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The effect of the soil on neutron measurements at Trinity may be esti-

ABSTRACT

mated from Tables I, II, and IIIl as soon as the ocomstitution of the soil ( in

particular, the hydrogen content) and the scattering oross sections of air and

soil are known as functions of energy., Tables I and III give the effect of the

s0il on nsutron measurements on and above ground, respeotively, assuming that the

80il is merely compressed air, Table II takes into account the different chemical
composition of the two although it is still based on the assumption that the

scaltering oross sections vary the same way with energy in both air and soil,

4

- r

1

L

,,
|

I3 350 0518
A

’ATL. LAB. LIBS.

Il

LOS ALAMOS N,

i

UNCLASS\F@ e

APPROVED FOR PUBLI C RELEASE

[ A




APPROVED FOR PUBLI C RELEASE
Py - |

DISTRIBUIION ARISING FRO3 A POINT SOURCE QOF FAST NEUTRONS

BETWEEN TWU SLONING-DOWN MUDIA

1f neutron measurements are carried out at Trinity, it will be necessary
to know the ocorrections which must be introduced because of the presence of the soil.
The gadget will be a source of deleyed fast neutrons, and it is contemplated to

measure with cadmium detectors the low-energy neutrons slowed down by the atmosphere

(and earth) at various distances from the explosion. It is clear gqualitatively
that near the source of fast neutrons, the effect of the dense earth (relative to
air) will be to enhance the neutron density above the.oadmium outoff, since the
fast neutrons "aze"™ much more rapidly in the earth and slower neutrons will give a
greater contribution to the density, while farther out the greater "aging™ in the
surth will bring a greater percentage of neutrons below the cadmium outeff and
reduce the neutron density above the cadmium cutoff as compared to the neutron
density without soil., However, it is useful to have more gquantitative information
on these points and in this paper we obtain some information in this direction by
solving several iwo-media problems on the.basis of age-~velocity theory.

Let us consider, therefore, a point source of monoenergetioc fast neutrons

situated at the interface between two semi-infinite media (Cf. Fiz. 1) of different
slowing~down properties. We assume that the age-velocity theory holds for both
medies this is certainly true as long as measurements mre not made more then several
slowing-down lengths from the source and as long as there is not an appreciable

admixture of hydrogen in elther medium, The equations for the slowing-down densities,

X9(psz,u) and X5(p»z,u) in the two media are thus (it is convenient to use

cylindrical coordinates):
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where X is defined as the number of neutrons per ac, por second reaching the age

~Zand- 2 is defined as

: A%(u¢) duv
1/3 il
(1/5) \ Ta) [1ov(ar)) v
°
A 1s the mean free path for scatterinzg, a is the average logarithmic energy loss,

b 1is the averaze of the cosine of the angle of deflection in one collisinz and

finally u = log(E,/E) , with E, the initial enorgy and E the energy of interest.
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Bgs. (1) and (2) are to be solved subject to the boundary conditions:

Aqy(u) Az (uw)
1 2 \
¥ o,u) = (pc 051
a;3(u) CRAD az(u) *alps 0su) (A)
(continuity of neutron density
on plane z = 0 for all p and u),
2 2
2 2 (proou) = {psova)  (p)
a1(1-by) Az az(1 - b2) Sz
(continuity of normal neutron current
« on plane ¢ = 0 for all p and u),

We now make two further simplifying assumptions: we assume that the a's
and b's are constants independeant of the enerzy -~ which is generally true for
mixtures which do not contain an apprecisble abundance of hydrozen - though we
parmit them to be different in the two medla, and we assume that the scattering
mean free paths of the two media vary with energy in an identical fashion. The
seriousness of the latter assumption is diffiocult to judge at present since we do
'not know the scattering oross seotions of nitrogen and Trinity earth as a funotion

of energy. With thse above assumptions we'may rewrite (4) and (B):

Xi(pyon“) = JE; XQ(Paoau) (a%)
d B
3?" (posu) = D ;?'— {pso.u)

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

"0 A

where D and a are constants and derined by:

rp? A7
D= = —— (3)
ap(labp) / a;(1-bq)
(1-b2) / (lubl) '
o= / (4)
a2 8

Moreover it follows that Tg = D73 so that eq. (1) becomes:

12 (o Pa)ys P - An)eER) ()
o op dp dzé LY 4nr

Applying a Laplace transformation with respect to Ty to eqs, (1) and (5),

we obtain:
Iod My, ¥ Db(r)
o op P o Ve TR - (6)
123 - 8
P PRt SR R - I )
where

0Q

- - 3% —

%1, 2 "‘f"l.z ‘S o~ 7°2 i1, 2 9%
)
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The boundary conditions (A*) and (B¢) yleld:

#le,osv) = Ba @ (p,o.p) (c).
o 5
= (p0uy) =02 (pouy) | (n)

1
The solutlons of (6) and (7) are:

QD

L .

