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Source of Data: 
clement, J. R., e t  a,, P*s. Rev. E, 74 -4 &Qct. 1955) 

 em, R. =a Swmson, e. A . ,  phys. RES-. B~ NO. 2, 311-14 (JUIY 1954) 
Es ichon,  'Re A. and Roberts, L. D.) %yse Rev. 

&;ratch, 8 .  

Other References: 

97-62 (Mar. 3-9441 
Trm.5 e MME E, 

V a n  DiJk, E. aad Durieux, M., 9 
r th  Holland Publis Y 

van Bijk, H. and Shoenberg, D. 
Worley, R. D., Zemansky, M. W. and Bmose, E. A. 
(Jm. 1954) 

~ature, 1.64, 151 (JLLY I 
Phys;. 

coments : 
The Absolute temperature scale (Q 'C = 273.16"~) was used in the table 
of selected ve;lues below. 
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DENSITY of U: 

(A t  Saturation) 

Source of Data:  
Berman, R. and Mate, C. Far  Phil. Meg. (8) 3, 4-61-63 (Mw 1958) 

Kerr, E. C.# Je Chem. phys. - 26, 5U-14 (Mu=. 1957) 
Other References : 

Ham, N. S. Roy. AustraLjban ckem, Inat. J. b Pro(:. XJ" 273-83 
(July 19501 
ICeUer, W. E.,  Fhys. Rev. 97, No. 1, 1-8 (Jan. 1955) 
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COMPRESSIBILITY FACTOR for HELIUM 
[ P i  Pressure, ( a h )  ; Z = Compressibility Factor 1 
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Temperature, % 

20 25 30 40 50 60 70 80 go 100 1x1 140 160 180 2~ 2&1 300 
1.067 1.231 
1.001 1.001 

1.149 1.314 1.478 1.806 2.135 2.463 
1.001 1.001 1.001 1.001 1.001 1.001 

1.026 1.232 1.438 1.644 1.850 2.056 2.467 2.879 3.290 3.701 4.523 5.346 6.168 
1.001 1.002 1.002 1.002 1.003 1.003 1.003 1.003 1.003 1.003 1.003 1.003 1.003 
1.232 1.480 1.727 1.974 2.221 2.468 2.962 3.456 3.950 4.444 5.431 6.419 7.406 
1.001 1.002 1.003 1.003 1.003 1.003 1.003 1.003 1.003 1.003 1.003 1.003 1.003 

1.149 1.438 1.727 2.016 2.304 2.593 2.881 3.458 4.034 4.6n 5.187 6.340 7.493 8.645 
l.W 1.002 1.003 1.003 1.004 1.004 1.004 1.004 1.004 1.004 1.004 1.004 1.004 1.004 

1.104 
,9975 

1.020 1.227 
.9948 .9375 

1.619 2.037 2.455 
,1872 .9933 .9978 
2.423 3.055 3.688 
.9a48 .9932 .9993 

1.313 1.644 1.974 2.305 
1.001 1.002 1.003 1.004 

1.477 1.850 2.222 2.594 
1.001 1.003 1.004 1.004 

1.642 2.056 2.470 2.884 
1.001 1.003 1.004 1.005 
3.292 4.129 4.964 5.798 
1.004 1.007 1.009 1.010 

4.956 6.221 7.484 8.743 
1.007 1.Ol.l 1.014 1.015 

2.635 

2.966 
1.004 

1.005 
3.297 
1.005 
6.630 
1 .ou  
10.00 
1.016 

2.965 3.295 3.954 4.613 5.273 
1.004 1.004 1.005 1.005 1.005 
3.337 3.709 4.451 5.193 5.935 
1.005 1.005 1.005 1.005 1.005 
3.710 4.123 4.948 5.773 6.598 
1.005 1.006 1.006 1.006 1.006 
7.461 8.292 9.953 11.61 13.27 
1.011 1 .on  1.011 1 . o n  1 .ou  
11.26 12.51 15.02 17.52 20.02 
1.017 1.017 1.017 1.017 1.017 

15.09 16.78 20.14 23.50 26.86 
1.023 1.023 1.023 1.023 1.023 

5.932 7.250 8.568 9.886 
1.005 1.005 1.005 1.005 
6.677 8.161 9.644 1 i . i g  
1.005 1.005 1.005 1.005 
7.423 9.073 10.72 E .37  
1.006 1.006 1.006 1.006 

14.93 18.25 21.57 24.89 
1.011 1.012 1.012 1.012 

22.53 27.53 32.54 37.55 
1.017 1.017 1.017 1.018 

30.21 36.93 4 . 6 5  50.37 
1.023 1.023 1.024 1.024 

3.226 4.075 4.928 
.9835 .9939 1.001 

6.633 8.335 10.03 11.72 
1.011 1.016 1.019 1.021 

13.41 
1.022 

4.031 5.101 6.175 8.326 10.47 ~2.61 14.74 16.86 18.98 21.09 25.32 29.55 33.77 37.99 46.44 54.89 63.34 
.9829 a9952 1.004 1.015 1.021 1.025 1.027 1.028 1.028 1.029 1.029 1.025 1.029 1.029 1.030 1.030 1.030 
4.837 6.132 7.432 10.04 12.63 15.21 17.78 20.35 22.91 25.46 30.57 35.67 40.77 45.87 56.07 66.27 76.48 
.9829 .9969 1.007 1.020 1.027 1.031 1.033 1.034 1.035 1.035 1.035 1.036 1.036 1.036 1.036 1.036 1.036 
5.645 7.169 8.700 11.76 14.81 17.85 20.87 23.88 26.89 29.89 35.88 41.86 47.85 53.84 65.82 77.80 89.79 
.9834 ..9991 1.010 1.025 1.032 1.036 1.039 1.040 1.041 1.041 1.042 1.042 1.042 1.042 1.042 1.043 1.043 
6.458 8.214 9.979 13.51 17.02 20.52 23.99 27.46 30.91 34.36 41.25 48.14 55.03 61.91 75.70 89.49 
.9843 1.002 1.014 1.030 1.038 1.042 1.045 1.046 1.047 1.048 1.048 1.048 1.048 1.049 1.049 1.049 

7.274 9.266 11.27 15.27 19.26 23.22 27.15 31.08 34.99 38.89 46.70 54.49 62.29 70.09 85.70 
.9855 1.004 1.018 1.035 1.044 1.049 1.051 1.053 1.053 1.054 1.054 1.055 1,055 1.055 1.056 
8.095 10.33 12.57 17.06 21.52 25.95 30.36 34.74 39.12 43.48 52.21 60.93 69.65 78.38 95.84 
.g870 1.007 1.022 1.040 1.050 1.055 1.058 1.059 1.060 1.060 1.061 1.061 1.062 1.062 1.062 

9.751 12.48 15.22 20.69 26.13 31.52 36.88 42.21 47.53 52.84 63.45 74.06 84.67 95.29 
,9909 1.014 1.031 1.051 1.062 1.068 1.071 1.072 1.073. 1.074 1.075 1.075 1.075 1.076 
11.43 14.67 17.92 24.41 30.85 37.24 43.57 49.88 56.17 62.45 74.99 87.54 
.9957 1.022 1.040 1.063 1.075 1.081 1.084 1.086 1.087 1.088 1.089 1.089 
13.14 16.9 20.68 28.23 35.70 43.10 50.45 57.75 65.04 72.31 86.85 
1.001 1.030 1.051 1.076 i.088 1.095 1.099 1.100 1.102 1.102 1.103 

14.88 19.18 23.51 32.14 40.68 49.13 57.51 65.84 74.15 82.45 99.05 
1.008 1.039 1.062 . 1.089 1.102 1.109 1.113 1.115 1.116 1 . ~ 7  1.118 
16.64 u . 5 1  26.41 36.16 45.80 55.32 64.76 74.15 83.52 92.88 
1.015 1.049 1.073 1.102 1.ll7 1.124 1.128 1.130 1.132 1.133 
18.45 23.90 29.38 40.29 51.06 61.69 72.22 82.70 93.16 
1.023 1.060 1.086 l.ll7 1.132 1.140 1.144 1.M 1.148 

20.29 26.34 32.43 44.54 56.47 68.26 79.93 91.54 
1.031 i.on. 1.0- 1.132 1.148 1.156 1.160 1.163 
22.17 28.85 35.57 48.91 62.06 75.02 87.85 
1.040 1.082 1 .U2  1.147 1.164 1.173 1.177 

26.07 34.07 42.10 58.07 73.73 89.16 
1.060 1.108 1.141 1.180 1.199 1.208 
31.22 41.01 50.86 70.34 89.40 
1.088 1.143 1.181 1.225 1.246 
36.73 48.51 60.34 83.66 
1.120 1.183 1.226 1.275 
42.66 56.65 70.66 98.21 
1.156 1.228 1.276 1.331 
49.10 65.52 81.96 
1.198 1.278 1.333 

