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We now consider cases of ion cyclotron reso-
nance. If w= wiH, the indices of refraction for
the ordinary and extraordinary waves (when Bjc
& Vp < c) are given by the expressions
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where c?/V} = (Q;/w}y)? (the subscript i used
in the quantity f; denotes the quantity fo with the
electron mass replaced by the ion mass mj and
the temperature of electron gas replaced by the

ion temperature Tj). The expression for n; given
in (2) applies when |1 —wiH/o.)I > BiN, cos 6; in
this case the cyclotron damping of the ordinary
wave is exponentially small. When |1 -— wh /w |

<« BiN, cos 6 however, this wave is highly damped:
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The extraordinary wave also experiences cyclotron
absorption:
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The extraordinary wave is weakly damped: k4 << N_
since BijN_ < 1. When fBijc ~ VA propagation of
both waves is impossible because of the strong
damping: ny, ~ ky,p ~ 1/8f if @~ wi.

In the case of multiple resonances

® =~ Moy, m=273,..., Ayo = Ny + ingg,

where
N% = {er, (1 + cos® 0) T [}, (1 + cos® 0)’

— 4¢0s%0 (e}, + €5o)1”77} / 2 cos® 0, )
%12 = 0Ny (1 + cos*0) Ny — 2e,, — 2 iepp) {2cos®ONY,

—ey (14 cos®6) N4}, (6)

‘/;m2m—2 Sil’l2m—2 962

: BN . 2m—3 ex _21‘2
2m e cos OV (Bl p(=2m),

¢ p—
Sm =

2y = (1 —moly o) (V28N cos0) ", e =1—uv; /(1 —u),
g0 = — iv; ) Vs (1 — 1y).

If IinnI <1, then ky,/N, ~ (BiN,)¥m=3,
Waves characterized by frequencies w ~ wjj
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(w not necessarily close to mw}l) are also
damped as a consequence of absorption in the
electron gas (Landau damping). The refractive
indices for these waves are given by Eq. (5) and
the damping coefficients are
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The damping (7) is small; k; 3 < N;. Even if
|25 | £ 1, ie., VA ~ Bec, we find ry 3/N,
~ meg /mj.
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A previously described! sciutillation telescope
was used to investigate the depencence of the photo-
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proton yield from the C!? nucleus on the peak en-
ergy of bremsstrahlung vy rays. Yield curves
were simultaneously obtained for three proton en-
ergy intervals: 18.6 —24.2 Mev, 24.2 —29.9 Mev,
and 29.9 — 38.7 Mev with average energies of 21.4,
27.0, and 34.3 Mev respectively. All the measure-
ments were made with an angle 6 = 57.5° with re-
spect to the direction of the y beam, and the maxi-
mum angular resolution of the telescope was +6.0°.
The target, 150 mg/cm? thick, was placed perpen-
dicular to the beam. The absolute doses of the

v rays that had passed through the target for each
peak 7y energy were measured with a thick-walled
copper ionization chamber, which had been cali-
brated with a calorimeter.? The sensitivity of the
ionization chamber to bremsstrahlung y rays was
practically independent of the peak vy energy within
the energy interval used.

Figures 1, 2, and 3 present the experimental
results for the average proton energies given
above. Smooth curves (labeled a) were plotted
through the experimental points, and after a pre-
liminary procedure to smooth out the original
variations, the Penfold-Leiss? method was used
to convert them into cross section curves (labeled
b). The statistical accuracy of the experiment was
insufficient to prove the existence of a second max-
imum in the cross section curve in Fig. 1. How-
ever, since the yield curve is seen to rise gener-
ally right up to the largest energies, it appears
altogether probable that there is a long “tail” like
the one indicated in Fig. 3. The curves labeled c
represent Dedrick’s calculations* based on a quasi-
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FIG. 1. Photoproton yield and cross section curves for ct
with Ep = 21.4 Mev. The right ordinate scale refers to curve a
and the left to curves b and c and the shaded areas. The
errors are statistical.
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_ FIG. 2. The same as in Fig. 1, but for photoprotons with
Ep = 27.0 Mev.
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FIG. 3. The same as in Fig. 1, but for photoprotons with
Ep = 34.3 Mev.

