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

E. Ambler and R. P. Hudson

In a previous communication, ma.%neh'c thermometer calibratlons in the region 137 to
4,2% K were used to exatnine the internal consiatenoy of tae provisional helinm vapor-presaure

scalog of teMperaturse.

abie in their final form, and ferther measurementa have also been made.

Bince that artiele wont to prosd, thess scalées have been n

B avail-
The results of all

the measurements, seven runs in &l and with tow different apparstuses, are naed here to

examine the latter scales,

with the empirical scale of Clement, et sl {Twupd to within 2 millidegreea
eulated geale of Van Dijk and Dutieux {75 to within 6 millidegrees,
1t appeard, cherefore, that

ghowed hetter Agreement with Tis

the Ty scale tnay have heen a little too favorable,

The regultz of alx runs wora golf-congistent and eould b reeoneiled

and with the cal-
The reinaining Tun
provious assepamient of
‘The moat eritical interpretation of the

Bndinge is that the progent technique of vapor-pressure heasurement s not enfficiently

precige to diseriminate between the two scales.

1. Introduction

In 2 recent publieation [1}I the authors examined
the internal coosistecney of two vepor presaure-
absolute temperature (p-T} relations through the
ralibration of 8 mapnetic thermometer in the ranpe
1.3 to 4.2° K. One such relation was that of
Clement, Logan, and Gaffner [2], based upon an
empirical e%ua.tinn, and the other a thermodynemie
culcalation by Van Dijk and Durienx [3j.

After reference [1] had been prepared for publicn-
tion hoth the new p-T relations wera modified hy
their respective suthors. Clement based his fioal
temperature scale [4] (to be referred to by Fp) on
the sxperimentnl deta of zeveral authors, inelwling
Ambler and Hudson, obtained in one of two wars,
viz, a mensurement of the vapor pressure using (a} 4
geparete vapor-pressure bulb, or (b)} the pressure
over the liguid helinm bath plus an appropriate
correction for the “hydrostatic head,” when 2 heat
source wae employed to maintain o constant flow of
buhbles up through the liguid. Ven Dijk [$] has
inereased his temperature values slightly in the repion
3.3% to 4.3° K =0 that hiz p-T curve is tengent to o
gurve through the gas-thermometer duta of Bormao
and Swenson [6] near the normnl boiling point.
Temperatures derived from this new scale will he
denoted by T

Concurrent with this work, the present authors
carried out further measurements, employing the
“second epparatus” of [1] to aopment the mesger
smount of data obisined therewith. This was
especially important a2 these same data were not

| Figrums o binckats il bs th Lsrtare refoesmees at the and of chis paper,

in very close accord with those ohtained with the
“firal apparatus.”

 The present paper deals with an exetninglion for
mterna cunﬂiat.angeof the Ty nnd The tabulation,
baszed upon all of meaznetic thermomeéter calibra-
tipns referrad to above.

2. Experimental Procedure

The apparsius hes been described in detail in [1]
{sce fig. 1, b, and taxt therein).,  The enly modifica-
tion in procedure was the employment of & mano-
gtat ¥ to control the temperature of the bath. This
proved very useful in that the saystem came to equilib-
rimm twice ak fast us previously and enabled one to
obtain twics as many points per run. (It may he of
mterest to recowrd that at the lowest lemperature
employed (1.3° K}, where the magnetic thermometar
ia extremely sensitive, the bridge reading remained
conatant to within the equivalent of 107% deg for
perinds i excess of 5 min.)

3. Resulis

The dats obtained in the new series of measure-
moentz gre suminerized in table 1. The pressures,
#, have bean corractad to 20° C and standerd gravity,
and the bridge readings, n, have bean corrected for
nonlinearicy in the mutual-inductance decades.