56.12 75.28 94.42 
1.244 1.335 1.396 
63.84 86.08 
1.297 1.m 
72.38 98.13 
1.358 1.473 

1.427 
92.72 
1.508 

81.93 

Reprinted from: "Compressibility Factor for Helium", Data Sheet 11.001 i n  A Compendium of the Properties of Materials a t  Low Temperature 
(Pnese 11) by the National Bureau of Standards, Cryogenic Engineering Laboratory, R. E. Stewart and V. J. Johnson, 
General Editors; W r i & t  A i r  Development Division, U. S. A .  F . ,  WADD Technical Report 60-56 
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SPECIF'IC HEAT O f  LLQW RGIJUM 
(A t  Satupretion) 

Source of Data: 
H i l l ,  B, W. and Lounasnraa, 0. V., Phil. Mag. ( 8 )  gp 143-46 (Feb. 1957) 

Other References : 
Wiebes, C. C., Niels-Ha.kken?erg, C. 0. and 
-9 23 625-32 (1957) 
Markham, A. H., Thesis submitfxd for Degree of Doctor of Philisaphy, 
univ. Wisconeb (1958) 

rs, H. C., Physics 

Keesom, W. He, Helium -' Elsevier, Amsterdam (1942) 

Comments : 
The absolute temperature scale (O°C = 27'3.16% = 491.69%) was used 
i n  the Table of Selected Values below. 

!#?mperature 

1.8 
1.85 
1.9 

2.8 
2.05 
2.10 

2.15 
2.1735 
2.2 

2.3 
2.4 
2.6 
2.8 

3.24 
3.33 
3.42 

3.60 
3 069 
3.78 

3 *m 
3 -91 
3 096 

4.14 
4.32 
4.68 
5 

Specific Heat (c,) 
Joules 
-G= 
2.81 
3.26 
3 -79 
5.18 
6.16 
7.51 

9.34 
12.6 
3 -98 

2.38 
2.44 

2 
2.34 

Reprinted f r o m  WADD TEC 

BTU ix-5 
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0.559 
. REPOR'I 

I 

60-5 6 

Specific &at (c,) 
iJoules 
3 

2.49 
2.69 
2.97 

3.26 
3-60 
3-99 
4.48 
5 e 1 1  
5 094 

7.53 
u.5 
13.5 

0 595 
0.643 
0 -710 

0.779 
0 e 8 6 0  
0 e953 

1.w 
1.22 
1.42 

1.80 
2 .75 
3 0 2 3  
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SPECIF'IC ElEAT (Cp) of HELIUM 

Source of Data: 

I~unasma, 0. V., Thesis submitted fo r  the Ikgree of Doctor of 
Philosopy, University of oxford 19p. 

Other References : 

Itterbeck, A. Van, will. I n a t .  Intern. Froid, Annexe, 1955-2, 
99-106 (1955 1; 
&.Si, J. F., Trass. AsMg 76, NO-. 7, 1067-74 (Oct. 1954); 
Akin, 9. w., TEUlS. ASME 72, 741-57 (Aug. 19%); 
Zelmanov, J., Journal of Phys. (USSR) 3, No. 1, 43-52 (1940); 
Zelmanov, J., Journal of phyr,. (USSR) 8, No. 3, 129-134 (1944). 
Keesom, W. H., Helium, Elsevier, Amstekam (1942) pp494 

Specific Heat at Constent Fressure, cal/gn -"K 

Temp 

"K 

6 

6.5 

7 

8 

9 

10 

12 

14 

16 

18 

20 

3 
atm 

2.91 

2.1b 

1.81; 

1.55 

1.46 

1.40 

5 
a t m  

3 040 

2.83 

1.96 

1.67 

1 - 5 3  

1.42 

1.37 

1.34 

1.32 

6 
a t m  

2.25 

2.84 

2.17 

1.78 

1.61 

1.46 

1-39 

1-35 

1.33 

1.31 

10 
atm 

1.18 

1.35 

1.53 

1.93 

1.96 

1.81 

1-59 

1.47 

1,b 

1.36 

1.34 

l*Q9 

1.20 0.90 

1.41 1.02 

1,60 1.14 

1.71 1.25 

1.64 1.40 

1.52 1.47 

1.45 1.48 

1.41 1.46 

1.38 1.44 

50 
atm 

0.67 

0.74 

0.87 

0.91 

1.05 

1.18 

1.28 

1.3'1 

1.41 

1.43 

8 

,70 
atm 

0.615 
- 

0.71 

0 079 

0.87 

0 995 

1.08 

1.18 

1.22 

1.32 

1.37 

Repr in ted  from WADD TECH. REPORT 60-56 
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HEXI! of ~ A P O € Q ~ O N  of HELLUM 

Source of Datal 
Beman, R. and Mate, C. R., Phil. Mag. (8) 3, 461-69 (May 1958) 

Dranen, J. Van, J. Chem. Phys. a, 213 (Jan. 1955) 
Keesom, W. E[., Helium, Elsevier, AmsterdaJn (1942) 
Ibsenbaum, B. and Atkins, R., B u l l .  Am. Phys. Soc. - 1, a 8  (1956) 
Van Dijk, E. and Durieux, M., Progress in Low Temperature Physics, Vol. 
11, North Holland Publishing Co., Amsterdam, The Netherlands (1957) 480 pp. 

The Absolute temperature scale (OOC = 273.16'K) was used in the table 

Other References: 

C0mmen.t;~ I 

of selected values below. 

Ttmp . 
"K 

2.20 

2 .40 

2.60 

2.80 

3 -00 

3.20 

3.40 

3 *60 

3 -80 

22.8 

23.1 

23 -3  

23.5 

23 07 

23.6 

23.5 

23.2 

22.7 

4 .oQ 

4.20 

4.40 

4.60 

4.80 

5 .a, 

5.10 

5 -15 

5.18 

21.9 

20 -9 

19 97 
18 .o 

15.6 

12 .0 

8 *99 

6.70 

4 .oo 
Reprinted f r o m  WADD TECH. REPORT 60-56 
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HELIUM 

Properties of Saturated Liquid and saturated Vapor* 

Temp Pressure Vobune (cm3/g) Enthalpy (j/d htrOPY ( j /P OK) Temp Pressure Volume (cm3/g) Enthalpy ( j /e)  h t r o p y  ( j / g  'K) 

Liquid Vupor Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor Li iuid Vapor 

3.0 0.241 7.085 224.1 5.30 28.96 2.356 10.247 . 4.0 0.814 7.'17Y 73.86 8.81 30.72 3.255 8.336 

3.6 0.529 7.939 111.5 7.18 30.34 2.883 9.322 4.6 1.417 8.547 40.72 12.33 30.32 3.920 7.845 
3.8 0.661 7.597 90.50 7.93 30.59 3.059 9.023 4.8 1.672 9.033 32.87 13.88 29.119 b.188 7.473 

Sat  O K  n tm Sat  Sat Sqt Sat Sat *it O K  s t m  S . t  Sat S u t  Sat  Sat 

3.2 0.320 7.185 174.8 5.85 29.48 2.527 9 .9 l l  4.2 0.990 7.?F.9 60.61 9.85 30.7y 3.460 8.443 
3.4 0.416 7.303 138.7 b.47 29.93 2.690 9.606 4.4 1.190 8.231 45.m lO.?6 30.65 3 . 6 7 b  8.150 

5.0 1.559 9.940 25.67 16.00 28.02 4.598 7.000 
* From published data  i n  National Rurcnu of Standards, Technical Note No. 154 (Jan 1962) 

Properties of Liquid and vapor* 

Temp 1 P = 0.5 :Atm 
"K (Sat  t 1 = 3.56" 

P = 1 atm 
3 = 4.21'K) 

P = 2 atm 
(Sat  temp = 5.03'K) 

P = 5 a t m  P i 10 atm 

h 

j /g  

(Sat  Liq) 7.41 
(Sa t  Viper) 117.6 

2.84 
Y.38 

2.34  
10.12 
11.39 
12.38 
13.95 
15.111 
17.27 
18.78 
l(j.94 
20.85 
22.39 
24.49 
25.59 
27.15 
28.07 
28. go 

__. 

30.20 
31.24 
32.11 
32.85 
- - 

8.01 
59.83 

4 
100.1 
15'1.3 
198.1 
304.: 
408.6 
512.2 
615.4 
821.3 

1232 

2053 

2813 

45111 

6154 

i643 

2463 

3693 

5334 

- - 

3.47 
8.43 

2.32 

-SF 
10.76 
12.41 
13.611 
15.81 
17.32 
18.49 
19.44 
20.94 
23.05 
24.55 
25.71 
26.65 
2'1.46 
28.76 
29.80 
30.67 
31.41 
- - 

