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A method is presented for analyz ing t he temperature in tervals of the ~BS (1955) 
temperature scale a nd the International Practical Temperature Scale (IPTS) . Values of 
d1'/dR as a fun ction of resistance a re derived from equat ions of dQ /dR a nd dQ/dT, obtained 
from precise beat-capacity data (better t ha n ± 0.02 percent) by the method of least squares . 
An adjusted t emperature scale is obtained by integration of the values of dT/dR relative to 
a referen ce t empera tu re a nd the corresponding resist a nce of the thermometer. The results 
of the adjust ing process in thc neighborhood of the oxygen point (90.18 OK ) a re discussed 
a nd compared with the exis t ing te mperature sca les . The derived temperatu re scale was 
found to be s imila r to th e sca les ma inta in ed by the P ennsylvani a State Univers ity (PSU), 
t he Ph ysico-Technica l a nd Radio-Techn ical Meas urements Ins titute (PI1MI), and the 
1\ational Physical Laboratory (N PL) from th e upper limits of th ese scales, ncar 90 oK , 
down to 50 ole The adjustin g method prese nted is limi ted by the uncerta inty of formul a­
t ion of dQ/dR a nd dQ/dT a nd the derived temperature scale is limited by t he accumulated 
un certa inty in t he integral of dT/dR. 

1. Introduction 

The International Practical Temperature Scale 
(IPTS) [J ] 1 is defined between - 183 and 630 °C in 
terms of the resistance of platinum thermometers of 
specified characteristics, foUl" fixed points (the triple 
poin t of water and the normal boiling' poin ts of oxy­
gen , water, and sulfur), and two interpolation for­
mulas (quadrat ic above and quartic below 0 °C) . In 
the region from 10 to 90 oK a pro visional temperature 
scale has been maintained at the National Bureau of 
Standards in terms of it set of platinum resistance 
thermometers. The thermometers now being used 
to maintain the NBS proyisional scale are "two 
generations" remo,' ed from the original thermom­
eters that were compnred directly with a helium-gas 
thermometer in 1939 [2] . The present NBS provi­
sional temperatme scale is designated NBS (1955) 
and is defined to be 0.01 deg lower than the NBS 
(1939) scale [2]. 

Since 1939, other laboratories have also established 
independent temperature scales between 10 and 90 
OK, based on gas thermometry and maintained by 
means of platinum resistance thermometers. They 
are California Institute of Technology in Pasadena, 
Calif. [3 ], Pennsylvania State University in Univer­
sity P ark, Pa. [4] , Physico-Technical and Radio­
Technical IVleasllTements Institute in Moscow 
(U.S.S.R.) [5], and Nationnl Physical Laboratory in 
Teddington (U.K.) [6]. (Henceforth , the tempera­
ture scales established by the above laboratories will 
b e referred to fiS CIT, PSU, PRMI, and NPL scales, 

1 F igures in thc brackets indicate the literature rcferences given a t t he end of 
t his paper. 
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respecti vely. ) These temperature scales have been 
shown to be in agreement within 0.02 deg over most 
of the 10 to 90 OK range after adj ustments are made 
to the common oxygen-point vnlue [3, 7] . 

Prior to 1939, results of compnrison of platinum­
resistance thermometers with a helium-gas ther­
mometer were reported between 14 and 90 OK by 
Henning and Otto [8J and between 15 and 83 oJ( by 
Keesom and Bijl [9]. N o accurate comparison of 
these temperature scnles caJl be made with existin g 
scales. 

Although the NBS (1955) scale was designed to 
join the IPTS smoothly , the results or hea t-capacity 
measurements made at NBS t),nd elsewhere have 
consis tently indica ted irregularities in the region 
where the two temperatu re scales join, a nd in certnin 
other regions of the NBS (1955) scale, that cannot 
be attributed to measurement erro rs . Since the 
heat-capacity determinations are concerned with 
temperature differences, any short-range variations 
in the "size of the degree" given by the resistance 
(R)-temperature (T) relation of the thermometer can 
be detected. If these variations occur gradually 
over a broad temperature range, the present tech­
niques used in heat-capacity determinations alone 
will not indicate any irregularities in the temperature 
scale. 

