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MEASUREMENTS OF TEMPERATURES ON THE
TGHIATIONAL DRACTICAL THVPERATUHE SCALE

by
Mono M. Manna,

ki

SUIMMARY

The work described in the thesls was undertaken as part of
a8 programme of raesearch into the thermodynamlce and transport properties
of steam, and deals with two aspects of measuvements of temperatures on
the International Practical Temperature Scale.
Lo in Section 1 the investlgation deals with the reproducibility
of Platinum: 10% Bhodlum«Platinum thermocouples at the freezing and
melting points of sllver. The experiments are carried out with
5 thermocouples, 2 fyrom Jolmson, Matthey & Co. Lid. and 3 from Balker
Industries Litd. Using appropriate techalques the plateaus, with a
duration varying from 30 minutes to 45 minutes depending on the rate of
freezing and meliing, remain constant to within T ¢,07 #v (¥ 0.0079C)
during freezing and ¥ 0,12 MV (¥ 0.012°C) during melting. The agreement
between welts and freezes fall within % 0.05 MV. The cooling curves
show reasonably good Tlats and the melting curves show in most cases a
steady rise ol less than 0,01 }*VVMinute. The best thermocouple shows
a reprodueibility of the order of * 0.09 MV; equivalent to ¥ 0,0090C
over I freezes and % Q.22 MV; equivalent to % 0.0220C over 4 freezes awd
5 melts, The factors llmiting reproducibility are considered o be the

electrical measurements, btemperature conditionsg in the furnace containing
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the ingot and the homogenelty of the themmocouple wlres.  The presence

of strain, original or vequlred, appear to be the main caugse of uncertainty.
2e Section 2 deals with the calibration of a Platinum: 10 Rhodiume
Platinum thermocouple by direct comparison with a standard platinum
vesistance therumometer at or near 630.5°C. The vacuum furnace speeially
desimed for this purpose takes about 3 hours to attaln the above
temperature and this temperature is maintained stable within ¥ 0.1°C
during cach run oy experiment. The temperature distribution along the

axls of the fummace is voasonably uniform at the centre (0,05°C over

23" length) where the sensing elements of the thermocouple and the
reslstance thermometer lle. The e.mefs against the temperature curves
show the same type of velatlonship for both the thermocouple and vesistance
thermometers The calibrated e.nef. values of the thermocouple from two
runs Lie within % 0.1 MV: equivalent to % 0.019C, the same agreement

being found from the resistance thermoneter measurements.

Theasis subnitted for the degree of M.8c.

October, 1964,
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(1)

INTRODUCTION

The work éeﬁcribed in this thesis forms paft of a prograwme
of research on the properties of aﬁeam. for the me&éurement of
both thermodynamic and‘transport properties, the measurement of
temperature is of great imporitance since many properties depend
largely oﬁ tegperaturea Although temperature is an important
factor in the determination of such transport properties as viscosity
and thermal conductivity, the scale to which observed tempevaiures
ave actu&lly referrqﬁ, is not a critical factor. However, in the
cage of the &eﬁerminaﬁiOn of tﬁermodynamio properties there is a-
gpecial n@ed to be able to relate actual observations to the
International Seale of Pempewature and thence to the thermodynemic ox
absolute scale., The precise relation between these two scales is notd
internationally agreed, although, in due course, such agreement may
be reached. At that time it will be possible to correct observations
on the I.5.'0. o the thermodynamic scale and in the case of precise
and seientific work such a disbtinction may be important. Keenan (40)
observes that it is not the difference between the two scales thatb
is impoxrtant bubt rather the ratic of the derivaetives. Using
Beattie's measured values he estimates the departure from unity of
the ratio of derivatives as 1/2500 in the range 0°C to 400°C. 8ince
gome of the best calorimetric measufémenﬁs (N.B.8.) ave estimated to
have an accuracy of 1 part in 2000 or betier, the vrelationship between
the iwo temperature scales could be important, especially at elevated

temperatures (6Q0°C 4 L000°C) vhere a large discrepancy could ocoux.



