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An Examination of the 1955 Helium Vapor-Pressure 
Scales of Temperature 

E. Ambler and R. P. Hudson 

In a pre\' ious communi catio ll , magnetic t hermom eter calibraLions in t he r egion 1.3 0 to 
4.20 K w ere used to examine the in te rn a l consistency of t \\·o p rovis ional hel ium vap or-pressurt' 
scales of tempcrature. Since t llat a r ticle \Tent to press, t hese scales have bee n made avail­
a ble in t heir final form , and furt her mea~ urement.s have a lso been made. The res ults of a ll 
t he m eas urements, se ven nms in all a nd " 'ith t ,,·o differen t apparatuses, arc lIsed he re to 
examine t he latter scales. The r esul ts of six runs were self-consistent and co uld be reconciled 
with t he empi r ical scale of Clement et al. (7'05E) to within 2 millidegrees, a nd " ' ith t he cal­
culated scale of Van Dijk and Durieux (7'55) to " ' ithin 5 mi llid egrees. The re maini ng run 
showed better agreement wi th 7'05. It appear;;, therefo re, t llat t he previoll s a ssessm ent of 
t he 1'55 scale ma." ha \'e been a l ittle too fa\·orabl e. T he mosL critical in te rpretat ion of Lhe 
fi nd ings is that the prese nt techniqu e of "apor-pressure nwasl ll'pment is not suffic ien tl y 
precise Lo discr iminate bel,,'een Lhe two scales . 

1. Introduction 

In a recellt publication [l jl the authors exam in ed 
the internal consist.ency of t ll-O vapor pressure­
absolute temperature (p-T) relations through the 
calibration of a magnetic thermometer in the range 
1.3 0 to 4.2 0 K . On e such relation was that of 
Clement, Logan, and GaIrney [2], based upon an 
empirical equation , and the other a thermodynamic 
calculation by Van D ijk and Durieux [3 j. 

After refer ence [1] had bee n prrpared £01' publicn­
tion bot.h the new p- Trela Lions were modified hy 
their respective authors. Clement based hi finnl 
temperature scale [4] (to be referred to by T55E ) on 
the experimental data of severnl authors, including 
Ambler and Hudson, obtninecl in one of two wa?s, 
yiz , a m easurement of the vapor pressure using (a) a 
separate vapor-pressure bulb, or (b) th e preSSUl'e 
oyer the liquid helium bath plus an appropriate 
correction for the "h ydrosta tic head," whell a heat 
source was employed to maintain a constant flow of 
bubbles up through the liquid. Van Dijk [5] has 
increased his temperature values slightly ill the region 
:3 .3 0 to 4.3° Ie so that his p-T curve is tangent to a 
curve through the gas-thermometer data of Berman 
and Swenson [6] near the normal boiling point. 
T emperatures derived from this new scale will be 
denoted by T55 . 

Concurrent with t his work, lhe present authors 
carried out further measurements, employing the 
"second apparatus" of [1] to augment the meager 
amount of data obtained therewith. This was 
especially important as th ese same datfl. were not 

I FigW'es in brackets indicate t he literature references at the encl of this paper. 
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in very close accord with those obtained lI-iLh the 
"firs t apparatus." 

The present paper deal with an eXfl.m inaLio n for 
internal consistency of the T 55 and T 55E tabulat ion, 
based upon all of the magnetic the rmometer calibra­
tion s refe rred to above. 

2. Experimental Procedure 

The apparaLus has been descrlbecl in detail in [1] 
(see fig. 1, b , and text therein ). The only modifica­
tion in procedure was the employment of a mano­
stat 2 to conLrol the tempera Lure of t he bath. This 
proved very useful in tha t the sysLem came Lo equilib­
rium twice as fast as previously and enH,bled one to 
obtain twice as m fl. ny poin ts pe l' run . (It may be o£ 
in terest to record that a t the 10wesL Lemperature 
employed (1.3 0 K), where the magneLic Lhermometer 
is extremely sensitive, the bridge read ing remained 
constant to within the equ lYfl lcnt of 10- 5 deg for 
periods in excess of 5 min.) 