A pattern of well defined irregularities has been 
found to exist in the relative deviations of the experi­
mental data from an equation composed of a linear 
combination of Debye and Einstein heat-capacity 
functions which have been fitted to the data by the 
method of least squares. A composite deviation 
plot for 11 independent sets of NBS data each fitted 
by such an equation is shown in figure 1. (A set of 



data consists of the measurements of energy incre­
ments and the corresponding thermometer resist­
ances from about 15 to 380 oK obtained in the heat­
capacity determinations on the empty vessel or on 
the vessel with sample and analyzed as a single set. ) 
Three different calorimetric apparatus were used 
over the period of time in whi ch these experimental 
data were obtained and a different capsule-type 
platinum resistftnce thermometer was used with each 
apparatus. The thermometers were calibmted at 
the NBS, the firs t (L--18) in 1943, the second (769894) 
in 1950, and the third (1057849) in 1953. Deviation 
curves o[ the data from simpler equations, such as a 
single Debye heat-cftpacity function 01' a cubic 
equation, exhibit irregularities at the same tempera­
tures as shown in figure 1. The similarity of the 
irregularities observed in different measurem.ents and 
equfttions used in analyzing the data indicate that 
the temperature scftles as represented by NBS 
(1955)- IPTS scales do not have uniform tempera­
ture intervals with respect to the thermodynamic 
tempemture scale, particularly in the region of the 
oxygen point. 
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FIGUHE 1. Composite oj the devial'ions (perce nt), 

100 X [(flQ (observed) - flQ (calculated» / flQ (observedlJ.r, 

f or eleven (11) heat-capacity determinations in which three 
dijJerentthermometers (L - 18, 769894, and 1057849) were used. 

The values of IlQ (calculated) were obtained from equations containing a series 
of Debye and Einstein function terms with characteristic temperatures arbitrarily 
se lected and coefficients determined by fitt ing to IlQ (observed) using the least 
squ ares method. A typical experiment (experimen t B, used in smoothing the 
lemperature scale) is shown distinct from otber data by open squares. 
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The resistance-temperature relation of the 1PTS 
begins to exhibit relatively large curvature below 
about 120 oK. The 1PT'S formulat ion introduces 
an incorrect slope at the oxygen point and the 
1PTS above this temperature is distorted from 
that of the thermodynamic temperature scale. 
The change in resistance with temperature at the 
oxygen point (l /R o) (dR/dT) 02' for the 1PTS 
formulation is about 4.348 X 10-3jdeg for 12 ther­
mometers in use in the low-temperature calorimetry 
laboratory at N BS . (1n the expression (1 /R o) 
(clR/clT)oz, Ro is the thermometer resistance at 
o °0 and the subscript 02 indicates the oxygen 
point.) The values for (l /Ro)(dR/clT)oz on the 
NBS (1955) scale for these thermometers are within 
about ± 0.001 X 10- 3/deg of the above value, which 
indicates that the scales appear to join satisfactorily 
at 90 .18 oIL The difference between the values of 
(1/ Ro) (clR/clT)oz from the gas thermometer com­
parison and the IP1'S formulation cannot be ob­
tained for the thermometer (L- 6) used to represent 
the NBS (1939) scale [2]. '1'he thermometer was 
apparently not calibrated on the IP'I'S. The 
PRM1 scale [5] is based on a group of four platinum 
thermometers constructed from a platinum wire 
designated UX--6. This scale has not been ad­
justed to join with the IP'1'S and its value for 
(1/Ro)(dR/clT)o2 is approximately 4.342 X 1O-3/deg. 
Usino' the IPTS calibration constants (a= 0.0039251 , 
0= lA899 , and j3 = 0.1l27) given for the UX--6 
group standard [10], (l /R o) (clR/dT)oz calculates to 
be 4.350 X 1O-3/deg, which is 0.008 X lO- 3/deg 
higher than the PMR1 scale value. (Variations 
in the slope of this magnitude (0.2 percent) are 
easily detected in precisi~n calorime~ry.) 'fhe 
resistance-temperature relatwn of platmum has 
also an inflection point at about 87 oK ; the slope is , 
therefore the hio·hes t at this temperature. Under 
these cil:cumsta~ces the smooth joining of the 
NBS (1955) scale 01' a'ny of the other scales mentioned 
above with the present 1PTS would be expected 
to yield a ' temperature scale whose intervals aI:e 
not consistent with those of the thermodynamiC 
scale. . 

J n the present paper the locations of t~le irregu­
larities in the temperature scales are pomted out 
and a method is presented for adjusting the NBS 
(1955) scale and the IPTS, using very precise heat­
capacity data. 

