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NOTES TO SUPPLEMENT RESISTANCE THERMCMETER REPORTS
ON THE INTERNATIONAL PRACTICAL LE:PERATURE SCALE UF 1968

The practical value of a standard resistance ‘herucmeter
@dependc upon the precision and convenience with which it can be )
use” to determine temperatures on a definite temper rature scale.
These notes werc prepared to supplement calibration repcrts because
of the increasing use of platinum resistance thermometers and the
increased precision sought with them. This revision of these notes
was motivated by the recent adoption of the new Intermational Fractical
Temperatuie Scale of 1968. This new scele replaces IPTC-48 which has
been the nearly univefsally used temperature scale and which has been
the scale promulgated by the National Bureau of Standards as the
official scale in this country. This is the first major change in the
temperature scale since 1927 and is the result of an international
effort to create a practigal scale which both extends vo a lcwer
temperature (down to 13.81 K) and is in cleser agreement with the

. e

thermodynamic scale.

I. Temperature Scele

The International Practical Temperature Scale of 1968 (IFTS-
is based upon eleven defining fixed points[13 to which numerical
values have been assigned. Values between these fixed points are
defined by the indications of spscified-measuring instruments-

Specified formulas and tables are used to relate these indications

ct
(9]

temperature. Between —259.34 ©C and ©30.74 ©C the instruments

jl

re
platinum resistance thermometers which have been calibrated at spesified

defining fixed points to determine the constants in the formulas.

11] See Appendix A.
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*2r the range 0° to 630.74 °C temperatures m2y be calculcted using the

ek o ’ (2]
~pllowing expressions,
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where % is the temperature in ©C, Rt is the resistance at the temper-
ature %, Ry 1s the resistance at 0 °C. The constants, o and &, lLave
values which are characteristic of the individual thermometer. The
nstant a, which is equivalent to ﬁigg_:_EQ, may be determined from

100 Rg
measurements of the thermometer resistor *at the triple point of water

Q)

e
&)

(C.01 ©C) and the steanm point. The value of g must be grzater than
0.003925 to satisfy one of the internationai requirements for a standard
thermometer. The consiant & is determined from knowledge of ¢ and
measurements &t a third fixed point, usually the freezing point of
zinc. The aadition of the émali value represented by (3) serves o
maxe the IPTS-68 conform more closely to the thcfmodynamic scale than
can be done with caly the simple quadratic of expre=sion (2).

CAUTION: The values of A, B, and » on the new 1968 scale are

distinectly d4€ferent from “he corresponding values or the old 19/8 or

-
|

1927 scale. Tue values of g and By 2re also different but only

trivially SO.

2] TFor the cocmputation of tables it is suegestied that expressicn (2)
be replaced tr the following egquivalent formula which is given in
L “2xt of International Practical Temperature Scale of 104%,

Ry = Ry (1 + At! + Bt'R),

it is the resistance of the resistor of the thermomster at
Deravure v, and Ry is the resistance at 0 °C. A and B are
vnstanis which are related to ¢ and & of the Callendar formula
the identities,

: ol |

he

M
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A=qa (1+2/100) and B = —qs/10%.
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Temperatures below C °C on the new 1968 scale are calculated asinzg
g ctendard reference table which gives values of Rt/RO Tor a fictitious
nmean" standard thermometer. This reference table and a2 specified
deviation equation are cumbined to give values of Ri/R, for a particular
thermometer. Thg standard reference table usod for IPTS-68 is referred
tc as the "CCT-68" table.{B] It is convenient 1o use the symbol Wy
in plsce of Et/no' For the special reference values or Ry/R, tabulated
in CCT-68 tie special symbol Wi *'is used. The table giving values of
W, from O °C down to -182.962 °C for a particular thermometer mey be
calculated from the following expressions,

Wy = Wk + AWy (4)

iy = At + G2 (6 - 100). | (5)

Expression (5) is the specified deviation equation in the range 0 °C

to -182.962 °C. The constants AA and 04 ere also characteristic of the
.individual thermometer. The value of A, is simply a - .00392596%8.