- 
1.66 
2.20 
2.73 
3.21 
4.15 
5.15 
7.40 
9.12 

10.43 
11.48 
13.10  

16.83 
18.01 
18.ah 
19.77 
21.08 
22.13 
23.00 
23.75 

15.30 

4.67 
6.90 

2.28 
3.14 

4.55 
8.50 

io.  78 
12 * 01) 
14.32 
15 .& 
17.04 
17.',9 
19.50 
21.61 
23.11 
2b.27 
25.21 
26.01 
27.32 
28.36 
29.23 
25. YI 
- - 
- 

1.50 
2.01 
2.49 
2.93 
3.75 
4.65 
6.66 
8.25 
9.53 

lo.  58 
12.20 
14 .42  
15. ,~7 
17.15 
18.11 
18.92 
20.24 
21.28 
22.16 
22.9u 

10 * 18 
24.33 

6.8'1 

-7% 
72.35 
95.82 

150.7 
903.7 
256.0 
307.9 
411.3 
617.2 
822.7 

1028 
1233 
1438 
1848 
225Y 

3074 
2665, 

16.5 
27.7 

6.3 

4- 
51.3 
62.9 
90.5 

117.1 
143.5 
169.8 
222.1 
326.3 
430.3 
534.3 
638.2 
742.1 
949.9 

1157.6 
1365.3 
1573.1 

= 60 atm 

7.0 
j0.2 * 
38.6 
4 4 . 1  
55.0 
65.7 
~~2.0 

118.2 
144.2 
170. I 
222.3 
326.2 
430.1 
534.0 
631.9 
741:j 
947.4 

1157.2 
1364.Y 
1572.6 

10.0 
30.9 

114 
42.3 
53.8 
64.8 
91.5 

117.8 
1411.0 
1'10.1 

222.2 
326.3 
430.2 
534.1 
638.0 
741.7 
945.6 

1157.3 

1572.7 
1365.0 

i 1- 186. I 
8.1 

10.7 
14.5 
21.2 
43.3 
57.6 
87.5 

115.3 
142.3 
168.2 
221.7 
326.4 
430.7 
53l1.9 
638.3 
742.0 
950.7 

1158.5 
1366.3 
1574.1 
- - 

2.17 
2.91, 
3.82 
5.02 
8.24 
4.84 

12.28 
13.08 
15.08 
16.06 

17.57 
19.70 
21.20 
22.36 
23.31 
24.11 
25.42 
26.46 
27. j3  
zb.07 
- - 

c .f>O 
6.114 
7.71 
9.54 

35.01 
58.89 
8o.jg 

123.0 

23.71, 

l G 2 . 4  

165.4 
248.3 
330.7 
413.10 
4Y5.l 
577.3 
741.4 
qiG5.6 

1070 
1 2  34 

10.9 2.05 

l t . 5  3.47 
lj. j 2.74 

20.'( 4.24 
33.7 6.08 

6 211.i 
8 I 318.3 

304.1 ! I 818.5 
25 1025 

611.7 

j o  1230 

5Li.l 7.';2 
83.5 10.64 

111.7 12.33 
140.5 12.57 
167.7 14.56 
221.3 16.10 
326.8 I 18.24 

144.1 22.67 
J52.2 23.J7 

1150.1 25.02 
1367. r~  25.85 
1575.7 26.63 300 I 12304 
1 

P = 80 atm P = 100 r t m  P 40 Q t m  

27.4 
27.2 
31.4 
34.1 
40.6 
49.7 
77.1, 

1 0 7 . 4  
136.3 
165.7 
221.7 
330.2 
4j6.7 
542.2 
647.3 
752.0 
960.9 

1169.4 
1377.7 
1585.8 

P = 20 atm 

6.06 18.7 
6.28 
6.59 
7.56 

- 
48. Y 
50.1, 
53.1 
58.4 
65.9 
83.2 

115.3 
142.8 
170.9 
227.1 
337.2 
4115.1 
551.7 
65'1.6 
762.7 
,-e. 8 
1187 .o 
1390.8 
1599. J 

- 
5.42 
5.52 
5.63 

h.22 
6.79 
8.86 

11.49 
14.28 
l7.07 
22.57 
33.31 
llj.86 
54.70 
64.69 
75.05 
95 ..IO 

5.m 

116.3 
136.1, 
157.4 - 

---T--- 5.12 
5.20 
5.28 
5.39 
5.66 
6.01 
7.20 
8.73 

10.47 
12.25 
15.94 
23.16 
30.24 
Y1.25 
~111.21 

51.14 
64.95 
78.71 
92.45 

106.2 

37.5 
39.2 
41.3 
43.7 
45.5 
57.5 
82.4 

110.2 
138.9 
161.5 
223.9 
353.5 
l,l,f>. 7 
>46., 
652. j 
'157. JI 

ILL.:, 
1175.7 
1384.2 
15'12 .G 

1.8G 
2.32 
2:/2 
3.48 
4.32 
6.19 
7.63 
8.92 
5.94 

11.56 
13.80 
15.35 
16.54 
l-(.',O 

18.31 

20.69 
21.55 
22.30 

kI.63 

1 .'(I8 
2.18 
2.56 
:.28 
18.07 
5.86 
7.29 
8.47 
5.47 

11.07 
13.31 
ll l .B7 
16.06 
17.Lij 
17.ClJ4 
1 -.I<. 
20.22 
C l . C ,  
21.8;. 

4.96 
5.03 
5.11 
5.32 
5.57 
6.40 
7.45 
8.66 
9.96 

12.6-1 
18.10 
23.411 
28.73 
33 .$ j l  
39. lj 
113.5~ 
59.52 
70.24 
80.54 

!I .yii $.; 
4.84 LCl.2 
4.:11 c2.j 
5.07 L7.3 
5.27 7 4 . 4  
5.70 96.6 
6.69 121.6 
7.61 148.0 
8.61 175.4 

10 I 9.13 I 1 0.24 

20 20.70 105.2 10.72 

30 31.94 166.2 13.04 

15 14 .80  8.Ob 

25 26.39 138.2 12.02 

40 42.76 220.9 14.61 
60 63.92 327.6 16.78 
80 84.78 433.0 18.30 

100 105.5 537.9 19.47 
120 126.2 642.4 20.42 
140 146.8 746.7 21.22 
180 188.0 955.1 22.53 
220 229.1 1163.2 23.58 
260 270.1 1371.2 24.144 
300 311.2 1577.1 25.19 

10.73 231.0 

2j.61 556.7 

15.0'1 341.3 
19.j6 441.6 

27.82 662.8 

* From published data, National Bureau of Standnrds, Technical Note 154 (Jan 1962) 
Wold horizontal l i n e  indicates phase change (Liquid above, vapor below the l ine).  

Conversions f o r  Units, t o  Equivalent i n  Bri t ish System of Units: 
To convert terperuturc i n  degrees Kelvin (OK) t o  degrees Rankine (OR), multiply (*K) by 1.8 
Tu convert pressure i n  itmospheres (atm) t o  (pais) ,  multiply (atm) by 14.696 
To convert volume (v) I n  cubic centimeters per  gram (cm3/g) t o  (cu ft/lb), multiply icm"/g) by .016018 
To convert enthalpy (h) i n  joules per  gram (j/g) t o  (Btu/lb) , multiply (j/g) by .I42953 
To convert entropy ( 8 )  i n  j o u l e 6  per  gram "K (j/g'K) t o  (Btu/lh"R), multiply (j/g'K) by .23885 
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THERMAL CONDUCT1 V I  TY 
o f  L I Q U I D  HELIUM 

T E M P E R A T U R E ,  OK 
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TEERMAL CONDUCTIVITY of LIQUID EELIUM 
(a t  Saturation) 

Source of Data: 
Grenier, C., Phys. Rev. 83, No. 3, 589-603 (1951) 

Other References: 
Bowers, I. R., Proc. Phys. Soc. (London) - A65, 5x1.-18 (1952) 
Brewer, D. F. and Edwards, D. O., Proc. Phys. SOC. (London) 

Fairbank, H. A. and Wilks, J., Phys. Rev. 95, 277-8 (July 1954) 
I.-.- 71, 117-125 (1958) 

Comments : 
The thermal conductivity i s  a l inear  function of temperature 
between 2.5" and 4.5"K. 
The Absolute Temperature Scale' ( O O C  = 273.16"K = 491.56"R) was 
used i n  the table of selected values below. . 

