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SUMMARY
Tables are presented for determining the total-absorption
coefficients, as well as the intensities and spectral distribution
of gamma-rays at any given scattering angle. Only thin scatterers
are treated and secondary effects are neglected.

Included are both experimental and computed data on gamma-rays
of quantum energies up to 20 million electron volts for all elements
for which significant data are available. Published, experimentally
verified data on total-absorption coefficients have been used wher-
ever possible, In those energy regions for which such date are still
lecking, values of photoelectric, Compton, and pair-formation coeffi-
cients were computed using the formulas of Hall end Klein-Nishina and
interpolating from the Bethe-Heitler formula, respectively. Examples
are included to illustrate the use of the tsbles.

INTRODUCTION

A determination of the absorption characteristics of gamma-rays
in thick absorbers is complicated by secondary factors, such as
multiple scattering and angular distribution of amnihiletion radi-
etion. As a first approximation to the problem of gammes-ray scat-
tering in thick absorbers, a consideration of single scattering in
thin ebsorbers is warranted. The problem of scattering by thin
absorbers is much simpler than the corresponding one for thick
absorbers because the aforementioned secondary effects may be neg-
lected without serious loss of accursacy.

The following problem is considered herein:

Assume a thin sheet of materisl of known chemical composition.
A beam of gamma-radiation of small cross section is directed normally

T
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upon this sheet. At a given scattering angle (the angle between the
primary beam of rays and the scattered beem):

(1) What is the intensity (energy/(unit ares)(sec)) of the
scattered beam?

(2) What is the degradation (or reduction) of energy in the
spectral distribution?

Tables compiled at the NACA Lewis laboratory are presented that
provide a convenlent and repid method of solution to this aforemen-
tioned problem. These tebles include:

(a) Available experimental data on total-sbsorption coefficients
from the literature ;

(b) Tebles of photoelectric absorption coefficients and Compton
scattering coefficients computed from the formules of
Hall (reference 1) and Klein-Nishins (reference 2),
respectively, as well as & table of pair-formation coeffi-
clents, which consist of interpolation of a few values
computed by Heitler (reference 3) using the Bethe-Heitler
formula (reference 4)

The computed values supplement the experimental ones and are
included only for those cases in which the theory has been checked
by published experimental datea. The tables contain values of absorp-
tion coefficlents for gamma-rays extending from the soft X-ray region
of 0.01 Mev (million electron volts) to the hard gamma-ray region of
20,0 Mev. Auxiliery tables are included for all chemical elements
that are solids or liquids at room temperature and for which pub-
lished date on densities are available,

The tables are preceded by & brief discussion of the theory of

the various gamma-rey absorption phenomena and the use of the tables
is described with the gid of illustrative examples.

SYMBOLS
The following symbols are used in this report. The values of
the numericel constants are calculated from those suggested in
reference 5.
A atomic weight, grams per gram-atom

c velocity of electromagnetic radistion in vacuum,
2.99776 X 10lo centimeters per second
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energy, Mev
energy of incident gamma-rays, Mev

charge of electron, 4.8025 X 10710 electrostatic units

7

Planck's constant, 6.624 X 102 erg seconds

intensity of incident gamma radiation, energy per unit
area per second

intensity of gamme radiation scattered at an angle 6,
energy per unit area per second

electron shells in X-ray terminology

2

rest mass of electron, 9.1066 X 10~ 8 grams

energy equivalent of electron, 0.51083 Mev

Avogadro's number, 6,0228 X 1023

per gram-mole

number of atoms per cubic centimeter, Np/A

number of electrons per cubic centimeter, NpZ/A

distaence of point of intensity measurement from
scattering source

2/mc2, 2.81 x 10713 centimeters

atomic number

E
B .o = 1.9576 &,
me mcz

angle between primary beam of gamma-rays and scattered
bean

wavelength of gamme radistion, angstroms
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M total-absorption coefficient, centimeter -
v frequency of gamma radiation, second™ T §
o) density, grams per cubic centimeter
c Compton scattering coefficilent, centimeter'l
T photoelectric absorption coefficient, centimeter'l
X pair-formation coefficient, centimeter *
Subscripts:
e atom
av average
e electron
eff effective
GAMMA-RAY ABSORPTION PHENOMENA AND TABLES :
Total-Absorption Coefficient p .

The interaction of hard X-rays or gamma-rays with matter
is a function of the energy of the quantum, the atomic number 2
of the irradiated material, the density of the material p, and
various universal constants such a8 h (Planck's constant), e
(electronic charge), snd r, (classical "radius" of an electron).

If a beam of gamma-rays of intensity I, interacts with a

material of smell thickness, the intensity of the beam in the same
direction after traversing a distance x wlll be given by

I =TI, HX (1)

where u 1s the total-absorption coefficient and has the dimensions
of reciprocal length. The total-sbsorption coefficient p can be
expressed as the sum of three distinct effects:

B=T+ 0+ ¥

where T 1s the photoelectric sbsorption coefficient, O 1s the
Compton scattering coefficient, and ¥ is the pair-formation
coefficient. .
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This relation has been experimentally verified for all elements
investigated and for energies up to 17 Mev, Theoretical consider-
ations indicate that the relation remeins velid at the upper limit
of the tables presented herein, for example, 20.0 Mev (reference 6).

Experimental values of total-mass sbsorption coefficient p./p
(where p 1s demsity, g/cu cm) from reference 7 will be found in
teble I. In the energy region for which these values have been meas-
ured (0.0l to 2.65 Mev), u/p is monotonic decreasing with increasing
energy of incident gamma-rays E, for all elements except in the

region of an absorption edge. Near an absorption edge, p./p is

very difficult to determine and results based on calculations in such
energy regions are reliable only to within an order of magnitude.
Fortunately, for higher energies, no absorption edges exist (the
highest listed in table I is the 0.126-Mev edge for uranium) so that
thie limitetion of the method is not serilous.

A Pairly large gep exists in avallable experimental wvalues of

u/p between 1.24 and 2.65 Mev for all the elements. Most of these
velues are computeble from the other tables, however, as will be
susequently shown. The effect of multiple scattering is negligible
when thin sheets (about 1 mm) of irradiated material are considered;
all other effects combined (such as chemical combination with other
elements (reference 8) and interaction of gamma-rays with atomic
nucleil (reference 6)) negligibly affect the value of p for an
individual element. Only the aforementioned three principal effects
will therefore be discussed.

Both the cases of heterogeneous spectrs of gamma-rays and of
homogeneous materials of more than one element present no new dif-
ficulties. The total-absorption coefficient u for a given element
in a homogeneous materiael can be obtalined by determining u for
each energy in the spectrum and multiplying by its respective inten-
glty relative to the totel beam intenslity so that an average value
of p results. Thus

Ei (Ey)1(E,)
Hav = >, I(B1)
i

where

u(E;) absorption coefficient of gamma-rays of energy By

I(E;) intensity of gamma-rays
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The total-absorption coefficient for e continuous known spectrum of
gamms radiation may be found by an_-integration process. Thus

Enex
i

1203

u(E)I(E) a&

o= Emin
av
Eme,
fE ,nx I(E) 4B

where
Epin lowest energy in spectrum
Eypax highest energy in spectrum

Because p(EB) and I(EY cannot always be expressed in closed form,
the integration is usually performed numerically.

Similarly, u may be averaged over all the elements in the
materisl by adding the values of u for each element, which have
been multiplied by the relative abundance of the element in the
meterial.

Thus

EiWi<%> 1 -
O o

where w; 1is weight of 1th substance.

Consideration of a momochromatic beam of radiation interacting
with an element will therefore be sufficient for all practical

purposes.

The discussion will be divided into three parts: Compton
effect, photoelectric effect, and pair formation.

Compton Effect

Of the three sbsorption phenomene, the Compton effect is the
only one for which closed formulas heve been developed that agree
closely with experiment for all energies and scattering angles for
which they have been checked. Briefly, this effect may be classi-
cally explained by assuming that the gamma-ray acts as a particle
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or quaentum and by attributing to the gamma-ray an energy hvY and &
momentum hv/c where h is Planck's constant, V is the frequency
of the incident gamma-ray, and ¢ is the velocity of light in
vacuum, :

If this concept is assumed, the following expression for the
energy of the gamma-ray after being scattered to an angle € may
be readily obtained (reference 9):

E

O
- 3
B9 = T3 1.95768,(3-cos O) (5)

vhere E, 1is the incident energy of the gamma-ray and all energies
are expressed in Mev. The degradation of emergy of the incident
gamme~ray in the photoelectric effect and palr formation is mean-
ingless because in these cases the reactlng gamma-ray vanishes,
leaving instead a photoelectron and a pair of oppositely charged
electrons, respectively. The lncident gamma-ray retains its ldentity
only in the Compton interaction. -

Tgble II, which was computed from equation (3), presents the
degredetion of energy EQ/EO for values of E, ranging from 0.01

to 20,0 Mev and for values of 6 ranging from 2° to 180°. The
values were computed using five significant figures throughout and
the final values were then rounded to four decimel places.

The energy of a gamma-ray of initial energy E, after a single
Compton scattering through an angle 6 is expressed by eguation (3).
The corresponding problem of calculating the intensity of a beam of
gamna-rays scattered through 6 was solved by Klein and Nishina
(reference 2) who derived the following formuls for the intensity of
&8 beam of gamma-reys of initisl energy kY scattered by a single
free electron at an angle 6:

Ig = I, ot 1+ cog2 8 1+ o? vers® @
oméc4r2 (1 + o vers 8)° (1 + cos?8)(1 + o vers 6)
(4)
where

I, initial beanm intemsity
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@ hv/mc?
r distance of point of intensity meesurement from scattering source

Teble III, which was calculated from equation (4), presents
Ie/I0 as & function of both 6 and E,. The computations were

made using five significant figures throughout; the final results
were rounded to four decimal places. The results are accurate to
within %3 in the fourth significant figure.

A greph of .19/10 plotted against € for several values of
o 1s presented in figure 1.

Klein and Nishina integrated equation (4) over all angles,
miltiplied by the number of electrons in & unit volume, and obtained
(reference 2).the Compton scattering coefficient

1 3 et
_anllg 1+al2(l +a) 1
c = =1 { 5 [ = logg (1 + Zo.',ﬂ+

o 1 + 20
1 1 + 3a
= log. (1 + 2a) - Lt 5 (5)
ga T8 (1 + 20)2

Equation (5) is a function of E, through the factor a and of
the atomic number Z through the number of electrons N,. Table IV

presents O(a) as a function of E, where

l+a.|:2(1+d.)__];

ola) = = R = log, (1 + ZO.EI +

< 1+ 3a
zmloge 1+ 2a) - —F 22

(1 + 20)2

2N _et
Table V presents —-521— as a function of Z. In order to obtain
m-c

0 for a given Z and E,, the value of o(a) correspondizg to

the desired E_ is simply multiplied by the value of 2nNge™

n?c®

corresponding to the desired Z.

The values given in table IV have been computed carrying five
significent figures throughout the computations and then rounding
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the results to four decimal places. The resulis are accurate to
within £3 in the fourth significant figure.

The values given in table V were computed carrying five sig-
nificent figures for all the theoretical constants and as many
figures for the demsity as could be found in the handbooks. The
final results were rounded to four significant figures but the
results are accurate only to the number of significant figures of
the density. This same computational procedure was followed for
tables VII and IX, the auxiliary tables for the photoelectric
absorption coefficient T and the pair-formation coefficient
X s Trespectlvely.

For high energy E or large values of a, equation (5) may
be simplified (reference 10) because, if o >>1

A 4 :
2nN_e 1
~ e 1 | 1 l — -3
c= {_ - = logg (2a)| + 5 loge (2a) 7 }

meet |
s -— {2a + 2
mect 2a

when powers of l/d, greater than the first are neglected.

Therefore

4
o~ et l[ 1} .
o= —ia loge (20)+ > (6)

When o is equal to 3 (1.5 Mev gamma-rays), equation (6) differs
by 13 percent from the more exact equation (5); whereas for 5 Mev
gamma-rays (a = 10) only a 7-percent difference occurs.

The significance of @ should be clarified. It consists of
two separate components. The part of the scattering coefficient
that gives a measure of the loss in intemsity due to the scattering
of radiation out of the direct beam is represented by Og, and

Oy comprises that part of the scattering coefficient that glives a
measure of the original energy that is trensformed into the kinetic

energy of the electron and so suffers "true" absorption. Both these
effects are contained in @, which is equal to Og + Og. These

results have been verified by a number of investigators (refer-
ences 11 to 14).


http://www.abbottaerospace.com/technical-library

10 NACA TN 2026

Photoelectric Effect

In order to consider the absorption due to the photoelectric
effect, it is convenient to consider the gamma-ray as a wave packet
that interacts with an atom, giving up all energy to an immer elsc-
tron, The inner electron called a photoelectron escapes from its
atom, thus leaving an ion behind. A formula for photoelectric
ebsorption per K-shell valid for all atomlc numbers 2Z when

% >>1 has been derived by Hall (reference 1). This result,
meé. '
which is still widely used, mey be written

20,

K ~ 282 _a(n-2a) (7)

where
O, = 2x a.oz cr,c,8 7° R
o= 2 o - _}ﬁ__ o = 25
137 © = 4xPm o2 © " he
and
2
R = kis {41;0 + : 7 i [koe - log(€ + ko)]}
where
x, = (e - 1)1/2
end

€ =a+ (1 - 8.2) 1/2

This equation may be written in the more convenient form

7. . 2.825x10755 7°
K =

R
aZazea. (n-2a) ®)
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A formule valid for all atomic numbers Z and all hy has
been developed by Hulme and coworkers but this result is too complex
to present herein. When hv > 2, moreover, Hulme's formula differs
but little from Hell's formule (equation (8)).

The following table taken from reference 15 shows that the
values of Tg calculated by the two different formulas do not dif-
fer too much even for values of o < 4. (Values in parentheses were
calculated from the formula of Hell (reference 1)).

o0 = = T for Tg for Txg for
2
me Al (Z = 13) Sn (Z = 50) Po (Z = 84)

0.452 2.3% 1020 | 4.6% 1078 | 4.61 x 10724
(2.45) (4.87) (4.38)

1.443 3.9%x 10725 | 7.1 %x107%% | .02 x 10723
(4.19) (7.67) (5.23)

Equation (8) is for T per K-shell, which is twice T per
K-electron. Although the photoelectric absorption in the K-shell
is much greater than in any other shell for gammas-rays, the absorp-
tion in the I;-shell cannot be neglected in calculating T,

(T per atom). The value of T for hy > mc? is calculated
I1

(reference 16) using a method that perallels the development in
reference 1. The resulting formule for TL]_/TK yields numerical

results that vary from 1/8 to 1/5 depending on Z. A rough approx-
“imation (reference 16) indicates that the absorption in the Io,

Iz, M . . . shells is inapprecisble. Thus T becomes equal

Yo T + ‘I’Ll. The photoelectric absorption coefficient per atom T4
is 13 to 20 percent higher than Tr as given in reference 15,
depending on the atomic number of the absorber. Multiplying T,

by the mumber of atoms per unit volume results in T in centimeters=i.

Because the formulas of Hall and of Hulme yield closely agreeing
velues of Tp when E > 2, tables of Hall's formula (equation (8))

bave been computed for values of E, from 2 to 10. (The photo-

electric absorption coefficient T is less than 1 percent of the

total-gbsorption coefficient p when E, = 10 even for the heav-
iest elements.) Teble VI presents Ty computed from equation (8)
as & function of E, and Z. Seven significant figures were used

in the computations and the results were rounded to four.
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The auxiliary table for T (teble VII) presents 2 for values
of fNy where f is a factor that determines the effect of T1y

on Tg for the particular atomic number Z in question. Thus

0.07
= 07 (7.3
£ =1.15 + =2 (2z-1)

and a value of Tg in table VI multiplied by a value in table VII
yields T in centimeters-1l.

Palr Formation

Pair formation or the "materialization effect” results from an
interaction of gemma-rays of energy hv > 1.022 Mev with the filelds
of charged particles (for example, atomic nuclei) resulting in the
transformation of the gamma-ray into an electron and a positron.
Because the rest mass of an electron is equivalent to an energy of
0.511 Mev, palr formation cannot occur for germa-rays having an
energy less than twice this value. (The rest mass of a positron
equals the rest mass of an electron.) The difference between the
initial quantum energy hvY and the rest mass of the two particles
produced appears as the kinetlc energy of the particles.

