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A mechanical procedure is proposed for investigating dissipative processes in the mixed state; this 
procedure is more sensitive by several orders of magnitude than the known electric procedure. The 
effect of surface and volume defects on the dissipative processes caused by the motion of Abrikosov 
vortices is studied. 

The present paper is devoted to the question of the 
role of surface and volume defects in dissipative proces
ses of type-II superconductors. The mechanical method 
proposed by us for the study of the dissipative proces
ses (1], unlike the electric methods, makes it possible to 
investigate these processes in pure form without par
ticipation of a large transport current, which is inevita
ble in current-based experiments[2]. 

The large critical current J c causes all the Abriko
sov vortices to break away from their pinning centers 
and to undergo collective motion accompanied by energy 
dissipation. The resistance to flow Pf (p -flow) is in
vestigated under such conditions. To be sure, in the 
initial part of the V( J) curve there is a region of vor
tex creep, but this region is difficult to investigate by 
current-based methods, A mechanical procedure makes 
it possible to "penetrate" into the creep region by in
vestigating dissipative processes at various amplitudes 
of axial-torsional oscillations of the superconductor in 
a transverse magnetic field. With changing amplitude, 
we change thenumber of the pinned vortices. 

Thus we can, in principle, cover the entire range 
from the breakaway of the vortices from the pinning 
centers as a result of thermal activation (creep), to 
complete detachment of all the vortices (flow). To this 
end, we need apparatus that ensures the possibility of 
investigating dissipative processes of type-II supercon
ductors in a sufficiently wide oscillation-amplitude 
region. 

In our earlier studies of dissipative processes, we 
used an installation in which the vibrational system was 
secured in a vertical direction with the aid of a moly
bdenum filament placed in the lower part of the Dewar 
flask, limiting the oscillation amplitude to ~1 x 10-1 
rad (1]. For the present study, we constructed an instal
lation that made it possible to investigate the dissipa
tive properties of superconductors in a wide amplitude 
interval, up to 5-10 rad. It constitutes a straight 
pendulum (see Fig. 1). 

It should be noted that the proposed mechanical pro
cedure is much more sensitive than the electrical pro
cedure. Indeed, the minimal dissipation measured in 
the latter case is equal to P = kSV, where jc is the 
critical density of the current, S is the cross section 
of the sample, and the V is the minimal measured po
tential difference. For example, for samples similar to 
those used in the present paper we would have jc ~ 102 
A/cm2, S I>:! 10-3 cm2, and V:::; 10-8 V, whence p,::; 10-2 
erg/ sec. Yet in our case P = fOcp 2/ T, where f is the 
torque of the suspension, 0 is the damping decrement, 
T is the period, cp is the minimal measured amplitude, 
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FIG. 1. Diagram of installation: I-sample; 2-glass rod; 3-elastic 
filament of lead brass (filament length L = 100 mm, filament diameter 
40 /l), 4, 5-mirrors; 6-e1ectromagnet; 7-electric motor; 8-shaft; 
9-seal. 

with f = 2.372 dyne-cm, 0'::; 10-3, cp :::; 10-3, and T:::; 15 
sec, hence P :::; 10-10 erg/ sec. 

Sample 1 was prepared in the form of a cylinder 
made of a type-II superconductor. It was fastened to a 
glass rod 2 with a moment of inertia 1= 13.63 g/cm2, 
freely suspended to an elastic filament 3 (filament 
length L = 100 mm, diameter d = 40 JJ.), placed inside 
the helium Dewar under its cover. On both sides of the 
filament there were placed two mirrors 4 and 5, one of 
which (5) was mounted on a shaft 8 passing through a 
seal 9. This shaft could be rotated with the aid of an 
electric motor 7. The rotating part of the apparatus 
was used to measure the pinning force[3,4]. The other 
mirror (4) was secured to the glass rod to which the 
sample was fastened. The oscillations were registered 
both visually and with the aid of a light beam reflected 
from mirror 4, as well as with the aid of electronic 
circuitry described in[5]. In the investigation of the dis
sipative processes, the shaft 8 was fixed in a definite 
position. 

As indicated in[1], the logarithmic damping decre
ment 0 of the oscillations in the mixed state depends on 
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FIG. 2. Dependence of the logarithmic damping decrement of the 
oscillations on the intensity of the external magnetic field. Sample 
Ta7oNb30, electrically polished: a-<{J = 0.2 rad, b-<{J = 2-5 rad; 60 is the 
logarithmic damping decrement of the system without the sample. 
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FIG. 3. Dependence of logarithmic damping decrement on the inten
sity of the external magnetic field; o-in an ideal crystal; e-in crystals 
with surface defects and X-in crystals with volume defects (with t:.l/l = 
42%) (<{J = 0.2 rad, 60 is the logarithmic damping decrement of oscilla
tions without a sample). 

the intensity of the external magnetic field Ho. Figure 2 
shows the 1i(Ho) dependence for a thermodynamically 
reversible single crystal (the surface of such a crystal 
is mirror-finished and was worked by electric polishing). 