Temperature 

2.3 
2.4 
2.6 
2.8 
3 -0 
395 
4.0 
4.2 

O R  

4.14 
4.32 

4.68 
5.04 
5.4 
6.3.  
7.2 
7.56 

Themmil Conductivity 
milliwatts 

cm- "K 

0.181 
.185 
195 

0205 
. u 4  
.238 
.262 

.271 

BTU 
f t  hroR 

0.010 45 
.oio 65 

. o n  81 

.012 35 

.013 71 

.015 1 

.oi5 65 

.OU 25 

Reprinted f r o m  WADD TECH.REPORT 60-56 
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!IEEZWL CONDuCmVITY of GASEOUS EELIUM 
(Near One Atmosphere) 

3ource of Data: 

Akin, S. W., Trans .  ASME 72, 751-57 (Aug. 1950) 
Other References: 

Amdur, I., J. Chem. Phys. - 15, No. 7, 482-85 (July 1947) 
Hawkins, G. A . ,  Trans.  ASME - 70, 655 (1948) 
Hilsenrath, J. and Touloukian, Y. S., Trans.  ASME 76,  No. 6 (Aug.' 1954) 
Kannuluik, W. G. and Carman, E. H., Proc. Phys. SOC. (London) 3, . 
No- 393, 701-9 (Sep-t. 1952) 
Keyes, F. G., Trans .  ASME 73, 589 (JiiLy 1951) 
Keyes, F. G., Trans.  ASME 76, No. 5, 809-16 (July 1954) 
Waelbrock, P. Zuckerbrodt, J. Chem. Phys. 28, 523 (1958) 

Comments : 
The Absolute temperature scale (0°C = 273.16'K = 491.56"R) was used 
in the table below. 

9c 

Temperature 

"R 

5.38 
10.94 

22.05 
g .61 
33 -16 

88.72 
144.27 
199 83 

366.49 

16.49 

255 *38 

~ 

9 -69 
1-9 69 
29 069 

39 69 
49 *69 
59.69 

159 9 69 

359 -69 

459 -69 
659 9 69 

259 69 

"F 

-450 
-440 
-430 

-420 
-410 
-4oo 

- 3 0  
-200 
-100 

0 
200 

Them1 Conductivity 

0,109 
0.183 
0.233 

0.m 
0.322 
0 363 

0.69% 
0 095 
1.16. 

1.37 
1 *73 

0.0063 
0.0106 
0.0133 

0.0160 
0.0186 
0.0210 

0.0400 
0.0550 
0.0673 

0.0792 
0.1Ooo 

Repr in ted  f r o m  WADD TECH. REPORT 60-56 
1 
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DIGLECPRIC CONSTARl? OF LIQUID HELIUM 

Sources of Data: 

Wolfke, M.,and Gnnes, H. K. (1924), Further Experbents wlth Liquid Helium. Wolfke on 
the Dielectric Constant of Liquid Helium. , Verslag Gemne Vergader. Afdeel. Natuurk. 
Ned. Akad. Wetenschap. 22,696-700; 
Proc. Acad. Sci. Ameterdam 3, 6 n  (1924); C.A. I.& 758 (1925). 

Liquid Helium w i t h  the Temperature. 
Vergader. Mdeel. Natuurk. led. Akad. Wetenschap. 36, mg-17; Corn. Phys. Lab. 
Univ. Leiden No. 1 9 a  (1927); Roc. Acsd. Sci. A m s c r b m  2, 81-89 (1928); 
C.A. 22, 18% (1928). 

Communs. Phys. Lab. Univ. Leiden lo.  1 P b  (1924); 

Wolfke, M.,and Keesom, W. H. (1!727) , Ch the Change of the Dielectric Constant of 
Provisional Measurements., Verslag Gemne 

WoUrfe, M.,and Keesom, W. H. (1928) , New Measurements About the Way in which the  
Dielectric Constant of Liquid Helium Depends 
Vergader. Afdeel. Natuurk. Ned. Akad. Wetenschap. z, 533-39; Roc. Acad. Sci. 
Amsterdam 1, 800-06 (1928); Cormmurs. phys. Lab. univ. Leiden No. lg2a (1928); 
C.A. 22, 4$i8 (1928). 

on the Temperature., Verslag Gemne 

Keesom, W. H. 

Benedicks , C. 

(19&) , Helium, Elsevier Pablishing Company, Amsterdam, page 322. 

(1948) , On the Nature of "Suprafluid" Helium 11. , Arkiv. Mat. Astron. 
F p i k  s, NO. 10, 1-21; C.A. 43, 455 (1949). 

Grebenkemper , C. J. , and Hagen, J. P. (1950) , The Dielectric Constant of Liquid Hel ium. ,  
Phys. Rev. 80, 89; C.A. 2, 406 (1951). 

Natl. Bur. Standards Circ. lo .  514; C.A. 46, 2357 (1952). 

Lynch , E. J. 
Thesis. 

Maryott, A. A.,and Smith, E. R. (1951) , Table of Dielectric Constants of Pure Liqdds., 

(1956), On the Lambda Point in Liquid Helium., Duke University, Master's 

Chase, C. E. , Maxwell, E.,and Mlllett ,  W. E. (1961) , The Dielectric Constant of Liquid 
Helium., Pnysica 9, ll29-45; Maxwell, E. , Chase, C. E. and Millett ,  W. E., (1958), 
Dielectric Constant of Liquid Helium., Low Temperature Physics and Chemistry, 53-56, 
Roc. 5th Intern. Cod. held a t  Madison, Wisc., Aug. 1957; University of Wisconsin 
Press , Madison, 1958. 

Comments : 

Wolfke and Gnnes determined the dielectric constant of l iquid helium a t  765 nun and 4.2% 
by means of high-frequency oscillations by a method elaborated by Wolfke a t  the Physical 
Instl.tute of the Technical High School a t  Warsaw. They found a value of 1.048 2 0.001 a t  
765 m and 4.2%. 
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DIELECI!RIC CONSTANT OF U U I D  HEtIuM 
(cont . ) 

WoBe and Keesom report tm se t s  of data on the variation of the d ie lec t r ic  Constant 
with temperature between 1.8 and 4.2"K a t  pressures between 10 and 760 mm of Hg in what 
they refer to as provisional measurements. 
as l e s s  reliable than the first,  but both se t s  showed a discontinuity a t  the A point. 
In a second paper Wolfke and Keesom report additonal values between 2.0 and 4.2"K a t  
pressures from 20 to 757 mm of Hg. 

Wolfke and Keesom made the i r  determinations employing a radio frequency of 500kc and 
quote an accuracy of C 0.001. 
dielectric constant OP l i qu id  helium a t  the normal bolling point t o  be 1.0495, differ- 
by only 0.14% from the value of 1.0480 of Wolfke and Onnes. 

Keesom i n  h i s  book Aelium, page 323, calculated the value from optical data to be 1.0491, 
differing by only O . l l $  from the value of Uolfke and Onnes. 
"As a matter of fac t  we are now convinced *t a jump in the dielectric constant does 
not exlst ,  but t ha t  a discontinuity in the course of the dielectric constant is in fact 
a discontinuity in the derivative t o  temperature, jus t  as i s  the case in  the curve of 
the density." 

Commenting on the d ie lec t r ic  constant, Benedlcks states:  
it is natural to expect considerable change of t h i s  constant t o  occur near the lambda 
point. As a matter of fac t ,  the curve dielectric constant versus temperature is the only 
one where an actual discontinuity has been supposed to occur in the lambda range - it was 
actually drawn as i f  it corresponded t o  a phase transjt ion.  
jump i n  the d ie lec t r ic  constant i s  now considered 
point appears to be st i l l  m r e  obvious for the dielectric constant than fo r  any other 
property known." 

Grebenkemper and Hagen made measurements of the d ie lec t r ic  constant of-. l iquid helium a t  
a series of temperatures and obtained values between 1.62 and 4.21'K. 
consistently higher by 0.1% than those of Wolfke and Keesom. 

Tney regarded the second s e t  of measurements 

From optical data they calculate the value of the . 

In  addition, Keesom states:  

" k e  t o  the ionization admitted, 

Even i f ,  as Keesom eays, a 
t o  exist ,  the change a t  the lambda 

Their data are 

Maryott and Smith have compiled s i x  values a t  1 atmosphere and temperatures from 2.06 
to 4.19"K. 

Lynch presents dsieletric constant data in graphical form fo r  the rawe 1.75 t o  3.25"K. 
!Chese values are indicated to be in agreement with Wolfke and Keesom's results.  

Chase, Maxwell,and Millett  quote no numerical data, but a graph of t he i r  results 
i l l u s t r a t e s  agreement wlth the curve of Grebenkemper and Hagen down t o  about 2.6% but 
is somewhat higher near and below the lambda point. 
of about 0.03 a t  1 . 6 O ~ .  

