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CHAPTER I 

INTRODUCTION 

The comparatively new field of neutron physics has introduced many 

problems arising from the detection and quantitative measurement of 

these minute nucleons. It has become necessary to investigate and 

evaluate by theoretical means some of the errors which arise from the 

inherent qualities of the materials used in experimental procedures. 

An important method of obtaining neutron measurements has been the use 

of foil materials which absorb neutrons and subsequently become radio-

active. The rate of emission of product particles from the reaction 

may be measured, and from a knowledge of the absorptive qualities of 

the detector an estimate of the incident neutron flux can be obtained. 

Because of the absorptive qualities of a detector, the neutron 

density to be measured will be lowered.* The ratio of the average 

neutron current density incident on the surface of the detector to the 

average current density in the same region in the absence of the de-

tector is defined as the foil depression factor. By the use of the 

depression factor a compensation for this error may be made. If the 

detector is placed in a flux of fast neutrons, the neutron density is 

1N. Bothe, Zeit. f. Phys. 120, U37 (1?U3). 



only very slightly depressed, since the supply of neutrons is con-

stantly replenished;2 but if the detector is placed in a flux of 

thermal neutrons* the depression may be considerable. 

A treatment of flux depression due to a spherical detector has 

been presented by Bothe3 and revised by Tittle^ to fit more nearly 

experimental results. Corinaldesi^ investigated the depression for a 

plain infinite detector. These authors also presented associated 

solutions for disc-shaped detectors0 Workman^ calculated depression 

factors for disc-shaped detectors using oblate spheroidal coordinates. 

7 

Trammellj using solutions of the diffusion equation in oblate spheroidal 

coordinates which did not depend upon the density inside the detector, 

calculated a foil depression factor for a disc-shaped detector which 

agreed with the experimental data of Bothe. 

Workman and Tramine 11, with whom the writer has had the pleasure 

to work personally, worked more in an exploratory manner, making many 

of the "blind alley" calculations and investigating many less profit-

able numerical methods, thereby making a more straightforward task of 

the determination of foil depression factors« The generalized data 

2Ibid., 437. 3Ibid., 1*37-

V W. Tittle, Nucleonics 9, 60 (1951). 

% . Corinaldesi, Nuovo Cim. 3, 131 (19U6). 

^B. Jo Workman, "A Method for Calculating Foil Depression Factors," 
Unpublished Master's Thesis, Department of Physics, North Texas State 
College (June, 1953)• 

7 
M. R. Traramell, "Neutron Density Depression Due to An Oblate 

Spheroidal Detector," Unpublished Master's Thesis, Department of 
Physics, North Texas State College (January, 195U). 



which are presented in this thesis axe the culmination of the deter-

mination of the foil depression factor using oblate spheroidal co-

ordinates . 



CHaPTM II 

TiMORi' 

1. The Density Function 

The measurement of a neutron flux by means of a detector is made 

difficult by the fact that the very presence of the detector depresses 

the flux in its vicinity, thus leading to a low response by the detector. 

This depression is dependent upon the size, shape, and composition of 

the detector. The medium between the neutron source and the detector 

also has a considerable influence on the degree of depression. The 

absorption of neutrons both within the detector and intervening medium 

is dependent upon the energy of the neutrons as well as upon their 

direction. 

!•1- The general solution.—Let us consider an infinite homo-

geneous medium which produces neutrons at a rate W neutrons per second 

per cubic centimeter and which may absorb them. Let us further assume 

that these neutrons are in thermal equilibrium with the surrounding 

medium. It is then possible to assume an average energy for the 

neutrons. The neutron density in the iredium is given by"*" 

> r v * * (1) 

^S. Glasstone and M, C. Edlund, The Elements of Nuclear Reactor 
Theory (D. Van Nostrand Co., Inc., NewTork, 1952), first edition, 
p. 101. 



where Xt i s the transport mean f ree path, and ^ i s the macroscopic 

absorption cross section of the medium. If a detector were introduced 

into the f i e l d , the equation for the density in i t s in te r io r would be 

analogous. 

