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low energy y-transitions in Tm!®®., These authors
state that the 8.42 and 20.75 kev y-transitions are
magnetic dipole (M1),* whereas according to our
data the first transition is M1+ E2 (< 3%), while
the second is M1. In the same paper it is shown
that the rotational band (for K = 1/2) has levels
with spins of %, 3%, %", and %", while the level
with spin 9/2+ is absent. Our measurements are in
accord with these data.

Computations by Zaretskii based on the coupling
scheme treated in Reference 13 show that the 8.32
and 20.65 kev y-transitions in Tm!®? should be
mainly magnetic dipole, with a possible small ad-
mixture of E2° (a few percent). As one can see,
the experimental data are not in contradiction with
this result.

In conclusion, we express our gratitude to D. V.
Timoshuk for much valuable advice.
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The density of He® —He! solutions at saturated-vapor pressure was determined as a function
of the temperature at He® concentrations of 10, 20.1, 30.3, 41.2, 49.9, 68.5 and 85.4%. The
break in the p (T) curve affords an estimate of the A point temperatures for concentrations

of 10, 20.1, 30.3, and 41.2%.

THE usual pycnometer method was used to deter-
mine the density of He® —He* solutions. The pyc-
nometer (see Fig. 1) comprised a small glass
bulb 1, which narrows down into a capillary 2 of
volume 6.5 x 1073 ¢cm®/mm and length 29 mm. A

*A supplementary communication'! states that the
8.42 kev y-transition has multipolarity M1 + E2.

platimun “cup” 3 is fused into the lower half of the
bulb. This cupisneededtoaccelerate the equilibri-
um between the solution in the bulb and the helium
in the bath. The cup has a volume of 0.44 cm?®.

Marker 4, etched on the capillary, was used as the

reference.
Capillary 2 was checked with mercury for ab-

sence of taper, after which the volume of the pyc-
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nometer was carefully calibrated (accurate to 1 X
10"*cm?®) by weighing it empty and filled with
water to various levels in the capillary. A correc-
tion for the expansion of the glass (~ 0.6%) was
calculated from the data by van Agt,! extrapolated
to the region of helium temperatures. An analo-
gous calculation for platinum (data by Henning?)
yields an equal correction.

When working with solutions there is great
danger of a change in the concentration of the
liquid due to enrichment of the gas phase by the
lighter isotope. To reduce to a minimum the
harmful volume occupied by the vapor over the
solution, a small valve 5 was provided to close
off the pycnometer directly at the inlet. The de-
vice makes it also easy to correct for the mass of
the vapor, which is difficult to determine under
conditions when the vapor is contained in the entire
filling tube. The pycnometer is connected with the
valve through a thin capillary 6, 0.9 mm in diam-
eter and 12 mm long. The valve is fused into a
tube of stainless steel, which serves to fill the in-
strument with a mixture, The valve is operated
from the outside with the aid of a rod. The pyc-

N
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FIG. 1. Pycnometer.

nometer volume, not including the valve, is 1.2785
+0.0001 cm?®,

The apparatus used to measure the mass of the
gas consisted of a small mercury gas tank 5 liters
in volume, a mechanical mercury pump,® three
manometers to measure the pressures in different
parts of the system, and a connecting line. The
gas-tank volume was calibrated and was known to
within 20 cm3. The helium-bath temperature was
lowered by pumping. The temperature was deter-
mined from the vapor tension. The height of the
mercury column in the manometer was measured
with a cathetometer accurate to 0.1 mm. At low
pressures, check readings were made with an oil-
filled manometer.

The mixture was made with He? of purity not
less than 99.98%, as determined with a mass spec-
trometer.* The solution was prepared for each
concentration by mixing known amounts of He3 and
He!. The concentration was expressed in molar
fractions He3/(He3+He4) and could be determined
from the ratio of the He® and mixture pressures
with a relative error of 0.3%.

The density p was measured as follows. Gas
was fed to the bulb in small batches from system
of total volume V, comprising the mercury pump,
gas holder, and manometer. As soon as enough
liquid was condensed, the valve was immediately
closed and the gas in the line leading from the pyc-
nometer valve to the system (of constant volume
V) was pumped back into the system. A KM-5
cathetometer was used t¢ measure the amount of
gas remaining after the condensation. In the cal-
culation of the vapor mass, the manometer read-
ings were referred to 0°C and to standard gravity
(980.665 cm/sec?).