(i)

Although it is not practical to make measurements dirvectly
on the thermodynaniic scale, 1t is neceasayy to overcome this difficulty
by relating the neasurements to another scale which is internationally
“reproducible (I.P.5.T.), from vhich follows the need to establish «
soales (iu Glasgow) the I.P.5.T. The work describéd herein is
asgociated with this endeavour and deals with $wo aapects of the
programne, namely.

(1) The weppoducibility of platinums 107 rhodium-platinum
thermocouples at the silver poiunt.

{2) Calibration of platinum: 104 rhodiuvm-pletinum
thermocouple againet the steandard platinum resistance

thermometer in the vieinity of the antimony point (630.590).
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LIST OF SYMBOLS

Unless otherwise defined in the téext, the symbols used

here have the following meanings:i-

!).,B,‘C, 3913,0

fr

Congtants

Length

Oufer diameter

Inner diamceter

Freexing

Melting

Hlean e.m.f., during each melt or freeze

Time range of each melt or freeze

 lewimuwm or minimum deviation of

L/ﬂéﬁgyover At
Resistance
Temperature %q
Absolute bemperature
Microvolts

Entropy
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CUAPTER 1

l.1 REVIEYW _OF LETERATURL

The Thermodynamic ¥Xelvin scale on which temperatures axre
designated as %% and denoted by the symbol T is recognised as the
fundamen§a1 scale to which all btemperature measurements are féfarred.
The aizé;bf thé degree Xelvin has been defined by fixing the
tharmodynamie temperature of thé triple point of water at exactly
273.16°Km itTénth General Conferéﬁee of Weights and Measures, 1954,
Resolution 9) |

The experxmenbal diffzculties @ncountored in the gas
thermometrie neaguremnents of temporatures on the thexmodyndmlr gceale
led to the adoption 1n 1927, by mhe GVenth Genernl Conference of
heights;anu Meansures vrepregsenting 31 natione, of a practical scale
that could easily and rapidly be usged to calibrate scientific and
industrial ingtruments. Blight refinements were incorporated into
the seale in a revision adopted in 1948. This scale was intended
ﬁo'he as nearly as possible identical with the thermodynamic scale.

The secale presented wnder the new title "International
Practiocal Scale of Yemperature" adopted by the International Committee
of Weights and Measures in May 1960, is only an amended edition of
the 1948 scale, the numerical values of btemperatures remaining the
same as in 1948.

Pemperatures on the International Practical Scale of

Temperature of 1948 are expressed in degrees €elsius, designated
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vy °C 0x%) (Int. 1948). The present L.P.8.T. is based on six
fixed and veproducible temperatuces bo which numerical values are
assigned; and on formulae esﬁablishing the relation between the
temperature and the indications of instrumenta calibrated by means
of the wvalues assigned to the six fixed voints. These fixed points -
are defined by speclified equilibrium states, under 1 standard
atnogpheric pressure, except for the triple point of water.

- Bagic fixed points of the Internetional Pracilcal

Temperature Seale

The pressure le 1 standard atmospheve except foxr the triple
point of water.

Tenpexature
°¢  (Int. 1948)

(a) Temperature of equilibrium between
liguid oxygen and its vapour
(Oxygen point) - 182.970

(b) Temperature of equilibrium between ice,
liguid water and its vapour (Triple
point of water) ‘ +  0.010

(c) Temperature of equilibrium between liquide-
water and its vapour (Steam point) 100.000

(d) Temperature of equilibrium between ligquid-
sulphur and its vapour (Sulphur point)* 4444600

(e) Temperature of equilibrium between solid '
and liquid silver (Silver point) 960.8

(£) ‘Temperature of equilibrium between solid
and liguid gold. (Gold point) 1063.0

ke

% The freeezing point of zince 419.50503 (In%. 1948) bveing more
reproducible than the boiling point of sulphur and being
subgtantial independent of pressure is curvently used in
place of sulpbur point.
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The last decimal place given for each of the values of
the primary {ixed poinits represents the degree of reproducibility
of that fixed poiunt.
The means svailable for interpolation divides the scale
into four parioie=
(a) rrom 0°C to the freezing point of antimony (630.5°C)
the platinum resigtence thermometer is used and
the temperature t is defined by the formuls
Rt = Ry (1 + At + Bt2)
relating resistance to tempervature %, based on the
ice point (0°C), the steam point (100°C) and the
hoiling point of sulphﬁr.

