
VOLUME 108 B+C (1981) Nos 1-3 ISSN 0378-4363 

AUGUST-SEPTEMBER 1981 (II) 

o 
~O . 
I 

EUROPHYSICS JOURNAL 


Proceedings of the 

16th International Conference 
on Low Temperature Physi 

LT-16 
Part II-Contributed papers 

University of California, Los Angeles 
19-25August 1981 

PHYSA 108 B+C (1-3) 751-1390 (1981) NORTH-HOLLAND AMSTERDAM 



Physica 108B (1981 ) 1063·1064 QE 7 
North-Holland Publishing Company 

MANOMETRIC MEASUREMENT OF MAGNETIC SUSCEPTIBILITY OF 4He AND 
MAGNET I C FIELDS 

R. Meservey and P.M. Tedrow A 

Franci Bitter National Magnet laboratory· 
Massachusetts Institute of Technology 

Cambridge, MA 02139 USA 

J.S. Brooks and G.O. Zimmerman 
Physics 	Department, Boston University 

Boston, MA 02215 USA 

LI QU IOS IN HIGH 

A method has been developed for measuring the magnetic susceptibility of liquids 
high magnetic fields at low temperature. The method has been tested with liquid 
and liquid 3He. The itivity is adequate for an accurate measurement of the nuclear 
paramagnetism at I K and below. 

INTRODUCTION 

We have adapted the classical method l ,2 of mea 
suring the magnetic susceptibil ity of lids to 
low temperature measurements on 4He and liq
uids. In essence, the susceptibil ity is deter
mined from the liquid level difference in two 
arms of a manometer in different magnetic fields. 
The high sensit vity 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. I. Two sheets of 
glass 0.5 cm x •. D cm and 0.015 cm thick are 
separated at the edges by mylar spacers about 
25 ~m 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 

Fi : liquid He manometer showing liquid 
evels for H = 0 (darkly shaded) and the 

change in level 6h 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 
plates, the capillary 

The capacitor plates 

rise in hei Ii id 
4He is about 1.45 cm at I K and 
1 I em at 0.45 K. 
closely in a slot in a short soft-iron cyl in
der; which is secured to the container wall 
When a uniform magnetic field is appl ied to the 
region of the container, the soft-iron linder 
decreases the field inside the slot. I the 
I iquid levels for H ; 0 are as shown in Fig. I 
(deeply shaded), then in a high field the level 
in the capacitor wi I I rise for a di 
liquid such as 4He. The liquid 
container will decrease only 51 ightly because 
of its much greater surface area. The change 
in height of the liquid in the capacitor, ex
cept for some small corrections, is 

level 

(1) 

Here X is the volume susceptibility of the 
liquid and P is its density. H

J 
is the magnetic 

field at the liquid surface in the container 
and is the field at the liquid surface i 
side capacitor. For a diamagnetic liquid, 
X is negative and 6h is a tive quantity. 
In the present apparatus decrease of the 
magnetic field in the center of the iron cyl in
der s about 0.9 T at fields above the satura
t on field of the iron, which is about 2.2 T 
The field on the surface in the outer container 
is 51i ly greater than the applied field. 
Well the saturation field for the iron, 
HI - H2 ~H is nearly constant and the rise 
in height is given rather accurately by 

(2)6h 

At very high fields 6h is nearly proportional 
to the appl ied magnetic field. 
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Figure 2 shows the measured rise in he! in 
the itor as a function of applied eld 
for at 1.2 K. 6h is nearly proportional to 
H over much of the field range. The initial 
bump near 0.1 T is probably associated with the 
alignment of domains in the iron. The region up 
to about 1.2 T appears quadratic in H as one 
might expect before the iron is saturated. The 
downward curvature near the highest fieJd re
flects the fact that the 1 i id level has moved 
to very near the position shielding 
in the center of the iron. measured value 
of H at 7.8 T with the calculated value 
using Eq. the known value of X. 

Figure 2 : 
capac i tor for 
magnetic field 
Fig. I. 

DISCUSSION 

The least detectable r se in height in the pre
was about 2 vm. This sensi 

to be measured to I part 
in 2000 provided we accurately know the amount 
of ic shield . In practice we use 4He 
to ca ibrate the equ pment for use with 3He. 
At 1 K the nuclear paramagnetic susceptibility 
of 3He is about 7% of the atomic diamagnetic 
term and varies as lIT. In high fields at I K 
it should be possible to measure the nuclear 
term to about 1% and with increasing accuracy 
at temperatures. Preliminary measurements 
on agree with this analysis. 
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