Also, pair formation can occur only in the presence of matter.
For example, assume a gamms-ray hes an energy of exactly hv = 1.022
. Mev. Because both created particles would have zero velocities, the
momentum of the gamma-ray hﬂ/c will be destroyed. Thus the neces-
8ity for the presence of matter to which this momentum mey be trans-
ferred becomes obvious.

By the use of the Born approximation, Bethe and Heitler (refer-
ence 4) developed a method for calculating the probability of pair
formation over a wide range of energles. The results could not be
expressed in closed form, however, except for very limited energy
ranges., The formule derived for the probability of pair.formation
expressed as cross section is

r.2
Xq = T57 Z°X(c)
(9)
= 5.797x10728 22%(a)

where X(a) is the function tebulated in table VIII.

1203
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In the present problem, the Born epproximation assumes equal
energy distributions for electror and positron. Obviously,this
assumption is not quite velid because the presence of the nuclear
Coulomb field will assure an average kinetic energy for the positron
that is greater than that of the electron. In addition, this energy
difference clearly decreases with increasing hv. In order to
remove this inadequacy in the Bethe-Heltler theory, the exact wave
functions for an electron in the presence of a heavy nucleus were
used by Jaeger and Hulme in reference 17 and formulas derived for ¥,
which were estimated as in error by not more than 10 percent. The
actual Jaeger-Hulme formulas cannot be expressed in closed form and
the calculations are extremely lengthy.

Results obtained using the formulas of Jaeger and Hulme are
somewvhat higher thar corresponding Bethe-Heitler values. Agreement
with the Jaeger-Hulme formulas is reported in reference 18.

Despite this inadequacy in the theory of the Bethe-Heitler
derivation, however, other investigators report agreement of equa-
tion (9) with experimental results (references 19 and 20). This
agreement with experiment, although foriuitous, makes reasonsble the
use of equation (9) to obtain values of ¥g. The values of X(a)
in table VIII were computed by fitting two functions to several
computed values presented in tabular form by Heitler (reference 3,
. 200). The functions that appeared to fit these values were:

(1) From E, = 1.50 to 5.00 Mev:
x{a) = -0.00014687014(a-2)8 + 0.0026822917(a-2)° -
0.0160373263 (a-2)% + 0.0265364591(a-2)5 + 0.0719652774(a-2)?
(2) From E; = 3.00 to 20.00 Mev:
x(e) = loge [0.0046043579(a-2)3 + 0.036474985(x-2)% +
0.1583651(a~2) + 1]

An overlapping occurs between 3.00 and 5.00 Mev but the two functious
agree closely in this region.

A graph of ¥(a) from reference 3 (p. 201) is shown in Pig-
ure 2.

2
The auxiliary table for ¥ (table IX) presents Ee_iggHg

for values of Z. As in the tables for ¢ and T, the product
of each value in table VIII and a value in table IX results in a
value of % in centimeters-l,
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Although the gamma-rays formed by positron annihilation are
anisotropically distributed, this so-called excess scattering is
small compared with Compton scattering in the energy range of 2 to
5 Mev. At higher energles, the positron will escape from the absorber
before annihilation if the absorber is 0.l centimeter or less thick,
which is the limit of the thickness considered herein. In the worst
case, 5 Mev gamma-rays in lead, the mean free path of the positron
is 0,12 centimeter (reference 3, p. 224) and ¢ 1s about the same as
X This angular effect of palr formetion has been neglected herein.

General Problem and Examples

The preceding dlscussions of the three effects may now be uti-
lized to provide & method for solving the original problem, that is,
to obtain the relative intensity and the energy of a beam of gamms-
rays at a given scattering angle. For this purpose, a general prob-
lem and several solved examples are presented in the following
paragraphs.

General problem. - Assume that a beam of gamma-rays of energy
E, strikes a sheet of element of atomic number Z, which is 1 mil-
limeter thick. What will be the energy and the intensity at unit
distance (1 cm) from the centér of the sheet of the beem scattered

at an angle 07

Solution. - The energy of the scattered beam Eg may be found
quite simply by using table II. The method of obtaining the inten-
sity, however, is more indirect, as is shown in the following
paragraphs.

A formula, equation (4), for obtaining the intensity of germa
rediation scattered to an angle € 1is tabulated in table III as
IB/IO' The I, in this equation, however, is really an effective
initial intensity, which must consider photoelectric and pair-
formation losses from the original beam. These two éffects remove
gamma photons from the beam and thus prevent part of the beam from
being exposed to scattering electrons.

The effective initial intensity of the gamma-ray beam may be
found by averaging the loss in intensity of the beam due to T and
X 1in traversing an absorber of thickness x,. Thus

1203
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fxo Io o (T+ X)x ax
1 .
(I°)eff =2 fxo | Ty ;)J % [1‘e T+ X)xél
ax
0

or for (T+ X)x, s=mall,

(et = %o |1 - L1 90%]

This effective initlel intensity may now be used with table IIIX
to £ind the intensity at wvarious scattering angles. As is shown in
the preceding discussion of the absorption phenomena, T may be
found from tables VI and VII and ¥ 18 tabulated in tables VIII and
IX. 1In the energy regions in which T is significant but not tab-
ulated, T + x may be found by using tebles I, IV, and V. Table I
glves p./p and tables IV and V may be used to obtain ¢. Therefore,
T + y may be found by subtracting the O obtained by utilizing
tables IV and V from the p determined by multiplying a value of
u/p from table I by the density of the element p. '

The intensity at any angle € may then be computed by following
the subsequent steps:

(1) The effective initial intensity is found by the method
described in the preceding parsasgraphs.

(2) The number of electrons in the volume of absorber traversed

by the gamma-ray beam is calculated. This factor is equsl to NZTp v

where V 1is the volume and is equal to the product of the cross-
sectional area of the beam and the thickness of the absorber.

(3) The appropriate Ie/Io is obtained from table III. The
intensity of the beam at the given angle is then given by the prod-
uct of the finel values obtained in steps (1) to (3) and the con~

stant ot

= 7.896 X 10-26 square centimeter per electron.
mc

Incidentally, uw = g+ T+ ¥ so that a rapid and convenient
method is provided herein for finding the total-absorption coefflcient
for X- and gemma-rays in the energy region of 0.01 to 20.0 Mev.
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Recently published experimental results (reference 21) in the region
from 10.0 to 20.0 Mev agree quite well with such computations, the
disagreement—with experimental results varying from less than 1 per-
cent to & maximum of 10 percent.

Because of the assumptions made herein, the intensity is a
discontinuous function of 6. For a thin absorber, the intensity in
the forward direction 1s usually greater than 95 percent of the
incident beam. The angular intensity, however, is obtaired by using
equation (4), which was derived for a beam of photons of known
momentum or zero cross section. In such an ideal case, equation (4)
shows that the intensity of a beam msking any nonzero angle with
the forward direction is very smasll. In practice, the finite width
of the beam causes the intensity to attenuate less rapidly.

Table III, however, may be used directly for calculating the rela-
tive intenslty of gamma-rays scattered at different angles.

EXAMPLES

1. Assume that s beam of 0.500 Mev gamma-rays of l-square-
millimeter cross section strikes a sheet of aluminum 1 millimeter
thick. What is the energy and the intensity of the fraction of the
beam scattered at 60° at a distance of-1 centimeter from the center
of the sheet. '

Solution. - Table II lists the value 0.8714 for EGO/EO when
E, 1is 0.500 Mev. The energy of the quanta in the 60° beam is

therefore

0.6714 X 0,500 = 0.336 Mev

The intensity of the 60° beam is found in the following manmer:
Teble I lists the value of 0.079 square centimeter per gram for u/p
of aluminum at E, of 0.516 Mev, which is found to be 0.08l square
centimeter per gram on interpolating to 0.500 Mev. Multiplication
of this value by the density of aluminum, 2.699 grams per cubic
centimeter, yields the value 0.219 centimeter-l for .

A value of 0.5795 square centimeter per electron for ¢{a) is
given 1n table IV.

The auxiliary table for ¢ (table V) gives a value of 0.3915
electron per cubic centimeter for aluminum (Z=13) so that © is
0.227 centimeter-l. This value is greater than p by 0.008
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centimeter~1 but s because the experimental value for u/p was
given to only two significant figures, the result obvlously signifies
that the Compton effect accounts for all the absorption. Thus,

(Io)eff= Is.

The number of electrons in the wvolume traversed by the beam is
equal to :

23 13 electrons 1 -3
(6.02 x 10 )@'699 atoms of Al) <26.97 X 10
= 7.826 X 1020 electrons

From table ITI for 0.500 Mev gamma-rays, Igo = 0.2135 so that
Igo = (7.826 x 10%0) (7.896 x 10728) (0.2135I,) = 1.32 X 107°I,.

The final solution therefore states that at 60°, 0.336 Mev
gamna-rays emerge at 1.32 X 10™° of the intensity of the original beamn.

2. Assume that lead is the absorber in problem 1.

Solution. - The values of HEg/Eg, o(a), and Ig/Ip are inde-
pendent of atomic number. Therefore, Egp = 0.336 Mev.

The following paragrsph shows that Io) eff # Lo for this
problem.

A value for p of 2.67 centimeter~l is obtained from table I
in the manner suggested in problem 1. Similerly, o is found to
be 0.782 centimeter-l so that

T = 2.67 - 0.782 = 1.888 centimeter™t

Then

l-1.888 x 0.1
(to)eee = 2= L 1, = 0.506T,

of if the exponential form is used,
(IO) erp = 0.9121,

The number of electrons in the volume traversed by the beam is
now equal to 2.71 X 1021, Therefore

Igo = (2.71 x 1021)(7.896 x 10-26)(0.2135)(0.9061,) = 4.13 x 10751,.
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Thus, if lead is the abscrber, 0.336 Mev gamnma-reys will emerge
with an intensity of 4.13 X 10-5I,

3. Assume that in problem 1 the incident beam consists of equal
intensities of 2.00 and 5.00 Mev gamma-rays.

Solution. - The use of table II shows that the beam emerging
at 600 will contein gemma-rays of energies 0.3381 X 2.00 = 0.876 Mev
and 0.1697 X 5.00 = 0.849 Mev,

In the process of solving problem 1, T was found to be neg-
ligible; therefore it will be negligible for both energies now con-
sidered because T decreases with increasing energy of the incident
gamme-ray. Both energy components of the beam are greater than
1.022 Mev, however, and therefore some palr formation will occur.

A value of 0.296 square centimeter per atom is listed in table VIII
for f£(a) at 2.00 Mev and 1.89 square centimeter per atom for f(a)
at 5.00 Mev. TFrom table IX, is obtained the value 0,005912 atom per

centimeter so that ¥= 0.00175 centimeter~! for the 2,00-Mev ray and

0.0112 centimeter-l for the 5.00-Mev ray.

Originally, I, for each component was equal to one-half the
total incident intensity. The (Iﬁfeff for each component therefore

becomes:

(a) For the 2.00-Mev ray,

% Is <§ - 9*992l1%>= % Io to 3 significant figures

(b) Similarly, for the 5.00-Mev ray

% Is Q. - 9&12-) = %‘- I, to 3 significant figures

From table III, may be found the values of 0.0492 and 0.0130 for
ISO/IO at 2.00 and 5.00 Mev, respectively. The solution to the
problem mey then be stated that at 60° two components emerge:

(1) A component of 0.676 Mev with an intemsity of 1.52 X 10"61o
and

(2) A component of 0.849 Mev with an intensity of 4.0l X 10'711o

4, Assume that in problem 3 the scatterer is antimony penta-
sulfide, ©Sbsbsg.

“ OnNT
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Solutlion, - The emergent energies of the gamma-rays are inde-
pendent of the chemical composlition of the absorber so that the
same two components of 0,676 Mev and 0.849 Mev will emerge.

Before the Intensitles can be calculated, a knowledge of the
relative weight fractions of antimony end sulfur in ShySg is
needed, as indicated by the formula for average total-mass absorp-
tion coefficient,

EE: Vi(

5)

(E) R
Plav 2. Wi

. i -

These welght fractions are:

Antimony:

2 X 121,76

2% 121,76 + 5 X 32.06 = 0-60¢

Sulfur:
1,000 - 0,604 = 0,396

The intensities for each of the components will be calculated sep-
arately. The intensity of the incident 2.00-Mev beam is calculated
as follows:

Tgbles VI and VII show that Tg 1is negligible, but that
T, = 0.0210 X 0.3881 = 0.0081 centimeter-1
Tebles VIII and IX show that

Xg = 0.296 X 0.005772 = 0.0017 centimeter—t

and
Xg, = 0.296 X 0.0499 = 0.0148 centimeter +
Therefore -
<§>Sb g™ O * 0:608 X S
2 -
and

0.604 X 0.0081

T -l
= =
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Similarly,
(’—") _ 0.396 X 0.0017 = 0.604 X 0.0148
P / sb28s5 1.96 * 6.684
= 0.001687
and
XgbaSs = 4.12 X 0.00167
= 0.0069 centimeter-1l
so that

T = 0,0099 centimeter-1
(T + X)szss cen r

To three significant figures, (;cbeff is still IO/Z according to
the preceding results. )

The number of electrons in the volume traversed by the beam is
equel to

23y (4.12) (2 x 51 + 5 x 16)
(6.02 x 10%°) == 121,76 + 5 X 32.06

= 1.12 x 10°% electrons

electrons X 10-3

The emergent intensity of the 2.00-Mev incident beasm is therefore
I -
(1.12 x 1021) (7.896 x 10-26) <o.o492 ?") = 4.34 x 1078 3‘2

The intensity of the 5.00-Mev beam is similarly found:

Thus, Tg 1s negligible; Tgp 1is 0.0025 centimeter'l; and
TSngS is 0.0009 centimeter-l,

The values of 0.0109 and 0.0945 centimeter-l for Xg and Xg

respectively, are obtained from tables VII and IX so that a value
for XSbgSg 18 readily cbtained as 0.0442 centimeter-l, Therefore

(T + Xgppsg = 0.0451 centimeterL and (I,) gpp = 0.998 52"

2

1203
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The emergent intensity of the 5.00-Mev component is then
(1.12 x 1021) (7.896 x 10726) (0.0130) (0.998 %?) =5.75 X 1077 I

The solution to the problem is thus:

(1) A 0.676-Mev component emerges with an intensity of
2,17 x 1078 1

and

(2) A_0.849-Mev component emerges with an intensity of
5.75 X 1077 I :

CONCLUDING REMARKS

Tables are presented for determining the intensity and spectral
distribution of gamma-rays at any scattering angle. The total-
ebsorption coefficlent may also be found by use of the tables. The
accuracy of the results obtained through use of the tables varies
from an uncertainty of 15 percent to one of a fraction of 1 percent
with the greater inaccuracy in direct proportion to the effect of
palr formation on the total-sbsorption coefficient,

Lewls Flight Propulsion ILaboratory,
National Advisory Committee for Aeronsautics,
Cleveland, Ohio, May 24, 1949.
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TABLE I - TOTAL MASS ABSORPTION COEFFICIENT un/p,

SQUARE CENTIMETER PER GRAM (REFERENCE 7)
Eaahes Indicate values have not been measure@

A Eo Atomic Number
{(4) | (Mev) | 3 | & 5 6 7 | 8 | 10 | 113 | 12 | 13 | 1s 17 18 | 20 | =26
Element

