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This paper contains the solution of soms theoretical problems

which are of interest in comnection with the Trinity Testo Sectiom A is

a continuation of LA=267 and solves rigorously the case, D, a,P and }/

arbitary (for notation ef. 14=257)o 1In Section B a fairly accurste expression

for the absorption of the prompt neutrons in the earth as a function of time

is derived5 these prompt neubrons give rise to Y=rays which must be distinguished

from the Y=rays coming dirsctly from the gadgeto Finally, in Section C, the

problem.of the time~decay of the slow-neutron intensity (averaged over all space!

due to a pulse of fast neutroms is worked out to a good approximstiony FPige 3

P

contains the results for aire
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JULY 16TH NUCLEAR EXPLOSION:

“TUASIFIE)

“

SOIL CORRECTION, ABSORPTION OF NWEUTRONS IN SOIL,
AND TilE DEPEND.NCE OF SLOW-NEUIRON INTENSITY

SECTION A

Soll Corrections for Neutron Messurements

In LA=257, the slowing=down density of neutrons, duc to a mono=
g

energetic point source of fast neutrons located batween two diffenent slowing

down media, was obtained as a function of age for the following three cases:

(1) a =1, £ =0, D and P arbitrary
(1I1) D =60, z =0, a and P arbitrary

(111) D 0o, ¢ = 1, P and z arbitrary

In the sbove,; P and z are the radial and lengthwise coordinetes (cf 1A=257) ,

KLL >\.',_
“y (=) /) oy (1~ 8,)
and
a = (= ”) L
(l-ze-') a)

where A , a, b a2re the mean free path, aversge logarithmic energy loss, end

averzage cosine of the angle of deflection in a collisicn respectlvely‘the subseript

2 denotes the medium with larper meen free path while 1 denotes the ome with

smaller mean free psthe Ve have since

this enables the results to b;.;ipﬁlii‘ﬁ.

NCLEeS

worked out the case D, a, P and z arbitrary;

td Bwinlily esrth which contains an appreciable

exourt of hydrogen, and %o ‘hh@;.mqqkva e meyits which were necessary to interpret

—
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the Trinity resultse

We found in 1LA~257 that the Laplace trensform { with respect to the

ags 'U) of the slowing down density in the medium with larger mean free path is:

—3VTFR

Jo (x0) & AdA
L -
CP( /72) zrr[ [m + VD(a* + N) J

To obtain the Laplace inverse of (1), we write:

..}qk"-l-"L Do _WQ_}W
= =f e LW

R

whore

Q = Vx(a=+DN) t+ VD@ar+1q)
Substituting into (1) and interchanging the order of integration, we get:

Lq ¢ = fJo(mo)A oL X fof_ [e‘“"‘ 3“’7"”_]o¢w

We may find the laplaces inverse of the exponentiel expression by taking the

laplace inverss.of the component parts and using the convolution theoreme

Wys 9", 11'2:‘]
- - = ('Y
Thus s ;:q' (WVE +3) VX [wm+;

T %

(A"’b’ whdx

(1)

(2)

{4)

L-I e~w w(Ax+DR) w VDo e 7T
n = == —
P uucumP
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and

- (wiB +3)
oZ.z [em" s'm] (wv’ms)wvfﬁ&j

.D
-—[1"( + T+ w =+ d(T-%)

Taserting (6) into (3) end interchanging the order of integration gives:

v ol G 3;1]
DV ot - [ + =i

Ll P T u“ﬂ('?_tu_)‘/z. [W(WV.D‘*}) 4w €

<o

oo (e T
fJo(kP) e 3 A LA

Evaluation of the integrel over A yields:

N »

o - M s -4 s
fo Jo(2@) & A AX =(-5- e

where ;

S =
(%~ T

The evaluation of the integral over w is also straightforward end finally

. (wvrs +3)
o R Te oy
leads to: W=
eads to fo w(wvs +3) & e
(X ~ &= T - - -}-——I“kw .
2T e LI_\F&(’C"“-) {e +CT-w) 3 T (T-u..)/