During the measurement of the mass of the con-
densed gas, the room temperature remained con-
stant within 0.5°C. An especially prepared small
manometer monitored the absence of vapor in the
cold tube over the pycnometer valve during the ex-
periment. The volume of the liquid was measured
with the same KM-5 cathetometer, sensitive to
0.01 mm of helium. Actually, since the walls of
the helium and air Dewar flasks introduced dis-
tortions due to the inhomogeneity of the glass, the
accuracy, as determined by control measurements,
was somewhat less, but did not drop below 0.05
mm,
The table lists the experimental results for the
density p of He® — He! solutions, of various concen-
trations, as functions of the temperature. The

*The mass-spectrometric analysis of the helium was pet-
formed by the laboratory of N. E. Alekseevskii.



24 T. P. PTUKHA

Densities of Solutions He® —He*

& %| T.°K |p, g/em® | % | T.°K |p, g/em®le.% | T.°K | p, g/cm®
10 | 1.379 | 0,13968 1.661 0,12508 3.215 | 0,10043
1.535 | 0,13970 1.764 | 0,12494 3.333 | 0.09855
1.604 | 0,13982 1.824 | 0.12492 3.404 | 0,09770
1.679 |} 0.14001 1.962 | 0.12440 | 8875 1,309 |0.09966
1.771 | 0,13982 2.134 | 0,12388 1.447 |0.09948
1.869 | 0,14017 2,345 | 0.122539 1.606 |0.09898
1.996 | 0,14033 2,682 | 0,12013 1,651 |0.09887*
2,054 | 0,14030 3.060 | 0,11703 1.914 |0.09784
2,095 | 0,13987 3,257 | 0,11493 2,284 |0.09558
2,131 | 0.14005 3,399 | 0,11307 2.577 10.09320
2,180 | 0,13962 3.767 0.10766 2.936 |0,08960
2,194 1 0,13961 \Z1 577 1,374 | 0.11769 3.064 |0,08763
2,264 | 0,13910 1,480 | 0.11773 3.278 |0,08460%
2,309 | 0,i3908 1,577 | 011771 3.329 |0.08347
g.?% 813;(1):75 1.673 | 0.11751 3,443 10,08147*
) . 1,765 | 0,11732
3.992 | 0,12724 2,058 | 0.11628 85,4 i%é‘; 882853
3.868 | 0,12312 2,203 | 0.11552 1,401 |0.08014
20.1] 1.365 | 0,13173 2,338 | 0,11465 1,503 |0.08885
1,447 | 0,13176 2,630 | 0,11264 1.646 |0.,08832
1,524 | 0.13177 2,779 0,11157 1.777 10.08766
1.660 | 0,13186 2,948 0,10972 2.252 |0.08464
1.762 | 0,13195 3,122 | 0,10790 2.486 |0.08269
1,834 | 0,12205 3,202 | 0,10698 2,693 |0,08016
1.852 | 0.13200 3,432 | 0.10443 2,758 |0,07930
1,885 | 0.13183 3,572 | 0.10212 2,787 |0.07892%
1,909 | 0,13172 139 97 1,333 [ 0.11196 2,871 |0.07791
1,985 | 0,13143 1.447 | 0.11180 2,933 10,07667
g‘%g 8}%39; 1,534 | 0,11188 3,069 [0.07413
. A274 1,669 | 0,11157 RYE
31050 | 0.12479 R ERTTE Rl I
3.365 | 0,12126 1.883 | 0.11071 1.600 |0.08022
3.512 | 0,11941 2.067 | 0,10983 1.888 |0 07%68
3.704 | 0,11707 2,189 | 0,10946 2.162 | 0.07686
30.3| 1,339 | 1,12516 2,334 | 0,10821 2.360 |0.07443
1,365 | 0,12512 2,589 0.10665 2.461 |0.07347
1.508 | 0,12508 2,788 | 0,10508 2.685 |0.07038
. 1.579 | 0.12506 3.009 | 0.10275
table contains also the values of the density of pure p, g/ et
He?, measured by the same procedure as used for
the solutions. The values obtained are in good ar IR -
T O— |
agreement with the data of Ref. 4. The tempera- 2 D \H\e/‘
tures are given in the van Dyke and Duryea 1955 ans ~3 R S ~
scale. The densities of the solutions were calcu- a2 T w\{%
lated from the formula et \“\3&7%
/"
s Jepa+ (1 —c) pal pVTy q — 2%
p == » \
vT peVo anw o~ -
where c is the concentration of He?® in the solu- ww
tion, v the volume of the liquid in the pycnometer, *"\\ o J45%
and p and v the pressure and volume of the gas Q08 P ~pxs ] \"m P
in the system, taken at room temperature T. The w e s5u%
subscript 0 denotes the same quantities at stand-- \\\ He?
ard conditions. The atomic weights of He® and He? o0 — 2 25 27 SrTRRTTTS
were taken to be uz=3.017 and p, = 4.0039. Since 4 : ' o

the volume occupied by the saturated vapor was
small, the He® content of the vapor did not exceed
0.5 —0.7% of the condensed He® even under the

ips . FIG. 2. Dependence of the density of the solutions on the
most unfavorable conditions, and the correction P y

