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temperature dependence of the width AH in this

sample is in good agreement with the data in Refs. -

2 and 3.
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We have not succeeded in trying to detect para-

magnetic resonance in the potassium metal sample.

Temperature 300°K; a, b, ¢ 225 mcs/sec; d, ¢, f — 9500 mcs/sec; size of lithium
particles a~50; b~30;¢c~01;a ~\30; e~ 9J; f~ 0,1 w

* There was observed a widening of the absorption
curves in all lithium samples at T = 463°K.
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Energy Spectrum of Cascade Photons in
Ligkt Substances

I. P. IvANENKO AND M. A. MALKOV
Moscow State University
(Submitted to JETP editor July 26, 1956)
J. Exptl. Theoret. Phys. (U.S.S.R.) 32, 150-151
(January, 1957)

Y the method of moments'-8, it was possible
to obtain a fairly complete description of a
unidimensional development of an electron-photon

cascade shower in light and heavy substances.

The method is based on the calculation (with the
aid of recurrence formulas) of the moment along

the depth ¢ by the distribution function N(Z , EO, ¢,
of the number of particles in the shower having
energies higher than E®, in a shower initiated by a
primary particle of energy E %)-

In Ref. 3, a method was developed for the cal-

culation of the energy spectra of cascade electrons,
employing the system of polynomials, orthogonal

in the interval (0, o). In the present work, a simi-
lar method was used for the calculation of the
energy spectrum of cascade photons in light sub-
stances. The results of the calculation of the

number of photons [N(E ., E°, )17l in a shower
initiated by a primary electron or a photon in air
for certain values of £, E° and t are given in
Tables 1 and 2.

The accuracy of the method of calculation used
was investigated in Refs. 3, 5 and 6. In addition,
the values of the approximation curves agree,
within the limits of 10%, with the values calculated
by exact theoretical formulas at E /8 >> 1, where
B is the critical energy for a given substance.
The energy spectrum at the maximum of the curves
is within the limit of 10 or less percent, in agree-
ment with the ‘‘equilibrium’’ spectrum. Therefore,
the calculated curves describe the real cascade
process with an error of not more than 10 percent.
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TaBLE 1
{Np (eos,t)}"

PN

4 l 5 i 7 10

e=0.11
0.6 0,71 0.51 0.26 0.13 0.064 0.032 0.008 | 0.001
1 0.76 | 0.58 0,33 0.18 0.10 0.053 0.014 | 0,002
5} 1.12 1.24 1.24 1.00 0.70 0.45 0.155 | 0.024
11 1.23 1.78 2,45 2.33 1.85 1.30 0.52 | 0,100
20 1.29 2.24 3.80 4,11 3,57 2,74 1,27 | 0,295
30 1.50 | 2.62 4,84 5.72 5.40 4,43 2.30 | 0.99%4
50 2.54 | 3.43 5.92 8.07 8,70 7.93 4,72 11.378
e=0.2
0.6 0.69 0.48 0.23 0.110 0.053 0.025 0.006 | 0.001
1 0.72 0.52 0,27 0.140 0.073 0.038 0.009 | 0,0015
) 1,05 .,07 0,97 0.74 0.50 0,320 0.106 | 0,016
11 1.14 1.0 1.98 1.78 1.38 0,95 0.35 | 0,068
20 ' 1.21 1.93 3,11 3,18 2.94 2.25 0.92 10.186
30 1.34 2,26 4,07 4,49 4,13 3.32 1,67 | 0.42
o0 E 2,02 2.86 4,98 6.48 6.75 5.98 3,45 10.98
e=0.6
1 0,68 0.46 0.22 0.101 0.047 0.022 0.005
) 0.8 | 0.74 0.95 0,37 0.24 0.144 0,045 | 0.006
11 0.94 1.03 1.12 0.96 0.70 0.46 0.164 | 0.025
20 0.99 1.33 1.84 1.79 1.44 1.03 0.42 | 0.084
30 1,02 1.55 2,48 2.62 2.25 1.71 0.78 | 0.177
50 1.18 1.86 3.36 4.00 | 3.82 3.16 1.65 | 0.43
e=1
b} 0.77 0,62 0,40 0.256 0.156 0 .090 0.026 | 0.03
11 0.89 0.88 0,82 0,607 0.428 0 284 0,102 [ 0.018
20 1.02 1.19 1.35 1.22 0.74 0.662 0.275 | 0,064
30 1.05 1.37 1,86 173 1.54 1.03 0.545 | 0.129
50 1.16 1,72 2.66 2.99 2.69 2,14 1.1 0.150
The curves obtained were used for the calcu- height of 45 g/cm? differ considerably. This dif-
lation of the altitude course of differing in energy ference, apparently, may be explained by the fact

photons of the soft component portion, initiated that in Ref. 9 a large number of soft photons was
0, ; )
by 7°%mesons. The spectrum of the primary phgtons not taken into account.
was taken from the data by Carlson and others®. The authors wish to express their thanks to S. N.
The calculated and experimental spectra at the Vernov for advice and discussion of the work.
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TABLE 2
{Np (oo = 1)3F
t
0.5 1 2 3 A 5 7 10
EO I l l
e=0.,11
0.6 |0.125(0.14 | 0.073 | 0.023 | 0.007 |
10 {028 | 030 | 0172 | 0060 | 0.020 |
5 133 |1.67 | 1.30 | 0.77 | 0.405 | 0.205 | 0.053 | 0.009
u 198 | 282 | 273 | 2010 | 1.37 | 0.8 | 0.295 | 0.042
20 2033 383 | 473 | 441 | 306 | 205 | 081 | 0,146
30 250 | 4.63 | 6.47 | 645 | 4.90 | 353 | 1.55 | 0.327
50 a0t |57 | 943 | 976 | 861 | 675 | 3.36 | 0.83
e =0.2
0.6 |0.063]0.068| 0.036 [ 0,011
1.0 |0.472|0.189 | 0.105 | 0035 | 0.015
5 109 |1.33 | 098 | 0.538 | 0.265 | 0.126 | 0.032 | 0.007
1 164 | 227 | 2046 | 1.56 | 1.00 | 0.591 | 0.203 | 0.029
20 1,03 307 | 363 | 306 | 221 | 1.46 | 0.562 | 0.096
30 216 [379 | 5.4 | 475 | 3.70 | 261 | 1.41 | 0.222
50 2154 | 477 | 735 | 7.67 | 6.35 | 508 | 243 | 0.578
e=10.6
1 0.025 1 0.028 | 0.015 | 0.008 | 0.002
5 0.582 | 0,69 | 0.480 | 0.244 | 0,108 | 0.045 | 0.016 | 0.003
11 1.00 (1,34 | 1.19 | 0.80 | 0.472 | 0.262 | 0.079 | 0.019
20 1032 [ 197 | 2012 | 166 | 1.3 | 0.70 | 0.246 | 0.036
30 150 |2.45 | 302 | 2060 | 191 | 1.28 | 0.493 | 0.087
50 166 |3.09 | 4.5 | 437 | 35 | 256 | 1.2 | 0.240
e=1
5 0.382 1 0.452 | 0.308 | 0.152 | 0.063 | 0.024 | 0.004 | 0.001
11 0.78 [1.00 | 0,83 | 0.514 | 0,287 | 0.152 | 0,040 | 0.009
20 1.08 [1.53 | 152 | 142 | 0732 | 0.442 | 0.129 | 0.027
30 128 |1.96 | 221 | 1.80 | 1.274 | 0.83 | 0.299 | 0.052
50 152 |257 | 338 | 309 | 2040 | 1.69 | 0.706 | 0.148
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