The difference reaches a maximum 
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DIELECTRIC CONSTANT OF LIQUID AELSUM 
( cont . ) 

1 s t  Set (1927) 
Temp. . Pressure Dielectric 
O K  Constant 

(1928) 
Tf"P Pressure Dielectric 
K mEg Constant 

4.21 766.5 1.0480 
2.64 82.9 1.0566 
2-55 69.6 1 .os76 
2.48 60.1 1.0579 
2.39 49.8 1.0582 
2.28 38.1 1.0590 
2.12 25.8 1.0577 
1.9 13.8 1.0580 

2nd Set (1927) 
TyQ' Pressure Dielectric 
K mHg Constant 

4.19 753.0 1.0480 
2-39 748.8 1.0577 
2.30 740.1 1.0581 
2.26 736.2 1.0582 
2.24 734.1 1.0581 
2.20 731.1 1.0581 
2.19 730.2 1.0579 
2.11 724.9 1.0577 
2.03 719 9 1.0579 
1.80 710.1 1.0576 
1-75 708.8 1.0575 

4.19 751 *O 1.048 
3.57 377 2 1.05179 
3.59 387.2 1.05174 
3.09 189.6 1.05377 
3.58 385.8 1.05165 
2.64 83.6 1.05535 

2.311 40.1 1.05579 
2.630 82.3 1.05525 
2.296 38.8 1.05594 
2.288 38.0 1.05583 
2.311 40.4 1.05586 
2 * 335 42.5 1.05573 
2.282 37.5 1.05580 
2 295 38.65 1.05593 
2.2 1.0 86 
2.279 37.2 1.05585 
2.286 37.9 1.05581 
2.055 20.7 1.05549 
2.276 37.0 1.05584 

3.09 188.9 1.05394 

2.04 20 .o 1.05575 

Maryott and Smith (1951) 
(atmospheric pressure) 

1 Dielectric 
Constant 

2.06 1.0555 1 
2.30 1.0559 
2.63 1.0553 
3.09 1.0539 
3 * 58. 1.0518 
4.19 1.0480 

Grebenbemper and Hagen (1950) 

Temp. 
"K 

Dielectric 
Constant 

4.21 1.0492 
3.04 1.0554 

2.25 1.0574 
2.19 1.0574 
1.97 1.0571 
1.62 1.0569 

2.64 1 .0568 

Reprinted from NBS 8252 
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DIELEGLziIC CONSTANT OF GASEOUS EbTSUM 

Sources of Data: 

Hochheim, E. (1908), Bestinmn,nP der Melektrizitatskonstante von Helium. (Determination 
of the Melectric Constant of Helium.), Verhandl. deut. phy6ik. Ges. E, 446; C.A. 2, 

(19131, The Mspersion of Gaseous Substances i n  the Ultraviolet Spctrum., 

(1913), !the Mspersion of Light in Gases in the Ultraviolet Region., Arkiv Mat. 

3 7 5  (1908). 
*Koch, J. 

Arkiv at. Aetron. Fysik 8, No. 23; C.A. 1, 27U (1913). 

Astron. Fydk 2, No. 6; P.A. lJ 233 (1914). 

Gases. Part I. The Rare Gases and Hydrogea., Proc. Roy. SOC. (Lonbn) s, 569-85; 
C A  3, 5 2 0  (1931). 

Helium. , Proc. Roy. SOC. (London) a, 40; C.A. 26, 2093 (1932). 

Quelques Gaz non Polaires (Ha, e, He, Oa, e t  laAir)  et, CO Entre l a  Tempdrature 
Ordineire e t  2O0Abs. 
Gasee (H2, 9, He, 0, and Air) and CQ Between Ordinary Tenperature and 2OoAbs.), 
Fhyaica lo, 173-84; C.A. 2, 5442 (1944). 

Rev. @, 101-5; C.A. 40, 2366 (1946). 

the Beat-Frequency Method., J. Appl. Phys. 2, 419-25; C.A. g, '6593 (1948). 

645-9; C.A. 42, 7U7 (1948). 

Pressures of 0-80 Atm. a t  25OC., phyeica g, 467-80; C.A. 44, 3316 (1950). 

Properties of Gases., J. Awl. Phya. 22, 95-102; C.A. 45, 3213 (1951). 

Gaseou Helium. (In Russian), Zhur. Eksptl. i Teoret. Fiz .  9, 733-4; C.A. 9, 5196 
(1953). 

(1953), !Be Refractive Indices of Water Vapoup, Air, Oxygen, Nitrogen, 
Deuterium ma Helium., Proc. Phya. SOC. ( L o a n )  e, 189-93; C.A. 9, 9 0 8 3  (19537. 

(1953), Teble of Melectric Constants and Electric Mpole 
Moments of Substances in t h e  Gaseous State., Natl. Bur. Standards. Circ. 537; 
C.A. 3, 10928 (1953). 

Ou&mans, G. J., and Cole, R. E. 
Gaseous Helium and Argon., J. Chem. phys. 2, 843-4; C.A. &, 5194 (1960)- 

*Koch, J. 

Watson, H. E., RBO, 0. G.,and RBmaswamy, H. L. (1931), The Melectric Coefficients of 

Cuthbertsoa, C.,and Cuthbertson, M. ( l 9 3 ) ,  "ne Refraction and Mspersion of Neon and 

Van Itterbeek, A., and Spaepen, J. (1943), Mdsures sur l a  Constante MJlectrique de 

(Measurements of the Melectric Constants of Several Non-polar 

Hecbr, L. G.,and Woernley, D. L. (1946), The Dielectric Constants of Eight Gases., phys. 

(l948), Measurements of Melectric Constant and mpole Moment of Gases by 

(1948), a. Meltctric-Constant and Refractivity Data., Trans. A.S.M.E. E, 

Jelat ie .  J. 0 .  

Mlller, J. G. 

Clay, J.,and Van der Maenen, F. (1949), The Abeolute Melectric Conetent of Gases a t  

Birnbaum, G., m e r ,  3. J.,snd Lyr~ns, H. (1951), Microwave Measurements of the Dielectric 

Khaikin, M. S.,and Prozorova, L. A. (1952), The Meaawement of the Melectric Constant of 

b e e n ,  L. en, * 

Maryott, A. A.,and Buckley, F. 

(19591, Dielectric Coentant snd Pair Interactions in 

Johnston, D. R., Oudemans, G. J.,and Cole, R. H. (lw), Dielectric Constants of Imperfect 
Gases. I. Hel ium,  Argon, Nitrogen, and Methane., J. Chem. phys. 21, 130-17; C.A: 55, 
15032 (1961). 

Comments: 

U s i n g  the electrostatic metho~3,Hochhei.m in  198 reported a value of the dielectric constant 
of gaseous helium of 1.oooO74 f 0.000004, very much in l ine  with the best of recent deter- 
minations. 
of byleigh (l.ooOo842), Ramsay (l.ooQ0724), and Scheel (1.0000662) on the index of 

He stated that  the value agreed weU wlth the value calculated from the data 
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Di2LECPRIC CONSTANT OF GASWUS AELIUM 
(cont.) 

refract ion (n) , using Maxwell's re la t ion  D = 8 .  
Watson e t  a l .  measured the  d ie lec t r ic  constant by the  heterodyne beat method a t  25 and 
-1gl"C. They report; values of 1.0000667 and 1.0000654 f o r  25'C and 760 m, determined 
from measurements a t  25 and -191°C respectively. They a l so  report  values of 1.0000728 
and 1.0000713 f o r  O'C and 760 m, determined from measurements a t  25 and -191"~ respective- 
l y .  These values are  compared with those given by opt ica l  method6 where the square of the 
index of refract ion a t  O°C as measured a t  i n f i n i t e  wavelengkh is given as 1.00006%. 
value is apparently axi average of values as  determined by C. and M. Cuthbertson, Scheel, 
and Sierteema. 

Hector and 'GJoernley report  an average of eleven determinations of 1.0000684i0.0000005 
using 'che heterodyne beat method. 
0°C and 1 atmosphere. 

Cuthbertson and Cuthbertson report  an index of refract ion which through the  Cauchy 
re la t ion  ylelds a d ie lec t r ic  constant of 1.0000692 a t  O°C and 1 atmosphere. The work of 
Je la t i s  was concerned mainly with removing the smell errors  inherent i n  previous methods 
of measuring d i e l e c t r i c  constants. 
it in  contact with activated charcoal immersed i n  a bath of l i q u i d  nitrogen. He reports 
a value of 1.0000692 as the  average of eight determinations when th charcoal had been 
freshly activated, 1.0000695 as  the  average i n  the case of f i v e  determinations using 
charcoal which had been l e f t  standing f o r  several weeks, and f i n a l l y  1.0000691 as  the 
average of eight determinations using freshly activated charcoal. 
a re  a t  0°C and 1 atm. (STP), using the heterodyne beat method. 