(b) Prom the oxygen point to 0°C, the platinum resistance
thermometer is also used and the temperature ¥ is
defined by

R} = Ry [1+at+ 382 + ¢ (4 - 200) +°_|
ffhe constant € is determined from value of %t at
the oxygen point.

(¢) Prom 630°C to 1063°C the interpolation instrument
is the Platinum, 10% Rhodium-Platinum thermocouple
and the temperature t is defined by

e = a+ bb th
velating e.n.f. to temperature %, based on the
antinmony point, thé gilver point and the gold point
of the hot junetion of the thermocoupled  cold

Jjunction being at the ice point 0°¢,
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The Imternational Wemperatuve Scale Critewia for the

platinums 10% rhodium-platinum thermocouple arve

B, = 10, 300 MV * 50 MV

An .
B = Bpg = 15283 MV + Q158 (B, = 103.0 V) o4 opmy
By, - z;c630 r = 4, T66 MV + 0.631 (IB - 10,300/7V) * 8 MV

where LA s L Ag

points of gon, silver and antimony respectively.

anQKEi\Qame the c.mefo's in microvolts at the freezing

(d) Above the gold point optical pyrometry is used and

the temperature t is defined by

[4]
't QXD Z:j g , ‘::]
iwm - A(tAw + T,) _
JAu | Cy -
QXD 7\ Zt " 1@0)

where J4 and JAu are the spectral concentrations at

the temperature + and at the gold point tAu of the
radiance of a blackbody at the wave~length
Gy the gecond radistion constant is 1.4%8 cm. degrees,
L, the ice point temperature in % is 273.15 degrees,
X is the wave length of the visible spectrum,.
The most significant differences in the above scale compared
with the 1927 scale are that the silver point is defined as 960,890
instead of 960.5°C; the value of ¢p is defined as 1.438 instead of
1.432 and the Planck Daw of Radiastion is used instead of the Wien
Yaw. As a vesult of these differences the temperatures as defived

by the 1948 seale are higher in the region between 6309C and 1063°C
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than those of 1927 scale, maximum differences being 0.4°C at
about 850°C and abcveleGBGC they are lower, progressing from 0°¢

‘8t 1063°C to 1.6%C at 1400°¢ and 3.6°¢ at 1700%C.

1.2 Thermocoupl es

The study of thermoelectric phenomena began in 1821 with -
the discovery of Seehéck that an electric currvent flows continuously
in a closed circuit of two dissimilar metals when the Junctiong of
the metals are maintained at different temperatures. Further, in
thet same pewiod, Peltier (42) =nd Thompson (43) showed the
reversible relation that exisbts between heat abgoprtion sand current
flow in the cireuit. Huch later, however, these discoveries were
applied to the measurecment of temperature.

As a result of & large number of investiget-iong of ke
thermoelectyric circuit in which accurate measurements were made of the
Getnaf e, current and resistance, the three laws have heen formulated.

(1) The law of the homogeneous cirvouwit:~ An eleetric current
cennot he sustained in a civouit of a single homogeneous metal,
however varied in seotion, by the application of heaﬂalone.

(2) The law of intermediste metalgs- The algebraic sum

of the thermoelectric forces in s oirouit composed of any number
of dissimilar metals is zero; 4if all of the cirveult is af
wniform temperatura.

(3) The law of successive or intermediate temperatures:=-

| The thermal e.m.f. developed by any thermocouple of

homogeneous metals with iLts Junctions at any two temperatures
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at Ty and T3 ig the algebraic sum of the e.m.f. of the
thermocouple; with one junchion at Py and the other aﬁ; any
other temperature Yo and the e.m.fs of the same thexmocouple with
- its junction at T2 and T3' Gonsidering the thermocouple as a
reversible heat engine and applying the laws of thermodynamica

to the circuit, the following relation is derived (iRefr 31, p.186).

