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of electric instability, observed in germanium with
partly compensated manganese, agree with the con-
clusions of the RW theory. Therefore, the occurrence
of the described instability can be regarded as an ex-
perimental proof of the existence of RW.

The results of this paper are presented in greater
detail in[6].
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and V. A. Kudinova, Possibility of Obtaining and Using
the Effect of Amplification of Ultrasound by a Semi-
conductor in a Magnetic Field.

As is well known, the coefficient of sound absorption
by carriers moving under the influence of an external
electric field in piezoelectric semiconductors is given
by the expression
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where £— effective piezoelectric coefficient in the sound
propagation direction, e—dielectric constant, v a c —speed
of sound, w = 2vv— its frequency, p—crystal density,
T i = Rsc/Vac, Rsc- I^bye screening radius, K—elec-
tromechanical coupling constant, T^J = e/4irOq—Max-
wellian relaxation time, y = 1 - v^r/vac, where vdr
is the electron drift velocity. When vdr > v a c we get
y < 0 and the absorption of sound gives way to ampli-
fication of the sound, as established by many experi-
mental investigations.

When the constant magnetic field is turned on, the
quantities TM and e e i are replaced by
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(u—mobility). In a strong (in the classical sense)
transverse magnetic field, when cos 0 = 0 and
( u H / c ) 2 » 1 we get r M = T^J (uH/c)2, i.e., the elec-
tronic sound absorption (or amplification) increases by
a factor (uH/c)2.

The authors investigated the influence of a trans-
verse magnetic field on the absorption and amplifica-
tion of sound with frequency 400—800 MHz in single
crystals of n-InSb with n ~ 1014 cm"3 and u ~ 6
x 105 cm2/V-sec at T = 77°K. A piezoelectric active
shear wave, propagating in the [110] direction with
poarization along [001] was used in the measurements.
The measurements results at a magnetic field intensity
H < 8 x 103 Oe are in good agreement with the linear
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Dependence of the amplification of sound in n-InSb on the para-
meter 7"TM- Frequency f = 800 MHz, T = 77°K.

theory. This has made it possible to determine the
constant of the electromechanical coupling (K2 = 1.4
x 10"3). The constant was determined: 1) from meas-
urements of sound absorption in a magnetic field under
the conditions (uH/c)2 » 1, (uH/c)2cos20 < 1, and
» T M <C 1; 2) from an analysis of the temperature de-
pendence of the sound absorption in the magnetic field
at its temperature interval 77—160°K; 3) from the value
of the maximum and from the dependence of the elec-
tronic amplification coefficient a of the sound on the
parameter ycoTM, which is independent of either y or
H, or of the electron-scattering mechanism.

The figure shows the form of this dependence for
the frequency f = 800 MHz. The main result of the
work can be formulated as follows: 1) The influence
of a magnetic field on absorption and amplification of
sound was observed experimentally. 2) The amplifica-
tion and absorption of the sound in magnetic fields up
to 8 x 103 Oe is in good agreement with the linear
theory. At 800 MHz, a gain on the order of 50 dB/cm
was observed. 3) The piezoelectric coefficient was
found to be e14 = 0.08 C/m2. 4) The measurement of
the absorption and amplification of the sound makes it
possible to investigate the transverse conductivity of
the semiconductors with large mobility in a magnetic
field. 5) The obtained data show that the use of a
transverse magnetic field makes it possible to increase
the number of semiconducting materials in which ap-
preciable sound amplification is observed.

A. A. Vedenov, A. M. Dykhne, and M. D. Frank-
Kamenetskii. Melting of DNA Molecules.

The DNA molecule consists of two right-hand
helices of length <J 105 A, with a pitch of 34 A, wound
one on the other in such a way as to produce a cylinder
of 20 A diameter, and secured with the aid of hydrogen
bonds, by AT and GC pairs of bases (10 pairs or links
per turn of the helix).

When heated to approximately 90°C (under so-called
normal conditions, when one mole of NaCl is dissolved
in one liter of water), melting (in other words, (de-
naturalization) of the DNA molecule takes place; some
of the hydrogen bonds break, and in these places the
two helices diverge and, being flexible, wind them-
selves in the solution into disordered coils. This
divergence of the helices can be seen by depositing the
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DNA from a solution on a solid substrate and examin-
ing it under a electron microscope; however, to study
molecules in the solution, the melting process is
usually observed indirectly, from the change of the
viscosity of the solution or from the change of the light
absorption (x = 2600 A) upon heating in the melting
region. The melting process is reversible—the helices
come together upon cooling (usually the helices in the
molten DNA molecules still remain somehow fastened
to each other at several points), the hydrogen bonds
become restored, and the two-helix polymer is again
produced—the DNA is renatured.