Miller presents a review of d ie lec t r ic  constant and r e f r a c t i v i t y  data. 
compilation of d i e l e c t r i c  constant values f o r  O°C and 1 atmosphere. 
refract ion data extrapolated t o  i n f i n i t e  wavelenth a re  regarded as  a more accurate source 
o f  die lec t r ic  conatant values , Miller gives f o r  comparison values of 12. 
Clay and Van der Maesan aetermined values of the  d ie lec t r ic  constants by a heterodyne 
beat method a t  298.15% and from 0 t o  80 atmospheres and report a value f o r  helium of 
1.000063 f 0.000002 a t  NTP (Probably 25OC and 1 atm) , 

Birnbaum, Kryder, and Lybns made measurements of the  d ie lec t r ic  constant of helium a t  
9280 Mc by a resonant cavity method and report a velue of 1.0000705 ? 0.OOCOOll f o r  0°C 
and 760 m of Hg. 

Khaikin and Prozorova made measurements on gaseous helium a t  2.138, 3.454,and 4.120'K by 
determining the  change in resonance frequency a t  9500 Mc and report a value of 1.00006go 
f 0.0000003 f o r  0 %  and 1 atmosphere. 

Essen reports t h e  index of refract ion of gaseous helium a t  O°C and 760 mm of Hg as  
1.000035. 

Maryott and Buckley made a c r i t i c a l  review of d i e l e c t r i c  constants obtained by radio 
frequency, microwave and opt ica l  metho& and recalculated by one of two systematic 
procedures i n  order t o  place the  work of various experimentom on a more comparable bas i s  
than exis t s  i n  the l i t e r a t u r e .  
and 1 atrmsphere. 

Johnston e t  a l .  indicate  graphically the  behavior of the  Cbaueius-Mossotti function a t  
296°K up t o  a density of 3 moles/liter; but no d i e l e c t r i c  constant values a re  given. 

Oudemana and Cole discuss the  d ie lec t r ic  constant and p a i r  interact ions i n  gaseous helium 
and argon as  re la ted  t o  t h e  Clausiue-Moasotti function. 
graphically, indj.cate t h a t  t h e  Clausiue-Moesotti expreesion ( E  - 1)/ p ( E + 2) var ies  
l inear ly  from 522 x 10-O l i t e r s / m l e  a t  zero density and 23.1% t o  520 x 10-e iiters/mole a t  
D density of 

This 

Van I t terbeek and Spaqen give values a t  20.38, 90.22 and 292.3%. 

This value i s  reported as a t  NTP which probably means 

The helium they used was careful ly  purif ied by keeping 

A l l  the  above values 

He includes a 
Because index of 

. 

Using the  re la t ion  E = na, we obtain E P 1.000070. 

They r e c o m n d  a value of 1.0000650 * 0.0000004 a t  20'C 

Their resu l t s ,  presented 

3.6 moles / l i t e r  (100 atmspheres pressure) and 23.1'C. 
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DIELECTRIC CONSTANT OF GASEOUS HEUUM 

(cont.) 

Van Itterbeek and Sgaepen (1943) 

Temp. Pressure 
"K 

292.3 7% 
292 3 758 
292.3 762 
90.22 762 
90.22 is9 
20.38 763 
20.38 758 

Dielectric 
Comtant 

1.000065 
1 .000076 
1.000065 
1.000229 
1.000240 
l.O00%9 
1.mg69 

I Clay and Van der Maesen (1949) 
(at 298.15'K) I 

Pressure Dielectric 
atm Constant 

5-70 1.000429 
16.91 1.00101g 
24.86 1.001169 4 

33-03 1.00176 
39.57 1.002168 
49.50 1.002753 
66.19 1.00343e 
64.10 1.003481 

I 65.08 , 1.003772 

Reprinted from NBS 8252 
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SURFACE TENSION OF L I Q U I D  HELIUM , 

Source of Data: Van Urk, T.A., Keesom, W.H. and Onnes, H.K., 
Commun. Phys. Lab. Univ. Leiden N o .  199a (1925) 

Allen, J . F . and Misener, A .D . Proceedings of 
t h e  Cambridge Ph i losoph ica l  Soc ie ty  34, 299 
(1938) 

O t h e r  References : Keesom, W .H ., H e l i u m ,  Elsevier,  Amsterdam 
(1942) 494 pp. 

Atkins, K.R.,  Can. J.  Phys. 3 l ,  1165-69 (1953) 

Comments: 0 The absolute temperature  scale (0 C = 293.l5OK) 
was used i n  t h e  t a b l e  of s e l e c t e d  v a l u e s  below. 
T h e  v a l u e s  i n  t h i s  table are from a smoothed 
curve down through t h e  d a t a  p o i n t s  of t h e  
sources. 

I 

Surf  ace Tension 
Dyne s / c m  

0 .%49 

1 0.334 

0.310 

13.264 

0.213 

0.166 

0.116 

0 .098 

0.068" 

0.020* 

0 .00* 

1 

*Extrapolated v a l u e s  

11-1-2 
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sourae of Data: 

Other Refsrsmse : 
Qia,uqw, W. R., et. SZ., J. Am. cbem. See. 61, 654-60 (Mmh 1939) 
Woods, A. D. B. aa4 HoUe He+llett, A. C., Can. J. phys. 36, 
253-1125 (1958) 

Comments : 
Thrr abeolute temperature (0.12 = 273.16%) was used in the table 
Of Eelacted W , W S  b8I.W. 

I 2.186 * 
I 2.2 

2.3 

2.4 
2.6 
2.8 

3 .o 
3.2 
3 64 

3 06 
3 08 
4 .O 

n.8 
28 .9 
32.6 

35 .o 
37.3 
37.8 

37.6 
37 .4 
37 .o 
3687 
36.3 
36.0 

- * &Point Transition Tenrperatura 
n ~ 

- 
- 
- 
I 

!- 

Reprinted from WADD TECH. REPORT 60-56 
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sourae of mtar 
Akin, S. W., Trans. A8bB E, 751-57 (Aug. 1950) 

Emkina, 0. A., Tram. ASMS 70, 655 (1948) 
Hilaaxarath, J. ard ~oulauldan, Y. s., ~ a n s .  

Othr Rsfererrrrss t 

76, NO. 6 ( A u g m  1954) 
Keller, W. Em, phye. R ~ v .  105, 41-5 (Jan. 1957) 
mma, F. Trene- A f W  22, 589 (W 199) 
Ustin, J. and pSl.aJ33cyk, K., 'J!raxm. ASEE 76, 98'7-999 (1954) 
Kestin, J. and W a n g ,  E. E., Trans. AS&@ 80, ll (1958) 
blur ,  I., J. Chem. Phye. a No. 7 (July 1947) 
Van Itterbsek, E'. W., Schapiak, 0. J.,Tl$ur Wx Berg, G. J. and Van Beek, 
E. J. M., mias XDI, u58-u.62 (1953) 

V ~ ~ s  far visaoeity are given for mo8eraW ~ s s u r e s  in tb8 neigaborhd 
of one atmosphere. In this region the viscosity is practioally independ- 
ent oi presetare. 
!lW absolute tempex%ture scale (0% = 2'73.1635) waa used in the table of 
selsated values below. 

Collppents : 

'K 

5 .5 
10 00 

20.0 

30 .o 
40 00 

50 00 

75 00 

100.0 

10.4 

22.3 

35 -0 

45 04 

54.8 

63.3 

81.9 

99 .o 

125 00 

150.0 

175 .o 
200 00 

225 .o 
250.0 

215 .o 
300 00 

u4 

3.28 

142 

155 

166 

178 

191 

201 

R e p r i n t e d  from WADD TECH. REPORT 60-56 
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VELOCITY of SOUND i n  LIQUID BELIUM 

Sources of Data: 
Atkins, K. R. and Stasior, R. A.; Can. J. Phys. 31, 1156 (1953) 8 - 
Chase, C. E.; Phys. Fluids - 1, 193 (1958) 
Findlay, J. C., P i t t ,  A., Smith, H. G. and Wilhelm, J. 0.; Phys. Rev. 

