[1] P.W. Bridgman, Phys. Rev. 3, 126, 153 (1914).

[2] P.W. Bridgman, Phys. Rev. 6, 1 (1915).

[3] I.N. Makarenko, V.A. Ivanov, and S.M. Stishov, Dokl. Akad. Nauk SSSR 188,
564 (1969) [Sov. Phys.-Dokl. 14, 924 (1970)1. —
(4] R.E. Hanneman and H.M. Strong, J. of Appl. Phys. 36, 523 (1965).

[5] Stanley E. Babb, Jr., Rev. Mod. Phys. 35, 400 (1963).

[6] S.M. Stishov, I.N. Makarenko, V.A. Ivanov, and V.I. Fedosimov, ZhETF Pis.
071 Red. 11, 22 (1970) [JETP Lett. 11, 13 (1970)].

7

A.R. Ubbelohde, Melting and Crystal Structure, Oxford, 1965.

TEMPERATURE DEPENDENCE OF THE JUMP OF THE DEFORMATION STRESS IN A SUPERCONDUCT-
ING TRANSITION

V.V.Pustovalov and V.S. Fomenko

Physico-technical Institute of Low Temperatures, Ukrainian Academy of
Sciences

Submitted 28 May 1970

ZhETF Pis. Red. 12, No. 1, 15 -~ 18 (5 July 1970)

A superconducting transition changes the deformation stress of a metal

quite strongly. The stress Jjump Ao = On - GS is appreciable (on and GS are the

deformation stresses of the metal in the normal and superconducting states, re-
spectively) and has been observed in a number of metals (Pb, Nb, In, Sn) by
indirect or direct methods [1 - 6]. This new result is attributed to differ-
ences in the deceleration of the dislocations by the conduction electrons in
the normal and in the superconducting states. It is therefore very important
to relate the observed change of the macroscopic characteristics of plastic
deformation with the fundamental properties of the superconductor, for example,
by measuring the temperature dependence of the jump in the stress. Such bulk
measurements, which are needed for a reliable establishment of the type of tem-
perature dependence, have never been performed. As shown in [6], in Pb at
temperatures below O.58T/TC, the value of A0 changes insignificantly with tem-

perature. A sharp dependence of Ac was observed in Pb [U4] near TC, and it was

asserted that this dependence is the same as for the critical field, i.e.,
Ag v 1 - (T/TC)Z. However, as shown in [5], such a statement is ambiguous.
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Fig. 1. Temperature dependence Fig. 2. Dependence of the nor-
of the jump of the deformation malized deformation-stress Jjump
stress Ao = o, = O normalized on 1 - (T/TC)2: A - Pb, 0 - In.

to Ac(Q): A - Pb, 0 - In.

We undertook the present investigation in order to establish the character
of the temperature dependence of the deformatidon-stress jump as the metal goes
over from the superconducting to the normal state. The transition at each
measurement temperature was realized by turning on and off the magnetic field
of a superconducting solenoid, inside of which the sample was continuously de-
formed. The objects of the investigation were 99.9995% pure Pb and 99.999% pure
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In. In the measurement-temperature interval 1.6 - U.2°K this made 1%t possible
to cover a wide range of ratios T/TC (0.24 - 0.94), and to perform measure-

ments on both metals in the interval (0.4 - O.6)T/Tc.

The stress jump A0 in the interval (0.24 -
O.6)T/TC changes insignificantly, whereas for

;0

T/T, = 0.6 — 0.94 A0 decreases sharply to zero ’ f;}ﬂ
at T,. Figure 1 shows therefore the temperature a8 .;j
dependence of AG, normalized to the stress jump P /,
Ao (0) in the temperature-independent region. As %% Gb— - ,//
a result of such a normalization, it was possible i} ;’
to average each point of Fig. 1 over 5 - 6 values a 44 .
of Ac(T)/Ac(0) obtained at different values of ' /;/,
the deformation € = 10, 20, 25, and 30%, from 82 I
the plots of Ac(T) against € (in analogy with
[61), which in turn were plotted from the jumps
of the deformation stress obtained for no less 062 04 06 48 0
than 50 - 60 s-n transitions. 4/4&»

Figure 2 shows Ao(T)/Ac(0) as a function of Fig. 3. Normalized stress
1 - (T/TC)Z. In these coordinates, as stated in jump as a function of the
[4], the dependence should be linear. It is energy gap: o - from tun-
clearly seen that this is not the case, i.e., the nel experiments [71],
set of experimental data for Pb and In does not # - from the BCS theory
confirm the statement that the temperature de- [87.

pendence of Ao is the same as the temperature de-
pendence of the critical magnetic field Hc of the
superconductor.