. o ] temperature: x — Kert’s data, O ~ results of the present work.
for the change in the liquid concentration was The curve for He* was plotted from data of Box and Kammer-

therefore disregarded. ling-Onnes.” The vertical bars denote the temperatures of the
The corrections for the mass of the vapor were A transitions: 1 - 2.17°K (from Ref. 9), 2 - 2.06°K, 3 — 1.87°K,

based on the data on the vapor tensions of solutions, 4 - 1.73°K, 5 ~ 1.56°K.
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Ty, °K
211>
s "%
19 A » FIG. 3. Dependence of T) on the concentration:
x — data of Ref. 9, @ — Esel’son et al.,® A —
17 7 — Abraham et al.,*® O — results of the present work.
' A \ § /"/ FIG. 4. Curves showing establishment of equi-
A o J yd librium., h -~ height of liquid column in the bulb
10 \ 4 /c/ (in arbitrary units), t — time in minutes. Solid
curve — T = 1.852°K, dotted curve — T = 1.885°K.
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Z’”g/r“ Vi AN FIG. 5. Dependence of p (T) in the vicinity
\\ \\ of the A point for concentrations of 20.1 (a) and
O——O—{O———0-1 \ A\
o —“"%’%\ an N Y 30.3% (b). )
. a\ \ \ FIG. 6. Dependence of the density of the so-
a1 N N lutions on the concentration. Solid curve — ex-
4128, \ \\\ perimental, dotted curve — calculated under the
q08 \\‘ Q assumption that molar volumes are additive.
\
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obtained by Esel’ son and Berezniak.? The vapor
pressure of He® was obtained from Ref. 6. The ex-
perimental results are plotted in Fig. 2.

Three to five experiments were performed for
each concentration, to avoid random errors due to
incorrect determination of the mass of the con-
densed gas. The spread of the points relative to
each of the curves for p(T) does not exceed 0.2%,
although the estimated possible systematic error
given is on the order of 1%. It is interesting to
note that as the concentration increases, the fairly
sharp break at the A point, characteristic of the
p(T) curve of He?, becomes smoothed out. The
densities below T, become constant within 0.1%
for concentrations of 30.3 and 41.2%.

The break in the p(T) curve made it possible
to determine the temperatures of the A transition
for the 10, 20.1, 30.3, and 41.2% concentrations.

The A temperatures were determined foir the last
two concentrations from the intersection of the tan-
gents at the bend. The points determined in this
manner (Fig. 3) are in good agreement with the
results of Ref. 8 to within an experimental accu-
racy of £ 0,05°K.

Let us note that it takes much longer to estab-
lish equilibrium in the solutions at temperatures
below T; (50 —60 minutes) than at temperatures
above the A transition, when the measurements
can be made in practice within 3 — 5 minutes after
the helium-bath temperature is established. Since
control measurements with pure He* have shown
that the equilibrium is reached here very rapidly
(3 —5 minutes) over the entire investigated tem-
perature range from 1.3 to 4°K, we can conclude
that as the bath temperature is lowered, the pyc-
nometer becomes unevenly cooled and the normal
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liquid carries the He® towards the colder portion
of the apparatus; then, as the concentration be-
comes equalized, the system acquires equilibrium
through a slow diffusion process. Figure 4 shows
typical settling curves for one of the experiments.
The solid curve was plotted for the point 1 of Fig.
5, and the dotted one for point 2, Comparison of
the two curves shows that point 2 lies above T,
while point 1 is in the He II region. Thus, the tem-
perature of the A transition can also be deter-
mined from the character of the equilibrium
curves.

To verify that the measurements made at tem-
peratures above T, were really performed in the
equilibrium state, several points (marked in the
table by asterisks) were obtained under conditions,
in which the required temperature was obtained by
placing a heater under the pycnometer bulb, After
the bath temperature was fixed, the heater was
turned off and the dependence of the position of the
level in the capillary on the time was plotted. The
points corresponding to equilibrium under these
conditions fit the p(T) curves quite well.

The experimental values of the densities of the
solutions differ somewhat from the theoretical
ones, calculated under the assumption that the
molar volumes are additive ( Fig. 6). For a given
concentration, this difference increases with the
temperature, reaching, for example, 8.5% at c =

P. PTUKHA

50% and T = 3°K. Such a behavior of the density
corresponds to a reduction in the molar volumes
of He® and He? upon dissolution.

In conclusion, I express deep gratitude to V. P,
Peshkov for valuable advice and help in this work.
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