
41493 021148
43623 00407 i
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TABLE 2D (r =4 )

n =2 ns5 n=10
D Py (D, 4) D Pg (D, 4) D P1g (D, %)
.00252 1 .00252 1 .00252 1
.06096 8h172 .03948 99419 .02866 +99994
11940 .58694 L0764, .92355 05479 .99838
17785 37416 11341 . 75268 .08093 .97655
.23629 .22628 .15037 53740 .10706 .89193
29473 .13218 .18733 . 34364 .13320 . 72826
.35317 L0753k 22429 .20131 .15934 .52354
L1162 04216 .26126 .11002 .185L47 .33318
L7006 .02326 .29822 .05687 .21161 .19026
.52850 .01269 .33518 .02810 23774 .09894
.58694 .00686 .37214 .01337 .26388 LOhT7ho
.64539 .00368 40910 .00617 +29002 .02128
.70383 .00196 L6007 00277 .31616 .00899
n =20 n= 30 n = 50
D Pyo (D, 4) D Py (D, ¥) D Pso (D, U]
.05796 .99998
Noy(3ns +99902 .06288 1
.09493 .98909 LOTT97 « 99991
11341 94490 .09306 .99832
,13189 .83573 .10815 .98678 08434 1
.15037 L660TT 12324 .9k220 .09603 .99986
.16885 L5922 .13833 .83656 10772 .99827
.18733 .28017 15342 .66658 .11940 .98835
.20581 15115 .16851 L6668 .13109 .95126
22429 .07288 .18360 .28520 L4278 .86053
LU2TT .03176 .19869 .15262 . 154l .TO531
.26126 .01265° .21378 .07208 .16616 .50962
L2797 00465 .22887 .03034 17785 «32008
.24396 ,01150 .18954 17418
«25900 .00396 .20122 .08241
.21291 0341k
. 22460 01248
.23629 .00L0T7
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TABLE 2E (r = 5)

Nm? ne5 n=10
D P> (D, 5) D Pg (D, 5) D Pio (D, 5)
.00068 1 .00068 1 .00068 1
.03275 B8h172 .02096 99419 .01502 <9999k
06481 . 5869k OL12h »92355 .02936 «99838
«09688 .37416 ,06152 .T5268 .0l370 97655
.12895 .22628 .08180 53740 .0580l .89193
«16102 .13218 .10208 . 34364 .07238 . 72826
»19308 07534 . 12237 .20131 08672 «52354
«22515 LOoU216 14265 .11002 .10107 .33318
25272 .02326 .16293 ,05687 .11541 .19026
.28928 01269 18321 .02810 12975 +0989L
.32135 .00686 20349 .01337 14409 Ok Tho
.353k2 .00368 22377 ,00617 .15843 .02128
.38549 .00196 «24405 .002T7 17277 .00899
n =« 20 n= 30 n = 50
D Py (D, 5) D Pz (D, 5) D Pgo (D, 5)
,03110 .99998
LOk12h 299902 .03380 1
.05138 «98909 .04208 «99991
.06152 «94490 05036 .99832
.0T1L66 .83573 .05864 .98678 OU557 1
.08180 L660TT . 06692 .9U220 .05199 «99986
.0919k 15922 «07520 .83656 .05840 +99827
.10208 .28017 .08348 66658 06481 .98835
11223 .15115 .09176 L6668 .07123 +95126
.12237 .07288 .1000k4 »28520 07764 .86053
+13251 .03176 .10832 .15262 .08406 +70531
14265 .01265 «11660 07208 +0904T « 50962
.15279 +00465 .12488 .03034 .09688 « 32008
.13316 .01150 .10330 «17418
Jdhh ,00396 10971 08241
.11612 0341k
12254 .01248
.12895 00407
RERNEE 2L
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TABLE 2F (r =6 )

