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by Kabler"·8 3 and by this author. t 9 ' 1 0 : The change in
the radiative-transition probability reduces to mixing
of wave functions (the change in the transition energy
&.Ebg

agv.BH«Ebt makes practically no contribution).
The change in the probabilities of the radiative transi-
tions reduces to two effects: 1) shifting of levels,
which is taken into account by the factor Pu~ E3

u(l + n),
and 2) a change in the nature of the electron-vibrational
interaction. t 9 ' 1 0 ] Usually, only the former effect is
taken into account (see, for example,C7f83).

In the case of KI, where single-phonon nonradiative
transitions predominate at 4.2 °K \kT <Eab), the latter
effect asserts itself in the decay kinetics. At Η = 0,
the transitions Ax" Biu, B3u are induced by the vibra-
tions BZg and B3g, and the fully symmetric Ag vibra-
tions, which are characterized by a large coupling
constant, do not contribute top 0 . When ΗΦ0, the Ae

vibrations result in a rapid increase in the probabili-
ties of nonradiative transitions between the components
of the triplet, which contain parts of identical symmetry
that appear and increase with the magnetic field.
Curve 3 in Fig. 1, which approximates the experi-
mental Η-dependence of the decay time of the long
luminescence component in KI, merges smoothly with
curve 1, which was calculated without consideration of
effect 2), into curve 2, which was calculated for the
thermal-equilibrium (pab, pba»pv, pbt). The only
parameter determined from experiment (the difference
of the diagonal elements of the perturbation matrix
(^Eij/dQlj)Qij, where Qtj is the local coordinate of the
vibration) give a good description of the decay of the
two components and the various orientations of the
field. [ 1 0 ]

In the case of KBr, where Eab/k =0. 35 °K and multi-
phonon transitions predominate even at 2 °K, the decay

O.I
40 H,KG

FIG. 1. Decay time of triplet luminescence in KI vs. mag-
netic field intensity ΗII [001] at 4.2°K. The plotted points
represent experiment for the slow damping component. The
significance of the theoretical curves (1—3) is explained in the
text. The splitting of the 3Σ* term for l|~ molecules whose
axes form 45° angles to Η is indicated in the upper-left corner.

in the magnetic field is described on the basis of the
simple theory (effect 2) is not taken into account).1101
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Ε. Τ. Lippmaa. High-Resolution Magnetic Reso-
nance of Rare Nuclei in Solids. Recent years have seen
rapid development of various high-resolution magnetic
resonance methods in solids, for the most part on
abundant (!Η, 19F) and rare (13C, 29Si) nuclei. In the
absence of fast molecular motion, the classical nuclear
induction methods give only unresolved structures in
which the natural line width is usually many times
greater than the entire range of chemical shifts of the
nucleus under study, while the very long spin-lattice
relaxation times result in a sharp decrease in the sig-
nal/noise ratio.

By combining such characteristic methods of modern
molecular spectroscopy as the use of the nonlinear
effects that arise under the influence of strong coherent
perturbing electromagnetic fields, parametric modula-

tion, and mini-computer storage and transformation of
the entire information-carrying signal, it becomes
possible to register high-resolution spectra from solid
samples and even to separate lines that overlap prac-
tically completely. Figure 1 shows 13C spectra of a
solid polycarbonate polymer (Lexan). The spectrum of
Fig. la was recorded under monoresonance conditions
by Fourier transformation of the signal of free nuclear
magnetization precession in the x, y-plane after its
extraction by a resonant Hj3C radio-frequency pulse
from the equilibrium state along the ζ axis. This spec-
trum consists of a superposition of seven lines of very
low intensity, the intrinsic width of each of them ex-
ceeding the width of the entire spectrum, while the en-
tire visible "structure" is due solely to spectrometer
thermal noise. The spectrum of Fig. lb was recorded
by the same procedure, but with decoupling of the 13C
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FIG. 1.