The value of 04 is determined from measurements at the boiling point

¥ =

of oxygen.
II. Measurement for the Determination of Temperature

A ctandard platinum resistauce thermometer is constructed sc
that precise messurements may be made of the resistance of iis platinum
resistor. The resistor is made of very pure platinum wire, iy cornpact

in form, and is contained in = protectiny tube. At each end of the

resi

)]

ter is a branch point to which are joined two leads, coamonly

ctlled "current" and "polential" leads. This construction makes it

kD

[y}

sible to measure ti:e resistance of the resistor alone (i.e. between

L1€ branch points), independent of the resistance of the lexds.



5 o e
Tne recistance of the thermometer may be measuved in various ways.

The Wheatstone bridge and commutator of Mueller's design -re comrionly

aidial

uced in this country. The function of the commutator is to inter-

(4]

cronge the thermometer leads in cuch a way that the average of the
resistinces measured with the commutator in the N (normal) position
and in the K (reverse) position_is the rosistance of the resistor

of the thermometer. The resistance of the leads is completely
¢liminat=d by this technique only ir the differeace in the resistance
of the two leads appearing in the arms of the bridge is the seme when
measurements are made in the N as when measvrements are made in the R
position. By making a series of four measurements, at edual time
intervals, in tlie order N R R N, any change of the difference of the
lead resistance is comrutable and the everage velue of the four measure-
ments is independent on any linear drift in this difference. The
resistance may alsou be measufed with a potentiometer, s Kelvin-type

double bridge, or one of Lie more recently developed bridges usine
g g g

inductive dividers-

The calibration report for a resistance thermometer gives the
values of q. %, and AA whish wefe found to zpply to *he resisior of
vhet particular thermometer. If ihe thermometer was calibrsted at the
oxygen point, the value of OA which was found is given for calculating
veaperatures bzlow O ©C. These constants are charzcteristic of the
naterial 9m the particular resistor but do not depend on the magnitude
°Y its resirctance nor the units in vhich the resistance is measured.
ele determinations of temperaturs witk = platinum

izter 4t 48 necessary to refer to some kncwn and reprcaucible




vemperature (fixed point) whizh should be readily available whenever

it is needed. This fixed tumperature is meust commonly either the i-e
point, or the iriple point of water (0.01 °C). Measurement of the
resiscance of the thermcmeter in a suitahble ice bath will give R,
directly, while a small correction, very nearly equivalent to 0.01
degree C, is necessary if a triple point cell is used.[ﬁ] The sdcise
between these two fixed pointes is largely on the basis of the accuracy
requirsa. The triple point may be realized within +0.0C02 degrees C
while the accuracy of realizi.g th; ice point is typically five to

ten times worse. Tune value of Ry is given in the report primarily to
enable thc determination of any change occurring in I between the tim
of celibration and the time the Ry is measured in the user's laboratory.
In addition to the errors of realiring the ice pcint or triple noint,
the accuracy of such a check ic limited by the uncertainty of ths
difference in the resistance units used. The accuracy of temreratures
determined from value= of Rt/RO ébviously is nov limited by the uncertainty
of the resistance units if the values of Ry and R, are determined in

%o Ky =

the same units. Hence, precision temperature determinations with any
thern.ometer should be based upon a vélue of R, determined from measure-
ments witl, the bridge which is to be used. Since temperature determinztions
depend directly upon R,, it should be redetermined frequently cnovgh
to acsure the user that he has a sufficiently reiiable value when
measurementcs are made.

Because only ratios of resistances are required to determine
témpelature, the units may be absolute ohms, internatiunzl ohms, or

1

any arbitrary nnit; but the calibrated bridge (or potentiometer) must

(4] H. F. Stimson, Precision Resistance Thermometry and Fixed Points,
Temperature. Its Measurement and Control 1n Science and Indusiry,
Vol. II, pp 141-168 (Reinhold Publishing Corp., New York, N. Y.,
1955).
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be self-consistent., 4 bridge that is self-consistent may he used for
precision temrer:ture determinations using the constants reported for
the tnermometer or using the table of Rt/RO values which has been
derived from the reported constants. It is adfisable to calibrate the
oridge often enough to assure the user that the calibrations are re-
liable within the Accuracy necessary for his work. Calibrations are
not difficult ard may be made in the sauwe place and under the same
labcratory conditions as the measurements for tempsrature determi~
nations. A method of calibrating the bridge is described in section
IV. x +
Certain precautions must be observed if reliable temperature
determinations are to be made with a resistence thermometer. The
"thermometer coil must be immersed to =z depth sufficient to prevent a
significant error from transfer of heat along the thermometer leads
and protecting tube. A check of the adequacy of the imuersion in cach
uniform constant-temperature bath may be made by varying the denth of
immersion of the thermometer 2nd noting whether there is a change in
resistance. When a measuring current flows in the "thermometer some
heating of the resistor results, cousequently the zame current should
be used in making measurenients as was used in the calibration.
Sufficient ime must be allowed, after “he current is turned on, for
equilibrium to be established. The characteristic constants of a
thermometer may change as a rzsult of changes in the dimensions of
the wire, straine in the wire, or the subjectiocu of the thermometer
to eXcessive temperatures. It is particularly important that ecar-
be taksn to protect the therncmeter from small mechanical shocks,