7
3
B = 8 C‘l“l“
Ty

from which it follows that

P 7,
1 u[‘?sm +]5s&u
| P p

1 2
This law is fra%uently invoked in the calibration of thermocouples
and in tﬁé.usa of thermocouples for measuring temperatures. A
alternative treatment may be used {Zemansky (39I]applying the methods
of irreﬁersible thermodynémicé‘to cgtablish the same equatiaﬁu
In the laboratory the ﬁhermncouple is ounneefed to thé

instrument by means of a copper lead as sghown in Figure 1 below.

INSTRUMENT

METAL A c co:;aglﬁ LEADS
/ /’ .,
/4 T~ e _MsTAL B c'\
MEASURING JUNCTION hEFE RENCE TUNCTIONS

' iG. 1.
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The weference junctions € and §1 are maintained at the
gsame bemperature usually at 0°C, the e.m.f. developed by the
thermocouple is determined as a fgngticn of the temperature of the
measuring junction. Iz the‘junaﬁionﬁ ¢ and Gl are not mainitained
at the sane temperature, the resultant thermwal e.m.f. in the circuit
will not énly depend upon thermocouple materisls and the temperaiture
of the measuring junction, but also upon the temperature of these
Junctions and the thermoelectric properties of copper against each
of the individual wires. Buch a condition should be avoided.
Thermocouples provide many advantages as a means of measuving
high temperatures. They btake up little gpace and can be insgtalled in
restricted locations. They are easy to assemble and maintain and,
tecouge of their light-weight consiyuction, offer distincet advantages
in airboxrne applications. If the thermoelectric output is a
non reversing e.n.fy; it is readily subjeoct tb instrumentation.
Farther, in compatible stmosphere the theimal e.mefs is a direct
measure of the temperature and is nob affected by environmental
conditions. Barring contamination of the thermocouple metals, the
expected error of a temperature veading can be stated with assurance.
On the other hand, for an ideal thermocouple wire the
following features must be considered (1) high thermal e.m.f
(2) ohemical and physical stability in the medium under measurement;
(3) linearity in ‘the relationship between temperature and e.m.f3
(4) negligible cold junction correction over the amblent btemperature
renge encountered in services (5) reproducibility of the e.m.f.

~ characteristic from bateh to bateh; (6) ease of fabrication.
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1.2(a) Platinuwm: Rhodium=Platinum Thermocouples

Platinum against rhodiumeplatinum slloys is a combination
for thérmocouples which has been in use for many years as standard
practice. 'Ebb'ﬁhe'aceura{e measurenent of high téﬁ@ératures;
Platihum*gnd its alloys are pnx@iéulakly suitable for this purp&sa
'béoéuae'they have high melting points, are extvemely vesistant to
oxidation at high temperatures and to chemical abtack, and because
they‘éah be vefined to & state of high purity. Other possible
combinations of pl&%inuﬁ metal end alloys gemerate thexmal e.m.f.
appreaiably‘higher tﬁan that givea by the platinumgrhddium-plaﬁinum
thermocbuyle, but no other couple has been found to give equal
stabiiity and length of life over a wide range of temperature.

The two types in general use are those compriging pure
platihum against either a 10 per cent ox a 13 per cent rhodiume=
platinum alloy. The latiter combination generates a slightly higher
elm.f“than the 10 per cent alloy. The physical properties of
pure platinum snd of the two rhodlum-platinum alloys used fox

thermocouples are given below.
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Resistivity at 0°C, micro ohmsg
gentineters

Registance in ohms per %ard
{0.20 inch dia.) at O°C

llean temperature coefficient
of resistance per 0°C
(0. = 1000¢)

Thermal conductivity G.G.S,
wits

Ultimate tensile sivength
tong per sq. in. (annealed)

Elbngaﬁioﬁ (emnoaled) per cent

el ting point

Specific gravity

Thermo R07% 13%
pure Rhodiume [Rhodiume~
_platinun platinum | platinum
9.81 18.4 19.0
0.443 0.829 0.857
0.00392 0.00166 0. 00156
0.17 0.090 0.088

9 21 23
40 30 30
1769 1850 1860
(Solidus) | (Solidus)
21,4 20.2 19.4

. . \ On
Por continuous service a temperature of 14007C is considered as a

maximwm dbut for intermittent work platinums rhodiumeplatinum couples

may be used uwp to 1600°C.