A disc-shaped detector can be sa t i s f ac to r i ly approximated by 
o 

oblate spheroidal coordinates. In th i s system the shape of the de-

tector i s determined by jx which f ixes the eccentr ici ty of an e l l ipse , 

and by f the in te r foca l distance of the e l l ipse whioh determines the 

radius of the detector for a given Rotation about the minor axis 

gives the desired ef fec t of a disc. Figure 1 shows the re la t ion between 

the oblate spheroidal and the rectangular coordinate systems. 

0 • const. 

(i, » const. 

axis of rotation 

Figc 1.—Coordinate system 

x » £f coshjj, sinG cos<p 

y » £f coshu sinG sincp 

z 8 iff sinhjx cos9 

f m distance between foci 

* 2(a2 - b 2 )J 

2a « major axis 

2b . minor axis 

"P. M. Morse and H. Feshbach, Methods of Theoretical Physics} 
Part I I (McGraw-Hill Book Co., New York, 19FJ), f i r s t edit ion, 
p. 1502. 



Iii oblate spheroidal coordinates Eq. (1) becoisos 

coshy, C O o f i l S l f * THfitn S i n G S t ~ c2(cos20 * s i n h 2 n ) < p . 0 , ( 2 ) 

where tp . f - W and c2« ^ / j ^ ) f ' ' 

T a J 

Assuring the product sol i t i jr. 

? „ R U ) 3(e) 

arid sepi-raMug the equations, vo -;et 

1 d , ciR , r y 7 , 
TSsTTi d£ CC8r '^ "* >B + * 0 (3) 

sinB 5̂5" ^ + (B - eucos^9)S m 0, (U) 

where B i s the separation co:istant» Making the subs t i tu t ions 

i « i s j J t f i an<. », , cof 0 (5) 

we get f c r the se ar t two equations 

j ? (1 - + ( t - c V ) K . 0 (6) 

sr; t 1 - ? r )3~ + (b - c V ) s . o. (?) 



These equations are seen to be ident ica l . Their general solutions 

w i l l | of course| be the same, but the ranges of tlie two variables are 

d i f fe ren t , since i0+ - 4 - 100 and - 1 - rj - + 1. The solutions to 

be used wi l l d i f f e r , since they must be analytic in d i f ferent regions 

of the coup lex plane® 

When c « 0, Eq0 (6), or Eq. (7), i s simply Legendre's equation? 

hence we t ry to f ind solutions in the form 

R rm Qm (4) (8) 

S sm Pm(r)), (9) 
m 

where PJ[1(
r)) and 0 ^ 4 ) sure Legendre polynomials. These par t icular 

choices are made since P^Q-j) i s well-behaved fo r - 1 - -r) ~ + 1, 

whereas 0^(4) i s not? and 0 ^ 4 ) i s well-behaved for a l l pure imaginary 

positive 4, whereas ^ ( i j ) diverges at r] • iCO. If we substi tute 

Eq. (8) into Eq. (6), we find that the coeff ic ients r^ s a t i s fy the 

equation 

f ( m ) r m - 2 + - B3 rm + rm+2 " °> (10) 

where 

»(m - l )c 
1 W - 2(m - 3)(2m - 1) 

2 2 „(m\ (2ro + 2m - l )c , , . \ 
g W • r a . - i)(2m * 3) m ( m X ) 

h(m) . ( y ty?,* 2 ) C!T • 
' (2sn + 5)(2m + 37 



The coefficients sa t is fy the same equation since the P^'s sa t i s fy 
~ r a 

the same recurrence relations as the Q^s. 