nes= nw5 nw= 10
D P, (D, 6) D Ps (D, 6) D P1g (D, 6)
.00019 1 .00019 1 .00019 1
.01780 84172 .01133 .99419 .00806 <9999k
.03540 « 58604 02246 «92355 .01594 .99838
.05301 37416 +03360 75268 .02381 97655
.07062 .22628 LOblT3 .53740 .03169 .89193
.08822 ,13218 .05587 « 34364 .03956 . 72826
.10583 07534 06700 .20131 LOLTh3 .5235h
1234k 04216 07814 »11002 .05531 .33318
«14105 .02326 .08927 05687 .06318 .19026
«15865 .01269 .1ook1 .02810 07106 0989k
17626 .00686 11155 .01337 .07893 LOUTho
.19387 .00368 .12268 +00617 .08680 .02128
21147 .00196 .13382 00277 .0ok68 .00899
nw 20 n= 30 nw= 50
D Ppg (D,6) D P30 (D,6) D Pgo (D,6)
.01689 .99998
02246 «99902 ,01837
.02803 .98909 .02292 «99991
.03360 9400 02747 .99832
.03916 +83573 .03201 .98678 02484 1
LOUhT3 +660TT .03656 94220 .02836 .99986
.05030 L5922 0110 .83656 .03188 «99827
05587 .28017 04565 .66658 .03540 .98835
06144 .15115 .05019 L6668 .03893 +95126
06700 .07288 <054 Tk .28520 LOol2h5 .86053
07257 .03176 05929 .15262 04597 .T0531
07814 .01265 .06383 .07208 .Ololio «50962
.08371L 00465 .06838 .03034 .05301 .32008
.07293 .01150 .05653 17418
OTThT ,00396 .06005 .08241
.06357 0341k
06710 01248
07062 .00407 |
R I
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\VIRAVI N L, VIV ST T T 4

We could then have proceeded in exactly the same fashion as
before, without having our thoughts limited by the "sphere" concept.
Our method for investigating the "cloud" associated with the
solution of Figures 8 and 9 will be to work the problem in reverse.

We want to determine the function g such that

- z"(j) : -9P- ?'(5) = Be-A(D-D.)a(.D'-.Z.).)

which, from paragraphs 2 and 5, can be written:

-B po a

Zp (=) _ I,(f')/
Be w (D-D.) = - gle)-

/
-4 /‘ z, ]
dx b x
or, more simply:

-B 5--Do - -
gla.r) = -g (7, + -&{’) e ( )a(p-z),) (8.1)

where both B and D, contain tlhe dependence of g wupon T .

We
thus see that our solution for P (D, r) is valid for any "cloud" such

that g (o6, r) is given by equation (8.1). Figure 10 exhibits the

functional dependence of g upon ©¢ , for the interesting values of

r , depicted by this equation. For purposes of comparison, Figure 1l

is a similar graphical representation of equation (5.1a).
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Let us now define equivalence of clouds. Two clouds shall be
saild to be equivalent if the probable distribution of radiation dose ob-
tained from aerial penetration of them, along a straight line path
through the cloud centroid with constant velocity, is identical. Then
to further describe the derived cloud, we take advantage of the fact
that the entire class of point configurations described by (8.1) is
equivalent to a particular solid of revolution about w . But every

such solid of revolution can be described by

,9("9 r) —_2moepge)

8.2
A 4P (6.2)

vhere YV (r) is the volume of the solid and P (<) is the intersec-

tion of the solid with & line parallel to ¥ at a distance o

Hence

LD 9cCex,r)
v 2w (6.3)

is an equation which enables us to compare the physical contours of
the derived cloud with those of any cloud for which the function

g (¢, r) can be calculated. Figure 12 contains one quadrant of such
a comparison with the sphere of equation (5.1a) for the case of

r = 4 , which is representative of an atomic cloud at an altitude of
approximately LU0 thousand feet. In this figure, the axis of &