2. Method 

The heat capacity of a system IS defined by 

C= dQ/d1'= lim (D.Q/D.T), 
D.T--'>O (1) 

so that in principle the heat capacity can be deter­
mined from precise measurements of the tempera­
tures T and the energy increments, D.Q, introduced. , , . . . 
Except for systems that have transltlOns at umque 
temperatures, the heat capacity should be a smooth 
function of the thermodynamic temperature scale. 



rrhe r esistance of platinum is also a smooth function 
of t he temper ature. (F or the heat data obtained 
between 15 and 3S0 oK on the systems under discus­
sion and for t he platinum resistance therm ometer, a 
smooth function is defined and restricted to the 
folIo wi ng proper ties : (a) co ntinuous deri \T ati ves, 
(b) monoto nic increasing wi t h not m ore than two 
inflection poin ts, and (c) sigmoidal configuration of 
the heat-capacity curve .) The heat capacity can 
be ex pressed al tern ati vely by 

C= dQ/dT= (dQ/dR) (dR/dT ), (2) 

which shows that the heat capacity can be calculated 
from corresponding values of dQ/dR <tnd dR/dT. 
The \"alues of dQ/dR can be obtained as a function 
of t he resistance R (or the temperature T) of the 
thermometer from obser ved values of !:J. Q and the 
associ ~tted resistances. The values 01 dR/dT corre­
sponding to the resistance R (or the temperature T) 
can be obtained from the calibration of t he ther­
mo meter used in the measuremen ts . 'rhe problem 
is, however , that t he values of dR/dT l or t he N BS 
(1955)- TPTS scales do not yield smooth, "we11-
behaved" values of dQ/dT expected . Tn ~tddi ti o n , 
t he accuracy of dR/dT is limi ted in t he N BS (1955) 
scale range because of t he tabular nature of the 
scale. These irregulari ties of dQ/dT will appear rtt 
t he s ~tme tempera tures as found in the drttrt analyses 
as shown in figure I , where the obsen Ted therm ometer 
resistances are conver ted to temperatures and the 
values of !:J.Q and T analyzed. 

T he method presen ted in this paper for adjusting 
t he temper ature scales in volve the relation : 

dT/dR = (dQ/dR)/ (dQ/dT ), (3) 

whereby the above process (eq (2)) is re\ ersed and 
values of dT/dR are ob tained from the smooth 
values of dQ/dR and dQ/dT . Smoothed yalues of 
dQ/dR are ob tained as a function of the resistance 
R of the thermometer from the obser vations of 
!:J. Q's and the corresponding resistances. Smoothed 
values of dQ/dT are ob tained in the usual manner 
by fi t ting equations to the observed !:J.Q's and 
temperatures, ob tained by conver ting the ther­
mometer resistance to temperatures . The dQ/dT 
values from the fi tted equations are taken to be 
correct and the irregulari ties in the dQ/dT are 
disregarded because they should not exis t . The 
values of dT/dR are obtained in accordance wi th 
eq (3) as a function of the resistance from correspond­
ing values of dQ/dR and dQ/dT . The values of 
dT/dR are then integrated relative to a reference 
tempera ture (for example, 90.1S or 273.15 °Iq 
and the corresponding thermometer resistance to 
ob tain an adjusted temperature scale. (H encefor th , 
the values of dT/dR (or dR/dT) ob tained from the 
heat-capaci ty data will be referred to as derived 
dT/dR. The temperature scale ob tained by inte­
gration of dT/dR will be described by the same 
adj ective.) 
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The method has se \'eral limi tations wit h strong 
dependence on lLCcumte formulation of dQ /dT as a 
function of the temperature. The "kinks" shown in 
figure 1 must be smoothed ou t properly withou t gain 
or loss of enthalpy change or degrees between two 
fixed points. A linear co mbination of E instein and 
D ebye heat-capacity functions was found from expe­
rience to yield the m ost suitable heat-capacity-like 
equation. The equations of dQ /dT were analyzed 
by examining the higher deri vati ves for smooth ness 
and th e required co nfiguration in accordance with 
the specifications previously given. Although the 
functional form of dQ /dT meets the requiremen ts set 
forth and is ob tained by fitting the data over a broad 
range of temperature, other equally acceptable ex­
pressions of dQ /clT may be ob tained . Inasmuch ~tS 
each set of data that have been analyzed co ntain a 
fairly large number of obser vations, it is expected 
that any variations in dQ /dT resulting from n,ddi­
tional obser vations would be smaller t han the irregu­
larities in the NBS (1955) - IPTS scales . Also, the 
differences between t he given equations and any 
other fo rmubtion of clQ /dT t hat meets the require­
ments of smootlllless and co nfig uration should not 
exceed the deviations shown in fi gure 1. T he shape 
of the functional form is very much dependent upon 
t he distribution of the temperatures of t he experi­
mental points. At t his tim e no in vestigation has 
been m ade on t he most sui table distribut ion of exper­
imen tal data. Since t he energy int roduced can be 
determined accurately, the cLCC UrftCY of dQ /dR was 
limited in t he data analyzed only by t he resistance 
measurements. Below about 40 oJ\: the relative accu­
racy of dQ /dR dect'eased because of the small changes 
of r esistance that were measured. The accuracy 
could be improved by using a thermometer of higher 
dR/dT . The values of dQ/dR increase very rapidly 
wi th decrease in temperature below abou t 25 OK, 
because t he thermometer resistance begins to de­
crease more rapidly with decrease in temperature 
t han t he heat capacity. (See inser t, fig. 5.) Thus, 
an accurate formulation of dQ/dR was not favorable 
below n,bou t 25 OK. The method permits smoothing 
of t he temperature scale about a reference tempera­
ture by integration of t he values of dT/dR , but t he 
range of temperature is limi ted by the accumulation 
of t he uncer tainty in t he in tegral of dT/dR . 