For the case c^ • 0, Eq. (ID) reduces to 

[B - m(m + 1)] rm • 0, 

which inplies that unless B - k(k + 1) where k • 0, 1, 2, . . . , 

a l l the r^ ' s vanish. K B * k(k + 1), rm » 0, i f m / k, but is 

arbitrary, as i t must be since our d i f ferent ia l equation i s just 

Legendre's equation in this case,. In general the r 's wil l be 
—ja 

solutions of the system 

fig(O) - B]r0 + h(0)r2 0 

f (2 ) r 0 + [g(2) - q r 2 + h(2)r^ » 0 

f(U) r 2 + £g(U) - B] r^ + h(U)r^ - 0 

(11) 

In order that the system of Eq. (11) be compatible i t s secular 

determinant must vanish, that i s , 

g(0) - B 

f(2) 

0 

0 

h(0) 

g(2) - B 

f(U) 

0 

0 0 

h(2) 0 

g(U) - B h(u) 
0. (12) 



Let us denote the infinite set of roots of Eq. (12) by 

k Bo> B p Brj) • • • f BĴ J • • # Let us Ccill the set of ^ s 

corresponding to B^. The system of Eqs. (11) determines the ratio 

ic 

of the d^'s onlyj one member of each set is still arbitrary.) We see 

that for even k only even ro's occur, and for k odd only odd ra's occur. 

The secular determinant, for the case when c » 0, reduces to the 

infinite product 
* 

k -00 

[k{k + 1) - 3] • 0, (13) 

and the roots B^ are sinpty B^ * k(k + 1) just as we had expected. 

In this case d^ • 0 unless m = k, and is arbitrary in this case. For 

reasonably small values of c^j we expect d k to be the most important 

member of the set d^. Let us set 

B
k *

 k< k + 1) + bk, (14) 

2 7 
where b^ is a function of c and tends to zero with c 0 Consider 

the matrix in Eqs. (11) constructed around the k t n row? 

f(k - 2)d|c—Aj. + [g(k - 2) - Bj d ^ 2 + h(k - 2)d£ = 0 

l'(k)d^2
 + [g(lO - d£ + h(k)d^+2 * 0 

f(k + 2)djj + [g(k + 2) - d£+2 + h(k + 2)dj^ - 0. 

(15) 
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For reasonably small values of c we can solve Eqs. (15) by assuming 

the expansion of Eq. (11+) and by retaining only with m • k, 

k ! 2, k ± ]± in Eqs„ (35). 

For c2 tending to zero the functions must behave in the same 

manner as Q ,̂ and the functions must behave as P^o For th is 

reason we pick d£ in each case such that Rk(0) - Qk(0) for even k, 

and Rk(0) - Qjc(0) for odd k. An analogous choice i s made for 

the functions S^. This also insures that and wi l l match at the 

boundary |A • 0. 

Finally, the solution exterior to an oblate spheroidal detector 

can be expressed in the form 

+EkAkRk(4)S(r)) (16) 

where the A^'s must be chosen so as to sa t i s fy the appropriate boundary 

conditions, and YQ i s the solution in the absence of the f o i l 

/ Q 
U 0 - |r^). I t wi l l prove more convenient to define T in terms of 
the constants • ^k(0)Ak. that is to say, 

Y0 

I - Jo ( l • i £ k C k s k ( , , ) ) . (17) 

Due to the symmetry of the f o i l about i t s central plane, only the 

even functions of ;q can be allowed; hence we may rewrite Eq. (17) as 

S 2 k ( J , (18) 

and the summation extends over a l l positive integral values of k. 
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1.2. The boundary conditions. —In order to achieve unique 

solutions we must insure that both the neutron flux density and the 

neutron current density are continuous at the boundary of the medium 

and the detector. By the use of the construct of the "albedo," which 

3 
is defined for a surface to be 

2Xt ' 

3 S" (r-l 
a i ' 1191 

? + 3 hn 

where n is a coordinate in the normal direction to the surface, we 

may insure these continuity conditions. Physically, the albedo of a 

surface represents the probability that a neutron will be reflected 

upon striking the surface. In the case of a diffuse thermal field 

it can be shown that this definition is equivalent to the reflection 

coefficient calculated from current densities as in Eq. (19)o The 

albedo of a foil can be determined experimentally.̂  For thin foils 

we may designate the effective thickness by c |Iq • 0 or 

£ " £q • 0, that is to say, negligible thickness with a finite 

.5 absorption. Under this assumption, we get' 

' (|) 5 - o'
 m 

%lasstone and Edlund, o£. cit., pc 130. 

UIbld., p. 129. 

