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IT is well known that under certain conditions pre-
cessing components of the magnetization arise in
paramagnetic resonance. The alternating magnetic
field created by them carries much information
about the structure of the sample.

If the resonance magnetic field causes transi-
tions between levels whose magnetism is not due
purely to spin, then besides the motion of the or-
bital magnetic moment, changes in the distribution
of electronic charge occur. In particular, the mo-
tion of the electric quadrupole moment of the elec-
tron shell induces an electromagnetic field which,
as estimates show,[lj is completely accessible in
present-day experiments.

Let us take the Fe?* ion in MgO[?] as an ex-
ample. In a magnetic field a resonance line is ob-
served from the three lowest equidistant levels de-
scribed by the spin Hamiltonian 3¢ = g*gH-S (S=1);
the line is 8 to 10 G wide. By making use of the
transformation properties of the wave functions
Ym of these levels, it can be shown that the mat-
rices of the operators that transform in the same
way in the ¥y, basis and in the basis of the eigen-
functions Xy, of the spin S =1 are the same to
within a multiplicative constant (I'). (3] For the
operators Sy, Sy, Sy this factor equals g* = 3.5,
the effective g factor, but needs to be calculated
for the other operators. Proceeding as in [4], we
find that following an electromagnetic pulse of
length ty, in which the resonant alternating mag-
netic field (2Hx cos wt) is perpendicular to the
constant field (Hz), the average values of the
effective spin components are
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(S ) =(Sx+iSy) = iPif, (t)sink,,
(S;18z + 828> = S S2p> = 5 Pof,, (1) sin 28y,

<Sil> = szwo ) sin®g;;

where*
sh § chd—1
Pl:chb—}—’h’ P2=_C——_h6+1/2’
1o, (P) = exp {—ikwop — £S5}
& = g'BH.AT,, 0 = hiwo/kT, hoy = g"BH,
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and o is the mean square deviation of the reso-
nance frequency from w,. It is well known that
Eq. (1) determines the magnetic dipole induction
(MDI) signal which arises from the precession of
the magnetization components of the sample M.,

= g*BN(S,;) (N is the number of Fe?" ions).
Equations (2) and (3) give the electric quadrupole
precession (EQP) signal evoked by the components
of the quadrupole moment of the d shell of the
Fe?* ion. The amplitude of the electric field in-
duced by these components in the wave zone and at
distances R of the order of the wavelength A, is
accordingly (5] (n=R/R):t

2Rc3 Z [[ ap (eXaXe) ] }

=1
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The quantity n plays the role of a filling factor;
for MDI 75 =0.1—0.5. Calculations give ,I'xz
=2lyz =Txx =Tyy = 2r2/35, where r? is the
mean square radius of a d electron. For exam-
ple, for 7= 0.1, & =90°, T = 1°K, wq = 21 x 1010
rad/sec, we find E; ~ 55R™! x 107¢ V/cm and
E; ~ 2% 1078 V/cm. Signals of this magnitude
can be detected.

Besides this radiation, there is also radiation
from MDI, which is about 108 times larger. Hence,
after a single pulse only the signal from component
(3), which precesses at twice the resonance fre-
quency can be distinguished. After two pulses,
there occurs a difference in the signals not only
in frequency but also in time. The signals evoked
by two pulses applied at an interval T are shown
in the figure, and their amplitudes are given in the
table. In particular, it follows from the table that
if the first pulse is a 90° pulse (& = 7/2), then at
t = 7 the MDI signal does not show up and only the
EQP signal will be observed.

Observation of EQP allows the direct investi-
gation of the quadrupole moments of the electron
shells of paramagnetic atoms. Since spin-lattice
relaxation in paramagnetic substances is brought
about by interaction between the quadrupole mo-

era?
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Signals evoked by two pulses applied at an interval 7;
solid line —<S,>, broken line —<{S,S,}>, dot-dash line —
<S$i>
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Amplitudes of the signals shown in the figure
units fp (f—7) units f, (t_ 32_') units fp (f—27) units fp (/—37)
S . e
¢ ;1> icos &y sin g, 0 — isin &1 sin? (§y/2) 0
1
. —isin2Essin?(E2/2) isin?Eysin &,
4SS, i sin 2, ey & g‘)
- 17277 e 0 X [3—4sint(Es /2)] X sin? (§2/2)
Py X [1 - 3/2 sin? El]
<S%> —sin? &, sin 28, — sin? £y sin? (§2/ 2)|— sin® g, cost (£2/2)
TP, X [1 —3/2sin2 &1] | X sin Easin? (Ey/ 2)

ment and the crystal field, this effect furnishes a
more accurate method for the investigation of tran-
sition processes. Finally, the shape of the EQP
line will yield information about the local crystal
field.

It is to be noted that EQP can also be excited
by acoustic pulses. £3]

*sh = sinh, ch = cosh.

tlab] = ax b.
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IT has been proposed earlier!] to use the inter-
band carrier transitions in semiconductors to ob-
tain states with population inversion for the pur-
pose of constructing an optical maser. Later a
hypothesis was put forward on the possibility of
obtaining a state with population inversion in semi-
conductors by irradiation with a flux of fast elec-
trons. [2]

From this standpoint it was of definite interest
to investigate the recombination radiation of semi-
conductors excited by fast-electron bombardment.
Until now this radiation has not been investigated
at all.

When semiconductors are irradiated with fast
electrons there is a volume excitation of carriers
and the influence of surface effects can be reduced
to minimum.

In the present work we detected the recombina-
tion radiation of germanium and n-type gallium
arsenide on irradiation with a beam of electrons
of ~ 0.6 MeV energy, obtained from a linear elec-
tron accelerator.

GaAs and Ge samples in the form of single
crystals of 4X4x10 and 10x10x 2 mm dimensions,
respectively, were placed on a cold duct in a cryo-
stat and cooled to the temperature of liquid nitro-
gen. The electron beam entered the cryostat
through a window covered with aluminum foil 50 u
thick. Through another window the image of the
sample was projected onto the slit of an IKS-12
spectrometer. The electron accelerator produced
pulses of 2 usec duration and 400 cps repetition
frequency. The average current in the electron
beam incident on the sample was ~1 puA. An
FEU-28 photomultiplier (in the case of GaAs)
and a PbS photoresistor (in the case of Ge) were
used as radiation detectors.

The intensity of radiation from the samples in-



