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Compressibility of Liquid He4 as a Function of Pressure* 
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The compressibility, f'J= - (l/V) (aV /ap)r, of liquid He4 was measured from 1 atm to the melting pressure 
and between 1.6 and 2.5°K. AV and AP were determined from deflections of the cell walls. The normal 
decrease of f'J with increasing P was observed except in an area below the h line. For an isotherm crossing the 
h line, f'J showed a minimum at P <Px and a peak at P~. The minimum also occurred between the lowest T~ 
(1.76°K) and 1.70oK. The variation of f'J with P near Px, relative to f'J at 2.20oK, followed an equation 
of the form f'JT-f'J2.2= a-b log IP-P~I, where a and b for P <P~ are greater than a and b for P>P~. Between 
the T limits of the h line, (af'J/aT)p was definitely negative for P just above P x, but it approached zero for 
P»P~. 

I. INTRODUCTION 

I N general, the isothermal com~res~ibility coeffi.cie~t, 
{3= - (1/V) (aV / ap)r, of a liqUId decreases with 

decreasing temperature and with increasing pressure. 
The anomalous increase of {3 with increasing pressure in 
liquid He4 near the A transition was first indicated by the 
density measurements of Keesom and Keesom.! Their 
Fig. 3 seems to show (ap/ ap)T at 30 atm rising above the 
values at 25 and 20 atm in a narrow temperature 
interval 1.8o-1.8S°K. However, the authors left the 
point without comment while they noted "as a re­
markable fact that the He II parts of the curves seem 
to approach at decreasing temperatures to a production 
of the He I parts. It looks as if there is an intermediary 
region of increased compressibility, which abruptly ends 
at the A curve." On the other hand, no pressure anomaly 
was shown by the adiabatic compressibility derived 
from sound-velocity data of Atkins and Stasior. 2 

Direct measurements of {3, i.e., through small /1P and 
/1 V at constant temperature, were made by Grilly 
and Mills3 over a short range of pressure and at several 
temperatures. The values of (3 peaked at P)., but the 
continuity of (3 was indefinite. However, it was clear 
that f3 had an anomalous variation with temperature 
near the A transition for P> P).. Then, Lounasmaa4 

measured f3 with very high resolution in the immediate 
vicinity (within 10-3 to 10-2 atm) of one A point 
(2.023°K and 13.04 atm). He obtained a linear variation 
of f3 with pressure on each side of P). and a discontinuity 
of 10% in f3 at P).. 

All these measurements left unanswered some ques­
tions. What is the nature of the expected minimum in 
the {3 versus P curve? Does the abnormal variation of f3 
with temperature near the A transition revert to 
normalcy at (P,T) far above (P).,T).)? To answer them, 

* Work performed under the auspices of the U. S. Atomic 
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f3 was measured directly as a function of pressure at 
several constant temperatures. 

II. EXPERIMENTAL 

A. Method 

The present measurements of compressibility in 
liquid He4 were done in a cell designed for general 
P-V-T work in liquid and solid He4 and He3• Essentially, 
each /1P and /1 V was measured by the deflection of 
diaphragms. The cell, shown in Fig. 1, consisted of 
three diaphragms joined circumferentially and left 
separated by two gaps, each of which was connected to 
a capillary tube leading to room temperature. The upper 
gap acted as the sample chamber, whose volume V u 
could be changed at will by the pressure of the liquid 
in the lower gap. The sample under study was confined 
to V u by a valve near the cell. The upper chamber pres­
sure P u was determined from the deflection of the top 
diaphragm, while the lower chamber pressure P L was 
measured at room temperature through the capillary. 
A t any time, V u could be determined from P u and P L 

through the formula 

Vu= VUo+(SU+SL)PU-SL,?L, 

where V Uo is the volume of the upper chamber for no 
deflection of the diaphragms, Su is the sensitivity of the 
upper diaphragm in tenns of volume change per unit 
pressure difference, and SL is the sensitivity of the 
middle diaphragm. Therefore, the compressibili ty of 

FIG.!. TheP-V-T 
cell. 
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the sample in Vu is 

1 dVu SL(dPL 
{3=- VudPu = Vu dPu 

SU+SL) . 