3. Results 

The data obtained in the new ser ies of measure­
ments are summarized in table 1. The pressures, 
p, have been corrected to 20° C and standard gravity, 
fl.nd the bridge readings, r/, have beel! coneeled for 
llonlineari i>y in the mu tual-inductance decades. 

The da ta of table 1 and those of Lable 1 in [1] will 
now be disc llssed in relat ion to 1'55 and T55E . 

'The authors a re indebted to L. D . Robertsofthe Oak Rid geNational Labora­
tory for a drawin g of this de\'ice. rrhe original design is due to H . 8. Sommers, 
Los Alamos, Re\'. Sci. Instr. 25, 793 (1954). 



T .H'LE 1. Corresponding vallws of pl'eSSW'e in millimeters of 7IW1'CW'y, p (corrected to 20° C and standard gravity) and bridge dia/­
setting, n (con'ected for nonlinearity in decade scale) 

January 4, i95G ! January 18. 1956 

-----~-----~------------ ------------------------------~------

p n p n p n p n p n 
------ ----------- ------ ----- ------ ----- ------ ------ ------

75t. 42 17.6077 124.33 20.5650 740. 46 
717.24 17.6786 97.26 21. 0243 670.52 
716.63 17.6797 37.994 22.8817 583.62 
628.73 17.8697 31. 771 23.2392 489.08 
506. 19 18.1953 24.846 23.7329 360.65 
357.75 18.7391 14. 945 24. 7613 197. 36 
241. 05 19.3912 8. 123 26.0191 101. 97 

3.1 . Comparison With T ss Temperature Scale 

The data. were a.nalyzed accordiog to the procedure 
outlined in [1]. When the constants A and B in 
tbe formula 

n-B= A /T (1) 

nave been determined, a value of temperature, 
" magnetic temperature," Tm , is at once calculable 
for a given value of n. The corresponding value of p 
leads to T55 from the p-T table and i1T= T55 - Tm 
may be plotted as a function of absolute temperature. 
This is done in figure 1. The values of A and Bused 
for each l'lm are summarized in table 2. .' 

TAFLE 2. ra lues of constants A and B in equation 1 for To, 
evaluation 

Date . l 

---------------------------1-------------
June 7, 1955 ________________________________ _ 
.Tune 8. 1955 _______________________________ _ 
June 16,1955 __________________________ ___ _ _ 
June i7, 1955 _______________ ._. _________ ___ _ 
August 1;, 1955 ____ • __ __ ___ ___________________ _ 
January 4. 195H _________ ___ ._. ________________ _ 
January 18, 1956 __________ _ ______________ _ 

- 34.0565 
- 34. 00 l 5 
- 34.055:3 
- 34. 0404 

23.5765 
23.6073 
23, 6069 

19. 284 1 
19.2644 
19.2896 
19. 2~09 
11. 3537 
11. 9922 
12. 115 l 

It is eyidcnt that only the results of August 17, 
1955- thc first run with the second apparatus- can 
be brough t into very close accord with the T o5 

tabulation. The rest of the data can, however, be 
brought into very close harmony with each other 
by suitable choices for A and B in each case, and 
the entire group deviates considerably from the 
zero line \\'ith a maximum of + 4.5 millidegrees lit 
3.6 0 K . There appears, furthermore , to be a dis­
continuity in the region of the lambda-point. (As 
described ill detail in [1], the choice of A and B is 
made so as to give an optimum fit throughout t he 
entire range of measuremen t. The implici t assump­
tion is that thc T 55 seale is nowhere in error by a 
large amount.) 