can be thought of as the flight path y/ . Also note that the volumes

of revolution indicated are equivalent to the volumes of half-revolu-

RN R MOLASSIEED

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

¢ WQEAmEEEEEEENSEFEEES. ¢
[ ] ® o
A - UNCLASSIFIED
o0 000 008 0606¢ 000 oo
L J [ ] [ ] [ ] L] e o
L ] [ ) LX) L ] [ X ] e o
[ ] [] [ ] [ ] [ ] e o
e o [ ] [ [ ] [ ] o o
® eee o o00® 000 o
g
£
! -]
| i ]
Bl ! <
o
i _’E\L 8
E ©0
= 2
= | .
=4 3
us =K 3
5] 8
il ©
ey ~
S
Eift R
it 3
8
: D
E b3
: c
Bl = <
i g
;" H o
BEE 8
R ;
il 41]1,_’ 8
i .
8
®
o' o
@
<
TR S 3 ¥ 3 8 § 33 g 2 @ oz 88 e @ oo
[0}
o oeoe o sse o0 e
[ ] [ ]
o. E E' 5 E. E E
..0 00 000 oo oo oo
es oee o oe0 0 O L4
e O O
APPRCMH PUBLY C RELEASE




APPROVED FOR PUBLI C RELEASE

tion obtained by folding the portion below the line ©& = 0 into its
image above that line, and that the configurations resulting from any

sheer parallel to ¢ are again equivalent.

9. In the writer's opinion, the most realistic source for evalu-

ation of /\ = ‘:;‘; is the gamma ray experimental program report from
Operation Greenhouse. That report is not yet available, but it is felt
that the quaslitative results contained herein are of sufficient interest
in themselves to warrant publication at this time. When the above men-
tioned experimental results become available, a supplement to this
report will be published, to include an evaluation of A . If,
subsequent to that time, the reader wishes to make quantitative esti-
mates of D= A D » reference I is suggested as containing informa-
tion from which crude values can be obtained for S and.//~

There is a possibility, of course, that the above mentioned
Greenhouse report will not contain sufficient information for an ex-
perimental determination.of ‘A . In this event, the proposed sup-
Plement will contain theoretical estimates of S and‘/~ » based in

part upon reference I.

10. No attempt will be made to draw conclusions as to the rela-
tive merits of our derived cloud as a model for tactical planning.
In the writer's opinion, the derived model is at least as good as the
spherical model, but such a statement is impossible to prove at the

present time, A reasonable procedure is to delay such conclusions

e
200000
e ®

.

o~

b

es see o ses 8 % O L':\.’:‘g"“f{lr!ED




APPROVED FOR PUBLI C RELEASE

R ‘ UNCLASSIFIED

until /\ is evaluated - then comparisons can be made from the view-

point of dose received.

It should also be noted that the procedure used herein is

easily capable of developing other, and perhaps better, derived clouds.

One needs only to select a different physicel model from which to ob-

tain the running integral curves of Figure 4. For instance, a simple

starting model vwhich appears highly interesting is the "ice cream cone"

shape.
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APPENDIX I

The reader may well be perplexed at the failure of the writer to
approximate Py (5) by something other than a truncated exponential
law. As a matter of fact, a truncated power law approximation would
be highly desirable to augment this discussion because (see Figure L4)
a combination of the power and exponential laws would allow the compu-
ted function to be bracketed in a certain sense. The following argu-
ment is designed to indicate the complexity of using such an approxi-
mation.

Let us assume that P (D) can be approximated by:
_ Y
(D) = A(D) "u (D-D,) (1.1)

for the one point case, where both A and ﬂ are parameters dependent
upon R. The value of A must then be determined by:

(-]

AfxPadx =7

or

CRCLASS/Fiey




APPROVED FOR PUBLI C RELEASE

UNCLASSIFIED

We thus see that a meaningful definition of A 1is dependent upon F

being greater than 1.

To extend this to the n point case, we write:

-/
P, = n-n/x/ﬂ' (3)/”
U, (s) = I/A 2‘_’« (Z‘-/o‘)/ (1.2)

where

in vhich

and, /« must be chosen in such a way that P, =0 for D = 50
Hence: ow
- -3
Va9 Afz e ar ; pss
/a«
o0
./.s - _
:::_4__9____.. (Y*/&S)n ’e de ; h<o
3"

= AL () / - Z;s(ﬂ)
s” /(n)

Need we go further? The restriction of n # a negative

s P # neg. nleger(x.3)

integer is bhardly serious, but the formal problem of raising V; (s)
to the nth power and finding the Laplace transform of the result is

somewhat frightening. The truncated power law approximation was aban-

doned at this point.
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