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It is often of interest in radiography to know the

fraction of primary intensity transmitted by any material

in bremsstrah2ung1, since it is essentially the primary

radiation which contributes to the high quality of the

radiographic image.
●

To find this value for any thickness of any mixture

or compound requires three separate procedures: (1) Calcu-

lation of the mass absorption coefficients of each element

in the material for all energies in the betatron spectrum.

(2) Calculation of the linear absorption coefficient of

the material through the spectrum. (3) Calculation of the

fractional transmission of the primary beam for a given

object thickness, by integrating the variable linear absorp-

tion curve over the betatron energy spectrum.

Calculation 1 is computed from a knowledge of the

Compton, photoelectric, and pair-triplet cross sections of

the elements. Details of this calculation are explained

2
in a separate paper by the writer.

1
The ratio of the number of initial quanta at a given energy
times the energy of each quantum, summated over all energies,
transmitted through a given thickness, to that at zero
thickness.

2The Absorption of High-Energy X-Rays, AECU report to be pub-
1ished.

.
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Calculation 2 is carri~; “&t first by multiplying

the ratio of the atomic mass of a given element to the

atomic mass of the mixture by the density of the mixture

to obtain the density of the element in the material.

Multiplying this result by the mass absorption coeffi-

cient of the element at a particular energy yields the

linear coefficient of the element. The sum of these

coefficients of all elements present will yield the to-

tal linear absorption coefficient of the material at the

energy considered. In this manner, the absorption co-

efficient as a function of energy can be computed.

Calculation 3 is realized by integrating over the

betatron energy spectrum for each thickness of material.

A “parabolic” spectral distribution was assumed,

I& = 100 l-c/22 Mev , where the first subscript refers

to zero absorber thickness. This approximated both the

Schiff bremsstrahlung function3 and the distribution ex-

perimentally found by Koch and Carter? By evaluating

this integral for several thicknesses, a transmission

curve of Ix/IO = f(x) is obtained for the material con-

sidered.

tion

These procedures are used for calculating this func-

for Baratol and Composition B. In the curves

3G. D.

4H. W.

Adams, Phys. Rev. ~, 1707 (1948).

Koch and R. E. Carter, Phys. Rev. 77, 165 (1950).—
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following, the mass absorption coefficients of hydrogen,

carbon, nitrogen, oxygen, and barium are plotted in the

0.1 to 25 Mev range, together with the resulting linear

absorption coefficients of the two explosives. Composi-

tion B, density 1.71 g/cm3, is assumed to be of 61

percent RDX and 39 percent TNT. Baratol, density 2.61

g/cm3, is of 76 percent barium nitrate and 24 percent

TNT . Table I summarizes the results of the numerical

integration of calculation 3, from zero to 22 Mev, for

various thicknesses of Composition B. At each thickness,

values of px, defined by the equation: exp(-~xx) = Ix/Io\

are given in addition. Included also is the first half-

value thickness found by these calculations and, alter-

nately, by film density measurements. These measurements,

performed by J. E. Withrow, were made with the film cas-

sette and specimen in contact using Kodak Industrial Type

A X-Ray Film with 0.010 in. front and 0.005 in. rear lead

intensifying screens. These results provide some measure

of the scattered intensity which affects the emulsion un-

der ordinary radiographic conditions. For example, exper-

imentally Ix/IO = 0.50 for Composition B when x = 8.8 in.

The calculated result 1(8.8 in.)/Io = 0.36. The frac-

tional intensity due to scatter is thus 0.14, assuming

that the film blackening is directly proportional to inten-

sity. This is not strictly true since some of the blacken-

ing is due to the direct action of Compton
●
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the absorber. Table II Iists similar results for Baratol.

From the calculations above, curves are shown of per-

cent transmitted intensity, (l=/l.) x 100 = f(x) at each

thickness to 30 in. of Composition B

The total absorption, assuming ideal

all scatter is removed, is expressed

culation sheets also are included.

and 15 in. of Baratol.

conditions in which

by these curves. Cal-

1

I
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TABLE I

COMPOSITION B

1st Half-Value Thickness = 5.80 Inches (Theor.), 8.8 Inches (ExP.)

Thickness x I (x)/I (0) P~
cm in. cm-1

.

1 0.394 0.9054 0.0995

5 1.97 0.7617 0.0546

10 3.94 0.6166 0.0483

50 19.68 0.1326 0.0404

100 39.4 0.0238 0.0374

-6-
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‘TABLE II

BARATOL

1st Half-Value Thickness = 2.75 Inches (Theor.), 4.5 Inches (Exp.)