¢1(pozo 7)";‘4_2‘; o \‘D?r "’S ‘fI(X)JO(kp)ep\ +Dp ax  (z.¢o) (8)
0

[o o}
Palpozay) = = e'f’7’+grz(x)aoup)e' P59 (250) (9)
_ 3

The functions f3 and f, sare abritrary amplitudes to be determined by the
boundary conditions (C) and (D). This is most easily done by expressing the

singular terms in {8) and (9) in terms of Bessel functions, namely:

- Bt € 5 (e Wiy s
—_— = A (z -o0) (10)
0 {xz + DY

,-.3
LR SN B i

r lmhz Y

1) Cf, J.A. Stratton - "Eleotromsgnetic Theory" “
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Makinj use of (C) snd (D) and the Fourier-Bessel theorem, we get:

D A A
AT wm TREY D, Joa <fz+ 1/4n mﬁf,:;) (1z)

M +Dy £ = .,nlxzw) £o (13)

Zqs. (12] snd (13) yield for £, :

AD(x2+*))
A k- V(02+py) |
£, = - - -
an pE 4y = . |22 (a4)

,‘ (\2+Dy)

end for ﬂé s

¢ - %y
Poloor. ) =—{§-§ Jolaple

g Da(xawv) +Jn(x2+9)] (16)

AdA

The quantity in which we are interested is the slowinz-down density, X2, which

is given as the Laplace inverse of ¢é s ilo@g *2(Po=n7é) :gﬁ°1 ﬁé(p,z‘p) o

In principle, it is possible to obtain the laplace inverse of (16) for

arbitrary D, a, p and z. However, we have worked out the Laplace inverses for

three interesting limiting cases althouzh the extension to other cases i3 not much

MR — ~ e ——

more complioated. The cases we treat are:
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(1)
(11) D

<]
il
(]
L J
e
L
(o

» Deandp arbitrary

n
8
te

]
o

s aand p arbitrary

(111) D= o,a=1, pand ¢ arbitrery

Cagse Is a=1, 220, D and p arbitrary

o
Folprorr) = 2 | Zo0PI 2D

2n 5 [W W] (18)

#e rationalize the denominator in (16) :

{ w00 [ . eyl
o

¢é(Pﬂ 09)

2n(1-1/D) A

(17)

2) (we drop the subsoript on T2 until the fipal éxpression):

Now

2 -~ 2
1 - 1) ___l O-Z’)\ , 1 = f _l e-’c}\ /D ,
Py TlE 7 Wep+y TR Z
(18)
integrating each of these results between % and oo, we find:
R »TLo HZ
el E A LAl B z
z A } = § l Z L 4t
i ?r 1 e yxr ~TAZ/D
.zi"/m,, & {w'z \ = F
0

2) All Laplace transforms written down witiout derivation will be found in
Doetsch - "laplace Transformation", Whittaker and Watson - "liodern An;,lysis“.
or YcLachlan and Humbert - "Forumulaire pour La Calcul Symbolique™,
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Therefore;

£ o) - A = 242175/2 o e nz]

(19)
Substituting (19) into (17), we gots

@®

o= () [ wzo 22/ 1222

Y, =8 lﬁ = 1 % Jo {e e ] da
2 2 4(1-1/D)(n% )5/ 2 0 A

(20)
But: 1y

o)
PO 2 >~
-(.)\ o~ b 4‘
g Io(xp) o727 adn = (1/203) e p°/1%2 (21)
0

Integration of (21) with respeot to Tp leads to the form appearing in (20) and

hence to the final result:

1 ~
Fo(prouls) = —— [B4(-0%0/47) - mi(-p?/a2;)]
(4n7;)%/%(1-1/D) .
(22)
It is easy to show that as D —»1, (22) reduces to the well-known Gauss_ian
solution:
2
-p*/4%
¥p= 2 572 (22a)
(4n%3)
Por D-» 0, (22) reduces to:
el o =
(4r2)?
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%

¥2(L)

Table I gives R (D) = ——eer
® 1(P) Xp(D=1)

as a function of (p/2{72) for D=2, 10, .

Case 1I: D=wm , 2z 0, a and p arbltrary

#2(p:0,9) = --L_-(i‘ 3,00 [6FY - 3]

2n(1-a) [,\a/(l_c) .,.,)]  (23)
Nows »
r?- .
17\2“‘9 - 2 ,\2 elzz/(d-l) S olzaxa/(laa )d; . ou,zxz
[e/aeiry] TR (e-1) | 2
(24)
Thus: ®
wll 1 g Jo(he)x & a
<y 2n(l-a) 5 [)\2/(1,“) + )]
@ A7
. 2~ 2 -2
.7‘37;2&__1)2 g) Jo(XP)Xsel &/(a-1) g ot o¥ /(l'c)dx aA
. L
1 S e :
Jo(Ap)re™“""dr (28)
2 20a) & Y

The second integral is evaluable directly (of. eg., (21))and leads to

1 3’92/42'
4(1-a )n0/2 2372

The first intesral is reduced to (by letting x® =y in x-intezral):