" 11 | Be B c N 0 o Na g Al 5 c1 A Ca Fa
.235 |0.0100[0.460(0.67 [0.95 [1.35 [2.42 |s.95 [5.7 2.4 7.1 [21.4 l26.3 ke.s [55.5 [e2z.5 |0 181
.631 | .ol9e| .435| .225| .255 | .z08| .267 | .610| .eco[1.80 |2.30 [ 3.0 | =.73 |[6.90 | 8.40 | 9.80 [13.3 | 27.0
417 | ozo7| .3s0| .180| -185 | .1es| .286 | .31lo| .ave| .sso| .7so| “.o40| 1.170 |2.10 | 2eav | 2.05 | s.97 | “s.4s
331 | .o37a - —— S B - —- - -
.260 | .ourr| .3e5| .156| 166 | .175| .185 | .200| .220| .2v0| .30s| .343| .402| .es0| .vso| .ss0| 1.10 | 2.28
200 | .oszo| .375| .151) .160 | .165| .178 | .1s0| .133| .210| .228| .280| .27 | .400| .4485| .s00| T.830| 1.10
.175 | .o7o8| .360| .144| .150 | .1s5| .163 | .1e6| .16 | .185| .195| .z05| .2ea| .335| .341| .400| .460] .800
2146 | .0849| .340 |—mm=s |-2iis [SI211 155 |=—me=| 2162 |-—w==| .170| .176| .195| .248| .280[--c-a- 346|  .520
\142 | .os73| .330 183 |wmemn|aanea ) Y Stiniony iy D e |  .51B
.130 | .oess| .320| .132 |-mam- 149 2182 |=muas| 157 [m=aeu] ,180| .188| 188 | .220| 250 |----—- .200| .424
2120 | 2103 [memem|mmmee [mm——— | o———— T — 2154 |mmmmme femmmees J1es| .1ve | .200 - 368
2113 | 2110 | 2320 |mmmen fmmmee [ e 2147 [=-ame 2153 fmmemmm 155 .180! .166 | .189| 4195 |e=--=={ .230| 1337
008 | 126 | .280) .126{e--=m | .238| .142 |~e-—=| 184 femme-o| .150| 1) 158 | .188| 178 |~—--m- 200| .285
.080 | .165 | .256 \137 |em—em ——— 146 peoem- 2184 [~mmmmm [cmeeen ] L23E
072 | J172 | .250| 118 |-—me= | 132] 136 |==wen| o137 |-wmee~| .130| Jl40] .143 | .150| .158(------ .180| .z02
.06¢ | 194 | .245| 120 [-=~=- | .126| .130 |--~=-| .130 }-——-=~] .130| .130| .130| .139| .142|{------| .1ss| .1vs
050 | .248 [~m-m- - - 120 e | ,115 - .140
2040 | 310 | ,205 |=m=mm fememm | cmeae JETT: J [y PN NN WA 2105 frmmmm= [mvmmmm | = [ | 128
030 | 413 | J180|-mmem [ommae | amman| (08B |ermma|maman feeeaee feaoee [ cemeen i 083 | - - .085
024 | 518 | .168 2080 |—meem 2079 |mmmm- - - ,080
2010 |1.24 | 117 2089 |—amm- JENVENEY [N NN M 2058 |mmman [maaa- SN A .058
.0047|2.88 | .o78 - .0385/ - 20380-mmmm [mmmmem e Y DR Pt

1.4

9Z0Z NL YOWN
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TABLE T - TOTAL MASS ABSORPTION COEFFICIENT u/p,

E}aahea indicate values have not been measureﬂ

SQUARE CENTIMETER PER GRAM (REFERENCE 7) - Concludsd

A Eq Atomic Mumber
(A) | Mev) [ 28 [ 20 | 30 [235 ] 38 [ 42 | a7 50 | 535 [66 | 75 ] 7¢ | vs 79 B2 | 92
Element
N1 Cu Zn Br 8r Mo Ag 3n I | Ba Ta Lj Pt Au Ph U
1,235 |0.0100 |208 230 250 —<e=|==c==|m=me=fl85  [280 |==r= === |=e===|95  [135 |122  |137 B
631 | .0198 | 34 36.2 | 41.0 |[s6.8|72.5 |15.0 [10.6 | 23.0 |26.4|31.1|72 |75 B4.5 | B7 o8 ———
.417 | .om97| 10.5 | 11.48 | 12.3 [10.0|24.0 [30.0 |41 45 9.2(10.5|21.5 [22.5 | 27.4 | 28.4 | 32 —————
331 | 0374 |—mmmemm ——- ~{21.7 | 24.6 [--==| 5.4 |-=—o-[-2Z2- RGP [HOaurmy B T-75: RENN P
.280 | .0477| 2.80 | 3.16 | 3.58 | 6.3| 6.50| 8.20 [11.4 | 12.8 |14.2[16.1| 6.7 | 6.85]| 8.0 | 8.5 . 10.0 |e-uue
.200 | .0620| 1.456 | 1.65 | 1.78 | 2.4| 3.32| 4.30 | 5.48| "8.20| 7.0| 8.0| 3.4 | 3.50| 4.25| a.40] "¢.00 |s.40
.176 | .0708| 1.05 | 1,12 | 1.26 | 1.9| 2.24| 2.95 | 3.96| 4.50| 5.1| 5.7|10.0 [10.5 | 2.97| 5.15| 3.48 |3.95
146 | .0849 |=mvmsm=| 680 [wmcmman [-22- - 2.48| 2.86|--wm|or=c| 8.75|ceuu-| w.e0| 7.85| 2.35 |2.70
142 | L0873  .830|  .870| 780 [-m=m|mmma- 1.55 | 2,31 2.64[were|cmaniocaaa| 8.75| w.20| 7.33| 2,10 |[<ie--
130 [ 0953 |amrmrem | BBL |cmmnman [cmmn | ammen [ cmeend] 1,87 2.12|-eem{acen] 5.10|w---=| 6.30| 6.40| 6.85 |[2.20
.120 | .103 480|485 L8837 [mmem|amman|cmaad] 1.61| 1.77|-ear| 2.2|~===-| 4.60| 4.92| 4.98| 5.20 [2.90
113 | L110 [emmmemme | 428 |cmmiin [ e e 1,47 1.60|--e|--o=| 3.80|ww-a=] 4.40| 4.50| 4.75 |wecmw
.098 | 126 |----- m fmma mmhmrme [cmeame | mene | enea| 2,80|-=-==| 3.15| 3.21| 3.80 [3.90
.080 | .185 284 | .288| .308(---- i P mmem|meme|emmem| 2,30 | 2.40]| 2.42]| 2.50 [2.70
072 | 172 [memmeee| 232 .- — IOV U | —===| 1.78|-———- 2.00| 2.05| 2.10 [2.e5
(064 | 194 |-;eenw=| 108 P ———— mmme{mmm=| 1,35]=wm==| 1.52| 1.55| 1.64 |1.60
050 | .248 [wmmewee| 188 - - —_— mmmm e[ wmemn | 86| .88 1.00  |me——m
040 | 310 [memmemm| 128 |-ememm- —_— — N J— . ammee |ateee | 02 | —mmmm
030 | 1413 |rermema| 2100 |;mmm——e|———f———— Y UVSRAN) DRSS PRI PRI SR, FVNBUA B O pE—
024 | 618 |emm-—=| 081 |-m=mmma — - -|-- ——— S U SN A 2l | mmewn
010 (1.28  |w—emmee 057 |-———- SN (RS PSRN PSS SR PRV S PROUPIN DUNNINY DU ANSVNEPN PP .071 | .082
0047 |2.86 |-=—m——=| .0838|—meemm [ cmme [ oo [ cmm e - RS IV JU— FRPSRVENES PRENENY pEE .0425| .044

SNHAA

G20¢ N1 VIVN

T4
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TABLE II - RATIO OF ENERGIES OF COMPTCN SCATTERED

(Mev)

2]

8

10

(deg)
15

20

30

40

0.01

3
o

-
o
(o]

SGBEVORADPNADOPNOOHSNOROANOORDNOIDORN

EEECESER X N R RN X0 NS Ne KON I NN NV R RO RERERE W RWVE VR ol ol ol ol ol

o o o o @ R EEREEEEEEEE
©WW0m-~3 mmmmh#GGNNPHOOOOOQOS
POMONONOUNMONIOBOUNOUNOVB-ISUPW

1.0000
1.0000
1.0000
1.0000
+9999
«9999
<9999
«9999
.9999
+9999
«9998
«9998
«9997
+9896
+ 9996
+9995
.9995
«9994
+9993
.9993
«9992
.9992
.9991
«9990
.9990
.9989
.9988
.9988
«9986
.9983
.9981
.9979
«9976
<9974
.9971
«9969
. 9367
«9964
«9962
.9959
<9957
+9955
«9952
«9950
.9948
+9945
« 9943
«9940
.9938
.9936
«9933
+9931
«9929
<9927
.9925
«9922
.9920
«99818
99156
9913
+ 9910

1.0000
9999

.9998
.9998
9997
9997
9996
9996
.9995
9993
9990
.5988
.9986
9983
.9981
.9979
.9976
+9974
.9971
9969
9967
.9964
9962
9959
.9957
.9955
.9952
9943
.9933

. 9999,

0.9998
9996
«9994
9992
«9990
.9989
2987
<9886
9983
.9981
«9971
«9962
9952
«9943
«9933
.9925
.99156
«9906
+9896
.9887
.9878
«9869
.9859

0.9997
+9994
«9991
.9988
.9985
<9982
<9979
«9976
«9973
<9970
«9985
9941
<9927
9912
<9897
.0882
.9868
«9853
9839
.9825
.9811
. 9796
9782
+9768
9753
9739
. 9725
9712
.9655
»9601
.9546
9492
«9438
«9386
«9334
9282
'9231
.9181
9131
.9082
«9033

0.99983

0.9989
T 9976
«9965
« 99535
<9941
« 9830
9918
9907
.9895
«9883
«9826
<9769
<9713
«9658
«9603
.9549
« 9496
+9443
9391
9339
. 9288
9237
.9187
9137
.9088
«9039
.8991
8944
«8759
.8681

.S411.

8247
«8090
« 7938
7732
«7651
«7515
7384
7258
7136
.7018
6803
«6793
.6685
.6581
« 6480
6383
.6288
.8196
8107
602

5936
. 5854
5774
5696
<5621
«5547
.54756
« 5405
«5337
5271

0.9974
<9948
«9922
.9896
.9871
«9B45
9818
<9794
«9769
<9745
<9622
9501
3384
<9270
<9159
9051
8944
.3841
.8740
8640
+8543
8449
.8356
8266
8177
.8081

« 7606
7314
7044
6793
6560
+63541
6137
«5946
«5766
<5587
« 5437
5286
«5144
«5009
4880
.4758
4643
+4532
4427
<4327
«4230
4139
+4051
5966
3886
36808
« 3733
3662
.3593
+3526
«3462
<5400
« 33541

0.99564
+9909
+ 9865
. 9820
9776
«9732
9689

<5771
.5481

+4564

4212
.4066
5911
3775
«3649
«3531
«3420
3316
«3219
3126

3040 |’

«2957
.2879
+2805
2735
.2668
<2604
2544
2486
2431
.2378
2327
2278
2232

.5885 | .5054
«5437 | .459%

<4720 | .3897
4427 [ 5621
4169 | (3381
«3939 | 3171
«3734 ] .2988
3548 | .2821
3381 | .2873
5228 | 2540
+3089 | 2420
+2861 | 2311
2843 | (2211
2734 | 2119

.2540 | 1957

.2295 | .1755
2157 | 1642
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GAMMA-RAY Eg/Ey, COMPUTED FROM EQUATION (3)

27

e, (deg) Eo
70 80 g0 100 110 120 1350 140 156 160 | 170 180 [(Mev)
10,9873 [0.9841 |0,9808 |0,9775 |[0.9744 (0.9714 |0.9688|0.9666 [0.9647 |0.9634 [0.9626[0.9623 | 0.0
.9748| ,9686 | .9623| .9560]| .950%L| .9446 | .9396| .9354 | .9318| 9295 9279 .9274| .0
.0628| .9537| .9446| .9355| 9270} .9190 ! .9120| .9060| .9012| .8977 | .8958| .8949| .0
.0510| ,9392! .9274| .9158| .9049 | .8949 | .8861]| .8785 | 8725 | .8681 | .8655] .8646] .04
«9395| .9252 | .9108| .8969 | .8839 | 8720 | .8615| 8526 | 8456 .8404 | 8373 .8363]| .OH
.92821 .9115| .8949| .8788 | .8639| .8502 | .8382| .8282 | .8202 ) .8145 | .B8110| .8098! .06
.9173| .8983| .8795| .8615| .B447 | .8295| .8163| .8052 | .7964 | .7900 | .7862| .7849| .07
.9066| .8854) .8646] .8447| .9263| .8098 | .7954| 7833 | 7739 .7670 | .7629] .7615| .08
.Bg61| .8729| .8502| .8286 | .8088 | 7910} .7756| 7627 | .7526 | .745% | .7408| 7364 .09
.8859( .8607| .8363| .8131| .7920 | 7730 | 7567} 7431 | 7324 7248 | 7202} .7186| .10
.8381| .8047| 7730| 7437 7173 | 6942 | .6746| .6585 | .6480 | .6371 | .6318[ .6300| .15
7952 7556 | 7186 | 6852 .6556| 6300 | 6086| 59122 | 5778 | .5684 | 5627 .56809] .20
7564 | 7120 | .6714| 6352 | 6036 5767 | .5545| 5364 | .5227 | 5130 | .5073 | .5054| .25
7213} ,6733| .6300| .5920| .5593| .5317 | .5000| (4909 | 4771 | .4675 | .4618| .4599| .39
+56893 | .6385| 5934 5643 | 5210 4932 ) .4705| 4525 | 4389 .4204 | 4237 .4219!' .35
.6600| ,6071] 5609 .5211{ 4876 4599 | 4374| .4197 | 4063 | .3970 | .5915] .3897| .40
«6331| 5787 5317} 4917 | 4583 | (4308 | .4086| .3913 | 3782 | .3692 | .3638 | .3621| .45
.6083| .5528| 5054 4654 | .4322 | 4052 | .3834| .3665 | 3538 | 3450 | .3398| .3381| .50
.5853| .5202| .4815| .4418] .4090| .3824 | .3612} .3446 | 3323 | .3238 | .3188] 3171 | .55
56411 .5075| 4599 .4204| 3882 | 3821 .3413| .3253 | .3133 | .3050 | .3002| .2986 | .50
54431 .4874| .4401| 4011} .3693 | .3438 | .3238| .3080 | .2963 ]| ,2883 | .2836 [ .2821]| .65
+5259| 4690 4219 .3834 | .3522 | 3273 | .3076| .2924 | 2811 )] 2734 | .2688 | 2673 .70
.5086| .4518 .4052)| .3672| .3367 | .3123 | .2931| 2783 | 2674 | .2599 | .2655| 2540 .75
4925 ! (4359 .3897| .3524| .3224| .2986 | 2799| .2655 | 2550 2477 | 2434 | 2420 .80
AT | 42111 3754 | 3386 3093 | 2860 | 2678 .2539 | (2436 | 2365 | 2324 | .2311| .85
24631 | 4072 | 3621 3260 2972 2745 | 2568 .2432 | 2332 | .2264 | .2224 [ .2211 | .90
4497 | 3942 | .3497| .3142| 2861} .2639 ! .2466| .2334 | 2237 | .2170 | .2132 | .2118 | .95
4370 .3820| .3381| .3033| 2757 | 2540 | .2372| .2244 | 2146 | .2085 | 2047 | .2034 | 1.0
.3928] .3400| .2986| .2662 | .2408| .2211| .2058| .1942 | .1858 | .1800 | .1766| .1755 | 1.2
«.3567| .3083| .2673| .2372| .2138| .1957 | .1817! .1712 | .1636 | .1583 | 1553 .1543 | 1.4
.3267| 2787 .2420| .2139| .1922| .1755| .1627| .1531 | .1461 | .1413 | .1386 | .1377 | 1.6
«3013] .2556| .2211) ,1947| .1746| .1581| .1475| .1384 | .1320 ] .1278 | L1251 | .1243 | 1.8
2796 2361 .2034| 1787 | 1589 ) .1455 ) .1346( .1264 | ,1204 | .1164 | .1140| 1132 | 2.0
.2608| .2193| .1884 | .1652| .1475| 1340 | .1238| .1162 | .1107 | .1069 | .1047 | .1040 | 2.2
2444 | .2048] 1755 1535 1369 | 1243 .1147| 1076 | .1024 | .098% | .0968 | 0962 | 2.4
.2209( .1921{ .1642| .1434| 1277 .1158| .1068| .1001 | L0953 | .0920 | .0901| .0894 [ 2.6
2171} .1808| 1543 | .1345| .1197| .1084| .2000| .0936 | .0891 | .08680 | .0842 | .0836 | 2.8
.2056| .1708| .1455] .12687] 1126} .1019| 0939 .0879 | .0836 | 0807 | 0790 | .0785 | 3.0
L1952 1619 .1377] .1197| .1083| .0962| .0886| 0829 | .0788 | .0760 | 0744 | .0739 | 3.2
.1859{ ,1538| 1306 1135} .1007| 0910 | .0838( 0784 | 0745 | .0719 | 0704 | .0699 | 3.4
1774 | 41465 1243 ,2079| 0956 | 0064 | .0795| 0744 | 0707 | .0682 | 0667 | 0662 | 3.6
.1696| .1399| .1185| .1028| .0910] 0822 | 0756 | 0707 | .0672 | .0648 | .0634 | .0630 | 3.8
.1625{ .1329| .1132| .0981| .0869| .0785| .0721| .0674 | 0640 | .0618 | 0604 | 0600 | 4.0
.1560( .1283| .l084| .0939| .0831| .0750 | .0689| 0644 | .0612 | .0590 | 0577} 0573 | 4.2
.1500| .1232| 1040 ,0900| 0796 0718 | .0660| 0617 | .0586 | 0565 | «0553 | 0549 | 4.4
.1444| .1185] .1000| .0864] 0764 0689 | 0633 0592 | .0562 | .0542 | .0530 | .0526 [ 4.6
.1392| 1141} .0962| 0831 ,0735| .0662 | .0608| .0568 | 0570 | 0520 | .0509 | 0505 | 4.8
L1344 .1200| .0927| 0801 .0707| .0638| .0586| 0547 | 0519 | .0500 | 0490 | .0486 | 5.0
.1299| .1062! .0894| ,0772| 0682 | 0615 | .05684| .0527 | 0500 | 0482 | 0472 | .0468 | 5.2
.1257| .1027| .0864| 0746 .0858| 0593} .0544| 0508 | .0482 | 0465 | ,0455] .0452 | 5.4
.1218! .0994] .0836}) ,0721) 0636 ,0573 | .0526| 0491 [ 0466 | .0449 | 0439 | 0436 | 5,6
.1181| .0963} .0809| ,0698] .0656| .0555| 0509 0475 | 0451 | .0434 | .0425 | 0422 | 5.8
.1146| .0934| .0785| .0676| .0597| .0537 | .0493( .0460 | .0436 | .0420 | ,0411 | ,0408 | 6.0
.1113| .0907| .0761| .0856| .0578| .0521| 0478| .0446 | 0423 | .0408 | .0399 | .0396 | 5.2
.1082| .0881| .0739| .0637| .0561| 0505 | .0463| 0432 | .0410 | .0365 | .0387 | .0384 | 6.4
,1052| .0856| 0718]| .0619( .0545| 0491 | 0450} .0420) .0398 | ,0384 | 0375 0373 [6.6
.1025! ,0833| .0699] 0602| .0530| 0477 | .0437] .0408 | .0387 | 0373 | 0365 | 0362 | 6.8
.0998! .0811| .0680| .0585| 0516 | 0464 | .0425| .0397 | 0376 | 0363 | .0355 [ .0352 | 7.0
0973 0791 .0662]| .0570| .0502] Q452 | 0414 | .0386 | 0366 | 0353 | .0345 | 0343 | 7.2
.0950| 0771 .0646| .0556| .0489| 0440 .0403| 0376 | 0370 | 0344 | .0336 | 0334 |7.4
.0927| .0752| .0630] 0542 .0477]| 0429 | .0393| .0367 | .0348 | ,0335 | .0328 7.6
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TABLE II - RATIO OF ENERGIES OF COMPTON SCATTERED

