
UNCLASSIFIED
o?\lor-

w&

ORNL 416
PHYSICS-GENERAL
SERIES B:

ORNL SUMMER SHIELDING SESSION

GALE YOUNG,Leader

ON STRAIGHT-AHEAD'Y'-TRANSMISSION

WITH A MINIMUM IN THE CROSS-SECTION

GALE YOUNG

OAK RIDGE NATIONAL LABORATORY
OPERATED BY

CARBIDE AND CARBON CHEMICALS CORPORATION

FOR THE

ATOMIC ENERGY COMMISSION

POST OFFICE BOX F

OAK RIDGE, TENNESSEE

UNCLASSIFIED



UNCLASSIFIED

omL-ki6
Series B

Contract No. W-7^05, eag 26 Copy# /O

OENL Summer Shielding Session

Gale Young, Leader

ON aCEAIGHT-AESAD Y-TRANSMISSION
WITH A MINLMUM IN THE CROSS-SECTION

Gale Young

Date Issued: $£p 261949

OAK RIDGE NATIONAL LABORATORY

Operated By-
Carbide and Carbon Chemicals Corporation

for the

Atomic Energy Commission
Post Office Box P

Oak Ridge, Tennessee

♦Explanation on page 3<

UNCLASSIFIED



UNCLASSIFIED ORNL-4l6
Phys ics-General
Series B.

OAK RIDGE HATIOHAL LABORATORY IHT1EHAL DISTRIBUTION;

1. G. T. Felbeck (C&CCC)
2. 706-A Library
3. 706-A Library
4. 706-B Library
5. Biology Library
6. Health Physic® Library
7„ Training School Library
8. Training School Library
9. Central Files

10o Cemtral Files

11. Central Files

12. Central Files

13 o J. A. Swartout

Ik. J. H. Gillette
15. A. S. Householder
l6o J. H. Frye, Jr.

18° lf-t^&S«^J

19 =
20,

21.

22.

23.
24.

25.
26.

27.

C.I Rucker

W. D. Layers

A. Mo Weinberg
J. A. Lane

E, P, Blizard

R. Ho Lyon
M. Mo Mann

Gale Young
A. Hollaender

28-35.
36o

37"38o
39.

40-47o
48 o
49.
50 o

51o

52-55.
56"-59o

60 „
61.
62.

63.
64 o

65-70.
71o

72.

73-74.
75.

76-79.
80-82.

83.
84.
85.
86.

87-89.
90-91.

92-93o

9^-95»
96-97.

98.
99-103.

104o

105-112.
113.

OAK E3DGE HATIOHAL LABORATORY EXTERNAL DISTRIBUTI0H.

Argonne National Laboratory 114-116.
Armed Forces Special Weapons Project 117.
Atomic Energy Commission Washington
Battalia Memorial Institute 118.
Brookhaven Hatioaal Laboratory 119.
Biareau of Medicine and Surgery 120.
Bureau of Ships 121.
Bureau of Standards

Bureau of Aeronautics 122-126.
Carbide & Carbas Chemicals Corp.(K-25)
Carbide & Carbaa Chemicals C©rpo(Y-12) 127-128.
Chicago Operations Office 129•
Cleveland Area Office 130-131.
Columbia University (Dunning)
Columbia University (Failla) 132-135.
Dow Chemical Company 13§.
General Electric Company, Eichland
Hanford Operations Office
vldaho Operations Office
Iowa State College
Kansas City
Knolls Atomic Power Laboratory
Los Alamos

Malliackrodt Chemical Works

Massachusetts Institute of Technology (Gaudlm)
Maseaskasetts Institute ®f Teetaslogy (Kaufmann)
M&ssa©taas@tts Imstitmt© ©f Teeknology
Mound Laboratory
National Advisory Committee for Aeronautics
National Bureau of Standards

Naval Radiological Defense Laboratory
KEPA Project
Hew Brunswick Laboratory
Hew York Operations Office
Horth American Aviation, Lac.
Huclear Development Associates
Patent Advisor, Washington

Rand Corporation
Reactor Development Div.
(ABC, Washington)
Samdia Base

Sylvania Electric Products,:
U.S. Public Health Service

UCLA Medical Research Lab.