The data of table 1 and these of table 1 in |1] will
now be discussed in volation to Ty, and Ty

? The suthare are indebted 1o L, b, Rolertsot vhe Oak Bldge Watkns] Labam-
tory for & drawing of this davice, Tha arlginal caspn is dga to H, & Bummery,
Lao= Alamwos, Rev, Bol. Tnstr, B, 7 {1900,



TapLE 1. Corresponding relvex of presaure in milftmeters of merepry, P {corrected dn #0F C and standard pravity) and bridge diel-
aetting, # (oerrecied for nonlinearily i decade oale)
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3.1. Comparison With Te Temperature Scale

The data were analyzed aceording to the proceduore
outlined in [1]. When the constants 4 and B in
the formuls

n—H=A/T (1}

nave been determined, a value of tomperaiure,
"magnetic temperature,’” Ty, 18 8t onee caleulable
for & given value of n. The corresponding valus of
loads to Ty from tho p-7 table nnd & =T5;—T§
may be ]l:tlﬂtt-ed &3 & function of absolute temperature,
This e done in figure 1. The values of A and B used
for each rom are summerized in tabla 2.

Tarre 2. Values of conetanis A ond B in equation { for T

evaluadion

12,1151

It is evident that only the results of Aummst 17,
1955—the first run with the second apparatus—can
be breught into very clese accord with the T,
tabulation. The rest of the date can, however, ba
brought into very close harmony with cach other
by auitable choices for 4 and B in each case, and

e entire group deviates eonsiderably from the
zaro ling with & maximum of +4.5 millidegrees at
36% K. There appears, furthermore, to be a dis
continuity in the region of che lambda-point. {As
dezerthed in detail in [1], the choice of A and F is
made 20 a5 to give an optimum fit throvghout the
antire range of messurenrent. The implicit nesuntp-
tion i3 that the Ty scale is nowhere In error by s
large amount. )

_3.2. Comparison With Tsm Temperaturs Scale

Figure 2 was obtained by a procedure analogous
to that leading to figure 1, now using Typ instend
of Tr. Small ¢ as in the values of A and B were
necessary us may be seen by conaulting tahble 3 and

Tasre 3. Valusz of conslanis A and B in eguation 1 for

Toz eraluaiion

comparing with table 2.2 With this temperature
scale it 1= possible to restriet the value of AT within
the limite of £2 l]]ﬂlidﬁfl‘ﬂﬂﬁ. The discontinuity
at the lambda-point is still evident. (Although such
o discontinuity is more likely dua to faults in the
meastiring  technigue than %ir;ujnel}r snomalons
hebavior of the -1 curve, it been observed by
other investigators, Hee, for axnmple, Erickson and
Roberts [7].}

4, Discussion

In [1] reasons were given for reposing more Lruat
i ihe results obtained with the second apparatus
{August 1955 daia) than in those for the first nppa-
ratus (June 19557, These were based upon the at-
temptad improvement in design and the fact thet a
(rather rough) messurement of the bath pressurc
plus the bydrostatic-hend correction mgreed with p
measurnd m the bulb system, within tha limits of
error of menasursment. It can be seen, howewer,
that the measurements of January 1958 reproduce
the sarlier reavlts obtained with e different appacatus,
and fai! to agree with the first messurements, using
the same apparatus. At the same time, the gualicy
of the seeond apperatus, as determined by the above-
mentioned eriteria, had not changed. e have been
uneble to find & plausible explanation for the dis-
crepnncies, which must. therefore be held to indicate
the degree of trustwarthiness for the entire series of
cxperilments. Henee, while the present results viowed
as & whole favor Togp to the disndvantage of T,
it js probably correct to conclude that the presently
ueed technigques of vepor-pressure measurement are

# I o7 T ooticed, foriher, thot (o 6ll csees the cometant A deoeassd ﬂu&tﬁ

?galm sacond daF of 5 2=lpy perics. This affect, though very amell, seems
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not sufficisally precise to resolve the diserepancy
between the two seales,  Thie latter is illustrated m
figure 3 where we have plottal Tue— T 8s a
function of T

In conclusion, it should perhaps be emphasized
that although use was made of the resulis in [1] in
the development of Ty, no grester weight wes
nccorded them than any other of four additional
independent investigations over the same tempers-
tnra range. This necounts for the systematic devia-
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