Eo 9, (deg)

(Mev) 2 4 [} 8 10 15 S0 40 50 60

7.8 [0.99080.8641 |0.9228 |0.8706{0.,8117 |0.6578 [0.5206 [0,328310.2187 10.1549[0.1158
8.0 «9906) 9632 | .9210| .8678| .B078| .6521 | .5143 | 3228 2144 ) .1516] .1132
8.2 | .9903| .9624 | .9192| .86438| .8039| .6464 | .5081 | .3174 | .2103 | .1485 | 1108
8.4 .9901} .9614 | .9173] .8621| 8001} .6409 { .5021 | .3122] .2063 | .1455} ,1084
8.6 | .9898| ,9606 | .9156| .8593| .7963| .6354 | .4962 | .3072 | .2025 | .1426 | .1062
8.8 | .9896{ .9597 | .9137 | .8564 | .7926 | .6301 | .4905 | .3023| .1988 | .1398 | .1040
8.0 9804 ( ,9589 | 8120 8538 7888 ,6249 | 4848 | 2978} .1952 | .1371 1 .1019
9.8 .9891| ,9579 | .9102| .8508| .7852 ] .6197 | .4794 | .2930| .1918 | .1345| .1000
S.4 .98891] ,9571 | 9084 .B8481| 7815 ,6146 | .4740 | .26886| .1885 | .1320 | .0980
9.6 .9887 | ,9562 | 9087 | 8454 | 7779 | .6096 | .4687 | 2843} 1853 | .1296 | .0962
2.8 .9884 | ,0554 | 9049 8427 7743 ,6047 | .4636 | .260) | .1822 | .1273 | 0944
10,0 .9882 | ,9545 | ,9032( .8400| 7708 5999 | .4586 | 2760} 1792 | .1251 | .0927
10.2 <0879 9537 | 9014 .B373| 7672} .5951 | .4537 | .2721| 1763 | .1230 | 0912
10.4 98781 48527 | 8997 8347 7638 | ,5904 | .4489 | 2683} ,1735 | .1209 | .0894
10.6 | .9876| .9519 | .8979| .8320| .7603 | .5858 | .4442 | .2646 | .1708 | .1189 | .0879
10.8 .98731 .9510.| .8962 1 .8293 ! .7569 ,5813 | .4396 | .2609| .1682 | .1169 | .0864
11.0 <9871 .9501| 8945 | .8267 | .7535| ,5768 | .4350 | 2574 1556 | .1150 | .0850
11,2 .0868 .9493 | .8928 | 8241 7501 | ,5724 | 4306 | .2540} 1631 | 1132 | .0836
11.4 .9866 | .9484 | .,8010 | .8216 | 7468 | .5681 | .4263 | .2506| .1607 | .1115 [ .0822
1l.6 .9864 ! .0476 | .8804 | 8180 7435 5638 | 4220 | 2474 .1584 | .1087 | .0809
11l.8 .08611 .9467 | 8877 ] 8165 7402 | ,5596 | 4179 | .2442| .1561 | ,1081 | .0797
12.0 0859 .9459 | .8860 | .8139| 7370 | .5554 | 4138 | .2411] .1539 | .1085 | 0785
12.2 +«9867 | 9450 | 8843 | 8114 | .7338 | .5513 | .4098 | .2381] .1518 | ,1049 | .0773
12.4 .9854 | ,9442 | .8826| 8089 | 7306 ,5473 | .4059 | .2352 | .1497 | .2034 | .0761
12.8 .0852 1 ,9433 | .8810 | .BQ65 | 7274 | 5433 | 4020 | 2323 | 1477 ] .2019 | 0750
12.8 9849 | .9425 | .8793 | 8039 | 7243 | .5394 | 3982 | .2295| .1457 | 1005 | 0736
13,0 08471 .9416 | 8777 | 8015 | 7212 .5356 | .3945 | .2268) .1438 | .09%1 | .0729
13.2 .9845 | ,9408 | 8760 | 7990 | .7181| .5318 | 3909 | 2241 .14129 | .0978 | .0718
13.4 29843 | 9399 | 8744 | .7966 | 7151 .5280 | .3873 | .2215] .1401 | ,0964 | .0708
13.8 .0841 | .9391 | 8728 7942 | 7120 .5243 | .3838 | .2190] .1383 | .0951 | .0699
13.8 .98381 ,9383| .8711 | .7918| 7090 | .5207 | .3803 | .2165] .1366 | .0939 | .068%
14,0 98361 .9374 | .8695 | 7885 | 7060 § ,5171 | .3770 | .2140 ] .1349 { ,0927 | .0680
14.2 .9834 | ,9366| .,8678 ] 7871 | 7031 .5136 | .3736 | .2117| 1333 | ,0915 | ,0671
14.4 .9831 | .9357 | .8663 ]| 7847 | 7001 | .5101 | .3704 | 2093 | 1317 | .0903 | .0G62
14.6 .9829 | .9349 | .8646 | 7824 | 6973 | .5066 | 3872 | .2071 | ,1301 | .0892 | .0654
14.8 .9826 | 9341 | .8630 | .7800 | .6943 | 5032 | .3640 | 2048 | .1286 | .0881 | .0646
15.0 9824 | 9333 | 8614 | 7777 | 6915} .4998 | 3609 | 2027 1271 | .OB70 | .0638
15.2 .5822 1 ,9324 | .8598 | 7754 | .6887 | .4965 | .3578 | .2006 | .1256 | .086C | ,0630
15.4 .9819 | 9316 | .8583 | «7732 | 6859 ,4933 | .3548 | 1985 .1242 | .0B50 { .0622
15.6 L9817 9308 | 8567 | «7709 | 6831 | .4901 | .3519 | .1964 | .1228 | ,0B40 | .0615
15.8 .9815| .9300| .B551 | 7686 | ,6803 | 4869 | .,3480 | .1944 | ,1214 | .0830 | 0607
16.0 | .9813| .9291 | .8535 | .7664 | .6776 | 4837 | .3462 | .1924 | .1201 | .0820 | .0600
18.2 9811 | 9283 | .8520 | »7642 { .674Q | 4806 | 3433 | .1905 | .1188 | .0811 | ,0593
168.4 .08081 9275 .8504 | 7620 | 6722 | 4776 | .5406 | .1886 | ,1175 | .0802 | .0586
16.6 98068 | 9266 | 8489} 7598 | 6695 | 4745 | 3379 | 1868 .1162 { .0793 | .0680
16.8 98041 ,9258 | .8473 | 7575 | .6668 | 4716 | .3352 | .185C | ,1150 | .0784 | 0573
17.0 9801} .9250| .8458 | 7583 | .6642 | .4686 | 3326 | 1332 | .1138 | .0776 | .0567
17.2 90799} 0242 | 8442 ( 7532 | .6616 | .4657 | .3300 | .1815 ] .1126 | ,0768 | 0561
17.4 907961 9234 | 8427} 7510 | .6590 | .4628 | 3274 | 1797 | 1115 | ,.0759 | 0555
17.6 9794 | 9226 | .8413 | +7489 | .6564 | 4600 | 3249 | 1781 | ,1104 | ,.0752 | .0549
7.8 | ovoz| 9217 | .8397 | 7468 | .6539 | 4572 | .3224 | .1764 | .1093 |.0744 | .0543
18.0 | 19790 | o210 | .8382 | .7447 | .6513 | .4544 | .3200 | .1748 | .1082 |.0736 | .0537
18.2 9788 | 9201 | 8367 | «7426 | .6488 | (4517 | «3176 | 2732 | .1071 |[,0728 | .0532
1a.4 | .9786| .9194 | .8352 | .7405 | .6463 | .4490 |.3152 | L1717 | .1061 |.0721 | .0526
18.6 09783 | 9185 | 8337 | «7383 | .8438 | .4463 | 3129 | L1701 | .1051 | .0714 | .0521
18.8 07811 9178 ) 8322 | 7363 | .6414 | .4437 | L3106 | .1686 | 1041 | ., 0707 | 0515
19.0 | .9778| .9169 | .8307 | <7342 | .6389 | .4410 |.3083 | .1671 | .1031 |.0700 |.0510
19.2 «9776 ] 9161 | 8293 | 7322 | .6365 | 4385 | .3061 | 1657 1021 | .0693 | .0508
19.4 | .9774| 9153 | .8278 | 7301 | .6341 | .4359 |.3039 | .1543 | .1012 |.0686 | .0500
19.6 9771} 9145 | .8263 | «7281 | .6318 | .4334 | .3018 | .1629 | 1002 |.06880 | ,0495
19.8 0769 ] .9137 | .8249 | 7261 | .6294 | 4309 | .2996 | .1615 | 0993 |.0674 | 0491
20.0 | to7e7! 9129 | .0234 | .7241 | .6270 | L4284 |.2975 | .1601 | .0984 |.0667 |.0486
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GAMMA-RAY Eg/Eg, COMPUTED FROM EQUATION (3) - Concluded