The veproducibility of the temperature - e.m.f. relationship

of thermocouples depends upon the purity of the metals employed

and the homogeneity of the alloy wire.

Platinum, in respect of

its thermoeleciric characteristic, is extremely sensitive to the

glightest amount of impurity and therefore a special grade known as

MMhermopure" platinum is employed.

The puriby of this metal is

measured by its temperature coefficient of resistence from 0°C 4o
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lODQC9 hat ig by the ratio

R100 - Ro

T U R ML TR,

100 x Ho
it bging reguired that the value should be greater than 0.00392.

Por rhodium :
f100 - Ro

~-=>  ghould be 0.00456.
100 x ®Ro

Further much more sevious exrors csn arise through contamination of

i

thermocouples from outside sources and careful consideration should
be given to the choice of sheath and its installation in order to
prevent either errors in calibration or smbrittlement of the wires.
The ﬁaefﬁlhlife of a couple is in fact largely determined by the
efficiency of its shesthing. Alumina sheaths have been found

very satisfactory in service up to lSOOQG.

1.2(b) : Behaviour of Platinum:  Platinuwm=Rhodiwm Thermocouples

at High Temperatures

The effect of high temperatures on platinums: rhodium-
platinum thermocuples was studied by MeQuillan (1) in 1949s and it
hag been found that in air platinum and rhodium are lost by oxidation
and volatalisation. To establish the amount oéf&asses platinumn
rhodium wires were heated electrisally for long periods in alr at a
temperature of 1000°C. Losses were estinmated by changes in weight
and resistance measurements before and after heating. During

22 hours of heating in air the wires produced s thick black powder

deposit and showed a weight loss of 10,3%. TFrom the black powder
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deposit, examined spectrographically, an appreciable guantity of

rhodium was detected but bthe material was mainly platiaum,. N7

has been further observed by Jahn (2) that plaetinum oxidises twice

as rapidly as rhodiuvm in air and hence the loss of rhodium ig also
Erongh

importantﬁto.be considered.

Purther it has been observed by MeQuillen (1) thet at auny
temperature the thermal e.nsfs developed by these thermocouples
ugually decrease after heating in air for a long time. This deorease
in e.mif} is considered to be due to the combined effect of loss
of xhodium f£rom the platinumerhodium element and by diffusion.of
rhodiwm into the platinum wire. The thermal e.msf. is also affected
by the faking up ox rémdval of impurities partiéularly in the
platinuﬁ wire, the effect whether pégitiie or negative depends on
the natﬁr@ of the impurities concerned. Since the rhodiup content
of the wire at the hot junction tonds to increase as a result:ef
oxidation, thé abgerved éeere&sa iﬁ’ﬁhermal ceitefs ON prolomgea
'heatinégmugt be due to tﬂe diffusion effect and the effect of
.impurities which together overcome ﬁhe expécted inorease in thermal
@emefs due to the increased rhodium content at the hotv Jjunction.

One thermocouple heated for 35 days at 800°C showed a
decrepse in c.mef. of 26 MV al 1200°¢ and after heabing ab 145006
the thermal e.mefs of the couple was restored within 4 /#V of its
original value. It is assumed to be due to the formation of rhodium

oxide on the surface of the wire at 4860009 ite subsequent dissociation
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on heating at 1450°C, and the consequent restoration of the wire
to dte original composition. Hlence one is led to the conclusion
that the decrease in thermal ee.m.f. after prolonged heating at &
low temperature is due to the diffusion of vhodium from the platinume
rhodium element at the junction or due to the effect of Iimpuvrities
and that the recovery which ococurs on heating is due to preferred
oxidation of platinum; causing the rhodium concentration at the
Junction to increase and thus producing an opposite effect which
vestores the resultant thermal effect.