Since the temperature in ter vals of the NBS 
(1955)- IPTS scales are already close to those of the 
thermodynamic scale, the deri ved temperature scale 
ob tained by in tegration should not deviate drastically 
from the original NBS- IPTS scales as long as the 
values of dT/dR obtained are sufficiently precise. 
The values of dT/dR, dQ/dR , and dQ /dT do not change 
rapidly with temperature, therefore the possible un· 
certain ty (a few hundred ths of a degree) between the 
thermody namic temperature scale and the NBS 
(1955) scale and IPTS should not have significant 
effect on the integrated temperature scale. (See sec. 
3.) The heat data used in the smoothing process 
were precise to abou t ± 0.02 percent or better rom 
40 to 3S0 Ole Below 40 OK the data were less 
precise because of the decreasing sensitivity of t he 
thermometer . 



3. Analysis of the Heat Data and Results 
of the Smoothing Process 

The measured quantities in the determination of 
heat capacity (C) are series of thermometer resist­
ances (R) or the converted temperatures (T) before 
and after the introduction of precisely known energy 
incremen ts (~Q) . If 

and 
C= dQ/dT=j(T) (4) 

then 
dQ/dR = j(R) (5) 

~Q= 2 CdT= 2 j(T)dT t T t 1' 
Tl 1'1 

(6) 

and 

tR' ~Q= "j(R)dR. 
Rl 

(7) 

The experimental data were analyzed in accordance 
with eqs (6) and (7). The functionj(T) was formu­
lated as a lineal' combination of Debye and Einstein 
heat-capacity functions 
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dQ/dT=j(T) = 2.2 aiD(Oi/T )+ 2.2 ajE(wj/T) (8) 
i= 1 j= l 

with the characteristic temperature for each term 
arbitrarily selected and the corresponding coefficient 
determined by the method of least squares from the 
observed data. The characteristic temperatures 
used were: 0i= 50, 100, 150, 200 , 250, 300, 400, 500 , 
and 700 and Wj= 100, 150, 200 , 250, 300, 400, 500 , 
700,900, and 1100. The functionj(R) was obtained 
as smoothed tabular values at regularly spaced 
intervals of resistance. The table was based on 
three partially overlapping polynomials of the form 

4 

dQ/dR = j(R) = ~ anR n, (9) 
n=-4 

fitted to the data by the method of least squares. A 
high speed digital computer at the NBS was used in 
the calculations. 