29

9, (de g L EO

70 80 90 100 110 120 130 140 150 160 170 180 (Mo v)
10,0905 {0.0754 |0.0655 j0.0528 |0,0465 |0.0418 {0,0383 |0,0358 [0,0339|0,0327 |0.0319]0.0317 7.8
.0885{ .0717 | .0638 | .0516| .0454 | 0408} 0374 | .0349 | ,0331| .0319| .0312 0309 8.0
«0865| ,0701 | .0586| .0504 | 0444 | .0399| ,0365| ,0341] ,0323} .0311| .0304 <0302 8.2
«0846 | ,0686 | 0573 | .0493 | .0434 | .0390 | 0357 | .0333 | ,0316| 0304 | .0297 «0295 8,4
.0828 | ,0871| .0561 | .0482 | .0424 | .0381 | .0349| .0325| .0318| .0297| .0291| .0288 |’ 8.8
.0811| ,0656 | .0549 | .0471 | .0415 .0373| .0341| ,0318 | .0311| ,0291| .0284| .0282 8.8
.0794 | ,0643 | .0537| .0461 | .0406| .0365| 0334 | ,0311 | .0295| .0284 | .0278 0276 9.0
0778 ,0630} 0526 .0452 | .0397{ .0357| .0327| .0305| .0289| .0278| .0272 0270 9.2
0763 | .0617| .0515| .0442 | .0389| .0350| .0320| .0298 | .0283| 0272 | .0266 0264 9.4
Q748 | 0605} 0605 0434 | .0381 | .0343 | .0314 | .0292 | 0277] .0267] .0261 0259 9.6
«0734| .0593 [ 0495 .0425| 0374 ] .0336} ,0308 | .0287 | .0272| 0262 [ 0256 0254 9.8
«0720} .,0582 | .0486 | .0417 | .0367 | 0329 | 0302} ,0281 | .0266| .0257 | .0251| .0249 10.0
«0707| .0571 | 0477 .0409 | .0360 | .0323 | .0296 | .0276 | .0261] 0252 | .0246 0244 {10.2
.0695| ,0561| .0468 | .0402 | .0353 | 0317 | ,0290| .0271 | .0263| ,0247 | 0242 | 0240 10.4
.0682( ,0551| 0460 | .0394 | .0347 | 0311 .0285| ,0266 | .0258| ,0242 | .0237 | .0235 10.6
.0671| .0541| .0452| .0387| .0340 | .0306| .0280| ,0261}| .0247| .0238 | ,0233 | .0231 |10.8
.0659§ .0532 | ,0444 | .0381 | .0334 | .0300| .0275| .0256 | .0243| 0234 ) .0229| .0227 |11.0
«0648 | 0523 | 0436 0574 .0329 | .0295| .0270| .0252 | .0239| .0230 | 0225 .0228 |11.2
.0638| 0514 .0429| .0368( 0323 | .0280| .0266| .0248 | .0234| 0226 | 0221 | .0219 11.4
.0627; .0506( .0422] 0362 | .0318 | .0285§ 0261 | .0243 | .0231] .0222 | .0217 .0215 |11l.6
.0617{ .0498| 0415 .0369| 0312 | .0280} .0257 | ,0238 | .0227| .0218 | .0214 | .0212 11.8
.0608| ,0490| .0408 | .0350 | .0307 | .0276 | .0253 | .02356 | .0223 | 0215 | .0210| .0208 12.0
0598 .048B2 | .0402 | .0344 | 0303 | 0272 | .0248 | ,0232 | 0220} .0211 0207 | (0205 [12.2
.0689| .0475 .0396| .0339| .0298 | .0267 | .0245 | .0228 ! .0216| .0208 | .0203 | 0202 12.4
.0580| ,0468¢} 0390 | .0334 | ,0293 | .0263 | 0241 | 0224 | ,0213| 0205 | .0200 .0199 !12.6
.0572 | .0461| .0384| .0329| .0289 | .0259| .0237| .,0221 | ,0209| .0202 | .0197 | .0196 12.8
.0564| .,0454 | 0378 .0324| 0284 | .0255| .0234 | .0218 | ,0206| .0199 | .0194 | .0193 {13.0
«0556| .0447} 0373} ,031%| .0280 | .,0252| .0230 | .0214 | .0203 ! 0196 | .0161 | .0190 13.2
.0548] .0441| .0367| .0315; ,0276 | .0248} .0227 | ,0211 | .0200| .0193 | ,01l88 | .0187 13.4
05401 .0435] .0362] .0310| .,0272 | .0244 ! .0224 | ,0208 | .0197| .0190 | .0186 | .0184 13.6
0533 | .042¢| 0357 .05306 | 0268} 0241 | .0220| .0205 | .0194| 0187 | .0183 [ .0182 13.8
<0525 0423 0352 ( .0302 | 0285 .0238 | .0217| 0202 | .0182| 0185 | .0180 | .0179 14,0
.0518| .,0417|( .0347( .0297| .0261( 0234 | .0214| ,0200 [ .0189 | ,0182 | .,0178 | .0177 14,2
.0512| .0412 | .0343| .0293| .0268 | ,0231 | .0211{ .0197 | .0187| .0180 | .0176 | 0174 14,4
.0505| .0406| .0338 | .0290) .0254 | .0228 | 0208} .,0194 | .0184 | 0177 | .0173 | .0172 14.6
0498 0401 .0334| .0286| 0251 .0225| 0206 | ,0192{ .,0182 | 0175 | 0171 | 0170 14.8
.04921 .0396] 0329 .0282 | 0248 .0222 | .0203 | .0189 | .0179| 0172 | 0169 ] ,0187 15.0
.0486| 0391} .0326| .0278 | 0244 | .0219 | ,0200| .,0187 | .0177}| .0170 | .0166 | .0165 15.2
.0480| .0386] .0321] .0275| 0241} .0216} .0198| .0184 ( .0175| 0168 | 0164 | .0163 15,4
.0473| .0381| ,O317| .0271] .0238 | .,0214 | ,0195{ ,0182 | .0172{ .0166 [ .0162 | .0161 15.6
.0468] 0376 .0313| .0268| 0235} .0211| .0193{ .0180 | .0170 | .01€4 | .0160 [ 0159 15.8
0463 .0372| .0309) 0265 0252 | .0208 | .0191{ ,0178 | .0l68| 0162 | .0158 | .0157 168.0
.0457( .0368| .,0306| .0262 .0230| .0206( .0188) .0175 | .0166| .0160 | ,0156 | .0155 [16.2
.0452} 0383} .0302| .0258( ,0227 | .0203 | .0186 | .0173 | .0164| 0158 | .0154 | .0153 16.4
.0447| .0359| .0298) .0256( .0224 ) .0201| .0l84 | ,0171 | .0162| .,0156 | .0253 | 0152 16.6
.0442} .0355| .0295| .0252| .0222 | .0199; 0182 | .,0169 | .0160) ,0154 | .0251 | .0150 16.8
0437} 0351 0292 .0280} .0219| .0196( .01l80 | ,0167 | .0158 | ,0153 | ,0149 | .0148 17.0
0432} .0347; .0288| ,0247} .0216} .,0194 ( .0178 | 0165 | .0L57 | 0151 | Q147 | .0146 17.2
.0427( 0343 0285 0244} 0214 ( .0192 | .0176 | .0l64 | 0155 | 0149 | .0146 | .0145 17.4
.0422| .0339| .0282| .0241| ,0212 | .Q180| .0l74 | 0162 | 0153 | ,0147 | .0144 | ,0143 - 17.6
.0418| .0336| .0278| .0239| .0209 | ,0188| .01l72 | 0160 | 0152 | 0148 | ,0142 | 0142 17.8
.0414| ,0332) .0276| .0236| .0207 | ,0186( .O170 |.,0168 | .0150 | .0144 | ,0141 | .0240 [18,0
.0409{ .0328| .0273| .0234( .0205( ,0184| .0168 | .0156 | .0148 | ,0143 | ,0139 | .0138 }18.2
.0405} .0325| .0270| .0231] .0203| .0182 | 0166 | .0155 | 0147 ] .0241 | 0138 | .0137 |18 4
0401 .0322| .0267| 0229 0200 | .0180| .0l€é4 | .0153 | ,0245| ,0140 | 0136 | .0135 18.6
0397 .0318| 0264} ,0226} .0198{ ,0178| 0163 | ,0152 | 0144 | ,0138 | .0135 | 0134 18.8
.0393| 0315 .0262| .0224( .0196) .0176| 0161 | ,0150 | ,0142 | 0137 | .0134 | .0133 19.0
.0389| .0312] .0259| .0222| .O0194 | ,0174 | .0159 | ,0148 | .0141 (| 0135 | ,01%2 | .0131 19.2
.0385( .0309§ .0257( .0219| .01%2 | .0172( .0158 | .0147 | .0139| .0134 | ,0131 | .0130 19.4
.0381| .0308{ .0254| .0217| .0190( ,01712| .O156 | .0145 | .0138 | 0133 | 0130 | .0129 19.6
«0377| .0303] ,0252| .,0215| .0189 | .01l89| 0155 | .0l44 | .0136| 0131 | .0128 | .0127 19.8
«0374{ .0300} .0249| .0213| .0187 | .0167| .0163 | .0143 | ,0135| .0130 | .0227 | .0126 |20.0
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NACA TN 2026

TABLE IIT -~ INTENSITY OF GAMMA-RAYS AT VARIOUS SCATTERING ANGLES

Eo 9, (deﬂ)
(Mav) 2 4 [} 8 10 15 20 30 40 50 50
0.01 b.9994 [0.9974 [0.9942 {0.9897 |0.9840 [0.9646 {0.9381 |0.8680 [0.70824 10.6917 |0.6087
02| 9993 | .9972| .9939] .9892 | .9832 | 9626 | 9340 | .8614 | .7721 | .67B0} .5900
05| .9993 | .9972| .9935 | .9886| .9823 | .9607 | .0315| .8546 | .7615| .6639 .5732
04| .9092 | .9970| .9932 | .9880 | .9814 | .9588 | .9284 | .8482| ,7517 | .6510} ,5579
05| .9992 | .9988| .9929| .9874 | .9805 | .9569 ] .9250 | .B8415| .7415| .8378| .5424
‘o6 | .09z | 9966 .9926| .0869 | .9797 | .9550 | 9219 .8352{ .7320 | .6257 | .5284
07! .9991 ] 99668} 9923 | .9864 | .9788 | .6531| .9186| .8287) ,7222 | ,6132] .5141
‘o8l .9991 ] .9964| .9920] .9858| .9778 | .9512 | .9163 | .8222| .7126 | .6012 | .5006
‘09| .9991 | .9962! .9917] .9853 | .9771 | .9493 | .9122 | .8162| .7037 | .5900| .4880
‘10! .9990 | .9962| .9914 1 .9847 | .9762 | .9474 | .9090 | .£099 | .6944 | 5786} .4754
151 .c088 | .9955| .e898| .9819} 9716 | .9581 | .8933 | 7799 | 6517 | .5274 | .4204
20! .9987 | .9947| .9882 | .9790 | .9676 | .9285 | 8780} L7516 6127 | .4827 | .3747
‘o5 .0985| .9940| .9865| .9762 | .9633 | .9198 [ .8633 | .7250 | .5775 | .4439 | .3367
20| .0083| .9933] .985G| .9736| .9591 | .9109 | .8488| .6995| .5449 ]| .4094 | .3042
‘351 .9981 | .9926] .9834 | .9708 | .9549 | .9021 | .8346| .6754 | 5150 | 3789 | .2764
.40 | .9080| .9919] .9819| .9680 ] .9507 | .8934 | 8207 | .6524 | .4876 | 3518 ,2524
451 .9978] .9911| .9803 | .9653 | .9465 | .8848 | .8072 | .6306 | .4622 | .3275| 2316
50| .9976| .9904 | .9787 | .9626 | .9424 | .B764 | .7940| .609B | .4389 | ,3058 | .2135
55| .0974 | .9897| .9772| .9599| .9382 | .8681l| .7812 | .5901 | .4172 | .2863 ( ,1975
‘60| .o972 | .o890| .9756| .9572 | .9342 | .8599 ] .7686| .5712| 3972 | .2686 | .1834
g5 .9971 | .o884! .9740| .9545| .9302 | .8518 | .7566 | .5535 | .3788 | .2528 | (1710
‘70| .g969 | .0876{ .9725| .9518| .9261| 8438 | .7445| .5364 | .3614 | .2382 | ,1598
‘75| .g067 | .0869) .9710| .9491 ) .9221 | .8359 | 7328 | .5200 | 3453 | .2249 | .1497
‘go’} .0065| .0862( .9694| .9465| .9181 | .8281 | .7213| .5044 ] .3303 | .2128 ) .1406
‘s5! .o964] .9855| 96791 .9438 | .9142 | .8204 | .7101| .4895) .3162 | .2017 | .1324
‘g0l .o062| .9848| .9684] .9412| .9102 | .8128 | .6992] .4753 | .3031 | 1914 | .12489
co5| .9960| .9841! .9648| .9386 | .5083 | 8054 | .6885| .4616] .2907 | .1820 | .1181
1.00| .9958| .9834| .9633| .9360 | .9024 | .7980 | .8781| .4486 | .2792 | .1733 | .1119
1.20| .9951| .9806| .9572 | .9256 | .8872 | .7695| 6386 .4016 | 2304 | .1444 | 0916
1.20| .9944| .9779| .9512| .9154 | .B722 | .7425] .6024 | .3617 | .2078 | .1224 | .0767
1.60| .0937| .9751| .9452| .9054 | .8577 | 7168 .5692 | 3275 | .1823 | 1053 [ .0653
1.80| .0930! .9724| .9393| .8956 | .8435 | .6924 | .5386 | .2980| .1B13 | 0018 | .0563
2.00] .9023| .9696| .9334 | .8858 | .8206 | .6692 | 6104 | .2724 | .1439 | .0808 | 0492
o.20| .o916| .9669| .9276| .8763 | .8161| .6471| .4843 | ,2500| (1293 | .0717 | .0434
o.40!| .9909| .9641} .9218] .8669 | .8029 | .6261 | .4603] .2304 | .1169 | .0642 | .0386
a.80| .9g02| .9614| .9161| .B8576 | .7899 ] .6061 | .4379/| .2130} ,1062 | .0578  .0Z45
2.801 .os95!| .9587] .9105| .8485| .7774{ .5870 | .4171] .1976| ,0970 | ,0524 | 0311
3.00| .98m8| .9560] .9049| .83956| .7650| .5688 | 39781 .1838 | ,0850 | .0477 | .0282
z.20| .o880| .9534] .8993| .8307 | .7530| .5614 | .3798| .1714 | .0820 { 0436 | ,0257
3.40| .oa73| .9507| .8938| .8220( ,7412| .5348} .3630| .1603 | .0758 | .0401 | .0235
5.601 .9866| .9480| .8083| .8134; .7298| .5189 | .3473| .1508 | .0703 | .0369 | .0216
s.00| .9859! .9454| .8829| .8050 | .7185| 5038 | 3326 .1412 | ,0854 | .0342 ] .0199
s.00| .9852| .9428]| .B776| .7966| .7076| .4892| 3188} .1329} ,0610, .0317 | .0184
4.20) .9845] .9401| .8723| .7885| .6968 | .4753| .3058| (1254 | 0571 | ,0285 | (0171
4.40| .o838| .0375| .8670] .7804 | .6863 | .4620| .2837| .1185| .0535 | .0276 | .0159
4.60| .o831! .9349| .s618| .7725| .6761| .4492! .2822| .1122 | .0503 | .0258 | ,0148
4.80| .o825| .9333| .8566| .7646| .6660| .4369| .2715] ,1084 | 0474 | 0242 | .0138
s.00| .o818| .9297| .8515] .7569 | .6562| .4252| .2613| .1010 | .0447 | .0227 | .0130
5.20| .9811| .9272| .8464| .7493 | .6466| .4139| .2517} .0960 | .0422 | (0214 | .0122
5.40| .9804| .0246| .8413| .7418| .6372| .4030| .2427| .0915 | .0400 | .0202 | .0115
5.60| .9797| .0221| .8363| .7344 | .6280| .3926| .2341| .0872 | .0379 | .0191 .0108
5.80! .9790] .9195! .8314| .7272 | .6190| .3825| .22 .0832 | .0360 | ,0181 | .0102
6.00| .9783| .9170| .8265| .7200| .6101| .372¢| .2183 | .0V96 | .0342 | (0171 | ,0097
6.20| .o776| .9145| .e216! .7129| .6015| .3636| .2110| ,0761 | .0326 | .0162 | 0092
6.40| .9769| .9119| .s188| .7059| .5930| .3547| .2040| ,0729 | .0320 | .Q154 | .0087
6.60| .o762| .0094| .8120| .6991| .5048| .3460| .1975| ,0699 | .0206 | 0147 | .0082
6.80| .9755| .o070| .8072| .6923| .S5766| .3577| (1912 .0671] .0283 | L0140 | .0078
7.00! .o748! .9045| .8025| .6856| .5687| .3297| .1852( ,0644 | 0271 (0134 | .0075
7.e0| .9741| .9020| .7979| .6791| .5609| .3220| .1795| .0619 | .0259 ] .0128 | .0QTL
7.a0| .9734| .8995| .7932| .6726| .55633| .3145| .1741( ,0596 | .0249 | .0122 | 0068
7.gol .o7e7| .se71| .7886| .6662 | .5458} .3073| .1689| 0574 | .0258 | 0117 | .0065