Alumina, berylliq and carbon have been found by the above
vorker to have no contamination e effect and could be usged for the

insulators of the thermocouples.

1.2 (e)

The effecots of inhomogenelty of thermocouples and the state
of strain in wires were observed by Selincourt (3)° The lack of
homogeneity in a thermocouple wivre gives rise to a parasatic e.mef.,
if associated with & temperature gradient; the effect being important
in the region of the steep gradient leading to the hot junction,

A wire exhibiting a uniform strain should have a good reproducibility
in addition to showing no variation of e.m.f« when moved in a unifoxrm
temperature zone of the furnace; gince the additional e.m.f. due to
the strained condition of the wire would depend only on the temperature
of the hot and cold Jjunciions and so would form a constant addition

to the total e.m.f. of the couple. Heanuealing, when the strain

renoved partially oy entirely would affect the total e.ndfs but
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would not alter the reproducibility unless it introduced
inhomogeneities into the wire . These were observed by meving
the hot Jjunction along the axis of the furnace. A wire exhibiting
o non~wniforn strain showed a poor reproducibility, since the
parasatioc e.m.f's arising in the non-uniform parts of the wire
will depend on the temperature conditions in the neighbourhood,
wvhich may vary throughﬂthe experiment as well as between different
experiments undey different conditipns, Reannealing will affect
the totel parasatic e.w.f. by a general modification of the state
of strain and in addition the magnitude of the parasatic e.meft's
due to the inhomogenecitieg will be reduced and hence reproducibility

will be improved.
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1.3 Tlectrical Resigtance Thermometera

The resistance thermometer as an instrument for the
precige nmeasurement of temperature had its beginning with the
publication in 1887 of H.l. Callendar's paper on the "Pracivical
Measu&ement of Temperature'. In 1887 C.VW. Siemené (33) had
outlined a method of temperature measurement by means of the
platinum resistance thermometer ox pyrometer. The basic principle
is the change in electrical resistance of a conductor due to
temperature.  The conductor generally used is plabtinum. Sinece it
being a noble metalis more or less indifferent to its environment,
ia easily worked, and cen be refined to lave very little vériation
in temperature coeffiecient from bateh to batch. An outstanding
reagon for the choice of platinum is, however, that the relation
between resistance and tempersture is a simple one, which holds over
a very large range of temperature,

Besistance Temperature Tormulse

Tor the temperature range bhetween 0°¢ and 630.506 as given
in the definition of Taternational Temperature Soale.
Rt = Ro (1 + &% + BtD)

may be written in the Callendar form

Lo R gy . e 1y
b= 2 Ot v 4 A 1S
vhere
1 R4 00 o
of = vg;g; ( e 1) and 'thO = 1007C,
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The relations between the coefficients ave:

d
A = o4( 1% ) of = A+ 3Bt
tloo 100
. 2
8 J | 5 B % 00
Bﬁn‘%‘"“"*ﬂ“?‘“ = 0w .7.
100 o A+ B ‘100

For the range 0°¢ to the boiling point of oxygen as given

in the definition of the scale.

A
Rt = Ro [}.¢-At + B + ¢ (b - 200) ¢ 2
The relations between A, B and o , § are the same as

given above and the other relations are:

4
o (5 € %00

and frm - - _
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In the thermometer the platinum is generally used in the

form of wire of 0.1 mm. in diameter adjusted to have a resistance
at 0°C of about 25.0 ohms so that the resistanee changes by about
0.1 ohm per degree Centigrade.

All resistance theremometers for accurate work are provided
with four leads. They may taeke efther of two forms. The original
design of Callander has two leads to the bulb and a dumny pair of
leads laid along side them. Measurements are mde with Wheatstone
Bridge with equal ratio arms and the dummy leads are placed in the
opposite arm to the bulb coil. In this way, the errors due to
changes in regisgtence of the leads are auvtomatically compensated.