D
b [t (G e e rar}

T = |
[og('r- w) + uL.J

where

Combining rasults we get as tm

L P oo oo oot see Soe H

w
“‘a/a.(fz:_ ,_4.) Y GL

f‘ngl eﬁ;prb&'szbn for ths slowing down density,
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gsc»
- P = -L
(e, 3. WLy d2gm aune
[+]

In limiting case D = oo, (10) can be replaced by a simpler exprassiom,

namely:

_(9*39

T (= (w- g1 By ||
%‘(913'42’)"2."'(1;}‘)%{6 MRS /;—--—‘ P
&

_ [ﬁ(w_&)fml (11)
e g oLw}

The derivation of (11} has soms mathsmatical interest end we shall give
it briefly. When D =o0, (1) reduces to:

o= [ ;f,(xp) e A AA (12)
"o Lvwm o+ Vo) ]

To obtain the lLaplace inverse of (1), we rewrite (12) in snother form,

namelys
- ,V‘T*"\. =9 ..P r"f‘m
O = e.r'l- e — e\f‘«"z} e T [ %+ V] AW (1)
ET ) VRvr e g ~ Vet wr

&

We Show thet (13) is squivalent to (12) es follows: for (o < | )

rz A > O , the right hand. side of equata on (12) can be expressed in

terms of an infinite seriesfﬁhus. :' s o

11 A
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The integration over A of each term in the infinite series can be performed

and leads to the result:

) - 3%, S0 o co ‘W"W}?
1z = SO0 & A2 =P&-f°‘zm‘"‘f°‘%' =
o

(e r)e Verr 3.
& & 3}'-1
For 3 = 0, we gets
~ T VETE
I.= =
Therefore:
o= 3 ) =TI,
a2 ; (V&7 &
=0

Now it is easy to prove = through successive integration by parts < that

o VR VesTw -fw{aq] -vxR 3 o . .
e e Z )

W = -1 .

{ p-rwt A V' 221 o Kq) IJ'

Substitution of (15a) and (17) into (16) leeds to (18). Wow (17) is valid

for Y@ 7 0 while the series expsnsion (14} is only valid for » 4 <1 5

howsver, since (12) jis an analytic function of Vg and since there is a

finite interval of overlap, by, tbe ;)rocesQ of! analyt:a.c continuation we can

®es 0o see see see .’ SOy A e ————2

. ujigtJHts&thU} 'IIIIIIIIIIIIIIIIIIIIEE;
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uss (17) f<'>r 9% > 1 = which is the case we are interested in- The Laplace
inverse of (13) is easy to find and we get (11).

It is fairly simple to derive the thres special cases treated in
LA-267 from either (10) or (110 As is evident from (10) or (11)3 one numerical
integration is required to obtain pumbsr which can be usedo Such numerical
integrations have been performsd for various values of D; a, P, and ?fand we
present the results in Tables I = III§ R is always the ratio of the neutron

intensity at the given point for the spscified values of D and a to the neutron

=

-————___‘-_-‘

intensity at the same point for D =a = lo

UNCLASSIMED

s ese o eoe soe oo .

e e o o s o c 0
e o o c e e o

) e oo e oo o o
) e o . o e

%0 €60 0o coe cao o0
es 000 a o0 o @
] e o s e o6
e 0 ° . sce .
o 0 00 o . e o o
o o e 0 e 0 0
. .