€021
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AFTER COMPTCN

SCATTERING EQ/IO sCOMPUTED FROM EQUATION

31

0, (deg) Eo
e} 80 90 100 110 120 130 140 150 160 170 180 [Mev)
0.5371 [0.4905 |0.4714 [0.4807 [0.5162 |0.5724 |[0,6418 |0.7155[0.7845 [0.8406 |0.8770|0.88987 | 0.01
5179 | .4688| .4464 | .4512| .4804| 5284 | 5881} .6515( .7107| .7586| .7898| .8005 .
<4988 | .4475| .4224 | .4232 ] .4467| .4874 | .5386 | .5930]| .6436 | .6845| .7109| 7201 .03
«4817 ( .4287| .4014| .3990} .4180| .4529 | 4972 | .5444| .5882 | 6235} .6463| .6542 .04
«4646 | 4102 .3810| 3758 | .3908 | .4204 | .4587 | .4994| .5372{ 5675 58721 .5939 +09|
«4493 | 3937 | .3632| .3558 | .3675| .3928 ) .4261| .4617| .4947 | .5211| .5381( .5440 +«06]
«4340 | 3775 3458 .3364 | .3452| 3668 | 3956 | .4285],.4551 1 .4780| .4928| .4979 .07
.4194 | 3624 3297 | .3188( .3250| 3433 | .3683 ] .3952 4202 | 4401 | .4529] .4573 .08
+4064 | .3489| ,3155| .3033| 3076 .323) ] .3450| .3686| .3006| .4081] .4193 4232 +09
«5832 | 3355 .2016)] .2883| 2908 .3039| .3228| .3435| .3627 | .3780| .3878[ .3812 «10]
3378 .2806| .2462| .2299| .2265| .2314 | 2408 .2516| .2618] 2699 2751 .27689 15
.2939 | .2390| .2058| .1888] .1827| .1833 | .1874 | .1929| .1983( .2027] .2055| ,2065 «201
.2688 1 .2071| .1758) .1590) .1515| 1498 .1510! .1835| .1562| .1585]| .1600| .16805 «25
2299 | (1815f 1523 1361} .1281| 1250} .1245| .1252| .1262 | .1l272) .1279| .l282 «30|
«20591}1 1608 .1336| .1183| 1101 | .1062 | .1046| .1l042| .1043 | .,1046] .1048| ,1049 « 35
.1857 | .1437( .1185| .1C40| .0960| .091e¢| .0894 | .0883| .0878| .0876} .0875| .0875 401
.1687 | .1296] .1061| .0924 | 0846} 0800 | 0774 | .07592| .0750| .0745| .0742| .0741 «451
.1540{ 1176 .0958| .082B| 0752 | .0706( .0678 | .0680| .0649| .0642| ,0638]| ,0837 « 508
.1414 | .1073| 0870 .0748| 0674 | 0628 | .0599 | .0580} .0567| .0559| .,0555] ,0553 «55]
«1304 | .0985] 0704 .0679| .0B08B| ,0563 | 0534 | .0514| .0500 | 0492 | ,0487] .0485 « 608
12091 0009} 0730} .C621| 0553 | .0509 | .0479 | .0459| .0445| ,0436| .0431] .0430 « 65
,1123 ] .0842| 0673 | .0570| 0504 | 0462 | .0433| .0412| ,0399| .0390| .0385| ,0383 708
,1047 | 0782 .0623| .0525| 0463 | .0421 | .0393 | 0373 .0359 | 0360 .,0345| .0344 + 754
.0980 [ ,0729| 0579 .0466| .0426; 0386 | .0358 | ,033%| .0326 | 0317 .0312| .0310 «80]
.0919( .0682| 0539 | 0451 | .0394| 0355 .0328 | .0309]| .,0296( .0288| .0283]| .0281 85
.0864 | .06839| .0504| 0420 | .0365| 0328 | 0302 | .0284| .0271)| .0283) .0258| .0256 «90
«081l4| .,0601) ,0472| .0392| 0339 | .0304 | 0278 | .0261| .0248 | .0241} .0236] .0234 95
0769 | .0566| ,C444} .0367 ) .0316| .0282 | 0258 .0241| ,0229 | .0221] ,0217| .0218|1.00
0623 | .0454| ,0352| .0288| .0245| .0216| .0195}| .0181| ,0170| .0l64} .0160] .0159 | 1,20
.0517] 0374 .0287| .0232| .0196| 0171 | .01583 | .0340| .0132| .0126| .0123} .0122(1.40
0437 .0314| .0239| .0192| ,0160| .0138| 0123 | .0O113[ .Cl105| .0100| ,0098( .0097 [ 1.60
L0374 .0267( 0202 0161 .O134| 0115 .0102 | 0092 .0086 | 0082 .0079| ,0078 [ 1.80
.0325| ,0230} .0174| .,0137( .0113| 0097 | .0085 | .0077| .0071| .0088| ,0066| .0065 | 2.00f
.0285] .0201} .0150} .O0ll8; 0097} .0082 | 0072 | .0065| ,0060{ .0057| 0055 0055 | 2.20
0252} 0177 ,0132| 0103 | 0084 | .0071 | .0062 0056 0052 0048 | .0047| .0047 {2.40
.0225| ,0157| .0116| .0091| .0074| .0062 | .0054 .0049( .0045] 0042 ,0041| .0040 | 2.60]
.0202| ,0140| .0104| .0080| .0065| 0055 | 0048 | ,0043| .0039| .0037| ,0036| .0035 | 2.80
0182 ,0126f 0093 | .0072] .0058 | .0049( .0042 | ,0038| ,0034| 0032} .0031{ .0031{3.00
.0165| .0114| 0084 .0064| .0052 | .0043 | 0038 .0033| 0031 | .0029} .0028{ ,0028 | 3.20
.0150| .0104] ,0076| .0058 | .0047| 0030 | 0034 .0030| Q027 | .0026} .0025| .0025 | 3.40
0138 | ,0094| .00G9| 0053 | 00421 0035 | 0030 | .0027| 0025 | 0023} .0022| ,0022 | 3.60
0126 ] 0086| .,0063] .0048¢ .0038| .0032 | .0028 0024 | 0022 | 0021 | .J0020{ .0020 | 3.80
.0117| 0080 .0058}..0044 | 0035 .0029 | 0025 | .0022| .,0020}| .0C19| ,0018}¢ .0018 |4.00
.0108| .,0073| .00583| .0040| .,0032 ;) .0027 | .Q023 «0020| 0018 | .0017|.,0017¢ .0016 | 4,20
.0100] .0068| 0049} 0037 | Q030 | 0025 .0021 | .0019| .,0017{ .,0016| .0015| .0015 |4.40
0093 00631 0046 0034 | ,0027( 0023 | 0019 | .00 7| Q016 0015 .0014( ,0014 |4.60
.0037( 0068 .0042| 0032 | .0025| .CO21 | 0018 .0016] 0014 | .0014 | .0013| .0013 | 4.80
.0081( .0055( .0039| QO30 0024 | .0020) 0017 | 0015} ,0013 | .C0I2] ,0012| 0012 |5.00
.0076] .0051| .0037! 0028} .,0022| .0018| ,001l6 | .COl4} ,0012 | .0012| ,0011| .,001l1l | 5.20
00721 0048 .0034] .0026} 0020} .0017 | .0014 | .0013} .0012 | .0Oll| .,Q0l0| .00Q1l0 | 5.40
0067 | 00451 ,0032| .Q024 0019} .00le | .0Ol4 | ,Q012( ,0QO01l1 | .0ClO}| .OQlO}| .0010 [5.60
00631 .0042} .0030| .C023| .0018}| .001l8 | .0013 ,0011( .0010 | .0009| .0009]| 0008 | 5.80
.0080} .0040| .0029| .0022 ] 0017} .0014 | .0012 .0010| .0010 | 0009 ] .Q008]| .0008 |6.00f
0057 Q038 0027 0020 ,0016( 0013 | .0Q011 .0010| 0009 | 0008 )] 0008 | 0008 | 6.20
.0054 | ,0036| .0026| 0019} ,0015| .00x2 | .0010 .0009( 0008 | 0008} .0008| .0007 | 8.40
.0051| .0034( .0024) .00182} ,0014} .0012 | .0010 .000g| ,0008 | 0007} 0007 0007 | 6.60
0048 | 0032 .0023) .0017| ,0014| 0011l | .COQ9 .0008| .0008 | ,0007| ,0007{ 0007 | 6.80
0046 .0031| ,0022( .0016| .DO13 | .0010 | 0009 .0008( .0007 | .0007! .,0006| ,0006 |7.00
L0044 0029( .0021| .Q015( .QQ12( .0O01C | .0008 «C007| .0007 |..0006 | .QC06| 0006 | 7.20
0042 .0028( ,0020( .00l5)] ,0012 | .C009 | 0008 0007] 0006 | .0006| .0Q06| 0008 |7.40
.0040| .0026| .0019| 0014 .00} { ,0009 | ,0008 | .O0OO7| .0006 | ,0006| 0005 | 0005 | 7.60

é
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TABLE III - INTENSITY OF GAMMA-RAYS AT VARIOQUS SCATTERING

NACA TN 2026

ANGLES AFTER

(Mev)

8, (deg)

4

6

8

10

15

20

30

50 60

780

8.00

8.20

8.40

8.60

8.80

2.00

9.20

9,40

9.60

9.80
10.00
10.20
10.40
10.6Q
10.80
11.00
11.20
11.40
11.60
11.80
12.00
12.20
12,40
12,60
12.80
13.00
13.20
13.40
13.60
13.80
14.00
14,20
14.40
14.60
14,80
15.00
15.20
15.40
15.6C
15.80
16,00
16.20
18.40
16.60
16,80
17.00
17.20
17.40
17.60
17.80
18.00
18.20
18.40
18.60
18.80
19.00
19.20
19.40
19.60
19.80
20.00

.9564
.9658
.9551

.9538°

0.8946
8922
.8898
8874
.8850
.8828
.8802
8778
«8754
«8731
8707
8684
.8661
«8637
8614
8591
.8568
8546
8523
«8500
«8477
.8455
8433
8410
.8388
8366
8344
8322

0.7841
7796
7751
7707
« 7663
7619
<7576
«7533
7480
.7448
<7408
<7368
7324
»7283
7242
7202
7162
7123
«7084
7045
«'7006
<6968
« 6930
6892
68865
.6818
<6781
<8744
6708
6672
6637
6601
+6566
«6531
6497
«6483
6429
«6395
6362
.6328
.6295
6263
6230
.6188
6166
6134
+.6103
6072
«6040
6010
«5979
. 5949
«5919
.5889
«5859
+ 5830
«5801
5772
5743
<5714
5686

5658

0.6599
6537
«8475
«6415
<6355
6296
. 6238
.6181
6124
. 6069
8014
«5959
«5906
.5853
5801
.5749
5699
«5649
5599
«55580
«5502
.5454
.5408
«5361
«53186
<8270
.5225
.5181
5138
.5095

«5010

0,5385
53513
5242
<5173
.5106
«5039
«4974
4910
.4848
.4786
4726
<4667
4608
«4561
4495
4440
4386
4334
«4281
.4230
4180
4131
.4082
.4035
3988
.3942
3897
38562
3809
3766
0724
«3682
<3641
3601
<5562
0523
.5485
447
«3410
«3374
«3338
3303
«5268
«3234
+ 3201
3168
<3136
«31035
«3072
«3040
«3010
«2980
«2950
2621
2892
2864
«2836
«2808
.2781
<2754
2728

<2702

0.3004
2837
2872
«2809
2748

' .2690
2633
.2578
«2525
« 2473
2423
2374
«2327
2282
2237
2194
«2153
2112
«2075
«2034
«1997
«1961
.1926
.1891
.1858
.1826
«1794
<1763
1735
1704
«1676
.1648
«16Q09
«1595
1569
«1544
«1520
«1496
1472
.1450
.1428
<1406
«1385
1364
« 1344
1324
« 1305
.1286
«1267
«1249
.1232
.1214
21197
.1181
1164
«1149
«1133
.1118
«1103
.1088
<1074

«1060

0.1640
#1593
« 1547
«1504
<1463
1423
.13856
13548
1313
«1280
« 1247
1216
.1186
.1158
.1130
«1103
<1077
1052
.1028
«1005
.0983
0961
.0940
0920
.080L
.0882
.0B863
.0846
.0828
.0812
0796
0780
0765
+0750
0756
0722
0708
0695
0683
0670
.0658
0647
08635
0624
.0613
0603
0593
.0583
0573
0564
.0554
.0545
0636
.0528
0520
0511
0503
0496
.0488
0481
<0473
0466

0,0553
D533
.0515
0497
.0480
0464
0449
.0435
,0421
.0408
.0396
.0384
0372
.0362
.0351
L0341
0332
0323
L0314

Q306

0.0112 ]0,0062
.01Q07{ .0060
0103 ] .0057
.0099} .0055
0095} .0052
.0082| 0050
0088} 0049
0085 | 0047
.0082} .0045
0079} 0043
0076 0042
0074 | .0040
0071} 0039
0069 .0038
0067 .0036
0065 | .0035
.0063 | .0034
.0061l | .0033
Q058 | .0032
.0057 | .0031

.0052 | .0028
.0Q51.| .0028

0023 { .0012
.0022 | .0012
.0022 | .0012
.0022 | .0011
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COMPTON SCATTERING Ig/Io ,COMPUTED FROM EQUATION (4} ~ Concluded

@, (deg) ) | B

70 80 90 100 110 120 130 140 150 160 170 | 180 (Mev)
0.003810.0025 {0,0018 [0,0013 |0.0010 {0,0008 |0.0007}0.0006 |0.,0006 [0,0005}]0.0005{0.0005| 7.80
.0036| .0024| .0017| .0013} .0010| .00Q08| .0007| .0006| 0006 | .0005{ .0005| .0005| B.00
.0035| .0023| .0016| .0O012| .0010| .0QO8| .Q007} .0006| .0005| .0005| .0005| .0005! B.20
0033 0022 .0016| .0012] 0008 | .0007| .Q0QC6{ 0006 0005 | 0005 ,0004| .0004 | 8.40
.0032| .0021| .0015| .O011{ .0009 | .0007| .0006| .0005) .0005 | .0004| ,0004] .Q004 S.Sd
0031 0020 .0014| .0011] 0008 | .000Q7| .00QB| .0005| .0004 | .0004| .0004| .0004] 8.8d
.0030] .0020| 0014 .0O10| .COOB | 0006 | .0006]| 0005 | Q004 | .O004| 0004} .0004 | 9.00
.0028| .0019| .0013| .0010| .OOO8 |} .QQ006| .0005| ,0005| .Q004 | .0004| ,0004| .0004| 9,20
0027 .0018| .0013] 0009| .QOQ7 | ,0006| .0005! 0004 | Q0G4 | .OOC4 | 0004 | .CO04 | 9.40
00261 .0017| .0012¢ 0009 | 0QO7 | 0006 .COOS5| 0004 0004 | 0004 | 0003 | .0003 9,60
0025 0017 0012| .00Q9| 0007 | .0006| .0005( 0004 | .0004 | ,0003| .0003| .0003| 9.80
.0024| ,0016| O0ll| .0008| 0006 | 0005 | 0004 | 0004 | .0004 | .0003| .0003{ .0003 |10.00
.0024| .0016| .0011| .0008{ 0006} .0005| ,0004] .0004| .0003 | ,0003| ,0003| .0003 |10.20
0023 .0015| .0010] 0008 0006 | Q005 | 0004 0004 | 0003 | 0003 | 0003 | 0003 |10.40

.0022| .0014| .0010| .0008| Q006 | 0005 | ,0004| .0Q04 | .00G3 | L0003 | Q003 | .0003 |10.60
.0021| .0014| .OQ10| .Q0Q07| .0006 | .OQ005| .0004| 0003 | .0003 | .Q003| 0003 | ,0003 {10.80]
.0021) ,0014| .0010} .00Q7! .0006| .0004| 0004 | .0003 | 0003 | .0003| 0003 | 0003 |11.00
.0020} ,0013| .0009 | .Q0007| ,0005| 0004 | .0004| 0003 | 0003 | .0003 | .0002| 0002 [11.2
.0019| ,0013| .0009| .0007| .0005| 0004 | .,0004| .0C03 | .0003 | .0003 | 0002 .0002 |11.4
. 0003 | .0003 | .0003 | .0Q02| 0002 | 0002 |11.60
.0018| .00l2| .0008| .0006]| .0005 | 0004 | .0003| .0003 | 0003 | .0002( .,0002| 0002 [11.80
.0018] 0012 | Q0008 | .0006] 0005 | .0004 | 0003 0003 | 0002 | (0002 0002 | 0002 |12.00
.0017| .0011| .0008| .0006| .0004 | .0004 | .0003| .Q0Q3 | 0002 | 0002 ] .0002| .0002 |12.20f
.0016| .0011] .0008| 0006} 0004 | ,0004 | ,0003]| 0003 | .0002 0002 | 0002 [12.40;
.0016} .0010| 0007} 0005} .0004 | 0003 | .0003| .0Q02 | .
.0016| ,0010| .0007 [ .00065| .0004 | ,0003 | 0003} .0002 | 0002 | ,O000O2| 0002 | 0002 |12.80
.0015| .0010| .0007| .0006| ,0004 | .Q003 | 0003 | 0002 | .0002 | ,OC02| 0002 | .0002 |13.00
0005 | .0004 | .C003 | 0003 | .0002 | .0002 | .0002 | 0002 | .0002 |13,.204
.0005| .0004 | ,0003 ] .0Q03| 0002 { 0002 | . 0002 ] 0002 | (0002 |13.40
.0014| .,0009! .0006( .0005] .0004 | .0003| .0002! .0002 | .0002 | ,0002| .0002 | .0002 |13,.60
.0005 | .0004 | .O003 | ,0002| » .0002 {13,80
.0013} .0009} 0006} .C004} 0003 | 0003 | 0002} . 0002 | .Q002 |14.00;
.0013| .,0008 | .0006| .0004 | .0003 { .0003 | ,0002| 0002 | 0002 | ,0002 | ,0002 | ,0002 |14,20]
.0013| ,0008| .0006| 0004 | 0003 |..0003 | . 0002 | .0002 | L0002 | .0002 | .0002 |14,40f
.0012| ,0008| ,0006| 0004 | ,0003 | 0003 | L0002 . L0002 | L0002 | L0002 (14.60]
.0012| .0008| 0005 | 0004 | 0003 | 0002 | 0002 | 0002 | 0002 | .0002 | 0002 | 0002 |14.80
.0012| .0008| .0005| .0004 | 0003 | .QC02 | ,0002] 0002 | .0002 | .00Q02 | .00Q1 | .QQ01 |15,00
.0011} .0007} .,0005!} 0004} ,0003 | .,0002 [ ,0002; .0002 | ,0002 | ,0002 | ,0001 | .0001 [15,20
0011 ,0007| 0005 | 0004 | .0003 | 0002 | ,0002 | 0002 | .,QOO2 | .0001 | 0001 | ,0001 |15.4
.,0011| 0007 | .000S5| .0004| .0003 | 0002 | .0002 | .0002 | .0002 | 0001 | 0001 | .0CQO1 |15.6
.0011| .0007| .0005]| 0004 | ,0003 | 0002 | 0002 | .0002 | .0002 | .000L | ,0001 | .0CQL |15.80
0005 | 0003 | 0003 | L0002 | 0002 | 0002 | L0001 | 0001 [ 0001 | .000L (16,00
. .0002 | .0002] .0002 | .0001 { .0001 | ,O001 | .0001 |16.20
.0010} 0006} .0004| .0003| 0002 | .0002 | ,0Q02| .0002 | .,0001 | ,OOO1l{ .Q00Ll | .O001 |16,40
.0010| .0006| 0004 .0003 ] 0002 | .0002 | 0002 .0002 | .0001 | 0001 | 0001 | 0001 |16.60]
,0001; .0001 {16.80
.0009| .0006| .0004| 0003 | .0002 | .0002 | .0002| .0001 | .QO01 | .0001 | .,0001 | .OOQL {17.00
,0009{ .0006}{ .0004 | 0003 .0002 | .0002 | Q002 0001l | .0001 { ,OO01l | .OOOLl | .00C1 |17.20
.0009] .0006| ,0004| .0003 | 0002 | ,O002 | ,0002] .0001 | .0001 | .0001 | ,0001 | ,O001 {17.40
.0009] 0006} ,0004¢ .0003] 0002 | ,0002{ .Q002 | .,OQ001 | .0CO1 | .0001 | .OO0L | .OOQ1 {17.60
.Qo0g| .0006| .0004| 0003} 0002 | .0002 | ,Q002| .0C01 | .0001 { .QO01 | .0CO01 | .0O01 |17.80
.0008| .0005| 0004} ,0003 ]| .0002 | 0002 | .Q002} 0001 ) .0001 | .CGOOL | 0001 | 0001 |18,00
.0008 0005 | 0004 | 0003} 0002 | 0002 | .0001| .0001 | .00Q1 | .0001 | 0001 | 0001 {18,20
0008| .0005| 0004 | 0003 [ .Q002 | ,0002| .0001 ] 0001 | .,00Q01 | .O0QLl | 0001 | 000 |18,40
.0002 | 0001 | 0002 | .0001 | .,0001 | 0001 | 0001 |18,.60
.0008| 0005} .0003| 0002 | .0002 | .0002{ 0001 | 0001 | 0001 | L0OOL | .OCOLl | ,OOOL1 [18.80
.0008{ .0005| .0003| .Q002| 0002 | ,0002 | ,0001| ,000L | .OCOL | .0001 | .Q001 | ,OOQL §19.00
.0007| .0005} 0003 | .0002| 0002 | 0002 | 0001} .00O01 | 0001 | ,OOCQL | .OCO1 | .O0O1 (19,20
.0007| .0005| 0003 | 0002} .0002 | .0002 | (0001 | 0001 | 40001 | .0001 | .0001 | ,0001 |19.40
.0007| .0005| .0003| 0002 | .0002 | 0002 | ,000L| 0001 | 0001 {,0001{ .0001 | .QO01 ]|19.60
.0002 | .0002 | .0001 | .0001| .00Q2 | .0001 | ,0O0L | 0001 | .QCO1 |19.80
.0007| 0004 0003 | 0002 .0002 | (OQ01| 0001 | 0001 | OO0 | ,0001 | .QCQL | 0001 120,00
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TABLE IV - COMPTON SCATTERING ABSORPTION COEFFICIENT ofa),