Findlay, J. C., Pitt, A., Smith, H. G. and Wilhelm, J. 0. j Phys. Rev. 
- 54, 506 (1938) 

56, l22 (1939) 
Van Itterbeek, A., Forrez, G. and Teirlinck, M.; Physica 23, 63 (1957) 
Van Itterbeek, A.,  Forrez, G. and Teirlinck, M.; Physica 23, 905 (1957) 

Other References: I 

Atkins, K. R. and Osborne, D. V.; Phil. Mag. - 41, 1078 (1950) 

Atkins, K. R. and Chase, C. E.; Proc. Phys. Soc. (London) ~ 6 4 ,  826 (1951) 
Burton, E. F.; Nature, - 141, 970 (1938) 
Chase, C. E.; Proc. Roy. Soc. (London) - A220, 116 (1953) 
Pellam, J. R. and Squire, 6. F.; Phys. Rev. 72, 1245 (1947) 
Hppard, A. B.; Phil. Mag. - 42, 1209 (1951) 
Van Itterbeek, A. and Forrez, G.; Physica .20, - 133' (1954) 
Van den Berg, G. J a 3  Van Itterbeek, A., Van Aardeme, G. M. V. and 
Herfkens, J. H. J,; Physica 2 l ,  860 (1955) 

- 

e Comments : 
The values of velocity of sound reported here are f o r  ordinary sound i n  
He4 and do not include the velocit ies of second sound also associated 
with l iquid helium. The data f o r  the velocity of sound tabulated below 
and i l lus t ra ted  on the graph are from the references Listed above as 
sources of data. The data f o r  the Saturated Liquid (l iquid a t  the boiling 
point) l i s t e d  i n  Table I, are from the paper by Findlay, e t  a l .  With 
additional data f o r  Helium I1 Listed i n  Table I1 from the paper by Chase. 
The values f o r  pressures from 2.5 t o  70 a t m .  tabulated i n  Table 111 are 
from. the paper by Atkins and Stasior. 
V I 1  i l l u s t r a t e  the variation of the velocity of sound as a function of 
frequency. 
and TeirLinck. 

It W L l l  be noted tha t  the graph indicates a discontinuity a t  the h point 
(phase boundary between Helium I and Helium 11). The work of Findlay, 
P i t t ,  Smith and WilheLm showed a drop i n  the velocity of sound i n  l iquid 
Helium I as the h point (2.lg"K) was approached, and below the h~po in t  
the velocity rose again, as i l lus t ra ted  on the graph, however, no dis- 
continuous decrease i n  velocity was noted. 
dynamic relations fo r  a phase change of the second order (one involving 
no la ten t  heat) require tha t  there be a discontinuity i n  the velocity 
of sound a t  t h i s  point. The authors concluded tha t  t h i s  fa i lure  t o  show 

Additional data i n  Tables I V ,  V, V I ,  

These data are from the two papers by Van Itterbeek, Forrez 

However, Ehrenfest's thermo- 

(Continued on following page) 
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VELOCITY OF SOUND in LXQUID HELIUM (Cont.) 

Comments : (cont . ) 
a decrease was due to the formation of bubbles. In order to check this 
theory they repeated the experiment using pressures up to five atmospheres 
in order to prevent the formation of bubbles. 
the predicted discontinuity was observed, as illustrated below. 

Under these conditions 

The Velocity of Sound in Liquid 

Helium under Various Pressures 

I - Vapor Pressure 
I1 - 1 Atmosphere 
iIi - 2.47 Atmospheres 
IV - 5.5 Atmospheres 

TEMPERATURE, OK 

d M  4-13-61 

Pellam and Squire, working at normal evaporation pressures found no dis- 
continuity, and concluded that their results were due to the lack of 
higher pressures as used in the experiments of Findlay et al. 
strictly theoretical grounds, using numerou6 assumptions, Pippard con- 
cluded that the anomalous behavior at the h point was due to inclusions 
of He I1 in He I immediately above the h point, and inclusions of He I 
in He I1 immediately below the h point. Pippard also stated that these 
inclusions should have a mean radius of 2.1 x 10-7 cm, each consisting 
of about 850 atoms, in order to explain the curves. 
absence of the discmtinuity required by Ehrenfest could be accounted 
for. Atkins and Osborne determined the velocities below the h point. 
Atkins and Chase determined the velocity curve both above and below the 
h point and found no discontinuity. Their velocities were slightly 
lower than those of Findlay et al. near the h point. Atkins and Stasior 
observed no discontinuities for the series of velocity-temperature 
curves at constant pressure reporbed here. The work of Chase published 
in 1953 and in 1958 is in close agreement with that of Findlay et al. 
Van Itterbeek, Forrez and Teirlinck made measurements on the velocity of 
sound in liquid h<.lium in the neighborhood of 1°K with frequencies of 
200, 500, 600, 800, and 1500 kilocycles per second. 
was observed at 800 kilocycles per second for the velocity as a function 

On 

In this way the 

A small minimum 

(Continued on following page) 
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~ ~ O C L T Y  of SOUND i n  LIQUZD (cant ) 8 Comments : (cont . ) 
of frequency which does not appear st the boiLing point. 
are tabulated i n  Tables N and V. 
i n  a second a r t i c l e  made the observetions l i e t ed  io Table VI, and 
s ta ted that  the velocity 88  a function of frequency is constant t o  w i t h -  
i n  one par t  i n  24430, an4 that  the velocity seems t o  be constant as a 
fuaction of temperature, 
i n  the velocity wing two frequeacies, as shown in Table VII. 

These values 
Van Itterbeek, Forrez and Teirlinck 

A t  the bolling point they found no difference 

Table I. The Velocity of Stnand f o r  Saturated Liquid* 

Temperature 
O K  

He I 
4.22 
4.0 
3.6 
2-5 
2.20 

2.18 
2 .Q 
1.76 

E? T I  

Velocity 
m/sec 

179 8 
189.2 
206.5 
223.3 
221.2 

221.7 
225 3 
231.4 

Findlay, P i t t ,  Smith and Wilhelm 

Table 11. Veloclty,of Sound in. Helium II* 

1-3 
1.4 
1.5 
1.6 
1.7 
1,8 

236.73 
236 35 
235 . 66 
234.61 
233.28 
231 70 

1-9 
2 eo 
2.05 

2.10 
2.15 
2 179 

(m/sec 

229 a 4'7 
226.68 
22k.90 

222 . 72 
220.20 
u8.m 

I * mase I 

(aontinued on fouawing page) 

11-K-1.3 L 



YELOCITY of SOUND i n  LIQUID EEJXUM (Cont.) 

comments : (cont . ) 
Table 111. The Velocity of F i r s t  Sound In Liquid Helium* 

Velocity of Sound, m/sec 

Pressure, atm. Temp- 

"K 

1.25 
1.50 
1-75 
1.80 

1.90 

2.00 

2.10 

2.20 
2.25 
2.50 
3 *oo 
3.50 
4.00 
4.20 

- 
25 

- 
40 
- 

50 - 

451. 

452 
452 
452 

452 

- 

- 
60 - 

481 
481 
481 
481 

- 
5 2.5 10 20 Vapor 

Press. 
237 
235 
233 
232 

229 

227 

222 

219 
220 
222 
218 
206 
190 
180 

346 
345 
342 
339 

333 - 
336 

340 

344 
345 
348 
349 
349 
347 
345 

365 
362 
355 
352 

348 

358 

361 

366 
367 
369 
3-70 
370 
369 
368 

- 
372 

379 

382 

385 
386 
388 
389 
389 
388 
387 

419 

423 
423 
423 
422 

420 
422 

240 
242 
244 
242 
230 
216 
206 - 

Values above the l i ne  i n  the table are 'for Helium 11, and below the 
line for  Helium I. 

* Atkins and Stasior 

Table IV. Variation of Velocity of Sound with FrequencyJe 

Press. Vel. Frequency 1 mrn Hg I m/eec 1 Kc/sec 
Frequency 

Kc/sec 

218.59 
a 8 3 6  

512.76 

800.33 

1476.05 

513.12 

624.01 

1484.92 

Temp. Press. 

"K mHg 

1.076 .241 
1.108 .315 
1.081 .250 
1.081 .250 
1.081 ,250 
1.090 .273 
1.076 .241 
1.099 .294 

336 
357 

-336 
.420 
9357 
357 

e 336 

237 75 
238.05 
237.40 
237 0 22 

237 78 
237 69 
237. 64 

218.63 
218.56 
813.76 
813.44 

1476.05 
1476.05 

1449.28 

238.05 
237.75 
237 75 
237.57 
237.m 
237.81 
237.68 

1 . ~ 6  

1.123 
1.123 
1 . ~ 6  

* Van Itterbeek, A., Forrez, G. and Teirlinck, M.; Physics 3, 63 (1957) I 
(Continued on following page) 
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vmxzm of SOUND in LIQUID (Cont.) 

Comments: (cont.) 