nuclei from the 'H nuclei by subjecting the latter to a
resonant-high-frequency-high-amplitude field (yH["
>2/T8, Δδ1Η) and transfer of the nuclear magnetization
from the common lH nuclei to the rare 13C nuclei under
spin-lock conditions with satisfaction of the Hartman-
Hahnc i ] condition for cross relaxation in a rotating co-
ordinate system (yHHjj =ycH}Jc). This is accompanied
by equalization of the spin temperatures of the lH and
13C nuclei with a sharp increase in the magnetization
(and useful signal) of the latter, and the tensor of the
dipole-dipole coupling between the *Η and l 3C nuclei
(DCH = 0, as in liquids as in fast stochastic molecular
motion123) and the tensor of the spin-spin coupling be-
tween the *Η and 13C nuclei (JC H = 0), as in heteronu-
clear double resonance experiments, l3^ are averaged
to zero.

As yet, decoupling of nucleus spins with total col-
lapse of the corresponding spin multiplets can be
brought about only in NMR, but many of the effects that
arise at small amplitudes of the pulsed perturbing
high-frequency field (appearance of new lines in the
spectra, splitting and shape change of lines associated
with the perturbed transition, spin echo) have their
analogs in other types of molecular spectroscopy, in-
cluding optics. Under conditions of heteronuclear de-
coupling and transfer of nuclear polarization from
common to rare nuclei, the chemical-shift tensors σ,
of the latter are not averaged, and the strong anisotrop-
ic broadening of the corresponding lines due to the an-
isotropy of their chemical shifts persists. In simple com-
pounds, this last circumstance is a source of useful
additional information on electronic structure and the
dynamics of molecular motion in solids, but in the case
of complex molecules and polymers it results in the
appearance of inhomogeneously broadened regions and
regions that defy interpretation in the spectra (Fig. lb).

The averaging of the chemical-shift tensor Έ{ΙΙ

= 1/3 Sp σ, that is characteristic for liquids, and aver-
aging of the homonuclear dipole-dipole interaction, can
be brought about by mechanical rotation of the entire

sample at an angle /3 = 54°44' toward the direction of the
constant magnetic field. It follows from Andrew's
theory143 that when the sample is rotated very rapidly
(w r>2/r2, Ι σ,, - a j , the homo- and heteronuclear
dipole-dipole interaction operator is multiplied by
(3 cos2/3 -1)/2 and the chemical shifts are averaged to
(1/3) Spa,.

Combining the necessary complex sequence of power-
ful high-frequency pulses with rapid (from 2 to 5 kHz)
vibrationless rotation of a nonmetallic sample, not to
mention measurement of the very weak free-precession
signal from the 13C nuclei at the natural content of this
isotope (1.1%), is a difficult task but not an impossible
one. An analytically useful spectrum of the high-poly-
mer polycarbonate Lexan with resolved signals from
most of the magnetically nonequivalent carbon atoms
appears in Fig. lc . The spectrum was obtained from
a solid sample of this plastic during 23 minutes at a
frequency of 10 mHz, using an NIC-1085 computer to
accumulate and Fourier-transform the measured signal
and for automatic generation of the complex sequences
of high-frequency pulses together with an NIC-293 in-
put-output unit.

The spectra of Fig. 1 do not contain information on
the shapes and relaxation of individual lines. It may
seem almost paradoxical that even this information is
accessible in spite of the practically complete over-
lapping of lines of unknown shape. Figure 2 shows the
scheme of the corresponding experiment using the
double Fourier transformation (first with respect to i t

with decoupling of the spins of the 13C nuclei from XH
and, accordingly, acquisition of a high-resolution 13C
spectrum where the individual narrow lines take the
role of markers, and then with respect to f2, which
corresponds to relaxation of the transverse magnetiza-
tion of the 13C nuclear spins without strong perturbing
fields, so that the shape of each of the lines is obtained
separately in the monoresonance spectrum after Fou-
rier transformation). The line shapes and the corre-
sponding nuclear relaxation processes are of a nature
intermediate between Lorentzian and Gaussian. The
effect can be brought about by synchronized motion of
molecules in solid norbornadiene at - 75 °C and lower
temperatures.