deuteron mechanism of v -nucleus interaction. It
must be noted that agreement with the experiment
for high energies is entirely satisfactory. Similar
agreement has been observed® in the case of photo-
protons with an average energy of 37 Mev. The
arrows to the right along the abscissa indicate the
minimum vy energies necessary for the formation
of protons with a minimum energy for the corre-
sponding interval. These energies were obtained
from the known kinematical relation, which is
based on the conservation laws for the interaction
between vy quanta and a quasi-deuteron in the nu-

cleus:
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In our opinion the wide maximum observed in
the case of comparatively low <y energies isto a’
considerable extent due to a contribution by the
C! (yp) B! reaction. In favor of this view is the
good correspondence which exists between the ex-
perimental thresholds for the reaction and those
predicted on the basis of the relation

EY min = Eﬂ min —+ Ebinding (“{p))’

where Epinding (YP) = 16 Mev (the arrows to the
left). Shklyarevskii® has used the harmonic oscil-
lator potential to investigate the interaction of vy
quanta with any individual nucleon in a nucleus or
with the remaining non-participating nucleons on
the basis of an independent particle model. The
shaded areas in the figures represent the contri-
bution by (1p)* and (1s)? shells as determined by
Shklyarevskii’s formulae. The parameter e =Hhwy,
which represents the separation between the shells,
is assumed to be equal to 15.5 Mev on the basis of
Hofstadter’s data.” The dependence of the well
depth, V,, on the proton energy8 was also taken
into consideration. The effective well depth was
computed from the following relation:
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where ¢npm (r) is the oscillator wave function.
When [ =0, W=3/4€; when I =1, -\ﬁ=5/4€. The

Vleff = Vo (Ep) - Vl,
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contribution from the (1s )2 shell does not exceed
6% of the contribution from the (1p)* shell in all
cases.

Shown below for comparison are the integral
cross sections computed with the Shklyarevskiil
formulae and those obtained experimentally:

Interval of proton energy, Mev 18.6 -24.2 24.2-29.9
Integration interval of experi-
mental data, Mev 34-63 42-70

Integral cross section obtained ex-
perimentally, 107%° cm? Mev/sr

Computed integral cross section,
10"%° cm? Mev/sr

135.2+20.6 120.6+18.9

10.5 8.8

The difference by a factor of ten should be consid-
ered too large, even making allowances for the ap-
proximate nature of the theoretical computations,
as well as for the fact that a quasi-deuteron inter-
action mechanism may also introduce a certain
contribution to the experimental integral cross
section. The 5 —7 Mev shift toward high y ener-
gies of the experimental maximum that can be seen
in all the graphs relative to the computed contribu-
tion from the ( 1p)4 shell can be explained by the
fact that all of Shklyarevskii’s calculations are
based on the assumption that the final nucleus re-
mains in the ground state, which, of course, is
hardly probable.

The author wishes to thank Prof. A. P. Komar
and his laboratory associates for their interest in
this paper and also L. E. Lazarev for kindly mak-
ing possible the use of the tables® for computing
the cross section curves.
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F OR polycrystalline specimens of the alloy NizMn
in the disordered state, a number of workers!™3
have shown that the reversible magnetization
curves taken at liquid helium temperatures lie
significantly below the curves taken at liquid hy-
drogen temperature and do not attain saturation
at tens of thousands of oersteds. Magnetization
curves of this type could be due to a rapid tem-
perature variation of the magnetic anisotropy. To
resolve this question a study is required on single
crystals — the magnetization curves being taken
in various crystallographic directions. We have
performed such a study.

From a large single crystal of the alloy Ni;Mn
with face-centered cubic lattice in the disordered
state, specimens of prismatic shape (1.2 x 1.2
x 18 mm3) were cut, the long axes of which were
parallel respectively to the three crystallographic
directions: [111], [110], [100]. The reversible
magnetization curves of these specimens were
taken at room temperature and at liquid nitrogen,
hydrogen, and helium temperatures.

The results are given in the figure. From the
curves it is seen that at room temperature for all
crystallographic directions there is a linear de-
pendence of induction on field, and there is no
anisotropy.

On going to nitrogen temperature the character
of the curves undergoes a marked change. Firstly,
the curves 47I(H) assume a form typical of a
ferromagnet. Secondly, magnetic anisotropy ap-
pears; it increases on lowering the temperature
to liquid-hydrogen temperature, but does not
change essentially on further cooling to liquid-
helium temperature. The crystallographic direc-
tion [100] remains the difficult, [111] the easy, and
[110] the intermediate direction throughout the tem-
perature interval studied (from 77.8 to 4.2°K). In
spite of the fact that the magnetic anisotropy (a
measure of which is the area included between the
curves for the [100] and [111] axes) does not in-