<

S uu § J (hp) 7\3 ekz(ﬁ'-au)/(a-l\ - r
3/z(a 1)2 3 3 ° . 4
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It is easily seen by differentiation with respect to the parameter ¥, and

identification of a new Cthat:

§ J'c,(kp)lt\:” e"z(t'-aU)/(aol)dx = 1/2( = )2 [l.pz(anl)] sz(a-15/4(zeau)

T-au "4(T-au)
0
(26)
Hence
o
p-1]_ 1 S Jo(eAZ +9 an
= lemGe) |3 PFGe) +y]
€ | 2(a-1)/ )
- -2 ‘du 1 pe(a=-1) p¢(a-1)/4(T-au
4113:2 S {u (Teau)® {1 * 4(2’—au)] °
1 o=p%/27
4(1oa )n3/2 Z 372 (27)

To evaluate the second part of (23) we make use of the fact that

z
B . oplza® ,xazﬂa-l)g Mxfla), 1 ]
[kz/(l—c) + 3] VT (a-1) 5 2\

(28)

and proceeding alons; the same lines as above, we find:

F -l 1 S Jolrp)A fan ax
p2/(1a) +3)]

& ( LA B S P #%(a-1) 0P (a=1)/4(z=v)
(2-v)@ 4(T -v) |
Al

PPROVED FOR-PUBL! C- RELEASE (29)
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o E—

Finally: 0ty
e°Pz/4zé 2 '
Yg(ptOtLg) = 4(1-&)(1&2’2)3/2 - P 7>
<2
LU [1 + Pl oPla-1)/a(25~) (30)
& | (zp-v)? 4(7p-v)

It is possible to show that as a—> 1, (30) goes over into (22b).

Teble II contains values of Ry =

for a = 2,3 and for various (p/2 ﬁ; Yo

Case 1I1I: D=w, a =1, pand ¢ arbitrary

o0
2 (ps 2 9) =';;; g‘hyp) ot WY {hzw; - \F)] ax (31)
0 .
i
Now: > . Q-)\za" - 22/47
e’ \lk o= £ ]ﬁ 2.3/2

L -y o217 l
ey Fow
Integrating with respect to a; over (o, 12), we get:

2
1 (1-e= )
{4112‘ <
APPROVEB—FCR PUBLI C RELEASE
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> gy -

Using the convolution theorem, we therefore obtains

~

(33)

8n A
0
2
4
= _— dx du
16n° & u3/ 2z ..u):s/"'E x
-0 p?/az
or: o~
- 4".
z e”2 [ 23 {2 P
£,e%) = -Ei(-pe/aty) + Ei(- Z— )| du
¥2(p»2:23) 1622 g u3/2(?'zou)5/2 p2/a%,
N ¢

(34)

It is readily verified that (34) approaches (22b) as z ~—»r 0.
Table III lists Ry = ¥2(D = @ )
Xa(D = 1)

ag a function of

(p/212) ana (/2 VT3)
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Table I: Rj; = Ratio of neutron density with adjacent medium of higher
density to neutron density with adjacent medium of equal density, measured at

interface between two media. (D represents square of density ratio) .

ﬁ___”wgﬁ.“_ Ry v s e >
o/2{T, D= 2‘;\21 ?gk?p = 10 D= T
.5 1.239 W 1,449 1,336 24
1,0 925 [g2 661 .595 133
1.6 625 143 9366; <331 4o
2,0 409 |54 L230 ,209 163

Table 11: Ry = Ratio of neutron density with adjacent medium of infinite
density but different chemlcal composition to neutron density with adjacent medium
of same density and chemical composition, measured at interface between two media
(e is defined in eq. (4) ).

G P2 >
")(r '_7 t
2¥T, =31 on:lT =2 =3 ity B

p/2V5 a a a k‘t("Lo kD, 37
.6 1.336 1.l 1.084 946 N

. . o . : |

1.0 .59 4O .397 304 L2

1.5 331 23 ,204 .147 37
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a 16 =

..
.,

Table IIIs R:5 = Ratio of neutron density with infinitely dense adjacent

medium to neutron density with egqually dense adjacent medium, measured at various

distances above surface,

- :
2ic 2§, Ry
0 o5 1.487
0 1.0 1.182
.6 0 1,336
.5 o5 1,225
o5 1,0 1,108
1.0 0 . 595
1.0 ] .9889
1.0 1.0 970
1.5 0 »331
1.6 o5 667
1.5 1.0 820

APPROVED FOR PUBLI C RELEASE

A

/]3d;tz:7: \Tﬁﬁmﬁ?f?too
fta;

292 93
PRAS 135"

200 164




APPROVED FOR PUBLI C RELEASE

o TN
S P |

LN
ot

7 - -'M‘
REC YRO‘A N e

‘ APR 1 3.%942
v : PATE.. ===

. REC. "
gec. -0

APPRO\/ED FCR4 P’UBLI c RELEASE

— J—