Velocity 
m/sec 

237 :63 
237 63 
237 53 
237 73 

Table V. Variation of Velocity of Sound wlth Frequency, 
f o r  Saturated LiquAd* 

Frequency 
Kc/sec 

226.212 
523 *03 
800.374 

14-55 76 

Temp 
"K 

Frequency Velocity 
Kc/sec m/sec 

=7 97 1-80 e 69 

226.485 180 75 
226.706 180 59 

226.706 180.49 

c 

4.221 

4 .,222 
4.223 
4.222 
4.218 
4.214 

4 . ~ 6  

4.226 

763 3 
761.2 
764.3 
765 -1 
764.3 
761 5 
758 50 
767.41 

Velocity 
m/sec 

180.38 
180 939 
180.08 
179 * 91. 
180.68 
180 37 
180.51 
1m.01 

Velocit? 

m/iec 

180.32 
180.18 
180.05 
179 91 
180.65 
180.22 
180.24 
180.10 

Frequency 
Kc/sec 

1469.92 
1484.78 
814.45 
799 83 
623.60 
512.70 
218 e 33 
218 a 21 

* Van Ittefbeek, A . ,  Forrez, G. and Teirlinck, M.; Physica 
- 23, 63 (1957) 

* Corrected t o  4.223"K 

e 
Table V I .  Variation of Velocity of Sound with Frequency++ 

0 -985 

Velocity 
m/sec 

238.51 
238 - 35 
238.27 
237.81 
237 65 

Table VII. Velocity of Sound a t  4.223"KW 

R e p r i n t e d  from WADD TECH. REPORT 60-56 8 11-IC-P .5 
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VELOCITY of SOUND i n  GABOUS HELIUM 

Sources of Data: 

Van Itterbeek, A. and Keesom, W. H. , Communs. I%ys. Lab. Uav. Leiden 
Commun. No. 209s: (1930); Wis-en Natuurk. Tijdschr. - 5 ,  69 (1930) 
Keesom, W. H. and Van Ltterbeek, A . ,  Ko~idcl. Ned. Akad 34, 204 (1931); 
Comrmms. Phys. Lab, Unfv. Leiden Commune noa 213b (1931)- 
Van Itterbeek, A. m d  Thys, L. , Physica - 5, 889 (1938) 
Van Itterbeek, A. and Van Doninck, W. , Proc. f i y ~ .  SOC. (London) 58, 
615 (1946) 
Van Itterbeek, A. and Van Doaiack, W., Proc. Phys. Soc. (~onrdon) -, 6 2 ~  
62 (1949) 
Schneider, W. G. and Thiessen, G. J., Can. J. Research 2 8 ~ ,  509 (1-950) 
Van Ittefieek, A. and Forrez, G., Physics 216, 767 (2954) 
Van Itterbeek, A. and De Laet, W., Physica u 24, 59 (1958) 

Other References: 
Keesom, W. H. and Van Itterbeek, A., KoninU. Ned fikad. Wetenschapen, 
Proc. 33, 440 (1930)~ Communs. mzyS. Lab. Uhlv. Leiden Corn. No. 
209a (3-930) 

Comments : 
The values of the velocity of sound i n  gaseous helium are presented here 
as functions of temperature and pressure, from temperatures of 2 .078"~ 
t o  290O~, and pressures from 0 t o  1. atmosphere. m e  velocity of sound 
a t  the vapor pressure s-b various temperatures i s  also given. The data 
tabulated below and illus.trated on the graphs are from the references 
l i s t ed  above d e r  "Sousces of Data". 
The data i l lustrated in. the graph of veloci-by of soUru3. versus 
temperature and tabdated below are from Keesam and Van Itterbeekj Van 
Itterbeek and Keesom; V a n  Itterbeek and Van DonEnck; Van  Itterbeek and 
Thys; and Schneider and Thiessen. Au. of the above investigators report 
that all values were obtained a t  nearly atmospheric pressures. 
mention i s  made by any of the above authors of the purity of the 
experimen-tal saaples wed. 
I t tef ieek are eBtimated by the authors to have a maximum error of 0.1%. 
The frequency of the sound. wed i s  not given. V a n  Itterbeek and Keesom 
report a maxim error i n  the i r  observations of O, l5$ ,  and a g a h  no 
mention is  made of the frequency of the sound used. V a n  Itterbeek and 
Van Daninck yeport a frequency of 523.78 kilocycles per second used in  
the i r  determimtiom of velocity of sound, but %hey make no specific 
claims on the accuracy of t he i r  data. Sehneider and Thiessen; and V a n  
Itterbeek and Thys used ultrasonics of unreported frequency in- their  
experiments and did not estimate the accuracy of their  observations. 
Van Itterbeek and Forrez; and Van Itterbeek and D e  Laet report velocities 
of sound a t  various constant temperatures below 5OK as a function of 

No 

Tlze &La report;& by Keesorn and Van 

(Continued on following page) 
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VELOCITY of SOUND in GASEOUS HELIUM (Cont.) 

Comments : (cont . ) 
pressure. 
of velocity of sound versus pressure, together with the velocity of 
sound at the vapor pressure as reported by Van Itterbeek and De Laet. 
Van Itterbeek and Forrez report using a quartz crystal with a 
frequency of 510 kilocycles per second to propagate the sound waves 
through their experimental sample. 
and De Laet measured the velocity of sound in helium gas at very low 
temperatures and pressures. 
velocity of sound to the vapor pressure at various temperatures. 
graphical comparison was made between Keesom and Van Itterbeek's 
observations at 4.247"K and Van Itterbeek's values at 4.228"K. 
agreement between these two sets of data is very good. 
is given by any of the investigators mentioned above as to the purity 
of their experimental samples. 

The units of the velocity of sound in helium gas used in the tabulations 
below and on the graphs are: 
273.16"~),  pressure in atmospheres ( g  = 980.665) and the velocity of 
sound in meters per second. 

These data are tablulated below and illustrated in the graph 

Using audible sound, V a n  Itterbeek 

Using these data they extrapolated the 
A 

The 
No information 

temperature in deg-cees Kelvin (0°C = 

Temperature Velocity 

"K m/sec 

Van Itterbeek & Keesom 

15.181 229.1 
17.186 244.2 
18.424 253 -1 
20.429 266.2 
20.519 266.2 

Van Itterbeek & "hys 
~ 

Temperature Velocity 

OK m/sec 

Van Itterbeek & 
Van Doninck ' 

20.3 265.9 
75 509.9 
80 526.9 
85 542.9 
90 559.5 
90.2 559.5 

(Continued on following page) 
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Keesom & Van Itterbeek 
4.247 103.94 

Schneider & Thiessen 

194 99 822.5 
273 1 973 09 



VELOCITY of SOUND in GASEOUS RELIUM (Cont . 1 8 Comments: (cont . 1 

I 

Velocity of Sound in Gaseous Hel ium as a Function of Pressure 
i 

Van Itterbeek and De Laet 
I , I  1 

.5 048 

.5563 

Pressure Velocity 

atm. I m/sec 

4.228"~ 

103.34 .0813 93 -15 
101.86 0923 92.66 

~ 

0 
0195 
.0346 
.0528 

.OB37 

.1285 

.1804 
-2305 
a2991 
* 3700 
.4459 
-5513 
.6330 
.75 38 
.8828 

3.184"K 
0 105 . 01 

-0350 104.. 28 
.0708 103.33 
.lo* 102.29 
.I514 101.10 
'1913 99-88 
.2487 99.04 

0 98 89 
0231 98.24 
.0341 98.03 
,0437 97.74 
.0683 96.94 
.LO74 95 a58 
.1482 94.06 

~ 

~ 

2.824"K I 

~ 

2.642"~ 
0 95.65 

.0169 95.55 
a 0207 95.46 
.0285 95 -19 
* 0390 94.76 

121.00 
120.87 
120.69 
120.47 
120.01 
119.34 
118.54 
117 * 75 
116.63 
115.46 
113.94 
112.16 
110.55 
107 95 
104.78 

.1156 91-72 
2.259"K 

0 88.44 
.0226 87.92 
.0269 87.80 
* 0335 87.56 
* 0391 87.28 
.0455 87.00 
.0506 86.76 

2.218"~ 
0 87.64 

.0256 87.11 

.0314 86.70 

.0382 86.24 
,0446 85 -70 

2.078"~ 
0 84.85 

,0182 84.25 

1 

- 

.0245 83 93 
,0298 83.59 

3.760"~ 
114.12 
114.11 
113.92 
113.70 
112.80 
112. LO 
111 * 12 
108.63 
107.21 

* 3944 106 e 25 94.27 
105.41 93.63 

(Continued on following page) 
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VELOCITY of SOUND in GASEOUS HELIUM (Cont . ) 
Comments: (cont.) 

Velocity of Sound in Helium Gas 

a t  the Vapour Pressure 

Van Itterbeek and De Laet 
Temperature 

OK 

Pressure 

atm. 
4.228 
3.760 
3.184 
2.824 
2.642 
2.259 
2 218 
2 -078 

1 ,0116 
0 6288 
0.3~8 
0 .la23 
o .1336 
0,0615 
0.0558 
0.0392 

velocity 

m/sec 

101.96 
99.62 ’ 

95.37 
92.62 
go .08 

. 86.12 

82.71 
84.83 
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