Thickness x I (X)/I (0) Px
cm in. cm-l

.

1 0.394 0.8653 0.1447

“5 1.97 0.6057 0.1006

10 3.94 0.3886 0.0945

25 ‘ 9.84 0.0997 0.0924

50 19.68 0.0117 0.0890

*
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CALCULATION !: MASS AB56~R%i3N “tOiFFIc\ENTS FOR EACH ELEMENT
‘~ I i I

ELEMENT z A No/A NOZ/A

ATOM IC NO. ATOMIC MASS ATOM5/G Id ELECTRONS/GM

HYDROGEN
CAROOhI
N! TW3GEN
OXYGEN
13AR!UtVI

QUANTUM
ENERGY-MEV

0.1
0.15
0.2
0.3
0.5
1.0
1.5
2.0
2.5
3.0
5.0

fo.o
25.0

QUANTUM
ENERGY-MW

0.102
0.!53
0.255
0.51I
0.920
2.04

I LO08 0.5975 %\o 24 0.5975 SIo ;4

6 12.010 o.05\54 “ 0.3009 1’
7 14.000 0.04300 11 0.3010 1’
8 I !6.000 0.03164 tI 0.30 I [ II

56 {137.36 ; 0.004386 It 0.Z456 II

COMPTON COEFFIC
CM*/G hA

iENT

0.492 x 10-24 NoZjA
0.445 tt
0.4[0 If
0.355 II
0.290 U
0.214 M

-

0!46 u
-

0.113 M

0.082 11
0.051 II

0.024 It

PHOTOELECTRIC COEFFICIENT ~CM2/GM)

~“
Z=f I 2=6

40Z (MI) /A

?AIR-TR\PLET
FACTOR

PAIR- TRIPLET COEFFICIENT
CMzfGM

0.00005 * 10-Z4 NOZ(Z+l)/A
0.00017 tt

0.00033 tt

0.00050 II

0.00112 n

0.00’215 N
0.00368 1!

0.0000
I

O.ooze)
— 0.00! 3

1

—

I —

z= 7

0.0034
0,0000

Z= 8

0.0049
0.001 !

J
—

~? Yi4-k- ●1 fea-&#=$- UNCLASSIFIED

.

2=56

2.064
0.640
0.153
0.024
0.006
0.002
e—

I
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------- --------

f =Lu@v13 6f% /?!))( @G NG OG = (E~~M@~ = h C3 t& k

39% TNT (N02)3 CG H2 CH3= II = H5 Cl N3 06

6!% + 39X 8A -- M M@kI - (M/~M]

H 3GC+195 = 5GI 1.008 565.5 0.0252 0.043
c 183+Z73 = 456 12.0 I o 5476.6 0.2444 0.410
N 3G6+177 = 483 14.008 6165.9 0.3019 0.516
Q 366+234 = 600 16.000 9600.0 0.4289 0.733

ZM = 22,40(3.0 z: 0.9999 Z=!.lto

( )?[FROd%~ ‘p -g~~ COMP. 0

0$ ELEMENTS]

I
1

hv=0.1 MEV h$:o.~s W=o.z
H 0.294 O.ol’w 0.26C 0.0114 0.245 0.0!05
c 0. [48 0.0619 0.134 0.0560 0.123 o.05\4
N 0.15! 0.0179 0.!38 0.07]2 0.123 0.0635
0 0.153 0.! 121 0.130 0.1011 0. [’23 0.090[

z ‘p COMP. B
= 0.’2645 Z= Q*239-! z=o.zf55

h+=0.3 177)=0.5 h$=l
H 0.212 0.0091 0.173 0.0074 0.1279 0.00s50
c 0.107 0.0447 0.087 0.0364 0.0643 0.0268S
N 0.107 0.0552 0.0 8-t 0.0449 0.0644 0.03323
0 0.107 0.0784 Q.087 0.0638 0.0644 0.04721

z= o.18-t4 z: 0.1525 z’o.\128z

h+=z s ht=a h$=s

H 0.087s 0.00376 0.0601 0.00293 0.0503 0.00216
c 0.0443 0.0!s51 0.0351 0.0 \ 461 0.0270 0.01129
N 0.0449 0.02286 0.0352 0.01616 0.0273 0.0!409
o 0.0444 0.03254 0.03s4 0.02595 0.0276 0.02023

z= 0.07TG7 z= O.OGll\ . z = 0.04777

I’d =10 h+=zs
H o.033\ o.oo\42 0.0187 0.00080

0.0 I 98 0.00828 0.0149 0.00623
: 0.0205 ().01058 0.0161 0.00831
0 0.021 \ 0.0 \ 5 4-I O.ol-t I

. ●,.~= 9.03%75
o.o\t53 -

●
● z= 0.02707

w ● w . aoa -.