AD




APPROVED FOR PUBLI C RELEASE

VLAISIFIED
TIBIEI (De4,a =2, z = 0 .
£ R
eVt
0-50 1.22
0071 '0935
Q.87 <733
1.00 « 589
1050 - 0287
TABLE ITI (D =00, a = 2425) TABLE ITI (D =00, a = 4.85)
YVerEl 30T R ‘ B/avE | #F/vT ‘R
o G-5 1-33 0 0.5 10165
0 1.0 - 987 0 1.0 818
0 1.5 2893 0 1.5 > 727
0.8 Oab 1026 0.5 0-5 847
0«5 1.0 +912 0 5/ 1.0 '0744,
0o 5 15 862 005 1.5 -699
1.0 0-71 <715 1.0 0- 71 »570
1.0 1.00 2765 1.0 1.0 )soz
1.0 1. 73 ° 792 1-0 173 :628
1.5 0-5 «&80 ' 1.0 3.18 0640
1.5 1.0 ~628 1.6 0.5 351
1.5 1.5 «7CO 15 1.0 o481
105 1.5 « 538

It is seen from Tables II end IIT that R approaches an esymptotic value « independent
of £ ~ as z bscomss largee This value depends on a and can bs found directly from

(119 it turms out to be 2/(1 +¥T .

. - . —==
FERELLL g
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ABSORPTION OF NEUTRONS IN SOIL AS FUNCTION OF TILE

SECTION B

When the neutrons emitted by the nuclear bomb strike the ground, they
are captured by the nuclei conteined in the growmd, giving rise to Y=rayse Each
neutron captured lesds to at least on Y=ray emittedoc The Y=rays produced as a
result of this ground absorption of neutrons give an appreciable background to
measurements of Yerays coming directly from the gadget and must be corrected fore
Once the absorption of neutrons by the ground iz lmown as a functiom of time, it
is possible to determine the number of Terays by multiplying by the average number
of Yerays produced per neutron captured and by taking into consideration the
absorption of Ye=rays in the soil (cf LA4=250).

Ve treat the problem of the absorption of neutrons in ths ground by
a method of successive approximations. In first approximmtion we solve the time=
dependent age equation for air with cepture assuming that the soil is black, ioeo
completsly absorbing this o&grestimates the number of captured neutroas; In the
second approximation, the currentl) flowing into the earth = as given by the "first
approximation” solution = is regarded as a source for a stationary ege problem
with capture (since slcwing down occurs almost instantaneously in the soil as
measured in units of ths air time scale) and the returning current is found. The
net current flowing into the soil integrated over all sges r®presents the

absorption as a function of time. This method cen be continued to yield more and

purposess

more accurale results but the second approximation is sufiiiﬁt?ﬁl goed for most
*e s s

I/s In defining Ghe current mad gnesud Jsobmeiihat the total and transport mean
free paths are identiocal, this is a good approximation for large mess of the
scattering nucleus (the Hses Yl Lanted ei:j.? "¢ However, the difference between the
two mean free puths can e}éiiy e, thkeg ﬁn§9 acco

ADD)
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To obtain the first approximetion, we write down the tims~dependent

ege squation with capture for air{ we work with constsnt mgan free peth although

)

the goneralization to varigble mean free path is also possible:

"% _ 3 8% _ 3 0w _ )
33 TR ot T 2Em) T T 5 §(T) §(3-3) S CE) (18

In equatiomn (18), q is the slowing down density, T the age, t the time, v the
velocity of the neutrond the total meen path (which is essentially the scattering
mean free path since the capture is assumed small) 9 /? ¢ the capture mean free path,
which is a function of T, and finally Z, is the position of the plene source
(ef- Figs 1a It may appear strange that the age equetion is written down for
plene symmetry and not for spherical symmetry since the source of neutroms is
a point sourcee The reasson for this is that ws are interssted in the point-
source solution imbegrated over a plers perpendiculsr to the z=direction i-ec the
interface between air and soile It is easy to show that qplo= -{Nzn- e ‘b-,d_, a(p
where qpto is the point-gource svlution and qplothe plane=source solution of
equation (18)

