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TO study the jump in the expansion coefficient of
tin and lead during transition through the super-
conducting transition temperature (TK) and the
volume change during the transition in a magnetic
field, a sensitive method was developed which al-
lowed measurements of these quantities to be made
with sufficient accuracy (for example, volume
changes AV/V = 10~8 were measured[!+2]).

1. This method allowed us to measure the dis-
continuity in the thermal expansion coefficient of
NbgSn at the transition. It was important to obtain
this data in connection with a number of peculiari-
ties in the properties of superconductors of this
type, for example, the large magnetic field de-
stroying superconductivity and the small field at
which field penetration into the volume of the
superconductor starts.

As in the previous measurements, the sensitive
element of the apparatus was a long bimetallic
strip, twisted into a spiral, one end of which was
fixed, whilst the other could rotate when there
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were volume changes of one metal with respect
to the other. This rotation is the measured quan-
tity. In the present case one of the metals was
niobium (99.5% purity) on which a layer of NbgSn
was deposited (from the outer side of the spiral)
by the method of diffusive growth. B3] The dimen-
sions of the spiral (length of strip 55 c¢m, niobium
thickness ~ 0.26 mm, thickness of NbsSn layer
~ 0.05 mm) ensured adequate sensitivity to changes
of length of one component of the strip relative to
the other (7 x 1078 deg™! for one division of the
scale when reading with a mirror system).

The curve shown in the figure gives the rotation
of the spiral (in scale divisions) as a function of
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temperature in the neighborhood of the supercon-
ducting transition of NbgSn. It is seen that, super-
posed on a monotonic behavior due to the difference
in the coefficients of expansion of the components
of the spiral, there is a singularity at the super-
conducting transition temperature, i.e., 18°K. In
fact, the slope of the curve (i.e., the difference in
expansion coefficients) above Tk (range 19—20°K)
is greater than the slope of the curve below this
temperature (17—14°K). The jump in the expan-
sion coefficient of NbgSn measured thus is 1.5

x 1077 (£10%) deg™!. It is interesting that this
value of the jump in expansion for NbsSn is close
to the values of this quantity during the supercon-
ducting transitions in tin (1 x 1077)[2] and lead

(4 x 1077).[2]  The value is three orders smaller
than that (~5 x 104 deg‘l) calculated using well-
known thermodynamic formulae and the values of
the quantities 8Tk /0p and 0Hk /8T for NbsSn. L3
This means that in this superconductor probably
only an insignificant part of the volume has the
property that high field values are needed to de-
stroy superconductivity,—a deduction which agrees
with measurements of other properties of NbsSn.
[4,5]  Otherwise one has to assume that in NbsSn
(and similar superconductors) the penetration
depth of the magnetic field is extremely large.

2. Apart from measurements in the neighbor-
hood of Tk, measurements were made in the same
apparatus of the behavior of the differences in ex-
pansion coefficients and in compressibilities of
Nb3Sn and Nb in the temperature range 300—2°K.
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It appeared that in this entire range the expansion
coefficient of NbsSn was slightly greater than that
of niobium —the difference in the coefficients de-
creases from 3 x 1078 at 300°K to 2 x 1077 at 2.4°K
(being 1.8 x 1076 at 70° and 6 x 10~7 at 16°K). This
indicates that the thermal properties of NbzSn and
Nb are very similar, i.e., the Debye temperatures
are also close. The closeness of the elastic con-
stants of these substances agrees with this also.
As has been made clear earlier, ?] a bimetallic
spiral is also very sensitive to volume changes in
its components under hydrostatic compression.
For example, even 0.1 atm sufficed to rotate a
copper-tin spiral enough to enable the difference
in the compressibility coefficients of these metals
to be determined at this pressure. The spiral of
NbgSn—Nb showed that the compressibilities were
equal throughout the entire temperature range,
within the accuracy of the experiment (+5%).
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THE most efficient among the many quantum gen-
erators (lasers) developed so far to operate in the
visible and in the infrared regions is the ruby laser.
Its high efficiency is due for the most part to the
location of the energy levels of the chromium ion.
The energy spectrum of the Cr*** ion, which iso-
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morphically replaces the Al*** ion in the corun-
dum lattice, comprises a system of broad and
narrow excited levels, of which the most important
to laser operation is 2E, the transition from which
to the unexcited state ‘A, is accompanied by lumi-
nescence, and the broad level 4F2 which lies some-
what above it. The transition from the unexcited
state A, to the *F, level ensures absorption of the
pumping light in a broad spectral interval (5300—
6000A). On the other hand, because of the small
width of the 2E level, the emission is in a narrow
spectral line, so that the oscillation conditions are
easier to satisfy (1), The closeness of the levels
4F2 and %E results in high luminescence yield, so
that high laser efficiency is feasible in principle.

In most other luminescent substances, the lev-
els are not so located. As a rule, in substances
with narrow luminescence lines the broad absorp-
tion band lies too high. It is known, for example,
that the ions of rare-earth elements exhibit photo-
luminescence, with narrow luminescence lines.
The luminescence of these ions is due to transi-
tion between the excited levels of the inner 4f
shell of the ion. All these levels are very narrow,
since the 4f shell is well screened against external
perturbations by the 5s and 5p shells. The broad
levels connected with the excited 6s and 6p states
lie very high. Thus, in the trivalent europium ion
the luminescence levels lie not higher than 20,000
cm™! whereas the broad absorption level is at
40,000 em ™,

We wish to call attention to one yet-unused pos-
sibility. As was shown by Weissman 2] and con-
firmed by Sevchenko and Trofimov [3], in mole-
cules of some complex compounds energy trans-
fer is observed from some atoms of the molecule
to others. These investigations pertained to
europium and samarium compounds of the type
EuR; and SmRj3, where R is an organic radical.

In some cases these states lie near 25,000 cm'l,
which is sufficiently close to the luminescence
levels of the rare-earth ions.

The luminescence of the investigated compounds
is determined by the 4f shell of the rare-earth ions.
This shows that the energy absorbed by the organic
radical can be transferred to the rare-earth ion.

The level system of such a compound (see the
figure) is thus similar to that of the chromium ion
in ruby and is more suitable for use in lasers than
the level system of the rare-earth ion proper. An-
other advantage of these compounds is that the
screening action of the surrounding radicals
causes a strong change in the probability of the
nonradiative transitions in the 4f shell of the rare-
earth ion, and consequently the quantum lumines-