9
——- —
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z ‘/6 ~0 6AR. NTR. Oa ?@3 = (ELEMENT)% !403 Ba
~= 2.6zg/cm 7,4 % TNT

@oz)3 CGHtCH3=(~L~M@z H5CqN306

ii

c
N
o
M

76X+ 24 ‘Z % A=M !d/z~ (~j~~)f OAUATOL.

0+120 = Izo 1.008 , 121.0 0.0059 0.015
0+168 = 160 12.0!0 ZO17.T 0.0979 0.155

76+72 = I 4$ 14.008 ‘ZO-13.2 0.1006 0.263
120+144 = 377. t6.000 5952.0 0.2889 O*754
76+0 = 76 137.36 I 0,439.4 0.5067 1.322

XM =Z0,603.3 z = !.000 2=2.609

—~ hti = 0.15~

n 0.294 0.0044 0.2GG 0.0040 0.245 0.00 3-I
c 0.148 0.0377 0.134 0.0342 0.123 0.0314
N 0.151 0.039T 0$138 0.0363 0.123 0.0323
0 0.153 0.1154 0.138 0.104! 0.123 0.0927
Oa 2.200 2.9084 0.800 1.0576 0.386 0.5103

Z’p ~~~~y~~= 3.1056 - Z = 1.Z36Z ~so6G704

h$=0.5 hv=l~z
—

H 0.173 0.0026 0.!279 0.00!92 0.0875 0.00131
c 0.087 0.0222 0.0643 0.01640 0.0443 0.01 \30
N 0.087 0.0229 0.0644 0.01693 0.0643 0.01165
0 0.087 0.0656 0.0G44 0.04856 Q.0444 0.03348
Ba 0.097 0.1282 0.0583 0.07701 0.0394 0.05208

.—

H 0.0651 0.00102 0.0503 0.00075 0.033! 0.00050
c 0.0351 0.00895 0.0270 0.00689 0.0198 0.00s05
N 0.0352 0.00926 0.0273 0.00718 0.0205 0.00539
0 0.0354 0.026(39 0.0216 0.0108 ! 0.0211 0.01591
Oa 0.035! 0.04640 0.0360 0.04759 0. 042G 0.05632

H 0.0250 0.00038 0.0’213 0.00032
c 0.0168 0.00428 0.0 I 55 0.00395
N 0.0173 0000455 0.0163 0.00429

0.0185 0.01395 0.0 1>~ .** ● 0.01335
L 0.0486 0.06425 Q.0~3U~ j. 0iO?@5~

Z= O.0874\ ““ %=tM9~5w ; ;
.*--—.-3 .:.. w.–.~. *FL_-

—-- s% .:!7-0... ~:-+..

000187 0.000’28
0.0149 0.00380
0.0161 0.00423
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CALCULATION 3A g TRANS@~O$ Tj@CIU”!3~ COMPOS!T\O N b
●

E ~Kv W=o= )4! “

2’2 ~~ -i SIMPSON’S RULE
E Mti%=~Ev %=1 cm EVEN Qm)

o !.000 m o
2.2 0.949 0.0730 0.9296 0.882!
4.4 0.895 0.0510 0.9503 0.8505
6. G 0.837 ● 0.0425 0.9584 0.8022
8.8 0.174 0.0375 0.963’2 0.7455
11.0 0.701 0.0340 0.9666 t 0.6834
13.2 0.633 0.0318 0.9687 0.6132
1s.4 0.547 0.0300 0s9705 0.5309
Il. 6 0. 4&7 0.0290 0.9714 0.434L
19.0 0.31G 0.0285 0.9719 0.30?!
22.0 0.000 - SUM 3.2057 1.6434