2ach of which strain the wire in the platinum reosistor slightly to
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produce small changes in its characteristics. If the measured recistance
at a rzliakle fixed point ie fend to have changed by a significant
cnount, and the change cannot be attributed %o the bridges recalibration
of the thermometer is advisable. The maximum change of the calibration

1]
indicated by a change in Ry may be estimated using the following
expression:

(Maximum Error at temperature ) = t(%l —l)ﬁ%,
where A is the change in R, since calibraticn. This assumés that
temperatures are being couputed from v.lues of Ri/Ry using the current
value of Ry. The value for the meximum error is based cn erocrience

with standard platinum thermometers. It s not likely tc be valid

for others.
ITE. Tebles

The labor involved in computing temperatures can be greatl#
reduced by making use of the table which is computed for each thermo-
meter. The table relates resistsnce ratios to temperatura over that
part of the temperature range dppropriate to both the thermciacter &na
the calibraiion, or over the range requested. The table gives the
resistance ratios at intervals of one degree; a linear interpolation
will not introduce an additione) evror greater tLan the equivalent of
0.0001 dsgree at temperatures above -200 ©C.

IV. Calibration of a }Mueller-Type Bridge

The bridge may be calibrated in terms of any convenient unit of

.-resistance such, for example, as a bridge unit which may be estapiizhed

Dy arbitrarily defining the sum of the resistance of tie ten 1 o
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resistors in the 1 ohm decade to be equal to 10 bridge units. However,

1t is decidedly preferable for the bridge to be calibrated in terms of

absclute ohms by means of a suitable standardized resistor becausc one

may ther make checks on the stakility of the thermometer. In any case it

1s ecsential that the calibrated bridge be self-consistent, that is,

thet the resistance change correcponding fo each decade step be expressed

in terms of a single unit of resistance. The resistance of a decade

step is the change in the effective resistance ¢f the varisble arm

of the bridge when that step is added to or taken from the bridge setting.
The method of calibration is to compare the resistance of each

decade stép with the resistance of the X (sum of all ten steps) of

the next lower decade. This comparison is made by alternately including

in the wvariable arm of the bridge either the step being calibrated or

the X of the next lower decade. The lower decades of the bridge are

used to make the variable aﬁm balance an excternal resistance. From

these alternate valances, a relation between the step being calibrated

and the ¥ of the next lower decade i1s obtained. The compiete
celibration consists of repeating this process for each decade step.

'ne comparisonc require external resistors connected in such a
manner that the resistance of the external circuit including all
contacts will remain adequately constant during the short time re-
quired for each comparison. The external resistance may be that in a
aeries circvil consicting of a resistance box, variable in 0.1 ohm
steps up to 100 osims. and a slide wire shunted to have a resistancs
glightly arerter than 0.1 ohm. The shunted slide wire is convenient
for getting the necessary excernal resistances for calibration of

2ue 0.01 chm ond lewer decades; and i+ is useful for the calibration
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of the u.l ohm and higher decadqs. Wher. both the slide wire and the
resistanc: brx are connected tc the vridge, the movable contact of :
tre slide wire is connected to the ¢ post of the bridge and cne end
of the clide wire to the C post. The resistance box is connect=d .

i between the other end of the slide wire and the T post of the bridge.

If the resistance box is used alone, one terminal of the box is

connected to both the C and c posts on the bridge and the other to

the T post.

The resistance of the individual steps of a decade will be
designated by méans of subscripts, for example, the successive steps
of the 10 ohu decade will beldesignated as lOl, 102, —_— 109, lOX.