(Warren)
University of California
Radiation Laboratory
University of Rochester
University of Washington
Western Reserve University
(Friedell)
Westinghouse
Los Alamos

UHCLASSLFIED



This report is one of a series on shielding and represents part

of the work of a summer group working principally at Oak Ridge National

Laboratory. Participants are drawn from Nuclear Development Associates

(Navy contract), NEPA, Bureau of Ships and Bureau of Aeronautics

(Navy Department), ABC, RAND, General Electric, Argonne and Oak Ridge

National Laboratory.

These reports are issued through ORHL on Contract No. W-7405,

eng 26.

3 -



ON STRAIGHT-AHEAD ¥- TRANSMISSION WITH A MINIMuH DI THE CROSS-SECTION

Gale Young

Under, certain assumptions about the law of scattering and the variation

of the cross-sections with energy, Greuling has obtained solutions of the attenua-

tipn problem (l, 2, 3)0 His results, as they stand, do not include instances

where the cross-section can (as withy rays) go through a minimum as the energy

varies. The present note illustrates how different Greuling solutions can be

pieced together to construct cases having a minimumo

Introduction

We give here only a brief sketch of the problem, referring to the above

references for details„ Let <r s scattering cross section, u - total cross

sectiono It is assumed that scattering distributes the energy of the emerging JT

rays (we shall here write in terms of photons, though material particles such as

neutrons can be discussed in exactly the same way) uniformly over lower energies,

and that all the rays move straight ahead undeviated by scattering. This last

assumption leads,, of course, to an over-estimate of the penetration.,

Let F (x, E) be the number of photons per unit energy range at distance

Xo Then, with the above assumptions,

4? *HF * fFU, t) « (*) dt * S(x) (1)
~o! iX J t

The source term S(x) arises from scattering out of the primary or other beams

above energy E0o
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A particularly simple case is when d£_ = _ o-(B) . Then (l) can be satis-
dE E

fied by a function of x alone, becoming

or

Eo
F' +pF = F f °illL dt +S _ (n .uQ) F+

f' + u0 F = S . (2)

Thus all the properties of the medium disappear except Oq, and it makes no difference

how much of u is contributed by scattering and how much by true absorption. The

transmission (for secondaries) of the medium is just as if it had constant absorp

tion equal to u , and no scattering power at all.

In the case of a primary beam at E we have

S = ^ ."** (3)
Bo

and (2) has the familiar solution

<T0x ~^ox ,,\
F = x S = —fi— e . U)

Eo

The result does, of course, depend upon the strength of the scattering out of the

primary beam.

The total number of photons penetrating a distance x is given by
E

-U-X r° -n-X
Q(x) = e t NB , (ltfox)e , (5)

o

so that the "buildup factor" is 1 + 6^ x. As we have just seen, the quantity

6~ enters only from the primary beam and not at all from the secondaries.
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First Example

Consider now the same situation, except that different cross-section

values apply for the primary beam, as indicated in the following sketch.

The source term in (2) is now

• S

c-i -« x
— e '

E

and the solution is

with

J£

u
1

,«cr "Fix
CT]_ e - e

=^1X <Ti ( ~UoX ~ttlx>\t — (e u - e J

Considering p^ > Fo ' we wr^-*e (8) as

h

Q(x) ~
<r, -(Pi~Uo)xr

+ e 1 £L
»*1 " Po L Mi - Po

where the expression in brackets is the build-up factor referred to the expOEiential

taken at the minimum cross-section; it is unity at x s 0 and °1 for x

ft-Fo
large0 Thus, depending on the constants, it can be either a "build-up"

-PqX
or "build-down" factor <, If o"^ s p^ ~ f*o> 'then QW s e everywhere „

E

"Po

(6)

(7)

(8)



Second Example

We now consider a slightly more complicated case in which the energy range

is divided into two regions by E_ < E_. In the top region we shall use a Greuling

case with a rising cross-section, and in the bottom region a. Greuling case with a

falling cross-section.