M̂orse and Feshbach, op. cit., Part I, p. 662. 
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A substitution of Eq. (20) into Eq. (19) yields 

(1 - a)l(0,-n) - (1 + a) &T(0,t)) # (21) 
3" m 54 

R 2 (l + a\ 
With the definitions p * and p - ̂  \r z "£J , Eq. (21) reduces to 

\r)\ 1(0,n) " ip ̂  1(0^). (22) 

In writing Eqs<> (1$), (20), and (21) we have neglected the 

"exprapolated end point" or "augmentation distance." We shall see 

later in Chapter III that the magnitude of this correction will be 

determined for us in a rather striking fashion! 

1.3« The final solution.—The results of Sections 1,1 and 102 

may be combined to yield the density function for the medium surround-

ing the detector. Substitution of Eq. (18) into Eq. (22) yields, 

l i0 ®2k(°) 

b C2k hi S2k^) • 2 S k C?k ~ W ~ ~ S21c(0). (23) 

~ ^ 2 k ^ 

Multiplication of Eq. (23) by S^(ri) and a subsequent integration 

over gives the set of equations 

^Glasstone and Edlund, ojd. cit., p. IOI4. 
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Sk ( l»k + °2k " - 2 I « , « - 0, X, 2, • • • , (2U) 

where 

? • E I d?1 d^k I N2k - 2^ (d2p)2 

-mk P a 2p 2q pq P 111' 
up+1 

% ' ^ P2P P2q d* * S p I p 0 

' ' -1» m • k 

Eqs. (2k) form a set of inf in i te equations which for a l l practical 

purposes may be approximated by the f i r s t f ive terras CQ, C o } C ,̂ 

and C^. A high speed confuter may be used for this matrix solution, 

or i f such a computer is not readily available, one may use the 

method of iteration. This iteration i s successfully performed i f 

Eqs. (2U) are written 

C o - \ 2 1 w t S l l C ; ' ^ 4 ^ 3 C6 * leu C8 * ^05 C1C; 

* 0 0 * * 0 

„ - ( ^ o ' H x o V s ' I i i V V x o ) 
2 * — 2 L (25) 

K + BY 
-11 2 



1U 

c u " ^ 

- (2L20 * *20 c0 * *21 C2 * "23 c6 * *2U C8 * %S Clo) 

l>2 + { \ 

c, . - (
2L30 * S o CQ * K31 C2 * K32 Cu " a V K35 °W) 

I 3 3 ^
t 6 

- ("ltf * \ o C0 - \ l C2 * KU2 CU * \ 3 C6 * Ki5 eM)) 
c8 -

5 o t + P Y B 

C10 
- ( " s o * *50 C0 * % 1 C2 * *52 Ci, " 5 3 V h k "a) , 

H$ * PY10 

where we have solved the first equation for CQ, the second equation 

for Cg, the third equation for C^, etc® To a first approximation we 

solve the first equation for CQ neglecting the coefficients 

CJJ C^, CG, CQ, C1Q. This value for CQ is substituted into the 

second equation and Cg is gotten, neglecting the terms containing 

CU, c6, Cg, and C^Q. This process is repeated until a single value 

is gotten for all the coefficients Cgj^ The values of 

C2, C^, C^, Cg, and C^Q are now substituted into the first equation, 

and another, more accurate, value for CQ is obtained. Successive 

substitution and re-evaluation will give the coefficients to the 

accuracy of the original matrix elements when a repetition of the 

values of C2^ occurs. 
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2. The Foil Depression Factor 

The number of neutrons absorbed by a foil is proportional to 

the number of neutrons falling on its surface; therefore the flux 

depression is also proportional to the number of incident neutrons. 

The foil depression factor is always less than unity and is defined 

as the ratio of the number of neutrons actually incident on the 

surface |i • 0 to the number of neutrons incident on the surface if 

no detector is present. By the use of the definition of the current 

density the depression factor F becomes 

\ J\hl^M) +§H £*(o, 
F - 4' *i . ( 2 6 ) 

f \ HI *o 

Using the results from Sections 1.1, 1.2, and 1.3, we get for the 

foil depression factor 

F = 1 + 7 c fir + f- R2n^°) 
n 2n\~n0 3p Q) " 

In Chapter III F is calculated for several values of the 

variables shown in Eq. (27). 