The sum of the steps which are included in any setting will be

designated without a subscript, for example, in the 10 okm decade,

as 10, 20, —=—— 90, X0.
! Before beginning the bridge calibration the ratio arms should be
adjusted to equality. This udjustment of the ratic arms is necessary
bscause the 0.1 ohm decade is not in the same arm of the bridge as the
other decades. The bridge zero is not used in calibratlion; but, if it
is observed and found to have its usual value, there is added con-
fidence in the calibration. The current may be ircreased to obtain
greater sensitivity. If the external circuit is conuected as indicated
above, the commutetor mmst be set in the N (normal) position and not
in the R (reverse) position while calibrating.

The steps in the calibration are then as follows.

(a) Set 1C on the 10 ohm decade of the bridge and O on the 1 ohm

decade and use the lower decades to balance an appropriate resistance
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— a0 =
in the external circuit. It is good practice to interpolste with
galvanometer deflectionc to one tenth of a step on the lowest decade.

(b) Without disturbing Lhe external circuit, change the bridge
setting to U on the 10 ohm decede and X. on the 1 ohm decade and again
use the lower decades to ba}ance. It is convenient to adjust the slide
wire in the external circuit so that the lower decade balances are near
zero for the lesser of (a) or (b).

(¢) Repeat (b) and then (a).

(@) Set 20 on the 10 ohm decade of the briage and O on the 1 ohm
decade and balance with a corresponding‘resis}gnce in the external
circuit, as in (a).

(¢) Change the bridge setting to 10 in the 10 ohm decade and X.
in the 1 ohm decade and proceed as in (b) and (c). .

(f) Continue this process until each of the 10 ohm steps has been
compared with the sum of thg ten 1 ohm sieps. The observetions under
(a) (b) and (c) yield the relation 104 + &) = X + by where a; and by
are the corrected averages ¢l the respective lower decade readings,
including galvanomecer interpolations, which were obtained in the

balarcings of the bridge.

Similar equations are obtained from (d) and (e) leading to the
complete set.

109 +a1 = X. + by

4
(@]
N
+
o
N
1

Xe + by

s
O
+
®
Il
]
4=
lex
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7t is convenient to define the bridge unit by means of the relation,
X. = 10 bridge units = 10 ob™s (approximately).
The above relations will ibhen yield the resistance of 105. 102;
1055 etc. and by adding these successively the resistences of 10, 20,
30 ete. will be obtained. '
Tor the 1 ohm decade, the procedure is similar and leads to

gimilar equations. However, the resistance of 0.X must be deteriined.

To do this the equations are added to obtain their sum,

X. +-Ela = 10{0.I) % E:b, so that

I [

0.X =

-

This value for the resistance of 0.X is then substituted in the
original equations and the rest of the procedure is the same as fier
the 10 ohm decade.

The calibration of thé 0.1 ohm decade proceeds similarly.

So far the procedure has yielded calibration data for the 10, 1
and 0.1 ohm decedes, and-also the resistance of 0.0X of the 0.01 ohu

decade. A comparison of the value obtained for the resistance of 0.0X

with that of a previous calibraticn will indicate whether rgcalibration '
of the lower decades is advisable.

Calibration of the 0.01 ohm and lower decades is dome in a
similar manner by using the slide wire alone. The .CD01 ohm steps,
which ordinarily are the lowest, may be calibrated by comprring
galvanometer deflectioné for each successive step.

If it is desired to calibrate the bridge in terms of absolute

ohms or other units represented by & calihrated resistance standard,
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the resistance standard, preferably one of 10 ohms, may O€ connected
to the bridge, just as a four lead *thermometer, and measured in terms
of the X. of the 1 ohm decade. The result of this measurement
(bridge zero to be taken intc account) leads to a relation between
the "bridge unit" and the unit of the standard. The corrections
previously obtained may bte modified Zo that resistanccs are expressed
in terms of the unit represented by the standard.