Equation (18) is to be solved subjeot to the condition that the
medium adjacent to z = O (i-so soil) is_com?letely absorbing j this implies

that the backgoing ocurrent is zero, i.s. 3

%"3%"?3‘%:0 at 3 =0 (19)
(NCLASSMMED

APPROVED FOR PUBLI C RELEASE
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e o oo "N.C’o o o o
e s, 8 0 s
..: .E‘ E .Eo Eoo i.:
air
The solutiom of equation (18} subject to
__$§% - T T the boundary condition (19) is:
Pige 1
Fo)" (3+ )" . .
- 3
fe 4T + & 4'7’" _iez%:-’*“%i‘)‘. (20
- YawT 41T 2R
- _
A
"(ﬁFJfﬁ_g ~ Sa¥r
anp (3T (3'+3«») A 24

2)

The solution (20) is arrived at by the use of Green's function or by means of
Laplace transformso The latter method of deriving (20) seens sufficiently
interesting to justify giving the details of the derivation (ef Appendix 1
The rate psr second at which neutroms are being sbsorbed by the soil (in this

"black approximation) is given by:

c"l:' Ja'o

e T LI -411—7
A(t) /a%(r)/ AT = 2_%{_'1_%__ _,_3_ ag: [%T+%]} (21)

2)o Cfs Carslaw = "Conduction of Heat", Chapter

L 4 oo o o8
e o [ 3 [ ] . . o e
L] [ J L ] L [ ] o e
L L [ 14 e o0 o o
L] [ 3 L4 [ ] L] o e
¢ 000 000 000 000 O
o0 o0 [ 4 oes o o [ ]
® o o e e o o @ v o
o o o L4 [ (LXK ] L]
® o oo L L ] e o L]
e 6 o o o o e o O
oo (X X4 [ ] [ ] [ (X J
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s 0 8,0 8%.
whers .
= _ 2 o* a.t v (o)
T = .:2—0—,'_, a [) e -—é—z— (21&.)

t
- The fraction of neutrons abscrbed by the ground up to the time ¢ is‘Jén A(t')dt'

t
The quantitytle(t°)dt' is plotted up for air in Figs 2 (curve I ) as a function
of t for z =] =25 meters and an initiaml neutron energy of 200 ev (cf LAMS 250) -
In this calculation we have neglected the capture of neutrons (i.s. we have set
e =09,
Ths solution given in equatiom (21) is 2 fist approximetion to the

-correct answero To improve our result we treat the "black" current

féL' i;%?ﬁzy 58 the source of neutrons slowed down in the eartheo
[4]

Since the soil density is so large comparsd to air, the mean time beiween two
slowing down collisions in the soil is so much shorter then in eir that we can =
in goed approximation = use the stationary gre equation for the soil. This

aquetion is:

(9’- 36 ‘3 - Q %'J (22)

~—

S35 T kR %= 3T

In equation (22), q_ is ths slowing down density in the soil, ,28 the soil mean

free path {(assumed constant)/é;c the capture wean free path in the soil (which mmy

L8
varyl and'Z; the age of neutrons in the soil> Since —Z:s - ....é_:gk T
We rewrite (22): .o. see o ose :0. e,
* ¢ o0 o oe o o (2s)
.oo o:o :o. .:o :.. :o. 23
1 le
Q %‘s Y e 2 Y ey E Y Y ] ° ;.‘. R gj_‘!.
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$8s ¢ 8 203 4
LT LY gl
olé=

2%
To write down the solution of (23) with % 33 l
as the source, we note first that equation (23) can be transformed into an

ordinary heat squation by msens of the substitution:

-3 L
qs = Qs e 15 © ‘esc_(—t-)

In terms of Qg (23) thus becomes:

3 2, 9T (24)

Sscondly, we note that the incoming current from the air into the soil is

o ) o ST g

differentiating (20), whereas, expressaed in terms of g Qg it is

[,es a&;(’I:)) %er)], | "

Equating the two expressions for the incoming currsnt end rewriting in terms

of Qs” yields:

3
9Qs (T) 2 ,e 9 %(’r)/ T f—t“.( )
33 e T iz =% 53, (25)

i¥7 s assums that the aversgs, »3gayithgfigeeriiey loss per collision ic the same
in air and soil, and that.theﬁ bﬁ'era .rai ?‘K, cogine of the angle of deflection
991- collision is zero forebolh:s dhese *asstaiptions, however, are not essential

to the subsequent argumegho (.. . see o o o —
AR IR X
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-
Equation (24) is to be solved subjectito the boundary condition:

)0 - h d)('Z,‘) (26).

whore h = - 22& (262)
2022
R e I (261

The solution or (2¢) with boundary condition (26) is: 3)

-3+3)%e* m!
K 1; G - hE= (T~ A
o [ e S Jee

and hencse:

s
I - & - 32 : .
(3, T)= 22 &= (T/:r[e,'(‘ ~’><’l"‘“-)-.3_re $-GES 7. e
.

AE |

™ Ag ' 20, A
3 “'.i_z'c'_.
a%(“-)/ 61’{’ e oA w
9 ¥ o T«

3)s Cfo Carslaw, "Conduction of Heat", Secto 83; the integrsl depending on the
internal sources is zeroc since Q_ = 0 for? = 0 and all}é O loreover, ('vh)

replaces h because?/ls negad:fve«:' .

[ ]
L4
(3
[ ]
L]
L
[ ]
[ 4
®
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=16~
C3+p) e
3 e-nfme G j‘é e KA )
V- s Z»Qs V
= )
‘f‘ﬁ P o] [ C~4 T+ (28&
e cr'm—‘"ﬁ“ E""'ﬂ( )]} for T>T
_ (26b)
= O for T2 T
with “[° defined by (21a)
?o determine the rate at which neutrons are absorusd in the soil,
. w3 must evaluate:
) e+ J%(T) 3
5= [ 4] <x =[5t B - o]
o (29)
2 = S
- ::gj?.— %-(OJ—T)_ 2‘75:‘"{ 5’5(0;‘7-') AT
T
where
%" 1T 3&
- [e 7% szt ?e"f F’(E)
%.(o, T)= = " ;_32 e [ .ug( zv"f‘]} (29a)
3 (TAE_
TRy Je R () / _ S 3\['7:7—'
D (o T) = rf = 22 [’ )]}
_g. -li:. T L 3 3 (ng)
f ngce) “ = 3 _ wx-T IR ]
7"."'““‘: BT [-#(F + ) Ir
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In squation (28), (29a), (29b) T is fownd frozn(Zl;) The fraction of
neutrons absorbed by the ground up thetime ¢ 18\[ B(t")dt?o The mtegralJB(t’)dt"
has been computed for air for several vslues of t end the results are given in
Cur II of Fige 2o The distance of the source from the interface bstween air and
soil was again chosea as 25 meters (i-e- zg =& = 25 meters)s Ths capturs mean
free paths in air and soil were assumed to be proportional to the velocities with
the lifetime in alr teken as 07 seconds and that in soil, twice as large (for
density squal to that of airle

Formula (29) was used to compute points on Curva II up to t = 001
secondse Beyond this time, the "second" approximstion (29) gives too high a
value for the neutrons absérbed by the ground and it §g more sensible to
caloulate the point t OQsnd to interpolate for the remaining timss. The
caloulation of the point t «oo is equivalent to solving the stationary problem
for the absorption of neutrons in one semi-infinite capturing wedium due to a plane
source of neutrons -im an edjacent semi~infinite capturing mediume If the lifetimesg
in the two media are identical, (we assume capture orozs-sectiems varying inversely
with ths velocity and normalization to squal density) the pro‘;:clem cen be solved

rigorously with the following result for the absorption im the medium which does
not contain the source:

ca -+ A7’
(7 e -E-3 &) (30)
bym J 7T .

