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A method has been developed for measuring the magnetic susceptibility of liquids in

high magnetic fields at Tow temperature.

The method has been tested with liquid lHe

and liquid 3He. The sensitivity is adequate for an accurate measurement of the nuclear

paramagnetism of ligquid 3He at ) K and below.

INTRODUCT 1 ON

We have adapted the classical method! % of mea

suring the magnetic susceptibility of liguids to
low temperature measurements on THe and JHe lig-
uids. In essence, the susceptibility is deter-

mined from the liquid level difference in two

arms of a manometer in different magnetic flelds.

The high sensitivity is obtained because of the
high precision of capacitance measurements and
the use of high magnetic fields.

EXPERIMENTAL METHOD

The apparatus is shown in Fig. 1. Two sheets of
glass 0.5 cm x 4.0 cm and 0.015 cm thick are
separated at the edges by mylar spacers about

25 um thick. The inner faces of the glass are
coated with evaporated indium-tin alloy films

and have a capacitance when empty of about 70 pF.

The glass plates are held in a veritcal position

Figure 1 Liquid He manometer showing liquid
levels for H = 0 {(darkly shaded) and the
change in level Ah in a high magnetic field.
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in a metal container into which He gas can be
introduced through a capillary tube. The co-
axially shielded leads to the capacitance bridge
enter the container through epoxy seals. Be-
cause of the small separation of the capacitor
i)ates, the capillary rise in height of liquid
He is about 1.45 cm at 1 K and for 3He about
1.1 em at 0.45 K. The capacitor plates fit
closely in a slot in a short soft-iron cylin~
der, which is secured to the container wall.
When a uniform magnetic field is applied to the
region of the container, the soft-iron cylinder
decreases the field inside the slot. f the
liquid levels for H = 0 are as shown in Fig. |
{deeply shaded), then in a high field the level
in the capacitor will rise for a diamagnetic
liquid such as YHe, The Tiquid level in ‘the
container will decrease only slightly because
of its much greater surface area. The change
in height of the liquid in the capacitor, ex~

“cept for some small corrections, is

ah = x(#: - ) /209 M

Here x is the volume susceptibility of the
liquid and p is its density. H, is the magnetic
field at the liguid surface in éhe container
and Hy Is the field at the liquid surface in-
side the capacitor. For a diamagnetic liquid,
X is negative and Ah is a positive quantity.

In the present apparatus the decrease of the
magnetic field in the center of the iron cylin-
der is about 0.9 T at fields above the satura-
tion field of the iron, which is about 2.2 T.
The field on the surface in the cuter container
is slightly greater than the applied field.
Well above the saturation field for the iron,

Hy = Hy = AH is nearly constant and the rise
in height is given rather accurately by

Ah = x [ZH2 H - (AH)Z]/ZQQ, {2}

At very high fields Ah is nearly proportional
to the applied magnetic field.
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MEASUREMENTS {1

Figure 2 shows the measured rise in height in
the capacitor as a function of applied field (2}
for FHe at 1.2 K. 4Ah is neariy proportional to
H over much of the field range. The initial
bump near C.1 T is probably asscociated with the
alignment of domains in the iron. The region up
to about 1.2 T appears quadratic in H as oné
might expect before the iron is saturatedi” The
downward curvature near the highest field re~
flects the fact that the liquid level has moved
to very near the position of greatest shielding
in the center of the iron. The measured value
of H at 7.8 T agrees with the calculated value
using Eq. (2) and the known value of x.

Ah {mm)

4
H(TESLA)

Figure 2 : !nczgase in liquid level within the
capacitor for “He at 1.2 K as ‘@ furction of
magnetic field for the H = 0 level shown in
Fig. 1.

DISCUSSION

The least detectable rise in height in the pre-
sent measurementz was about 2 uym. This sensi-
tivity. allows X{"He) to be measured to 1 part
b 2000 provided we accurately know the amount
of magnetic.shielding, In practice we use “He
to.calibrate the eguipment for use with 3He.

At 1 K the nuclear .paramagnetic susceptibility
of 3He 1s about 7% of the atomic diamagnetic
term and varies as 1/T. In high fields at 1 K
it should be possible to measure the nuclear
term to about 1% and with increasing accuracy
at lower temperatures. Preliminary measurements
on “He agree with this analysis.
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