SL 
(1) 

Generally, the values of M are small enough to 
represent the differentials directly. With the cell 
characteristics Vuo=0.3380 cm3, Su=1.31Xl0-3 cm3 

atm-I, and SL= 1.09 X 10-3 cm3 atm-I, 

(3=2.5Xl0-3(ML/Mu-2.2) atm- I • (2) 

B. Apparatus 

The P-V-T cell was made from Be-Cu (Berylco-25) 
disks, welded together by an electron beam, then heat­
treated for favorable strength and elasticity. The cell 
was designed to measure a range of t:. V / V values from 
5XlO-s for thermal expansion to 10-1 for melting, a 
much greater range than needed here for the liquid 
compressibility. At 4°K, the diaphragm displacement 
at tl1e center was 3Xl0-4 cm atm-1 up to the maximum 
working pressure of 68 atm. The upper diaphragm 
deflection was measured with a Sanborn 959 DT 005 
differential transformer, whose output was put through 
a Sanborn 311 amplifier and read on a Weston dc volt­
meter. The resolution of 0.01 V corresponded to 10-3 

atm. The sensitivity was frequently checked between 
compressibility measurements against a room-tempera­
ture gauge. The diaphragm behavior seemed to stay 
constant, but the over-all sensitivity varied slightly 
with bath height (an effect of lead resistance) and with 
axial position of the transformer core. 

The volume of the upper (sample) chamber was 
calibrated against various pressures in the upper and 
lower chambers by metering withdrawn helium, gas 
at 296 and 76°K, liquid at 4°K. The molar volumes 
at 4°K were taken from Edeskuty and Sherman5 

after a -0.30% correction. The observed values of 
the volume sensitivity increased with temperature, 5% 
for 4 to 76°K and 14% for 4 to 296°K but were constant 
with pressure to 68 atm. 

A rigid requirement in the t:. V measurements was 
the tightness of the valve sealing the sample in the cell. 
The valve tip was a 55° cone of Teflon; its seat was a 
0.5-mm hole in the brass body. A leak test after each 
closing showed the valve to be tight in all cases. 

The pressure standards were: (a) a Consolidated 
Electrodynamics Corp. 6-201 gas piston gauge to 34 
atm; and (b) an Ashcroft 1313A oil piston gauge to 
68 atm. The first was. calibrated against other standard 
gauges and the CO2 sublimation pressure at the ice 
point; accuracy was better than 0.01%. Both piston 
gauges had calibrated weights so that pressure changes 

5.F. J. Edeskuty and R. H. Sherman, in Low Temperature 
Physics and Chtfmistry,.-edited h¥. J. R.' Dillinger (University of 
Wisconsin Press, Madison, WisconSIn, 1958), p. 102. 
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FIG. 2. Isothermal compressibility coefficient versus pressure 
for liquid He· at several temperatures. The measurements show 
no deviation from the curves on this scale. 

of 0.3 atm were known to 0.01%; this was useful in 
checking the consistency of the P-V-T cell diaphragm 
sensitivity. Routine pressure measurements were made 
with Heise and Seegers Bourdon-type and Consolidated 
diaphragm-type gauges. 

Temperatures of the liquid He4 bath were determined 
from vapor pressures' on the "1958 Scale".6 The bath 
pressure was regulated to less than 0.5 mdeg equivalent. 

m. RESULTS 

The isothermal compressibility coefficient {3 was 
measured directly over a wide pressure range, usually 
from about 1 atm to the melting pressure, for tempera­
tures between 1.60 and 2.500K. Typical results are 
shown in Fig. 2. The 2.200K curve illustrates the 
monotonic decrease of {3 with increasing pressure for 
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FIG. 3. Deviations of liquid He4 compressibility at 2.200oK 
from 0.30X 10-3+ (72.0X6.66P)-1. • present measurements; 
o derived from density data of Keesom and Keesom (Ref. 1); 
o derived from density of Edeskuty and Sherman (Ref. 5) . 

6 F. G. Brickwedde, H. van Dijk, M. Durieux, J. R. Clement, 
and J. K. Logan, J. Res. Nat!. Bur. Std, (U. S.) MA, No. 1 (1960). 