All quantities in (30) have their usual sigasfioancs. The value of (30) for

. [ 1 2] . ... ... 0.
. 0

= = 25 moters and the aig*lifetihas hsir43 'for the sams z_ and the soil

lifetime (twice as large) thesraguwit -;s-u‘So- "h;e correct result lies between

thess values end hss been ohossh .%E 'o.~!3: (0f3° I-‘Egsa 2) .
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It is possible to comtimue our schemes of approximstiom by treating

the eurrent returniuwg to the air as a new sourcs for squetion (18) and so ono

Howsver, for our purposes the "secomd” approximstiom is sufficiently accurates

g
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TIME DECAY OF SLOW-NEUTRON INTENSITY DUE TO A PULSE OF FAST NEUTRONS-

-SECTION C

Ie this section wa treat the problem of the time decay of the slow-~

neutron intensity due to s pulse of fast neutromse This problem is of interest

in connsotion with the delayed=nsutron measurements at Trinity (cfo LAMS 250)
where it is necessary to know how soon the prompt neutrons from the bomb dis out.
Ist us consider a plane source of rono-energetio fast neutrons in an

infinite slowing=down medium; if the pulse of fast neutrons occurs at time t = O,

the transport equation bhecomes:

A aw s N(F ), t)v! » )
Je (Er ) e sy zu j”t“ fd Ty ) &
4 $(3) 5 §C)
4 T
whare
R P BT

In equation (51), w{z, B, u, t) dz ¢ dudt is the number of neutrons betwsen
z end g « dz, b and  « dit, ebeo, u = log (Eo/‘E} whers Ej is the primary emergy

and B the snergy of interest, v is the velooity of the neutrom am,g (v) the nmean

free path for scettering corresponding to the veloclty ve If we take the zero~

moment (with respect to pl of equation (51) and integrate over all spaces, wo get:

Mo («,t) +r(o\:; __.f. Ay Lele 8 v AT +8(w) §{e) for U < %

5 207 i,
... ':. E:. .E. E:. 5.: (sz

3 Mg ] ) M. / 2]

at(“tﬁ E(b)' f~,ju M,.(rt)vzf*(?:..} ' for Y > %
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where
2

- [ M+
b= Koy 1:4-—:)

(M+1)E  —w

fo(u’): Tf‘:‘]—— e

Mo (w., t) -:-f:g,fNC}“u, U, t) ol

If the mass, If, of the scettering nucleus is large compared to one and we
are interested in the value of Mo (u,t) for lerge u {(slow neutron intensity)

we can neglect the first of equaticns (32).

Wo now take the laplace btremsform of the second of squations (32}

to obtain:

(33)

W
¥ s)(srF)=[ ey T vig u-w)

u= g

where

Y(u,s) 2-1: eaﬂhst p4°(14pd Lt

Assuming thet the mean free path is constent and using essentially the reciprocal

velocity as the independent variable, enables us to rewrite (33) as:

w
- 2 w'e(w) / : 4)
oWy = g [ T W (s
AW
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8
V)
[

]

whare

P (w) = SV (w,s) (1+w)

W
. £s
W= v S = (M-f—l

4
Placzek has solved eguetion (34) in the form of a power series , namely:

()= 5 B W Bo =

he ~ — -1
with . 2 J= AT
Am = M-r?..l: I~ A ]

The desired solution is the laplace inverse of w 4 W /(1 + wo
Since it is impossible to find any enalytic expression for the

Iaplace inverse, we have recourse to the following approximation method.

Lym 2 (u,s)/

We observe that:
v (tw\) - ( -
s 3 S

S=0Q

. ‘
where (t"‘)«.\, = fo " Mg (w, )=

But V(u,s): weo (w 2 @ (w)
5(l+w) Y (:.;.w)

&M . %o 2 2 T ':!;.'}\.fl a—\-\ q)( Z
so that J S+ ' (l:‘:{sz.i‘.:’%’. ?.(gt/. :.E JWM 1+ w / c o

I
.