CHAPTER III 

NUMERICAL RESULTS 

In the preceding chapter the general theory of the solution of 

the diffusion equation and the subsequent determination of a foil 

depression factor were presented. Numerical calculations have been 

made with water as a medium for variable foil albedos from 0.5 to 1.0. 

liy a slight adjustment of parameters it is possible to convert these 

data to a medium of paraffin or of graphite. The numerical tabulation 

in Section 2 is rounded off to four significant figures for brevity. 

Host of the calculations were originally carried out to eight significant 

figures. 

1. General Parameters 

From the results of Chapter II, Section 2, it is apparent that 

F is dependent upon the C?l»s, p » JL, and the d
k's„ The dk,s and 

Xt ~ra ""To 

t h e -2k's 3 X 6 i n t u r n dependent on c2. The C^'s depend also upon the 

albedo a of the foil. From Section 1.1 we recall that c2 • 3 £ £ R2 

0, s 

where and refer to the medium. In order to tabulate nunerical 

results from Chapter II in a useful form, it is necessary to conpile 

this collection of variables into a set of dimensi onless parameters. 

16 
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After many "trial and error* sets were tried, the set c, js, and a 

were found to be best suited for purposes of tabulation. 

A choice of the medium surrounding the foil fixes £ which is 

defined as e2 • 3 -^a . A selection of c and e in turn fixes R 
£s ~~ ~ 

since ep • c. Finally a selection of the albedo a fixes the other 

variables of the problem. The numerical calculations have been made 

for water (£ " 0.15U), for 0.5 - a - 1.0 in steps of 0.1, and for 

0.0 - c - 1.0. A slight adjustment of the parameters made it possible 

to adapt these data for paraffin and graphite as well. 

2, Method of Calculation 

A "flew diagram?1 was made showing the order in which calculations 

were made and the component quantities of each factor. It was found 

that a diagram such as this is very helpful when cumbersome numerical 

data must be evaluated; duplication of factors is eliminated and a 

clear, although sometimes discouraging, understanding of the problem 

is obtained. The flow diagram is shown in Figure 2. 

The separation constants are tabulated in Table 1. 



18 
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TABU 1 

THE SEPARATION COJETANTS 

.1 .2 ok »5 .6 .8 1.0 

k 20.0051 20.0203 20.0811 20.1267 20.18m 20.32ij9 20.5160 

6 42.0891 U2.0201 U2.0605 U2.1253 U?«1812 42.3223 42.5038 

8 72.00U8 72.0194 72.0775 72.1211 72.17a4 72.3101 ?2.U3it6 

10 no, 0050 310.C200 110.0902 liu.1253 110.180 U 110.3208 110.5011; 

The values of £(m), £(»}, h(m), £^(0), 0^(0), aiid 0^(0) are tabulated 

in Table 20 

TABLE 2 

THE ,'.d/JB3 f(m), tCm), h.(m)̂  Pp./.J), ^ ( O ) , ANr 0^,(0) 

m f(rc)c2 g(r.) l.(n.)c" Pn(0) 1 ^ ( 0 ) iQm(O) 

C 0 •3333c2 .1333 1.0010 -1.5708 1.0000 

2 . 6667 6+.5238c2 .1905 - ,5000 .735U -2.0000 

h • 3429 20+.5065c2 . 2098 • 37-0 ~ ,5890 2.6667 

6 .3030 42+.5030c2 .21?6 - .3125 .4909 -3*2000 

8 .2872 72+.50l8c~ .2256 0 27314 - .4295 3o6571 

10 .2786 110+.5011c2 .2296 - .2ii6l .3866 -14.0635 

12 .2733 156+.5008c2 
.2324 o2256 - .35143 U.4329 
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The coefficients are tabulated in Table 1. I t was necessary —m 

to use more than the diagonal term and the two immediately adjacent 

terras in some cases. (See page 21.) 
f 

The values of R2m(0) and R^m^0) aro tabulated below in Table 4. 