COMPUTED FRCM EQUATION (5)

Eys | o(a) Eo | ofa) E; | o(a) Eo o(a)
(Mev) |{sa o (Mev) |(sq cm (Mev) |(8q cm (Wev) [(sq cm/
lectran) lelectron) electron) fole ctron)
0.01 [1.5513 || 5.90[0.1955 9.50|0.1061)] 15.10 [0.0752
.02 [1.3080 || 4.00} .1923 9.60| .1053 15.20 | .0748
.03 11,1780 || 4.10| .1893 9.70| .1045 15.30 | 0744
.04 {1.1539 || 4.20| .1863 9,80| .1037 15.40 | .O741
.05 [1.1254 4.30{ .1835 9.90| .1029 15.50 | 0737
.08 11,0049 {| 4.40] .1807 10,00| .1022 15.60 | 0734
.07 |1.0657 4,50| .1781 10,10] .1014 15.70 | .0730
.08 11.0355 || 4.60] .1755 10.20| .1007 15.80 | 0726
.09 11.0108 || 4.70| .1730 10.30| .1000 15.80 | .0723
.10 | .9877 4,80| .1706 10.40| .0993 16.00 | .0720
.15| .8890 || 4.90] .1683 10.50{ .0936 16.10 | .0716
.20 | .8147 5.00| .1660 10.60| .0979 16.20 | .0713
25| 7561 5.10] .1639 10.70] .0972 16,30 | .0709
.30| .7083 5.20| .1617 10.80| .0966 16.40 | .0706
35| .6686 5.30| 1597 10.90| .0959 16.50 | .0703
.40 | .6346 5.40| 1577 11.00| .0953 16.60 | .0700
.45| .6052 5.,50| 1557 11.10| .0946 16.70 | 0696
.50| .5795 5.60| .1538 11.20| .0940 16.80 | .0693
.55| .5566 5.70} .1520 11.30| .0934 16.90 | .0690
60| 5360 5.80] .1502 11.40| .0928 17.00 | .0687
65| .5175 5.90| .1484 11.50| .0g22 17.10 | .0684
70| .5006 6.00| .1467 11.60| .0916 17.20 | .0681
75| .4851 || 6.10| .1451 11.70| .0910 17.30 | .0678
80| .4709 || 6.20{ .1435 11.80| ,0905 17.40 | .0675
.85| .4576 6.30| .1419 11,90 ,0899 17.50 | .0672
.90 | .4453 6.40| .1403 12.00| ,0893 17.60 | .0669
.95 | .4340 6.50| .1389 12.10| .o0sgs 17.70 | .0666
1.00| .4232 6.60| 1374 12.20{ ,0882 17.80 | .0663
1,10 .4037 6.70| .1360 12,30{ ,0877 17.90 | 0660
1.20| .3864 6.80| .1346 12.40{ .0872 18.00 | .0657
1.30| .3708 || 6.90| .1332 12,50| .0867} 18.10 | .0655
1.40| .3567 || 7.00| .1319 12.60( .0e62 18,20 | .0652
1.50| .3438 || 7.10| .1306 12.70} .0856 18.30 | .0649
1.60] .3321 || 7.20] .1293 12.80| .0851 18.40 | .0646
1.70| .3212 7.30| 1280 12.90| .0847 18.50 | .0644
1.80| .3112 7.40| .1268 13.,00| .0842 18.60 | .0841
1.90| .3020 || 7.50| .1256 13.10{ ,0837 18.70 | .0838
2.00| .2933 || 7.60| .1244 13.20| 0832 18.80 | .0636
2.10| .2852 || 7.70| .1233 13.30{ ,0827 18.90 | .0633
2,20] 276 || 7.80| .1222 13,40 .0823 19.00 | .0631
2.30| .2706 || 7.90| .1l211 13.50| ,0818 19,10 | .0628
2.40| .2639 || 8.00| .1200 13.60| .0814 19.20 | .0626
2.50] .2575 || 8.10| .1189 13,70| .0809 19.30 | .0623
2.60| .2516 {| 8.20{ .1179 | 13,80 .0805 19.40 | .0621
2.70| .2459 || 8.30] .1169 || 13.90| .0800 19.50 | .0618
2.80| .2406 || 8.40| .1159 14.00| .0796 19.60 | .0618
2.90| .2355 || 8.50| .1149 14.10| 0792 19.70 | .0613
3.00! .2308 || 8.60| .1140 14.20| .0788 19.80° | .0611
3.10| .2260 || 8.70| .1130 14.30| .0783 19.90 | .0608
3.20| .2216 || 8.80| .1121 || 14.40| .0779 20.00 | .0606
3.30| .2174 8.,90| .1112 14,50| ,0775
3.40| .2133 9.00| .1103 || 14.60| ,0771
3.50| .2095 9.10| .1094 || 14.70| 0767
3.60| .2058 9.20| .1085 || 14.80| .0763
3.70| .2022 9.30| .1077 || 14.90{ .0760
3.80| .1988 9.40| .1069 || 15.00| ,0756

T


http://www.abbottaerospace.com/technical-library

1203

NACA TN 2026

TABLE V - AUXILIARY TABLE FOR COMPTON SCATTERING

COEFFICIENT ¢ IN TABIE IV
2™ o4 2nNg e 2nNge4
O 2 | —= 71 O
mCc m-c i m~ec
3 | 0.0694 26 | 1.100 1,150 | 0.7343
4 .2466 27 | 1.225 157 .8422
l,a5 3472 28 | 1.276 52 .7643
1,05 3403 log | 1.224 53 .6188
1,80 3000 30 .9847 Y .2325
l,cq 3378 131 7925 56 .4289
l,d¢g 5270 1zo 7233 57 7585
11 .1395 33 7587 72 | 1.612
12 .2581 34 .6212 J7z | 2.014
133 3915 37 .1993 k73 | 1.758
14 3599 lzg .3389 74 | 2,334
015 2649 39 7264 75 | 2.484
f1s 3202 40 8435 76 | 2.700
81ig .3105 140 | 1.114 7 | 2.687
hig .2936 42 | 1,342 lvg | 2.567
119 .1256 144 | 1.599 179 | 2,324
20 2325 145 | 1.830 80 | 1.624
11 3499 146 | 1.490 81 | 1.412
22 6213 47 | 1.375 82 | 1.349
lo3 7597 48 | 1.109 1gz | 1.162
log .9598 49 .9343 88 .5851
25 .9849 l,e50 . 9097 190 | 1.282
- 92 | 2.172
8Amorphous 1These values have been cal-
DCrystals culated using densities in
CGraphite referance 22 because the
Diamond densities listed in different
éWhite sections of reference 20
fRed dlsagree among themselves
&Rhombic by as much as 25 percent.
BMonoclinie
Gray
IMetal

kPowder

35
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TABLE VI - _PHOI‘CEIECTR]G ABSORPTION COEFFICIENT

|

B
Q _.
2,00 § 2,20 | 2,20 | 2,30 | 2.0 [ 2.50 | 2.5 | 2. 2.80 | 2.90 | 3,00 | 3,20 | 3.20 ! 3.30 | 3. 3.50 | 3.80 [ 3.70
04,0002 /00000 |04 0000 {0.0000 J0,0000 [0, 0000 {01, 000G {0, 0000 040000 100000 |0, 000G {6, 0000 10,0000 10,0000 . 0000 [0.0004 {00000 b, 0000
0005 ,0005( 0005| 000k | « <000, | « «0003 | .0003 | .0003] 0003 | ,0003 | 0003 | «00%3 | 0003 | 00C2] ,0002 | 0002
#0008 | 40007} +0007) 0005 | 0006 | +0006 | 0UO5 ( 0005 | 0005 | OVOS| 000k | .00k | .00k | 000k | <000k | LOOOL [ OO, | .0003
+0009| +0009] +0008( 0008 | 0007 | «0007| 40006 ,0006{ 0006 | 0006] 4OOU5 [ 0005 | 0005 | +0005 | 40005 | 000k | 00Ok | 000K
«0021} 40000{ 0010] .000¢| +000% | <0008 | »0008 | 0007 | .0007 | +0007| LOOV6| 0006 | 0006 | 0008 | L0005 | 0005 | .000S | L0005
+0013| .0012| 0012} .0011 | L0000 | .0C2G| 0009 | L0009} L0006 | .0008| ,0008] .0007| 0007 | L0007 | .0006] .0008] 0005 | .0O0S
40006/ «0015| 40014 | 0023 | +0012 | 0011 | L0011 | .OCA0| L0OL0 | L0009 L0009 | L0009 | 0008 | L0008 | L0008 | ,000T| 0007 [ .0O0OT
<0018} +00L7{ <0026} 0015 | .0OL | «0OL3 | OOL3 | .0022| .OOLL| (OOL1{ ,0020} 0010} OO0} OOV | 0007 | 0009| 0008 | .0008
0021} 0020} .0019] (0017} L0026 (0016} LOORS5) LOON | L0013 | .OO23} .OORZ| ,0002] L0011 [ .OOLY | LOOLO| .ODLO} LOOLO | .ODOS
L0025 | +O0R3] 0022} .0020] (O0LF | (00LB] .00RT | LO0M5| (0005 | «0025] 000k ] .0003| (0023 | JO@2| J0012] JO0R2] 0011 | LOMOL
00291 0027 | #0025} ,0023] (0022 | L0021 ] L0020 002G | 0028 | (0017 .OCLS | LOC26] .OCDS | LOONE | (OO2k| .0023] .OOR3 | L0022
20033} (0031) .0029| 0027 | 0025 | 002k} ,0C23| 0021 0020 | c0020| .O01$ | .O00M] 001 | OUA6 | L0016 | LOCD5| LOME | OOLk
K <0035} 20033} 20031 ] 0029 | 40027 .0026| .0025] .0023 | JO0R2] 0021} .0020{ ,0020| 0019 | 0018 | ,0008| .OOLT | .OOLE
ooh3| .00u0! +0037| 0035 | .0037 | .0031 | s0029 | 200281 0027 | .0025| w002n | 0023 | w0022 | w0022 | dooz1| sooz0f .oong | .oy
OB | JO00hS| 40042 ] (OOLO| 40037 | «0035] 40033 | 0032 «0030 | +0029] 0028 | ,0020] 0025 | .00RL | ,002k | ,0023] 0022 § 002X
. o «O0L8 ) (00LS | J00k2 | +00LO| » ouls| 003 [ 40033/ L0031] .0030| (0029 ] 0028 0027 ]| 0020[ 0025 | LO02H
0062 | #0058 | «00S],| 40051 ) 0048 | (00hS] L0003 | (OOk] | GO39 0037 0035 003k | (0032 | .003L | 0030] .0029| 0028 | 0027
£0069 | 0065 | 40060} +0U5T| (005 | L0051 L00L8 ]| .O00ko| JOOKY{ Jo1| .00kO| 0038 .0036 | (0035 [ 4003k | .003]| L0031 | (0030
«0078| <0072 | 0068 | <006k | 0060 | +005T| 005 | 0051 | L0049 | (OCLG} LOOLL | .00G3 | JOOKL | +0039 | L0038 | 0034 L0035 | .003L
0087 | 40081 | 40076 | .007L|, 40067 | (0063 | L0060} L0057 | « o L0050 | 00BY| ;00k6 | +OOLL | L00L2 | J00h1]| L0039 | L0038
20097 | 40090| «D0BL | 0079 | 40075 | 0071} 40007 | «O06H | 0061 | <0058 40055 | OUS3 | 0051 | +OCKS | JOOLT | JOOBS] o 002
007} 01001 . 40088 | 0083 | +OOTY| 007U | £0072] <0067 | 40064 | O0]| 0059 | +OOST | «005L | « 0050 o »007
<0119} «0131] 0104 { 0097 | 0052 | +0087 | ,0082 | ,0078] (0075 | +007L| LOO6B] 0005 | (00863 | (0000 | L0058 | L0056 o 0082
0132} JM23} L0115] L0008 L0102 | (0096 | L0091 7| 0083 | L0079} 0075} L0072 | OOGY | LOOGT | LOOOL | 0062 .moooo m

0969 | 005| 08511 0802 L0758 [ 071! (0083 | J065L| 0621 } L5 . «05u7] 0526] 0507 | LOuBB | LOBT2] JONSH | LOLk1
10291 J0962| 0903} .0851] ,0805] (uTo3| L0725 | (O691) L0660 | .0632] 0GOS . 0559 [ 0538 | ,05Ly] . Oh85 [ JaLo%
#1091 | »1020| . 0503} 0854 ] .0810] .o770| JO79L| JO70L | LOOTC| JOGL3]| .0&27| (055N | <0572 | «E51] L0532] L0515 | JOLS
o1155| 41081 | +2025| 0957 | -0905 j 0858 .0BL6| O778[ OTh3 | OTLL| & L0655 [ 0030} . +0585 | +0565| 0Su6 | 0528
01222 o124l | 107k | 1013 | J0958 [ «O50F[ o (082l | JO787 [ 40753 | UT22] 069 | 066T | +0ob3 | 0620} (0599} 0579 «

2092 . W1136] L1071 L1013 | 40961| ,091h| .0BT2{ .0833 .gghw OT6h | L073h] UT06] 0081 L0650 | D63 | L0013 | 0493

#2683} 42520} 42375] .22h6] 42131 ] 2026} L1932 | J1BLO| 1707 | odoSl| J162B| .1500| .1509{ IhS6] J1LO6| J1360| 1317 L1276

«304L} 42858| ,2096] .2551} (2422 | 230k | J2198] (210K} L2012} (1931} .1350] .a7HOf .1722] L1602 1 J1606{ 1554 #1505 59
3280} 2970) 42808] .2058] J2521 ] J2u02) ,2292] L219L[ 2099 | .20a| .1936] .1884| J179T| L1734 .1676] 1022 57X (152]