"
L]

4) o Cfa A4, Pre 3031 o o
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PlaczeKO)has also calculated

aw™ Lirw | W o
using his result, we get:

(t"ou = (-\;g-)mﬂ v ,eZT. Ci-ag)” (36

Since the momenbts determine the gensrating fundtion, it is clear that

Mo(uat) - ('g/v)/f(x)" where x = 'V'b/ﬁ)o

We must now obtgin an approximaste expression for f(x)o Wo first notice
(=4 =2
from the moments that for large x, f(x) behaves like o x xZ/(l <) °

This follows from the fact that:

_ y ~ ~ - 2 -
ki) G-24)" =3 z}(wfu)—‘té; Loyl - m]

<=1 £

2

~ 5 E . x E Bt
~§, ZEIOT Gy T = A

and
™

&
e = [ €7 X T 3" sx = [z )= T
o

Secondly, we notice that the integral equation (34) is equivalent to =
differential equation with an essential singulerity. The simplest essential

singulerity (at least for integration purposesJ is exhibited by emb/x (b - constant) »

e

e therefore try:

~(% + X z

5)0 Cfo A=259 ¥De 16:'17 E E E. E . E
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whore A is a normalizamtion constante The edventage of (37) is thet integrals

s
of the form /°° (& +x)

(e)
{(n an integer) are readily ovaluable-
We now specislize the above to the case X = 15 {(air) although the
procedure 1s cepable of ocbvious generalizations In this case 2/(1=r23 = BoH533
so that we choose n = 8o To detarmine b, we maximize fE(x) at the.yoint
Xex = 1693645 we find b « 128-132¢

relations, we find empirically:

fc. fe (x) X" x
(78 0

= |+ a(m+1)

where a varies monotonically from 054 to <063 as n = 1,2, ===~ 30

choosing A = -058, we can rewrite (38) after integrating by parts):

-+

{ Fe (X)) X" dx = f;f(XJX“‘«lx—GLI:X"‘ X)) o x

we cen satisfy (39) if f(x) satisfies the differentisl equation:

¥4
%--a.)(f:#s
with the boundary condition £(0) = Qo The solution of (40) is:

: . o o:: oo o(x’) ’
# 00~ 2w ] ey <

APPROVED FOR PUBLI C RELEASE

Tharefors,

Computing the higher moments by recurrence

(38)

(39}

(1)
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1f (41) is normalized, we obtain for the final result:

128,732 .

17, 241 ALY -
£ (%)= 17,201 X f x e x A X’ (42)

x

Tt is clesr that the velue of £{x) at x = x o 18 equal to thet of fE(x)_g this

follows from (40) since i‘l(xav} a 0 If furthsr accuracy is desired, one can

express ;

fo #e (X) X7 A X = j+a (mrl) +a (mri)m+r)+ - (431
L7 # () X7 AX

’

end obtain higher order differential equationse These higher order equetions

become increasingly laborious although they are alweys of Ceuchy type and

thus solublee ' ,
The ratio, r,, of the nt® momsnt obtained by meems of (42) to the

ot asnt defined by nl CTA:{;" (1= 7‘.&)_.?

(c£2(36)) is given in Table IV for the first thirty momentse It is seen *hat

the deviation from one is never greater than 0046¢ The distributica function

given by (42) should therefore be Juite eccurate up to fairly large values of

Xxo PFige 3 contains a log=log plot of f(x) ags a function of x up to x = 38.
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TABLE IV

DISTRIBUTICON FUNCTICH

DO YO NPRN - O l I3

1

« 399
2998
2997
« 996
« 298
996
2 396
° 996
- 297
0999
1-.000
1-002
1.004
1.006
1-008
1-011
1.013
1-.016
l.018
1-.021
1.024
1.026
1-029
1,032
1.03¢
1.037
1-039
1.042
1.044
1.046
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SOLUTION OF AGE EQUATION FOR SEMI=-INFINIPE MEDION W ITH PIANE SOURCE
' AND "BL4CK' BOUNDARY CONDITION-