The heat-capacity data from six different sets of 
measurements that were obtained recently and con­
sidered to be the most precise were analyzed. These 
data are part of those shown in the composite plot of 
figure 1. The same capsule-type thermometer No. 
769894, (a= 0.00392536, 0= 1.4930 , i3= 0 .11014 , and 
R o= 25.54772 ohms) was used with the stl.me calori­
meter vessel that was fabricated principally of 
copper and assembled with "silver solder" and tin­
lead solder. The inner surface of the vessel was 
covered with pure tin and the outer surface gold 
plated. (For details of the calorimeter design and 
m~asurement procedures, see references [11 , 12].) 
Of these data, three sets were from completely in­
dependent measurements on the empty vessel and 
the other three sets were from measurements on the 
vessel containing samples. The measurements on 
the empty vessel were made immediately after each 
measurement with the sample. Henceforth, these 

8 

sets of experiments will be identified alphabetically, 
th~ capital letter representing the vessel-plus-sample 
measurements and the lower case letter the corre­
sponding empty-vessel measurements . The letter A 
corresponds to the measurements obtained with 
BeO·AJ20 3, B with A14C3 , and C with LiAIH 4• The 
functions j (T) and j(R) were obtained over the 
complete temperature range of each set of measure­
ments (fig. 1) . The analysis of the calorimeter 
vessel-plus-sample data was complicated since the 
heat capacity of the sample was superimposed on 
that of the vessel. Deviations (percent), 

of each set of measurements from their respective 
functions f(T) are shown in figure 2. The corre­
sponding deviations , 
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for each of the six (6) se ts of measurements obtained uS1:ng 
thermometer N o. 769894. 

These were the Ir.easurements analyzed to smooth the N BS (955)-IPTS 
scales. The val ues of Ml (calculated) were obtained from f( 7') at the appropriate 
experimen tal Lem pera tures. 



of t hese same sets of measurements from fun ctions 
j(R) ,,1 re shown in figure 3. T he subscrip ts T and R 
indica te the methods (eqs (6) and (7), r espectively) 
by which ilQ (calculated) was obtained . 

I n fig ures 4 and 5 are shown t he plots of f (T ) and 
j(R) for t he data analysed . 1'he three meas ure­
men ts of the empty vessel (a, b,c) are coin cident on 
the scale shown in the plots. The plots are given to 
show the broad range of magni tudes of values of 
dQ/dT a nd dQ/dR of each set of data. The mag­
nitudes of dQ/dT and dQ/dR of the differen t sets of 
measurements are sufficien tly diverse to permit 
detecting whether or n ot an irregular characteristic 
or "ki nk " common to t hese sets of measurements is 
addi t ive . In par ticular, any "kink" in the heat­
capacity curve of the empty vessel should be ex­
hibited in figures 1 and 2 as a regular pattern of 
relati ,"e deviation inversely propor t ional in m agni­
t ude to the magni tud e of dQ/cl T . The deviations of 
figures 1 and 2 disclose r egular propor tional errors 
of abo ut the same m agnitude. Calibration errors 
in any bridge or potentiometer settings will be 
revealed as a fixed pattern in t he relllti ,"e de ,"iation 
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scales. T he values or LlQ (calculated) were obtained rromf(R) at the appropriate 
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recurring whenever that dial position is used through­
out the temperature range of measuremen ts. 'rhe 
lack of a r epeating irregularity in the deviation 
plots of figw·es 1 and 2 and the lack of repeating or 
large irregulari ties in the deviation plots of the 
analys is of il Q versus R of figure 3 discount the 
existence of any such large calibration errors in 
t he above instruments. 
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Figure 6a shows the deviations of the dT/dR ob­
tained from each set of measurements from their 
mean. The root-mean-square (rms) deviation from 
their mean plotted in figure 6b shows that the agree­
ment in the derived clT/dR is best in the neighborhood 
of the oxygen point. 'I.'he rms deviation increases to 
about 0.02 percent at temperatures above and 0.04 
percent below the oxygen point, respectively. The 
deviation of the mean derived clT/dR from the 
dT/dR of the NBS (l955) - IPTS scales shown in 
figure 6c is similar to the 

plots shown in figures 1 and 2. The apparently high 
(or low) values shown in figures 1 and 2 of tJ.Q (ob­
served) over those of tJ.Q (calculated) arise from 
values of I1T that are too small (or too large) cor­
responding to the observed tJ.R. Since the tJ.T cor­
responding to the I1R has been adjusted ft ccordingly 
in the derind values of clT/clR, the configuration of 
figures 1, 2, and 6ft should be very similar . 