The use of a reliable resistance standard has the advantage of
holding the bridge unit as constant as the -esistance stapdard and
thus it may enable one to determine whether apparent drifts in R, are
due to the thermomeier or to the bridée. Another advantage in using
a resistance standard in calibrating bridges is that.a ﬁhermometer may
be used interchangcably on these bridges with the precision TO which
the biidge units agree. For work of the nighest precision, however,
it is considered better praétice, when ﬁsing any thermometer, Lo
@etermine Ry at the time measurements are made and to be sure that the
bridge is self-consis*ent. The art of standard platinum resistance
thermometer construction and stebilization has now developed to
such an extent that the resistance of a well-treated thermcmeter
at a reliable.fixed noint may have a constancy comparable with that

of resistance standards.

[



APPENDIX A

1ived Poiats and Reference

International Practical Temperature Scale

Table for the

of 1368

Defining fixed noints of the TPTS-68*

l

T

‘ Assigned velue of

~
(&
[=}
[

a

s
st

onderd atmosphere (pg = 101 325 N 2) .

Tn the realization of the fixed points small departure
temperaturcs will ozcur as & result of failure te res
exactly. If due z1lowance is made for
will not affect the accuracy

S

##The equilibrium state between
point of tin) has the essigned velue of tgg = 231.9681
»1ternative to the poiling pcint of water.

txxThe water used should hsve the 1sotnpic composition of

igned values of temperature are for equilibrium states at &

1ise the required
these small temperature differencas, they
of realization of the scale.

+he solid and ligquid phases of tin (free
oC and may be us

prescure of cne

from the assigned
Yoo cu'_r'e

|93 R i)

ocean water.

!
|
kquilibrium AEE Integnafjona} Practical |
emLp eTalurs
l T + \1
=i
Eauilibrium between the solid, liguid and vapour phases
of equilibrium hydrogen (triple point of equilibrium
hydrogen) | 13.81 K -259.34°C
Equilibrium petween the liquid and vapour phases of l
equilibrium hydrogen a% & pressure of 33 330.6 Nm™
(2¢/76 standard atmosphere) 17.042 K | -256.108°C
Equilibrium between the liquid and vapour phases oL |
‘equilibrium hydrogen (boiling point of equilibrium
hydrogen) 55.28 K | -252.87°C
i Equilibrium between the liquid and vapour phases of !
neon (boiling point of neon) ] 57.102 K | ~246.048°C
| Equilibrium between solid, liquid and vapour phases
| of oxygen (triple point of oxygen) 54.361 K ..218.789°C
| Bquilibrium between the 1liquid and vapour phases of
| oxyeen (boiling point of oxygen 90.188 K -182.962°C
‘ Bquilibrium between the sclid, 1iquid and vapour
phases of water (4triple point of water )¥¥#* 27316 K 0.01°C
Equilibrium detween the 1iquid and vapour phases '
i of water (boiling point of water )}  FF¥ = | 373,15 K 100°C
Equilibrium between the colid and liquid phases of '
zine (freezing point of zinc) 692.73 X 12,580
Bquilibrium between the solid and l3quid phases of i
silver (freezing point of silver) 1235.08 K 941.93°C |
. Equilibriuu between thz solid and liguid phases of i \
| gold (freezing point of gold) 1337.58 K | 1164..43°C l
o . | S
%Except for the triple points and one equilibrium hydroger point (17042 K) the
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Acpendix A (zontinued)

The CCT-68 table giving “¢* is defined by the expression,
20

t = zJAi{ln wt*)i,

i=1
where the values of the coefficients Ai are

A, i A

1 3 i

1 0_2508462096785033x103 11 0.7679763581708458x10

2 0.1350098699649997x102 12 0.2136894593828500x10

3 0. 5278567590085172x102 13 0.4598433489280693

A 0.2767685488541052x107 L, 0. 7636146292316480%1071
5 0.3910532053766837%10% 15 0.9693286203731213%1072
L 0.6556132305780693x10% 16 0.9230691540070075%10
i 0. 80807 58685598667x102 17 & 6381165009526538x10 4
8 O.?O5242l18234@520x10 18 0.302?932378746192x10’7
9 0. LLT8LT589638965T%102 19 0.8775513913037602x10”
10 0.2125256535560578x10° 20 0.1177026131254774x107

The function Wi *(t) is continuous at £=0 in 1its first and second
derivatives with the function W(t) given by equations (1), (2), and (3)
for

o = -0039259668 and & = 1.496234 .

The complete authorized text of the Internstional Practical Temperzture
Scale of 1968 appears in Metrologise 5, 35 (1969).
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