TABLE 4 

THE VALUES OF R2m(0) AND R'2ra(0) 

X . 1 .2 .4 .5 .6 .8 1.0 

-iR0 1.5708 1.5708 1.5708 1.5708 1.5708 1.5708 1.5708 

iR2 .7853 .7854 .7854 o7854 o7854 .7854 o?854 

-iRu .5890 .5890 .5890 .5890 .5890 .5890 o5890 

iR6 .4909 .4909 .4909 .4909 .4909 .4909 .4910 

-iRg .4295 .4295 .4295 .4295 .4295 .4295 .4307 

^ 1 0 o3866 .3866 .3366 .3866 .3866 03866 .3866 

IRQ 

-iRg 

i R u 

-XR; 
i 

% 
- i R l o 

1.0017 

2 a OOOil 

2.6670 

3.2002 

3.6573 

4.0636 

1.0066 

2.0037 

2.6680 

3.2008 

3.6577 

4.0639 

1.0264 

2.0153 

2.6722 

3.2031 

3.6592 

400650 

1.0410 

2.0239 

2.6753 

3.2048 

3.6603 

4.0658 

1.0587 

2.0345 

2.6791 

3.2070 

3.6618 

4.0668 

1.1026 

2,0612 

2.6888 

3.2124 

3.6654 

4.0693 

1.1569 

2.0959 

2,7011 

3.2200 

3.6799 

4.0728 
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The factors are shown in Table 5» 

• TABLE 5 

THE FACTORS Y2in AND N 2m 

\ . 1 . 2 .1* . 5 . 6 . 8 1 . 0 

T o . 6 3 7 0 . 6 3 8 O . 6 1 * 2 0 , 6 | 1*1*5 . 6 1 * 8 2 . 6 5 5 8 . 6 6 1 * 0 

Y 2 
. 5 0 95 . 5 1 1 3 . 5 1 7 5 . 5 2 2 2 . 5 2 7 9 .51*27 • 5621* 

Yl* 
. 5 0 3 1 . 5 0 3 5 . 5 0 5 1 . 5 0 6 3 . 5 0 7 8 . 5 1 1 5 . 5 1 6 3 

Y 6 
. 5 0 1 5 . 5 0 1 7 . 5 0 2 U . 5 0 3 0 • 5 0 3 7 .5051* . 5 0 7 8 

Y 8 . 5 0 0 9 . 5 0 1 0 .5011* . 5 0 1 7 . 5 0 2 1 . 5 0 3 1 . 5 0 7 1 

Y 1 0 
. 5 0 0 6 . 5 0 0 7 . 5 0 0 9 . 5 0 1 1 .5011* . 5 0 2 0 . 5 0 2 9 

N o 1 . 9 9 7 8 1 . 9 9 1 1 1 . 9 6 5 2 1 . 9 U 6 1 1 . 9 2 3 5 1 . 8 6 8 1 * 1 . 8 0 3 0 

N 2 . 4 0 0 0 .1*008 .1*031* . U 0 5 3 .1*076 .1*136 .1*211* 

\ . 2 2 2 2 . 2 2 2 3 . 2 2 2 7 . 2 2 3 0 . 2 2 3 3 . 2 2 1 * 1 . 2 2 5 2 

N 6 . 1 5 3 8 . 1 5 3 9 . 1 5 1 * 0 . 1 5 1 * 1 .151*2 .151*1* °15UC 

N 8 . 1 1 7 6 . 1 1 7 7 . 1 1 7 7 . 1 1 7 7 . 1 1 7 8 . 1 1 7 9 . 1 1 8 7 

N 1 0 . 0 9 5 2 . 0 9 5 2 . 0 9 5 3 . 0 9 5 3 . 0 9 5 3 .0951* . 0 9 5 5 

The factor relates the albedo and the dimensionless radius. 