In figure 7 the mean derilTed dB/ciT (reciprocal of 
dT/dR (obtained) is compared with those of the 
NBS (1955)-IPTS scales in the neighborhood of the 
oxygen point. The shape of the derived dB/dT is 
considerably different from that of the NBS (1955)­
IP'rS scales. The inflection point at 90.1S OK of the 
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dT/dR of the NBS (1955)- IPTS scales has been 
displaced in the derived dT/dR to around 110 oK. 
This should yield ft temperature scale more com­
patible with the heat-capacity measurements. The 
general configura tional relation be~ween th,e ?urves 
in the interval 75 to about 95 OK IS very slmllar to 
that reported by Borovick-Romftnov [5] for the 
PRMI and NBS (1955) scales and the IPTS using 
UX- 3 and UX- 6 platinum thermometers. 

Fio'ure Sa shows between 30 and 220 OK the devia­
tion "'of the temperatures derived by integration of 
clT/dR relative to the oxygen point of each set of 
measurements from their mean, 'rhe rms deviation 
of the derived temperature scales given in figure Sb 
shows that the agreement is best between about 60 
and 150 OK, Beyond these tempe~'atures the rms 
deviation is ftbout 0.01 deg, The dlvergence below 
the oxygen point of the temperature scale derived 
from experiment c is shown to be unusually high . 
This is considered to be due to the temperatures at 
which the experimental data were taken, 

Figure SC shows the delTiation of the mean derived 
temperature scale from NBS (l955) - IPTS scales. 
The average of the devifttions of the PSU, PRMI, 
and NPL scales from the NBS (1955) scale is also 
shown , 

As a part of the program of the International qom­
mittee on Weio'hts and lV[easures, the N atlOnal 
Physical Laboratory and the Physico-Technical and 
Radio-Technical Ivleasurements Institute intercom­
pared platinum resistance thermometers that were 
calibrated on the NBS (1955), PSU, PRMI, and 
NPL temperature scales . 'I.'hese data made avail­
able to us throuo'h J, L, Riddle (NBS), were used 
freely in compari~g them with the derived tempera­
ture scale. Both the NPL dftta and the PRMI data 
on the resistance thermometers representing eftch 
of the scales were assumed to haye been obseryed at 
the same temperatures, For convenience of the 
subsequent discussion the PSU, PRMI, and NPL 
temperature scales will be referred to collectively as 
non-NB S temperature scales. The deriyed tempera­
ture scale was found to track the ftverage of the ]10]1-
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Com parison of the del'ived values of dR /dT with 
those of the NBS (i 955)-IPTS scale,s, 



10 1 

8 

-c.:: 1 

~ 

~ 

i"1~~1 
W 
r- ~ C"" 2 

- C.S 2 

"" lei • • 

./"''-----+-- \'---->,:------diD - .----=~__l 

• . 0 

• • • • 
o P1 61.:! 
• p i 70 
(j Pl71 
• P I 74 

FIG IJ RE 8. (a) D eviations from their mean of the temperature 
scales derived f rom each of the six (6) experiments. 

'rhe temperature scales were obta ined by in tegration relati ve to the oxygen 
point (90.18 OK). 

(b) Root-mean-square deviation from thei r mean of the six 
den:ved temperature scales . 

(e) Deviations f rom the NBS (1955)- JPTS scales of the mean 
derived temperature scale. 

The sym bols 0 and . indicate, respectively , the mean of the deviations of the 
r su, PRMI, an d NPL tempera ture scalcs from the N BS (1 955) scale as observed 
at NPL and PRMI. The symbols 0 , . , 6 , and ~ indicate deviations from the 
1P'],S of the helium-gas thermometer repor ted by Keesolll and Dammers 113J for 
platinum thermometers designated Pt 68,70,71, and 74, respectively. 

NBS scales closely from the oxygen point down to 
about 75 OK. From 75 down to about.55 OK the con­
figuration is similar, but the maximum deviation is 
about 0.01 deg_ Below 55 OK, the shape is different 
and the deviation is as large as 0.014 deg. 

In the region above the oxygen point, a portion 
of the data on the intercom paris on of the IPTS with 
a helium-gas thermometer obtained by Keesom and 
Dammers [13] is plotted in figure 8c. Tn the region 
of about 120 to 140 OK, these data are in fair agree­
ment with the derived scale. Aboye about 140 OK , 
there is considerable divergence. 