3.2 . Comparison With T SSE Temperature Scale 

Figure 2 ,ms obtained by a procedure analogolls 
to t hat leading to figure 1, oow using T 55E instead 
of T55 . Small changes in the values of A and B were 
necessary as may be seen by consulting table 3 and 
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17. 7534 40.395 22.8654 13.398 25. 1098 
17. 8968 37. 766 23.01l8 9.016 25.9244 
18. 1039 32.392 23.3234 5.963 26.791:1 
18.3710 32.4J8 23.3208 4.017 27.6320 
18.8495 24.012 2:3.9254 4.031 27.6271 
19.8600 24.115 23. SIBS 2.984 28. 2729 
21. 0572 18. 124 24.4938 L 633 29.6006 

TABLE 3. Yalues of constants A and B in equation 1 f or 
T55E eval uation 

Date 

June 7, 1955. ___________________ . _________ __ ____ _ 
June 8, ] 955 . _____________________________ . ___ __ _ 
June J6, 1955 ___________________________________ _ 
June 17, 1955 ______ . _______ . _. _____________ _ 
August 17, 19.55 _______ __ . ___ . ___ _________ __ . ___ _ _ 
Ja nuary 4, 1956 .. ____ . _______ . _____ __ ________ ___ _ 
hnuary 18, 1956 _____ __ ______ . _________ . _______ . 

- 34.1549 
-34. 146l 
-34.1703 
- 34. 1555 

23.6639 
23.6935 
23. 6962 

B 

J9.3J38 
J9. 302' 
19.3l8' 
19.3100 
11. 3270 
II. 9693 
J2. 091' 

comparina WI th table 2a ·With this tcmpemture 
scale it isbpossible to restrict the value of i1T within 
the limits of ± 2 m illidegrees. The discon tinuity 
at the bmbda-point is still evident. (Altllougl,t such 
a discontinuity is more likely du e. to faul ts 111 the 
measurin o' technique than genu111ely .anomalolls 
behavior °of the p-T curve, it has been observed by 
other investigators. See, for example, Erickson and 
Roberts [7]. ) 

4. Discussion 

In [1] reasons were given for reposing more trust 
in the r esults obtained with the second apparatus 
(August 1955 data) than in those for the first appa­
ratus (June 1955). These were based upon the at­
tempted improvement in design and the fact that a 
(rather rough) measurement of ~he bath pre.ssure 
plus the hydrostati c-head correctlOI~ agreed. w.Ith p 
measured in the bulb s~~stem, wIthll1 the lUl1lts of 
error of measurement. It can be seen , however 
that the measurements of J annar,? 1956 reproduce 
the earIter results obta.ined with a different appamtus, 
and fail to agree with the first meas,urements, us~ng 
tb e sa.me a.pparatus. At the same tIme, the quaht.\­
of the second apparatus, as determined b? the aboye­
mentioned criteria, had not changed. ,Ve have been 
unable to find a plausible explanation for the cli s­
crepanclCS, which must t!l ercf~re be held to indicate 
the degree of trustworthllless for the en tIro sen es of 
experiments. H ence, while the present resul ts viewed 
as a whole fa.vor T 50E to the disadvantage of To5 , 

it is probably correct to conclude that the presently 
used techniques of vapor-pressure measurement are 

.1 It may be noticed, further, that in all cas~s the constant A decreased slightly 
on the second day of a 2-day senes. TillS effect, though very small , seems to be 
real. 

--_._---



not sufficiently precise to resolve the discrepancy 
between the two scales. This lat ter is illustrated in 
figure 3 where we have plotted T.55E- T 55 as a 
function of T. 

In conclusion, it sho uld pedlaps be emphasized 
that al though use was made of the r esults in [1 ] in 
th e development of T55E , no grea ter weight was 
accorded them than any other of foUl" addit ional 
independent investigations over the same tempera­
ture range. This accoun ts for the systematic devia­
t IOn in the regions 1.3 ° to 2 .2°K and 3.6° to 4 .2°K , 
visible in figure 2. 
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FIG lJ HE 1. D eviat'ion of 1\5 (/r-om vapor p r-essw'e) from Tm 
(fr-O'ln bridge reading) as a function of T . 

Apparatus I : . June 7, 1955: AJune 8, 1955; . June ]G, 1955; T June Ii, 1955. 
Apparatus II : O AlIgust,17, J955; 6 January 4, 1956; \7Ja nua ry 18, 1956. 
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FIG e R 8 2. Deviation of 1 \5E f1'o m T ,. as (/, function of T. 
For symbol code, see cap lion to figure 1. 
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FIGURE 3. D eviation of T 55E f1"01n T 55 as a fun ctio ll of 1'. 

W ASHING'l'ON, April 10, 1956. 
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