Let us compare the dependence of the stress jump Ao on the temperature in
an s-n transition with the temperature dependence of the energy gap (Fig. 3).
The experimental values of the energy gap, obtalned by tunnel measurement on
Pb, In, and Sn, were taken from [7], and the theoretical ones were taken from
[8]. For T/Tc = 0.94 - 0.6, where the abrupt changes of the stress jump and

of the energy gap make it possible to assess the character of the temperature
dependence with maximum accuracy, a linear connection is observed between
AG(T)/Ac(0) and A(T)/A(0). Favoring this assumption is -also the linear connec-
tion between Ac(T)/Ac(0) and [1 - (T/TC)]l/2 [9] in the same temperature inter-
val.

As shown theoretically [10], the electron deceleration of the dislocation
in a superconductor has a more complicated dependence on the dislocation velo-
city than in a normal metal [11], and depends on the temperature. These fea-
tures of the dynamics of dislocatilons in a superconductor are connected with
the presence of a gap in the energy spectrum of the electrons. The agreement
between the temperature dependences of Ac(T)/Ac(0) and A(T)/A(0) 1s apparently
a reflection of this circumstance.

In conclusion, we are grateful to V.I. Startsev, B.I. Verkin, V.D. Natsik,
and B.Ya. Sukhareveskii for useful discussions.
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The most interesting physical properties of V,0, are the insulator-metal
phase transition at T = 150°K and the anomaly of the temperature dependence of
the electric conductivity near 530°C [1]. A recent communication reported a
metal-insulator transition in V,0; with chromium admixture upon variation of
the concentration of the chromium and of the pressure [2].

We have observed a similar metal-insulator phase transition under the in-
fluence of an electric field on the V,0, crystal. The influence of the elec-
tric field on the properties of V,0,; was investigated by the electroreflection
(ER) method [3]. The ER spectra was measured in the photon energy interval
1.1 < fhw < 6.0 eV, at different temperatures 300° < T < 360°K. For comparison,
we recorded the spectrum of the usual reflection R(hw) in the region 0.5 < Aw
< 6.0 eV (Fig. 1).

As seen from Fig. 1, the ER peaks shift noticeably along the hw scale when
the fixed bias Ub is varied, but the intensity of the ER spectrum depends
little on Ub when Ub < 1.7 V. The large amplitude of the signal and the shifts
of the ER peaks differ strongly from the corresponding values for typical semi-
conductors [3], but are in agreement with the ER spectra of ferroelectrics
above and below the Curie point [4]. A certain disparity between the struc-
ture of the spectra of the ER and R(hw) in Fig. 1 at Ub = 0 is obviously con-

nected with the shift of the bands in the electric field of the surface barrier.
For values Ub > 1.8 V, the amplitude dR/RAU increases sharply in the ER spectra

in the region hw < 2.5 eV and the shifts of the peaks Ahw increase apprecilably
in the region Aiw > 2.5 eV. Thus, a change of Ub of 0.1 V near Ub = 2 V yields

Mw = 0.18 eV, whereas at 0 < U, £ 1.7V the corresponding shift amounts to
only 0.025 eV. Near U, = 1.8 V the peaks 1 and 2 (Fig. 1) merge into one, and
with further increase the number of peaks remains constant (Aiw > 3 eV).

Figure 2b shows the dependence of the interval AMw between the peaks 1!
and 3 on Ub' The strongest change in the ER signal amplitude with increasing
Ub is observed for hiw < 2.5 eV (see Figs. 1 and 2). Whereas at Ub < 1.8 V the
amplitude of the ER is practically independent of Ub’ near Ub =2 Vit in-

creases by almost one order of magnitude in the narrow interval AUb = 0.1 V.
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