The deviations shown below 55 oJ{ and above 
] 40 OK in the comparisons given in figure 8c are 
consider ed to be due to the in ability of the method 
presented to account for any long-range, gradual 
variations in the NBS (l955)-IPTS scales. There­
fore, the deviations of the observations shown in 8c 
are not indicative of any variations in the data. 
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of PSU, PRJ'l!I , NP L, and the clel'ived temperatw 'e scales. 

~rhc subscript x indicates any of the above temperature scales. 'rhe values of 
6 T were obtained from the sa me data obtained a t the N PL and PRMI for the 
comparison of the NB S (1955) , P SU, PRlI1I , and N PL temperature scales. The 
abscissa fo r t he poin ts plotted is the mean temperature of t he two temperature 
used to obtain 6 T. 

The deviations of the NBS (1955) an d the non­
NBS temperature scales from the derived scale are 
shown from 30 to 90 OK in figure 9. Except for 
the displacement of the scales, due to the use of 
numerically differen t values for the oxygen point, 
the PSU scale is in excellent agreement witlJ the 
derived scale from 90 down to about 55 OK, the 
NPL scale down to 70 OK, and the PRMT scale 
down to 75 OK . The NBS (1955) scale is shown to 
be relatively divergent from each of the nOll-NBS 
temperature scales . The NBS (1955) and the 
derived scale are in good agreement below 70 Ole 

A comparison of the "size of the degree", or 
effectively the values of clT/clR used to obtain the 
derived temperature scale, is m ade with those of 
other scales in figure 10. The differences in the 



successive temperatures obtained for the various 
temperature scales are compared with the differences 
in the corresponding successi \'e temperatures on the 
NBS (1955) scale by the relation : 

100 X [(LlTx- LlTNBS) /LlTNBS]' (10 ) 

where the subscrip t x represents any of the other 
temperature scales. The configuration of the re­
lation gi ven by eq (10) for the deri "ed scale is similar 
to those of the non-NBS scales over the entire 
temperature range shown in figure 10. This similar­
ity indicates that the derived and non-NBS tem­
perature scales are closely alike. It is remarkable 
that the deri \'ed tem perature scale agrees closely 
with the non-NBS scales. 

4. Conclusjons 

The temperature in ter n lls of the NBS (1955)­
IPTS scales were adjusted, u tilizing values of dT/dR 
that were derived from six independent sets of heat­
capacity data. These data were fitted by the 
method of least squares to equations representing 
dQ/clT and clQ/dR which differ o,-er a broad range in 
the magni tude of their ndues. The r111S de\-iations 
of the values of dT/clR obtained from the six sets of 
data are from 0.0] to 0.02 percent above 90 OK and 
increase to about 0.04 percent at 70 OK and lower. 
Comparison of the deriyed temperature scale, ob­
tained by in tegntting the n llues of clT/cl R relative 
to the oxygen poin t , with tJ1 e mean of the non-NBS 
temperature scales indicates agreement to better 
than 0.01 deg from 90 down to about 55 OK with 
slightly larger deyiations at lower temperatures and 
falls well within the range of the existing sCflles. 
Between 60 to 90 OK, the de \-iation of the "size of 
the degree" of the deri \-ed scale from the mean vfllue 
of the non-NBS scales is comparable 01' smaller than 
the spread of the n tlues of the non-NBS scales. 
Below 60 OK, sligh tly larger deyiations were ob­
tained. 

Because of the lack of data, no accurate compari­
son can be made of the deri,-ed temperature scale 
above the oxygen poin t. 

The method described for adjusting the tempera­
ture scales using precise heat-capacity data is limi ted 
to a short range near the reference temperature be­
cause of the accumula tion of the uncertainty in the 
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integral of clT/clR. An accurate formulation of the 
values of dQ/clR and dQ/dT is essential to the success 
of the method. A large number of properly dis­
tributed, highly precise heat-capacity data is a 
prerequisite. Accurate formulation of dQ/clR is 
complicated below about 25 OK because of its rapid 
increase with decrease in temperatUl'e. The l'elative 
precision at the lower temperatures would be better if 
a thermometer of higher dR/dT is used. 

A method for adjusting the temperature scale is 
demonstrated in this paper using the laboratory data 
that had accumulated in the past few years. The 
heat-capacity data from the measurements of the 
vessel plus sample had complicated shapes because 
of the superposition of the heat capacity of the 
sample on that of the vessel. Systematic measure­
ments on systems haying values of dQ/clT with a 
simple shape should yield more accurate equations 
for the yalues of clQ/dT. 
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