EVEN%~ODD‘ Z 12.8t3 5.2868
SUM 18.1098

~~ [2.2) 3.2799
+ z~=l~lf~ 0.60363
IAVJ1 . 0.023790 = e-~ %
.-y%=3.74 p.o.03,4

ee~(t~”%
0/IJ (e-~(~) ●%)

e-~[c)”%

%=5 cm EVEN

(1/1,) (r)~’~~~)
ODD Z=IO cm EVEN ODD

0.694 0.6586 0.482 (). 4574
0.775 0.6936 0.600 0.5310
0.809 0.6711 0.654 0. 54-I 3
0.8’19 0.G41G o.687 0.531-1
0.844 0.596T 0.712 0.5034
0,553 0.5399 0.128 0.4608
0.861 0.9710 0.741 0.4053
0,865 0.3867 0.748 0.3344
0.s60 0.2743 0.75’2 0.2376

2.6777 Z.’26\8 2.1510 1.8639
10.7IO8 4.5236 0.604 3.720
\s.’L344 \’t.33%
11.1714 9.043
0.50779 0.4110
0.76168 0.6116
0.273 0.483
0.0546 0.0483

●

a.70-cr
xl
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~ :m:: .

COMPOSITION”.”O&. %m&b”h’; RULE (CONT’D)

~ -P(E)● %

22=50 cm

0.0160
0.07$1
0.1194
0.1s32
0.!827
0.2039
o.z23\
0.2346
0.2405

SUM
iVENX4; ODDSI

)3(1.:): :.733?

0.0241

0.0999

0.1292

0. L220

0.0760

0.4518
1.8012
L652Z

, !.9449
0.08840
0.13260
2.022
0.04.04

0.0699

0.! [86

0.1’291

0.1049

0.4125
0.8450

= e ‘NC%)

m
0.000616
0.006097
0.01426
0.0235’2
0.03337
0.04160
0.04979
0.05502
0.05754

0.000641

0.01193

0.01%9

0.02723

0.018’28

0.00167
0.32668
0.47584
0.34893
0.0\586
0.023790
3.74
‘3.0374

#

-$(E)-%)

ODD

0.Q05457

0.0!520

0.02633

0.02459

0.07450
13.14916

CALCULATION 3 B: TRANSMISS1ON THROUGH BARATOlu

cm-i

0.1050
0.0845
0.08’28
0.0830
0.0840
0.0858
0.0878
0.0900
0.0923

x=lcm

0.9005
0.3\89
0.9205
0. 92s03
0.9195
0.9178
0.9160
0.9140
0.9! 10

,

w)) ~
EVEN

0.8546

0.1705

0.6501

0.50!0

0.2881
3.0643

12.2572
17.3078
\l.6923
0.5769
0.8653
0.1447 ““,
o. I 447 “:.

-9

ODD

0.822.4

0.1123

0.5810

0.4086

2.5253
5.0506

99, ●

● *@8,,*● : ● b
: :~ ::0(‘** ● .* .: 4

● :.* ;
●* ●

P ● -. *

:
B
)
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3.591
3,655
0.661
0.660
0.657
0,651
0.645
0.638
0.630

SUM
‘ENlf4;ooD~z

SUM
,(2.1):0.1333
+ 21= 1~~~

AVE /1,

p%

P

0.07’24
0.1210

0.1262
0.1256
0.1215
0.!!70
0.1113
0.!054
0.0993

0.5618

0.5532

0.4645

0.3528

0.!991

m=r
ODD

0.586’2

0.5108

o.4\zl

0.2852

2.1314 i !.7943
$.5256 3.5086

\2. \ !42
8.88374
0.40381 ~
0.6057 I [

_x_l_

%=Z5 cm

a
0.1056

0.0866

0.0609

0.0316

0.3532
1.34!3
1.9947
1.4628
0.066490
0.099734
2.31
0.09124

0.!083

0.0912

0.014!

0.0411

0.3267
0.6534

0.350
0.430
0.437
0.436
0.432
0.424
0.416
0.407
0.398

0.00525
0.0141
0.0 \59
o.o\58
o.o\50
0.0137
0.0]24
o.o\!l
0.0100

●
● 9. ●

,::9 ●Cg ,
● e

● :*,0 .:* ● : :,
● *. .:

● :,
● *. ●** -..

(@(em(’)’%)
EVEN ODD

0.3321
0.3848

0.3658
I 0.3375

0.3G54
0.2684

0.2276
0.ta\9

0.1258

[. 3567
5.6268
I.1-tzo
S.6994
0.25906
&38858
0.945
0.0945

t. )726
2.3452

2L=50 cm

0.00498

0.01331

0.01061

0.00678

0.00316

0.03864
0.15536
0.’2334
0.!1116
0.0077804
O.OIIG-I!
4.45
0.0890

w

● *
● *
● O
● *
● O8*

0.01316

0.01223

0.00867

0.00496

0.03902
0.07804

..
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