One of the simplest assumptions for the top region is to take

dfi = -t- er(B)
dE E

This is the Greuling case o( • - 1 (see

above references), and for a source term (3) on the right side of (l) the solution is

F(x, E) -
E.

x e

-|i(E)3

as may be readily verified,.

In the bottom region we shall take du, - rr/E
dE ' '

scribed in the introductory section„ It may be noted that our assumptions regard

ing the top and bottom regions include the case with continuous l/E scattering, ab

sorption beginning at E and rising hyperbolically with energy, and total cross-

section continuous (though with discontinuous derivative) at E ; as shown in the

adjacent sketch

(10)

which is the case de-

u = 2 al - <r

absorption - 2 or - 2 <r

cr - constant " E



The source fed into the bottom region below E is given by

06 ->*ox
Ert

E

J
E,

F(x, E)

which with (10) comes out to be

r e

<r(B)
E

Thens from U), the solution for E«E is

F
"He x

x e

dE

provided, as assumed here, that u is continuous across Ec

The integral fluxes are

-Fo3

E,
(primary) Qp s e

(EC<E<E0) Q-l = -Si* f °-/i(E)3
dE

E

(B<EC) ^r^o-oxe "Pe*

E„

The second of these may be written as
E.
° -ux

E„

dE

"Ho* -Fox

- 8
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where ( ___) is evaluated at some mean energy E_ between E„ and E„. If E/O"
\o-/m m c o -*

( "«CX "«ox\
is an increasing function of E, then _Q1 « ^e - e / . If p is an in

creasing function of E, then for x large most of the value of the integral

in (15) comes from near the lower limit, and thus asymptotically mtends to c.

For x large the dominant term in Q - Qp + Qx + Q2 is Q2 as given in (14).

Constant Total Cross-section

The above examples have a downward pointed cusp in u at the minimum, and

so presumably give too small a buildup factor. To approach the picture from

the other side we consider the case where u is flat.

A result due to Wigner (4.; 3, page 11) can be generalized by considering

the Greuling result as <X becomes infinite (3, p.15 and 18); o( is the coefficient

in the Greuling condition o( ajj~ = ~ Gf^ „ let n be constant, and let 6~ be

an arbitrary function of E. Then, as may be verified in a straight-forward manner

by using the recurrence relations among the Bessel functions, the solution of (l)
or -P*

with a source r*0— e is

where

F(X>E) . .£_„->" ±te*p± (16)

EQ

Y e . ; (17)



The integral secondary flux above energy Eg is

E_

°oF(x, E) dE = 7-xe
=px

E

E0

=-^ (4-)
m

("

-ux

" Ia(2Vxy)
m ^ Vxy

2

I„2fx ^)- 2

cr

E
dE

(18)

For x large most of the integral comes from near the bottom limit, and so

asymptotically E^ approaches Ego

In this case there is, for x large, a e^* factor in the buildup.

Third Example

We now insert a flat p central region between the upper and lower regions

of the second example above, obtaining

3

i

i
/1
' i

i

! 2
I

1

i

i

1 i
i

i

I

i t

i

i

E
Eo Ei E,

a shape as sketched0

Working down from the initial energy E0, and letting u without.a subscript

denote the central value p. « n^ - /lg , we have

10



(primary)

(region #1)

(region #2)

"rox
Q p s e

a, 0 o
ot - e

B
0

<rn -u(E)x

* • e^r-"*5
2 Eo ,

P2 = ^„-.-impj

% ' ^(^)^
o m„

I0(2WT72-) -1

(region #3) Here we find
En

sg + f*2(x&ir dE
%

s2 + ^e^[l0(2^)-l]
^ e'F I0 (2VE%")

Then, with (2), we have FV nF = S3 , of which the solution is

°~o -px Ii (2^fx^q>2)

«3
*2 <rnX8Eo"o

•|g Tl (2/x»g)

11

from (10)

from (15)

from (12)

from (16)

from (18)

(19)

(20)

W



For x large, Qo is ultimately the dominant term in the total Q, namely

EQ % 27WK72 )
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