APPENDIX I

The timo=dependent and capture terms in equation (18) neroly
introduced into the solution (20) the factors
T
3 LT
~z2fo xem 2.2 35
e cg[t"‘qvco) (e "')J

The essential features of a Laplace trensform solution of ths problem of a
semi=infinite medium with plane source may therefore be seen from the stationary

age equatién withecut capture. The latter equation is:

Q" o )
g’;{ = 3L - §(3-3)4(T) (a

Wo must solve (44) subjeoct to ths boundery conditicn=

%_-..%_,e.s.i:-:o ot 3 =0

fle take the laplace transform of both sides of (44) and of ths
boundary conditione e zssume constant mean free path and measure lengths in

terms of it We get:

T - —_ 45) |
) ...d }2. - )? ¢ J (3’ }o) (
subject tos ¢ - :33-':%3;% 5.;-05. 5:-a§‘3: 3<0
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We distingquish W0 regions, z> Z, and 2L 2,

semi=infinite medium)_’; we have:

(b L( )e*(} F) ‘ﬁ?*
I

~(x~ g F (}'}o)m
¢z “AWe SR +B(n) e

At 2z = 30: @1 - ¢E
9 ¢r - ?.23‘ -
o 3 °%

Mg =0 ¢

@
S
F

Substitubing (46a) ond @6b) into (47) and (48) yields:

P2~ R e
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(2 = o is the edge of the

& 7 Fe

F <o

-~z ~(F =3 N7
- ,] e

(463)

(46b)

(¢7)

(48) \

(492
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The Llaplace invsrsze of 151.[ {(required for Section B! is obtained most.simply by
&)
ngking use of the theorem® that w ' r@) =g ()Z/ ), then

=9

- - )
£ [ pyan] = 2T
c'\[ TT—--;—t—;-jo e ﬂéc) ~

1y ]
let us write d)_g = —z—s;l#- 3 therafore:
. (33N _ 1 (F - ALK
?’(’Z) = _’}: e Z. (3/2_ +.r) ) ‘

The Laplace inverse of g (7), narely #(T), is:

- — - 3 [_-?-' - (}o +})]
F(Tl= £ §Le—(-2]-F &

v - %[’Z:‘— (3—.+g«)]
L S[T- (3]~ F &

g{/‘ﬂ’ 7 = (}O‘f‘(}) {H0as

”

{f— (’Z‘) =0 L. T > (3o 4»3,) {Boby

Bounticns (502 eand (50b) are derived by making uss of the two simple identitiass:

27 e = s(r-n) \ ‘

- -
L Tzﬁ:ﬂ" e

6}« Yelechlen and Fumberd = 'ML& " C'i "“‘;‘a& $irnsy orms” _
... ... :.. ... ... :..
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end of ths convolution theorsme Now qqy = . ? ¢JI

) - X

- 1 iz (51)
G = m[o e

and hence

Substituting for £(x! into (51 yields:

_(Em3)T Gyt
e v T e *7% 3 2(3+3)45T
R e o+ - 3
T Vu T Vo T z ©

ebiE +2E)] o

Equation (52) is the desired result (cfo squaticne (20}«
It is interesting to note that ths usual relation betwesen the

plang=source solubtion and the point=source solution, i- eo

o

Be (7. 7T) =£ TP G (3,6,7) e

holds for 2 semi-infinite medium with "black" boundary comditione As an
illustration of this point snd for soms anplicutions, we have evaluated ths
point=source soluticn due to a point=source of feut neutrons located at z = oo
Using equation (9) of LA=257 and the boundary condition g=(2/3)Q q/dz = 0 (z=0/,

we obtain by methods discussed in Section As

et 5+ & fuwE ¥ L E
- g% 4 3\’ T
- E { z [’"M(ff"—f "'T)] (53)

% (3,e7T)=

(umrx)
_ (3 +37)*
]
Substitution of (53) inko the intREred « hee w2 Wl F (3,0, T) L T
*s s s Je bt
losds immediately to (52) with%.f o o sers
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