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COMPRESSIBILITY OF LIQUID He4 1 

M. H. EDWARDS AND W. C. WOODBURY 

I\I3STRACT 

The refractive index n, density p, and isothermal compressibility kT = (l/p;X 
(ap/aPh of liquid He' haye been measured a long isotherms between the satu
rated vapor pressure and 4.5 a tmospheres at 3.0°, 3.5°, 4.0°, 4.5°, and 5.0° K. 
The liquid was compressed in an optical cell 9.58 cm long in a Jamin interfero
meter. Changes in density were inferred through the Lorenz- Lorentz equation 
from refractive index changes measu red \\' ith a photomultiplier frin ge recorder. 
One fringe corresponds to a change in refractive index of (5.6!J!J±0.003)XlO- e 
in this apparatus. Densities range between 0.0!J95 g cm-3 at 5.0° K at the 
saturated vapor pressure and 0.1501 g cm-3 at 3.00 K and 4.5 atmospheres 
pressure. Compressibilities range between 65 X lO-8 cm 2 dyne- I at 5.0° K at 
the saturated vapor pressure and 1.16Xl0- 8 cm 2 dyne-I at 3.0° ~{ and 4.5 
a tmospheres pressure. The limiting liquid structure fa ctors for zero-angle X-ray 
sca ttering a nd for coherent scattering of slow neutrons have been ca lcula ted 
from these density a nd compres~ib ilit y Jll ca~ur(' Jll (,lIts. III :1dditiDIl. the ratio of 
hea t capacities has been calculated at TO°, :3 .. 1', an d ·1.0° K ",here: other measu re
ments of the velocity of first sound are .\\·ailab!e. 

I :\TRODL'CTIO).' 

A study of the refrac tive index of li e" (Ecl\yarcis 105li , 1057, ]958) has bel 
extender! lo gi\-e further inform,ltioll 1)11 the liquid dl:llsily. The refracti 
index il, the densilY p, and the iSU lhertll a l comp ress ibilily kT = (l/p)(ap/ap 
of liquid TI el have now been l1len~ur('c1 al()'l~ isotherms bct\\'een the saturat( 
vapor pre:o:o-Ilrt (S\'P) a nd -L;j allllo~Jlllcr"'" ,II' :~. O o, :3.5°, 1:.0°,1.5°, and 5.0° I 
The compl cLc a bsence of "c1eatl 5P,\("'" '!'Ill tirl11S makes this optica l methq 
pa rti cularly attract ive at tCll1pCr;llllrt'" 1 d 1'1'I':;sun's wilc\'c the gas in tl 
connecting tubing is a large correctioll for direct pycnomctric mcthods. T1 
liquid density has not previollsly been I1lcasured above 1.2° K at any preSSll 
above the SVP, nor has the liquid compressibility been determined direc 
at any temperature or pressure. 

A knowledge of the isothermal compressibility of the liquid is needed f 
the interpretation of the scattering of X rays through small ?ngles, and t 
coherent scattering of slow neutrons, since such scattering is attributable' 
liquid density fluctuations . Furlhermore, the liquid compressibility is a ma 
important factor in the electrostriction calculations involved in the analys 
of the movement of ions in liquid helium (Atkins 1959; de Boer and 't JJ o 
HlGl). . 

2. I;\STRDnIDITATION 

The liquid was contained and compressed in a n optical cell 9.58 em long in 
special optical cryostat mounted on a J amin interferometer (Edwards 1951 

Hl57, 1958). A shift of one fringe in this apparatus implies a refractive ind 
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