The temperature width of the melting interval
varies under various conditions from a fraction of the
degree to several degrees. This indicates that the
melting of DNA is a collective process (more frequently
it is called cooperative); if the AT (or GC) pairs were
to be dissociated independently, then the width of the
melting interval would be 4T2/q = 160° (q = 3500°K-the
heat of melting per link of DNA chain).

The theory of melting of the DNA molecule, based on
statistical thermodynamics, should predict the temper-
ature dependence of the fraction of the molten links, the
average length of the molten sections, etc.

For molecules with links of the same type (the so-
called homopolymer), the theory was considered on the
basis of various models (for the literature see, for ex-
ample ); comparison with the experimental value of
the width of the melting interval of the homopolymer,
~1°, makes it possible to find the energy of the two
boundaries of the molten and helical sections: Fs
= 3500°K.

When low-molecular substances (metals, dyes, and
also protanes) are added to a DNA solution, their mole-
cules can settle on DNA molecules and strengthen the
bond between the helices. In this case the melting
curve shifts into the region of higher temperatures and
broadens. The increase of the melting temperature and
the broadening of the melting interval"21 are exactly the
same as in the melting of solid solutions having a melt-
ing diagram of the "cigar" type. These experiments
make it possible to find the heat of melting of one link
of DNA, q = 3500°K, and also the ratio of the concen-
trations of the introduced low-molecular substance on
the molten and helical parts of the DNA.

Unlike the homopolymer s—the low-melting-point
poly-AT and high-melting-point poly-GC (melting
temperatures T A T = 65°C, TQC = 105°C, widths of
the melting intervals ~1°), a real heterogeneous DNA,
consisting of AT and GC pairs, melt at T = 90°C (at a
concentration of the AT pairs c = y2) and has a
broader melting interval (~4°).

Recently, a theory of melting of real DNA was de-
veloped1-3'43. A simple algorithm has been proposed,
which makes it possible to determine with the aid of
the electronic computer the melting of DNA with
arbitrary specified sequence of links[3], and an analytic
solution was obtained (at TQQ - T A T )q/TATFs < 1)
for the problem of melting of DNA with random se-
quence of links'4-1*. According to the analytic solution,

*Mathematically, the problem is equivalent to the one-dimensional
Ising model—a chain of interacting spins in a magnetic field, which de-
pends in random fashion on the number of the link.

the melting of heterogeneous DNA occurs at the aver-
age melting temperature of its links: the DNA melts
in this case in large pieces (approximately with
I = [ F S T A T A I ( T G C ~ T A T ) J 7 C ( 1 - C ) » 400 links each),
and the large width of the melting interval is due to the
inhomogeneity of the AT - GC composition in these
pieces, and equals ( T G C " T A T W C ( 1 - c)/l. Owing to
the large length of the molten sections, the relative
enrichment of the molten part of the DNA of the low-
melting-point AT component is small, of the order of
1/-/T. If a two-filament DNA is broken up into pieces
with N links each, then the width of the melting inter-
val increases by approximately ( T G C ~ TAT )
Vc(l - c) / /N.

An estimate shows that the surface energy F s for
a closed ring DNA is smaller by a factor of 2 than for
a linear DNA; this agrees with the fact that the width
of the melting interval for annular DNA is twice as
large as for linear DNA[5].

An electronic computer calculation[3], while agree-
ing qualitatively with the analytic solution, makes the
conclusions of the theory more precise and leads to
better agreement with experiment.

Comparison of the experimental curves of the melt-
ing of DNA with the theory makes it possible to esti-
mate the concentration of the defects on the DNA
molecule, the deviation of the AT - GC sequence from
random, etc.
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A. S. Tibilov and A. M. Shukhtin, Generation of
Radiation by Ion-ion Recombination

The cross section for the reaction of ion-ion re -
combination (IIR) by double collisions A~ + B+ -~ A
+ B* at thermal velocities reaches values OUR
« 10~12-10~13 cm2. This reaction can proceed with
selective population of the excited levels of the pro-
posed neutral atoms. The position of the resonantly
populated level, the width of the resonance, and also
the magnitude of CTUR for a given pair of ions can be
readily calculated. The IIR reaction can be regarded
as a possible mechanism for creating inverted level
population. It is particularly convenient for use in a
scheme of a "collision laser ," since the produced
neutral atoms obtained in this case a kinetic energy
AE =1—2 eV, which practically exclude the inverse
process. To obtain an amplifying medium based on the
IIR mechanism, it is necessary to create conditions
such that the role of the HR in the population of the
given levels predominates over the other mechanisms.
Investigations have shown that such conditions occur