These values are listed in Table 6. 
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TABI£ 6 

THE COEFFICIENTS p 

* . 1 .2 >h .5 . 6 .8 1 .0 

.5 3.0800 1.5U00 .7700 .6160 .5133 .3850 .3080 

. 6 U. 3.067 2.0533 1.0267 .8213 . 68 hi; .5133 .10-07 

.7 5.8178 2.9089 1.U5^U 1.1635 .9696 .7272 .5818 

,b 9.21*00 14.6200 2,3100 1.61480 1.5U00 1.3650 .S2u0 

. 9 19.5067 9.7533 it. 8767 3.9013 3-2511 2.U383 1.9507 

Table 7 i s a tabulat ion of the in tegrals 1 ^ . I t i s obvious from 

symmetry tha t 1 ^ " 1^, . 

The coef f i c ien t s are also symmetric so tha t i t i s only 

necessary to tabulate a portion of thou.. They are tabulated in 

Table 8. 

A coef f ic ien t re la ted to K i s L which i s tabulated in 
-OT1 HQIO 

Table 9. 

The f o i l depression fac tors F fo r water medium are tabulated 

i n Tabic 10. 

The f o i l depression fac tors for media of p a r a f f i n and graphite 

may be obtained from Table 10 using the adjustments for c and a as 

shown i n Table 11. 
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TABLE 8 

THE COEFFICIENTS K 
rail 

\ c 
m n \ . 1 .2 s 

.4 .5 .6 .8 1.0 

00 .1*992 .U967 .1*869 .1*798 .1*509 .1*267 

10 .121*9 .121*8 .121*1 ..123a .1229 .1212 .1193 

20 -.0208 -.0209 -.0210 - .0211 -.0212 -.0215 -.0218 

30 .0078 .0078 .0078 .0078 .0079 .0079 .0079 

l*o - .0039 -.OO39 - .0039 -.0039 - .0039 -.0039 -.0039 

5o .0023 .0023 .0023 .0023 .0023 .0023 .002b9 

11 .1251 .1254 .1267 .1276 .1288 .1317 .1356 

21 .0339 .0339 .031*0 .031*3 .031*1 .031*3 .031*6 

31 -.0062 -.0063 -.0063 -.0063 - .0063 -.0061* -.0065 

111 .0025 .0025 .0025 .0025 .0025 .0026 .0026 

51 - .0013 - .0013 -.0013 - .0013 -.0012* -.0011* -.0011* 

22 .0703 .0701* .0705 .0706 .0709 .0711 .0716 

32 .0202 .0202 .0202 .0202 .0202 .0203 .0203 

1*2 -o0037 -.0037 -.0037 -.0038 -.OC38 -.0038 -.OO38 

52 .0015 .0015 .0015 .0015 .0015 .0013' .0013 
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TABLE 8—Continued 

V .1* .8 mn\ . 1 .2 .1* .5 .6 .8 1.0 

33 .oU8b . OJ4.88 .0ii89 .01*89 . .02*90 .01*91 .01*92 

h3 .oiiiS .011*5 .QL*5 .oiii5 .01U5 .0 11*5 .031*6 

S3 - ,0027 -.0027 -.0027 -.0027 - .0027 - .0027 -.0027 

uU .037a .0 374 .0374 .03714 .C37U .0375 .0378 

5u .C113 .0113 .0113 .0113 .0113 .0111* .OlHi 

55 .0303 .0303 .0303 .0303 .0303 .0303 .0304 

TABLE 9 

THE C:EFFIfTai.TS ^ 

\ c 
— , . 

I ' 1 

m \ 
.3 .7. 1 - I 1 1 .6 .8 1.0 

0 .i;906 

i 

wQ9 r. 
I 
1 .1*854 | .hlhC .1*611* 

1 .1251 ,1256 . 127U .1287 1 .1303 .13 Oil .1397 

2 -e0208 - .0238 -,0?06 - .020°) - .0203 - .0199 - .0193 

3 .0078 .0076 .0073 .0078 
! 