02T
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37

Ty X10%3 CQIPUTED FROK BQUATION (8)

E, .
3.80 }3.90 |bk,00 !X,20 {420 [%.30 |U,b0 JheSO |be60 [ k.70 [ H.80 k.90 [5.00 |5,30 (6,20 5.5 |5, 5.50 | 2
100000 00000 00000 |0, 0000 {0,000 (34 000C [3,0000 0. 0000 10. 0000 [, 0000 J0,0000 0, 0000 [0.0000 f0.0000 10,0000 |0.0000 Jo,0000 J0,0000 {14
«0000| 40000 | +0000} 0000} +0000 | +0000 | 0000 | 0000 | L0C00[ 0000 | 40000 { ,0000] 0000 | (0000] 0000 ] 0000} 0000 [ 0000 |16
#0001 | <0001 | ¢OOOL| .00OL| .0OOOL ] +0OOL] 4001 | +OUUL | +00GL| 4000 | 40001 | 0002} 0000 | .0000 [ +0000( 2000 .0000 | 0000 {18
#0001} ,0001{ 4O0CL | 40001} 40OCL | 4OOOL | OOOL | .OOOL | +00CL | 40001 { .000L [ ,000L | .00OL | 000K | 40001 | 40002 | L0001 | L0001 |19
«000L| 40001 | .0001| 4000k} 4000 | 40001 | 40002 | 40001 | +000L| 4000 { 4OCCL | 0001 | OO0 | 4OOOL| ,000L| .000L | 4OOCR | .0OOL 20
+0001{ .0OCL| ,000L| ,000L| 4OCOL| .00OL| «0001 | +0001 | +OOUL| ,OOOL| .00OL) .OOOL| ,0001| 0001 | .OOOL} 0001 | 40002 | L0001 [21
#0002 ) 40002 | 40002 | 0002 40002 | 40002 | +00OL} 40001 | 40001 | (0OQOL [ ,000L | (000L| +200L [ (0OOL | 40001 | .000L{ .000L | .0OCL |22
#0002 | 40002 | 40002 | 40002 | 40002 | 40002 | 40002 } ,0002 | +0002{ 40002 | ,0002 | .0002 | .0002 | ,0002| 0002 | ,0001 | ,0001 | ,000L |23
+0003 | ,0003{ +0003| 40002 | 40002 | 40002 | 400CR } 0002 | 40002 | ,0002 | »0002 | .0002] 0002 | ,0002 | (0002 | ,0002} 0002 | L0002 |2y
+0003 [ 40003 | 40003 { 0003 | ,0003 | 0003 | ,0003 | .0003 | .0003| .0003 | 40002 { .0002| +0002 | 0002 | 0002 | 40002 | .0002 | .0002 |25
+000l, | 000k | +00Qk | 4000 | 0003 | 0003 0003 [ .0003 | .0003| ,0003| .0003 | 0003 | ,0003 | .0003 | .0003]| 0003 | 0003} .0003 |26 | .
+0005 | ,0005 | +000k | +000L | 4000k | +000k | 4000k [ <000k | ,000k | ,000L | +OOOk | ,0003| 0003 | ,0003 | +0003| (0003 | 0003 | ,0003 |27
«00061 ,0005 | 0005 | 40005 | 40005 | 0005 | 40005 | 40005 | +000L | 00Ok | 00Ok | 000k | w000k | 00Ok | 000l | .000k | 00Ok | +000k |28
#0008{ .0007 § 40007 | +0007| 0007 | .0007 | .0006 | 40006 | .0006 | 0006 0006 | .0006] L0006 | 0005 | .0005] 0005 | 0005 | 0005 |30
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TABLE VI -~ PHOTCELECTRIC ABSOHPTICN COBFFICIENT
zo
6630 | 6,40 | 6,50 1 6460 | 6,70 | 6480 | 6450 | 7,00 | 7.20 | 7.20 | 7.3
0,000 [0,0000 10,0000 10,0000 |0, 0000{ 0. 6000 | 0, 0000 | 0, 0000 {0 0000 1040000 0. 000G
.0000| 40020 | .0000| +0000| .0000| (0000| .0000| +0000| .0000| ,000Q] 0000
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.000L| .000L| 000L]| 40001} 40001} .00OYL| 0001} .000L]| .0OOL} .0OOL} .OOCL
«0001 | +0001 | .000L| ,000L| .O0OL| .OOOL| +OOOL| (0001] .0001{ .0001} .OOOL
0002 | 0002 | L0002 | 0002 | .0002| .0002| ,OOOZ| ,0002] .0002! .OOCR| .0Q02
.0007 | 0008 | 000 | L0005 L0006] .000S| L0006| 0006 .0006| .OCO6| 0006
L0010} 0000} .0009| 0009 | .0009( .0009] .00C9| .00CR! (0009 | .0008{ .0OC8
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.0037 | L0037 .ﬁé .0035 | .0035| .003L| .003k| .0033| .0033) .0022] .
.00kt | .00ko} Looko! Jo039] L0038| .0008| .0037| 0036} .2036| L0035 JO0I5
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TABLE V1 - PHOTORLECTRIC ABSCRPTION CCEFFICIENT Ty X 10%7 . ,CONPUTED FROM EQUATION (3) - Coricludad

ED

Z 420 § 9,30 | 910 | 2.0 | 250 | 9.78 | #.%0 | 9.90 | 10.0
1 | 06,0000 [0.0000 00000 0. 0000 |0, 0000 104 GO 1, 000U Ut UOOO 1, DU
15 | .0000{ .000O| 0000} .0000{ 00| o000| Jo00a| o000 | o000
1 | J0000{ .0000] +0000| .0000{ .0000 | D000 | (QOOO| .OROR| 0000
17 | .0000| .0000} ,0000f 0000 .0 | L0030 | L0000 | 0000 | .OOCU
18 | .0000{ +0000f +000C| 40000} 40000 | (0000| »2000| 00D | 0000
19 | .0000| .2000} ,0000| 0V00| L0000 | 00O | (0000 | 00NG | 0000
20 | .0000| +0000] 000U} (OO0O| ,DOC0 | JO0Q0U | U000 | JOONO | OO
21 | .0001] .0001{ ,0000| 0000} X0 | ,O000| 2000} (2000 | 000
22 | +000L{ Q00! +0001) 4OOOL| <001 | 0L} 7001 | L0001 | JOUOL
23 | 40001} .0001| +000L| ,OOOL! .0OOL | (OODL{ (000 | .000L| .OUOL
2% | 40001| +00L{ +000L| .000L| .000L| ,000L| (00O | ,D00L | JOOOL
25 | L0001} .0001] .0OQL| »0001| .00CL{ ,OOOL[ ,OOOL | .OOOL | .00
26 | L0001} (0001} .O00L{ .OOOL| ,OOOL | ,OOL| ,700L| GGL| .O0O0L
27 | .0002{ .0002{ .0002| .0002| 0002 | LOOOR ) 0002 | 000Z | LU
28 | ,0002} .0002| 0002} .0002! 6002 | G002} ,0OUR | L0002 | 0002
29 | 40002} .0002| LOOU2| .OO02| OUCR | ,0002[ ,0002 | .OOC2 | 0002
30 | .0003| 0003 .0003{ ,0003| ,0003] 0003 | oo ] Ju003 | L0002
31| ,0003| ,0003] .00C3] .D003]| ,00U3 | L0003 [ OUO3 | (K3 | L0003
32 ,000L; | ,000L( .000L| LOUOL{ D00k { »QOG3 | JOUD3 | L00U3 | JOUO3
35§ .0006| JUOOB| JOOOS| L0005 | (0005 | L0005 | L0005 | L0005 | (9005
36 § .0006] L0006 0006 L0006 0005 ] 000K X006 L0008 [ JUU0S
37 | .0007| .0007] JU0O7| L0OOT| L0007} .0007| OOT| L0007 | L0007
38 +0008 | .0008| ,0008{ .00Q%| w003 | Q008 | 0008 ) .OCOY | 000K
39 | .0009| J0009| L0009} LODOS| Jows | LU0OP | 0009 | L0009 | Ju09
kO | .0010] .0010{ ,OULO| PLUXO| L0CRO[ ,O0L0| 020} LOOLO| ,O0L0
bl | .0012] .0012| D011} .OOM1| (0011 | .OOT1| L0012 .UODD | . OULL
k2 | L0013 | .OO3f LOO13[ LOUT3]| LT3[ L0012 | JOOR2) J0O02{ JoXD2Z
L3 «0015 | 0015} .00k} LOLL| Uik | JuOLh | JOOUMG| oRULG | LOOR3
b | L0016| o6} .0006| .0026] . L0015 | L0015} LS | J0015
LS | .0028| .0uiB| L0028} OOL?| JUULT [ L00L7 LOOLT | LOORT ] L0017
Lo | .0020) .0020| .O020] .OQLS| OULS | LOULY| (OULS| Luuly ) Jo0Lb
L7 | 0022} 0022| J0022] L0022} L0021 | JuoRl) JOUZL| JUURU | LUDRU
48 | .oo2h| .o02u{ .oveu| Joo2nu| L0023 | JOOZ3{ JOUZ3| LOOR3 | JOUR2
L9 | 0027 | «0027| +0026| «UR6| U020 [ 0025 | UORS | LUURS | L0025
50 | .0030| .002y} .0029| .00R9| .OURY | Lu02b | JoURN| Ju0RT7 | JORT
51 | .0032] 0032 ,0032] .0031| ,0031 | .003L| L0039 Jue30 | JOu30
52 | *.0035] .0035| .0035] OU34| .0V | ,0033{ ,0033 | 0033 | ,0032
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TABLE VII - AUX

ILIARY TABLE FOR PHOTOELECTRIC ABSORPTION
COEFFICIENT T IN TABLE VI

41

Z-1 N
-
A £N, z N, Z N,
3 | 0.5246%1023 26 |0.9764x1023[| 1:is0 |0.3449%1023
4 |1.399 27 [1.048 151 | .3881
l,ag {1,577 28 |1.053 52 | .3457
}'bs 1.545 log | .9763 153 | .2748
8¢ (1,137 30 | 7596 55 | .0997
1,86 |1.279 }31 5921 56 | .1808
1,8 [1.996 32 | 5240 57 | .3141
11 | .2893 33 | .5335 72 | .5342
112 | .4912 34 | .4243 J73 | .6588
13 | .8879 37 | .1253 knz | ,5751
14 | .5877 lzg | .2076 74 | 7540
€15 | ,4040 39 | .4340 75 | 7925
fi5 | -.4884 40 | .4919 76 | .8506
816 | .4445 140 | .6343 77 | 8364
gls +4202 142 | -7489 l7a | 7894
19 | .1518 44 | .8498 79 | ,7056
20 | .2669 145 | 8477 go | .4872
1o | .3816 146 | 7590 81 | .4187
22 | .6495 47 | .6859 82-| .3956
1oz | ,7580 48 | .s422 lgz | .3368
log | .9184 1 140 | L4474 88 | .1605
25 | .9086 2€50 | 4273 190 | .2479
92 | .5720
2Amorphous lthese values have been cal-
borystals culated using densities In
CGraphite refersnce 22 because the
dp1 amond densities listed in different
€White sections of reference 6 dis-
TReq agreed among themselves by
ZRhombic as much as 25 percent.
DMonoclinie
Jﬁrayl
eta
KPowder
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TABLE VIII - PAIR-FORMATION COEFFICIENT %X (o)
COMPUTED FROM EQUATION (9)

E E E
o X (a) o X (a) o X(a)

(Mev) {(sq cm/|| (Mev)|(sqa em/||(Mev)|(sq cm/

atom) atom atom)

1.50!0,0477 6.10 2.37 11.4| 4,06
1.60] .109 6.20 2.41 l1l1.6f 4,11
1.70]| .149 6.30 245 11.8f 4.186
1.80} .195 6.40 2,49 12.0| 4.21
1.90| .244 6.50 2,53 12.2| 4.25
2.00] .296 6,60 2.57 12,4 4,30
2.101 .351 6,70 2.61 12.6| 4.34
2.20| .408 6,80 2,65 12.8] 4.39
2.30| 4465 6.90 | 2.69 || 13.0| 4.43
2.40| .522 7.00 | 2.73 || 13.2| 4.48
2.50| 579 7,10 2,76 13.4| 4.52
2.60| .636 7,20 2.80 13.6| 4.56
2,70 .692 7.30 2,83 13.8] 4.61
2.80|( 747 7 .40 2.87 14,0| 4.64
2.90| .801 7 .50 2,91 14,2| 4.69
3.00] .859 7 .60 2.94 14.4| 4.73
3.10{ .916 7.70 2.98 14.6| 4.77
3.201 973 7.80 3,01 14.8) 4.80
3.30(1.03 7 .90 3,05 15,0| 4.84
3.4011,09 8.00 3.08 15.,2| 4.88
3.5011.15 8.10 3.1l 15.4| 4.92
3.601.20 8.20 3,15 15,8} 4,96
3.,70/1.25 8,30 3.18 15,8} 4,99
3.80(1.30 8.40 3.21 16,0} 5.03
3,90(1.36 8.50 3.24 16,21 5.07
4,001,411 8,60 3.28 16,4} 5.10
4,10(1.46 8.70 3431 16,6} 5.14
4,2011.51 8.80 3e33 l6.8| 5,17
4,30(1.55 8.90 3.37 17.01 5.21
4,4011.60 9.00 3.40 17.2| 5.24
4,501{1.65 9.10 3443 17.4| 5.28
4,60(1.70 9.20 348 17.6| 5.31
4,70(1.75 2.30 3.49 17.8| 5.33
4,80(1.80 2.40 3.52 18.0) 5.37
4,9011.84 9.50 3.55 18.21 5.40
5.0011.89 9.60 3457 18,4 5.44
5.,1011.94 9,70 3.61 18,6 5.47
5.2011.,98 9.80 3 .64 18.8} 5.50
5.3012.03 2.90 3,66 19.0] 5.53
5,40 (2,07 10.00 3.69 19.2| 5.56
5.5012.12 10.20 3.74 19.4) 5.59
5.601!2,16 10.40 3.80 19.6} 5.62
5.,7012.20 10.60 3 .85 19.8] 5.65
5.80(2.24 10.80 3,90 20.,0| 5,68
5,901|2.29 11.00 3496

6.00i2.33 11,20 4,01
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TABLE IX - AUXILIARY TABIE FOR x IN TABLE VIII

z r 27PNy 7 272Ny z 222N,
—iz7 137 ~ 157
3 2.418x10~4 26 | 332.2x104 1,150 | 426.5x10"¢
4 11.46 27 | 384.4 151 | 499.0
%ngs 20.16 28 | 415.1 52 | 461.7
»05 19.77 log | 412.5 53 | 381.0
1,ag 20,93 30 | 343.2 1s5 | 148.6
1,cq 23,54 1z1 | 285.4 56 | 279.0
1,85 | z6.74 1z2 | 268.9 57 | s502.2
11 17.82 33 | 290.9 . 72 | 1348
12 35,97 34 | 245.4 Ivz | 1708
1z 59,12 37 85,67 k3 | 1491
14 58,54 1zg | 149.6 74 | 2007
€15 46.16 39 | 329.1 75 | 2164
fis 55,79 40 | 392.0 76 | 2384
£16 57.72 141 | 530.7 77 | 2404
hig 54,56 42 | 654.8 178 | 2326
L9 27,73 144 | 817.3 lyg | 2133
20 54,01 145 | 852.1 80 | 1509
11 85.36 146 | 800.3 81 | 1328
22 |158.8 47 | 750.7 82 | 1285
1oz 1203.0 48 | 618.5 lgz | 1121
log |267.6 149 | 531.9 gs | s598.1
25 |286.1 l,e50 | 528.4 190 | 1341
92 |2321
%Amorphous ‘ lthese values have been calculated
Crystals using densitles in reference 22
CGraphite because the densitles listed in
dDiamond different sections of reference 6
White disagreed among themselves by as
fRed much as 25 percent.
ERhombic -
?Monoclinic
Gray

IMetal
kPowder _1@
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To/T,

Intensity of gamma rays after
Compton scattering,

NACA TN 2026
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Figure 1. - Intensities of gamma rays at various
scattering angles after Compton scattering Ig/IO

computed from squation (3).
reference 3.)

(Data obtained from
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Figure 2. - Variation of X{c) computed

from equation (9) with c. (Data ob-
tained from reference 3.)
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