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Introduction

The purpose of this work has been to verify
Bragg's additivity law of stopping power for a particles
of 5 MeV.

Slight deviations from Bragg'!s rule can occur
when a considerable fraction of stopping electrons are
in the valence shells. This fact will be accentuated

at low energy when principally the outer electrons are

effective in the stopping process.
For these reasons the Bragg additivity law for
o particles of 5 MeV has been investigated in hydrocarbon

gases.

Measurements and Results

The experimental apparatus, reported in a
previous work (1) (2), consists of a gas absorption
cell in which a-particles from an AmRHl source lose
their energy, and of a semiconductor detector at a fixed
distance, which measures the residual o energy. The gas
pressure in the cell is adjusted so that the energy loss
by a particle in the cell is approximately 1 MeV.

For all gases the cell is flushed several

times with gas, before measuring. Pressure is measured

with a mercury manometer. The purity of gas as given by
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supplier is listed in Table I. The wall temperature
of the cell is maintained at 22.5°C to within 0.2°C.
Fig. 1 gives the pulse height distribution of a particles
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Fig. 1 Pulse height spectra from Am-241
a~source in vacuum and in gas;
energy loss approximately 1 MeV.

in vacuum and after passing through a gas. The mean
energy of a particles is represented by the peak channel
because the pulse height closely approximates a Gaussian
shape as expected from theory. Let N and No be the
numbers of the peak channel in gas and in vacuum, then
K(NO - N) = K N represents the energy lost by a particles
in the gas where the gas pressure P is adjusted such
that K N represents about 1 MeV.
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The stopping power of gas relatiwve to air is

given by the relation

G Ng@s Pair

air gas

Since the principal a-line of Am?hl is at

5.482 MeV and since the particles lose 1 MeV crossing the
gas, the relative stopping power measured is referred to
5 MeV a particles.

The results of the measurement are listed in
Table I.

From the relative stopping power of any pair
of hydrocarbons which differ only in the number of
carbon or hydrogen atoms, carbon and hydrogen stopping
powers relative to air are calculated. The average
values obtained are S = 0.440 ¥ 0.002 for carbon and
S = 0.201 T 0.002 for molecular hydrogen.

A comparison of the measured stopping powers
with the wvalues obtained by summing the stopping powers
of their respective constituents is also shown in
Table I, and the difference between the directly measured
stopping power and that obtained by addition is reported.
The values are in good agreement; the maximum deviation
is 0.3% and of the same order as the experimental errors.

From the measured relative stopping power of
Ogs Ny, COp, CO, NHg, S = 0.440 + 0.002 has been found
for carbon and S = 0.202 T 0.002 for H,
agreement with those obtained from the hydrocarbon series.

in wvery good

Conclusion
These results show that within the limit of
experimental errors (less than 11%) the Bragg additivity

law of stopping powers is valid for a particles at 5 MeV.




The last two columns of Table I show the
relative stopping powers for 5 MeV a particles as given
by Riezler (3) and Schepers and the values derived from
the data of Palmer (4). Palmer's values are slightly
higher than the present ones but her directly measured
value for H, (S = 0.209 + 0.006) agrees with the present
ones, as well as her derived value for C (S = 0.433 +
0.009). Similar agreement is obtained with Riezler et al.
Table II summarizes again the values obtained for hydrogen
and carbon and no significant difference appears which
would indicate an effect of chemical bond in the stopping

process.
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Table II Relative Stopping Power

for Hydrogen and Carbon

Element Present Work Palmer (4) Riezler et al.(3)
cla) Q. 440 0.433 0.42%
c(b) 0.440 0.434
g (2) 0.201
%(b)
i 0.202
HE(C) 0.209 0.206

a) derived from hydrocarbon

b) derived from O N co CO, NH

g -

c) measured directly

2’ 2)
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