.0078 .0077 .0077 

u - .0039 - .0039 - .0039 - .0039 - .0039 - .0039 - .0039 

5 .0023 .0023 .0023 .0023 .0023 .0023 .0023 
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TABLE 10 

THE FOIL DEPRESSION FACTORS FOR WATER MEDIUM 

\ .1 .2 .1* .5 . 6 .8 1.0 

.5 1.01*61* .8635 .6552 .5921* •5U67 .1*895 .1*622 

. 6 I.O367 .8871 .7026 -61*33 .5988 .51*08 .5113 

.7 1.0271 .9127 .7580 .701*8 . 6 6 3 3 .6068 .5757 

.8 1.0179 .9399 . 8 2 3 8 .78OI4 .7452 .691*5 .661*2 

.9 1.0088 .9689 . 9 0 2 9 .8759 .8527 .8169 • 793U 

TABLE 11 

PARAMETER ADJUSTMENTS FOR F 

Water Paraffin Graphite 

c . 1 . 1 0 6 J ^ *jr 
* 

. 2 . 2 1 2 . 0 7 0 

.1* .1*23 .u*o 

.5 .529 . 1 7 4 

.6 • 635 . 2 0 9 

. 8 .81*6 . 2 7 9 

1.0 1 . 0 5 8 .31*9 

a .5 . 5 2 0 . 0 2 2 

. 6 .617 .165 

• 7 • 71U . 3 2 8 

. 8 . 8 1 0 •517 

.9 .905 .737 
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The graphs of foil depression factor F versus c for constant a 

for water, paraffin, and graphite are shown in Figures 3a, iia, and 5a. 

Plots of F versus a for constant c are shown in Figures 3b, Ub, and 5b. 

3. Discussion of Results 

The augmentation distance that was referred to in Chapter II, 

Section 1.2, may be readily obtained from Figures 3a or Ua„ It is 

obvious from these graphs that for all values of albedo there is 

effectively no depression for c • 0.13. This can be interpreted as 

implying an effective augmentation distance of c * 0.13, which in 

turn corresponds to 0.80X^. This value is intermediate to the value 

of 2/3 Xj. for a plane surface and the value of U/3 \ for a surface of 

infinite curvature. ̂  In using the curves of Figures 3» ht and for 

experimental corrections one should compute c from the relation 

c • 0.13 + , 

where R is the actual radius of the foil. 

The data of Bothe have been plotted in Figure 6 and the correspond-

ing theoretical data are shewn. By choosing c to correspond to the 

disc radius of 0.7 cm. and l.U cm. values of F were found for different 

a using Figure iia. It can readily be seen that the experimental and 

theoretical results check to within the accuracy of the experiment. 

\ilasstone and Edlund, og_, cit., p0 10U. 
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1.000 

F .700 _ 

Fig0 3a.—F vs. c with constant a (water medium) 
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Figo 3b.—F vs. a with constant c 
(water jrasdiiim). 
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Fig. Ua.—F vs. c with constant a (paraff in medium) 
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Fig. Ub.—F vs. a with constant c 
(paraffin medium). 



35 

1.050 

1.000 

,900 

,800 . 

F .700, 

.600 

.500. 

.U5o 

.1 

— r ~ 

.2 

a - .737 

a - o 3 2 8 

a - .165 

a - .022 

a « .517 

.3 .U 

Fig. 5a.—F vs. c with constant a 
(graphite medium). 
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1.000 

.800 

.700. 

.600 

.500. 

.U50-

—(— 

.7 

.U2 

• 71 

.6 .5 

Fig. 6.—F vs. a with constant 
augmented c. Botha's experimental data 
are shown i 0 corresponds to c * O.lj.2 and 
+ corresponds to c • 0.71. 



CHAPTER IV 

CONCLUSIONS AMD SUGGESTIONS FOR FUTURE STUDY 

The results of this paper show that a depression factor can be 

determined which corresponds to the experimentally determined depression 

factors by Bothe. However, the experimental data are not extensive and 

further work on experimental depression factors should be made. 

Agreement of theoretical and experimental data indicates, to some 

degree, the validity of the " simplifying" assumptions which were made 

in Chapter II. The approximation that a disc could be considered as 

having a negligible thickness but a finite absorption was quite helpful 

and does not seem to introduce any large errors in the final results. 

A theoretical verification of the augmentation distance of 0.80X̂  

for these geometries would be exceedingly interesting. 
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