It is clear that the defects on the crystal surface and 
in the volume of the crystal lattice should act on the 
dissipative processes in different ways: the surface de
fects will restrain (pin) only the end parts of the vortices, 
whereas volume defects will pin the vortices over the 
entire length of the vortex filament. To explain the in
fluence of the surface and volume defects on the dissi
pative processes in type-II superconductors (Ta7oNb3o 
single crystals), we represent on a single plot the re
sults of an investigation of the dissipative processes in 
"defect-free" crystals, crystals with surface defects, 
and crystals with volume defects (produced by a com
pressive deformation f).l/l = 42%). We note that the sam
ples differed in their dimenSions, especially in their 
diameters. 

To compare the results obtained in experiments with 
different samples, the logarithmic damping decrement 
(the energy dissipation in one half-period) should be 
reduced to a unit volume of the sample (Le., should be 
divided by R2 l1 ), where R is the radius of the sample 
and 1 is its length), and also divided by R2, since the 
number of vortices piercing the sample and the moment 
of the given force are proportional to R. The curves 
obtained in this manner are shown in Fig. 3. (cp = 0.2 
rad). Comparison of these curves shows that both the 
surface and the volume defects decrease the damping of 
the oscillations. With increasing number of defects, the 
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energy dissipation decreases. This result agrees with 
the assumption that the energy dissipation is due to mo
tion of Abrikosov vortices and is large at relatively 
large concentration of the free vortices. 

However, certain details of the experimental curves 
are less understandable. For example, it is not clear 
why the curves for polished and spark-finished crystals 
coincide in the interval Hc! < Ho < 250 Oe. This agree
ment means that at Ho ~ Hc! the surface defects do not 
influence the attenuation, although their presence could 
not help but change the concentration of the free 
vortices. 

The very abrupt decrease of the damping in strongly 
deformed crystals is also in contradiction to the con
cept of energy dissipation by free vortices only, since 
an investigation of very strongly deformed samples 
(f).l/l = 42%) has revealed a sharp decrease of th~ av
erage pinning force[4,61. This sharp decrease of Fp is 
explained in the following manner. A 42% deformation 
of the sample produces such a large number of disloca
tions that the distance between them, 1 = 3.0 X 10-6 cm, 
is smaller than the radius of the core of the vortex, 
~ = 4.5 X 10-6 cm. Consequently, in such a crystal there 
are no inhomogeneities of the crystal lattice, whose 
dimensions I ,., ~ and on which the vortex line could be 
effectively pinned (the crystal is homogeneous, as it 
were, to the vortex), and this explains the abrupt de
crease of the pinning force. 

One cannot exclude the possibility that these dispari
ties can be attributed at least in part to the appreciable 
influence exerted on the damping of the oscillations of 
the pinned vortices. The agreement between the initial 
sections of the 6( Ho) curves of polished and spark
finished crystals can in this case be attributed to the 
fact that the motion of the free vortex and the motion of 
vortices that are pinned mainly on the surface of the 
sample lead at Ho'" Hc! to approximately the same en
ergy dissipation, which is proportional in this case to 
the total number of vortices. 

As to the decrease of the damping of the oscillations 
of a strongly deformed crystal, one cannot exclude the 
possibility that the presence of a large number of de
fects, even at a very small pinning force, greatly limits 
the freedom of displacement of the overwhelming 
majority of vortices-the vortices seem to move "in 
spurts" over small distances. 

The first of the maxima in our plot, which is more 
clearly pronounced, is observed in all single-crystal 
samples at any oscillation amplitude. It shifts towards 
Hc! when both surface and volume defects are intro
duced. The second maximum, which is less strongly 
pronounced and is frequently not observed at all, shifts 
towards Hc2 under the same conditions. 

The question of the shifts of these maxima as a re
sult of introducing defects into the crystal lattice still 
remains open at present. 

In conclUSion, the author thanks E. L. Andronika
shvili for stimulating interest in the work and V. P. 
Galalko, Yu. G. Mamaladze, and Dzh. S. Tsakadze for 
its discussion and for valuable remarks. 

I)It should be noted, however, that if the vortex pinning were a pure sur
face effect, then it would be necessary to divide by Rl instead of by 
R21, i.e., a more correct relative value would be the ratio 6/R3 1. 
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