In all of the experiments described above, the NMR

FIG. 2.
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spectra were obtained by using the Fourier transform
of the nuclear magnetization free precession signal
after pulsed excitation of the entire investigated part
of the spin system of the solid sample. This is not al-
ways possible (for example, in optics) or convenient,
and in the case of weak, broad lines of quadrupolar
nuclei (*7O), the optimum signal-noise ratio is obtained
by exciting the system under study with "white noise" in
the form of a pseudorandom pulse sequence generated
by a shift register with feedback and by applying the
Hadamard transformation to the corresponding output
signal. Here the cross correlation function of the input

and output noises is formed initially, and the desired
spectrum is obtained by Fourier transformation of the
latter.
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Translated by R. W. Bowers

Scientific session of the Division of General Physics and
Astronomy, USSR Academy of Sciences (28-29 April
1976)

Usp. Fiz. Nauk 120, 514-515 (November 1976)

A session of the Division of General Physics and
Astronomy was held on April 28 and 29, 1976 at the
Conference Hall of the P. N. Lebedev Physics Insti-
tute. The following papers were delievered:

1. V. B. Braginskii, Status of the Prospects for
Relativistic Gravity Experiments.

2. /. D. Novikov, Black Holes.

I. D. Novikov. Black Holes. The paper discusses
the contemporary state of black-hole theory. This
problem is of especially high priority in connection with
the probable discovery of these objects in the Universe.

A black hole should appear in the final stage of the
evolution of a massive star if, after gravitational col-
lapse, the mass of the star exceeds the maximum mass
Μ Μ Ι of a cold neutron star. According to recent data,
M m a i = (2-2. 5)MO and does not exceed 3. 5M0 even under
extreme assumptions as to the equation of state of mat-
ter at nuclear densities. The formation of black holes
with small masses at very early stages in the expansion
of the Universe is a possibility. The most important
questions of black-hole theory include the following:

1) Does a "horizon" that separates the black hole
from the surrounding space always form on collapse of
a massive body?

2) Does a singularity of space-time always occur in a
black hole?

3) If a singularity does arise, is it always hidden by
the horizon?

4) What are the properties of space-time around the
black hole, and what is the physics of processes in the
vicinity of the black hole and inside it ?

We do not have complete answers to all of these ques-
tions. The first question is answered in the affirmative
in the case of small deviations from spherical symme-
try, and it is highly probable that a horizon always

3. R. A. Syunyaev, Proofs of the Existence of Relr
ativistic Stellar Objects.

4. N. S. Kardashov and Yu. N. Pariiskii, Progress
and Prospects in Radiocosmology.

We publish below the brief content of one of the pa-
pers.

forms when the body is compressed in all directions to
a size smaller than the gravitational radius r f = 2GM/c2.
It has been proven that a singularity always occurs in a
black hole. It is probable that the properties of space-
time near the singularity are always described by the
Lifshitz-Khalatnikov-Belinskii solution.

The third problem has not yet been solved.

The problems listed under (4) are of the greatest
physical interest. Here it has been shown that if the
external field of the black hole tends to stationarity
(this is probable, but not proven), the limiting field is
always described by a Kerr metric.

Finally, quantum processes in the vicinity and inte-
rior of the black hole are extremely important, especial-
ly the process of slow "evaporation" of a nonrotating
black hole, which was recently discovered by Hawking.

The properties of black holes are used to calculate
astrophysical effects and observational predictions for
the purpose of discovering them. A reliable proof of
the existence of these fundamentally new objects in the
Universe would be extremely important.

The following papers present part of the material of
the report: Ya. B. Zel'dovich, I. D. Novikov and A.
A. Starobinskii, Zh. Eksp. Teor. Fiz. 66, 1897 [Sov.
Phys. JETP 39, 933 (1974)]; I. D. Novikov, ibid. 70
393 (1976) [sic].

Translated by R. W. Bowers
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