The other type of thermometer, and generally for the most accurate
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work, has two leads to each end of the bulb. The resistance may be
measured by three methodss compavison with a standard resistance
using a potentiometers measurement either with & modified Wheatstone
Bridge and commutator for the elimination of lead resistance ov with
a modified Kelvin double bridge.

Besistance thermometers awve sultable for the measurement
of temperature from - 240°C to. 1000°C with an accuracy of 1°C.  But
for Scoience and Industrial use they are not recommended for temperatures
above 630.5°C. It is known that ﬁhe accuracy of reproduction of
the tempeﬁature aeale by means of a standard resistence thermometer
in the range 0°C = 630.5°C varies between 0,005°C and 0.04°C in
Aiffevent sections of the scale. Above 650.500 prolonged heating of
platinum causes it to vaporise., With the very small diameter of
platinum wire normally used for winding the sensitive element of a
thermometer, the vaporisation leads to a quite appreciable change in
iﬁs cross-gection and thus interfereds with the stability of the
thermometer's chavacteristics. Further Strelkov (41) showed the
vaporisation gradually covers the body of the sensitive elemont
with a conducting film wvhich hy~passes the windinges of the coil,
and thus alters the calibration of the thermometer at high tempersiures.

in spite of these difficulties; the metewrological advantage
of the registance thermometer over the thermocouples has led to its
use for temperature measurements in the "thermomelectric! section of

the scale (630 « 1063°C) using an instrument of special design.
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PIRY I

PREFACQ

The first section gives the results of an investigation into
the reproducibiliﬁy of platinum, 10% rhodium-platinum thermocouples
at the freezing and meliting points of silver. The accuvracy of the
measurenents for reproducibility is considered to be limited by
(1) thelthermo~eleetric homogenei ty and stabilily of materials
forming the thermocouple, (2) the temperature distribution in the
furmace céntaining the ingot and (3) the accuracy of the electrical
measurements. The state of sitrain and contamination of the
thermogouple wires weré found to be the maiﬁ sQurges of.errors
and it wag difficult to attain & temperaturé distribution along the
axis of the ingot better than 0.1 MV/cm. (0.01%/cen).  fhe acourscy
of the electrical measurement was of the order of ¥ O.Dldf‘V“(O.OOlOG).
Congidering all these factoré the expected reproducibility from

the freezes is of the order of ¥ 0,1 MV (= 0.019)
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CHAPTUR 2

RESULTS OFF BARLIER WORFERL ON SILVER POTNY

2+1 Several investigetions on the gold and silver points were
made in the early period of development of the gas thexmometry. The
most precise ones arve those by Holborn and Day (4) in 19013 end Day
and Sosman (5) in 1910. The gold and silver pointsg were shown by
Holbhorn and Day to be 1063.5°C and 961.500 respectively ﬁith?&ecuracy
% 0.8°C. The values in the measurements by Doy and Sosmsn were
1062.4°C and 960.006 respectively with an aecurécy the same ag that
of Holborn and Day.

2.2 Selincourt (3) investigated in 1939 tha¥ reproducibility

of Platinum: LO4 rhodium~platinum thermocouples at the freezing
pointa of gold, silver and antimony. The observations using an ingot
ghowed that with gold, during freczing and melting, the readings
remained constant to £ 0.l /‘V and the agreement between melisand
freezes also fell within this limlt. With silver, the cooling
curves did not show good "flats" and in particular the melis were

not reliable, in which case thore was a steady rise of about 0.1 MV
per minute. In the case of antimony, it wag not possible to obtain
e melting curve with aﬁgfbwer than about O.9f4V/min. and the
calibrationys were confined %o freezing points. Further, owing to

the very lorge uwndercool exhibited by this metal, the flat portion

of the cooling curves after the undercool were in general very short.
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The best thexrmocouples selected from a large number
calibrated, gave veproducibilitics of the order of £ 0.05 MY
(311, 2F) for gold, & 0.1 MV (4F) for silver and £ 0.LKV (4T)
fér antimony: in brackets, the number of metls and freegzes are
taken into account. Other inferior thermocouples showed a continuous
féll of 4.8 MV in the ecase of 12 successive calibrations al the
silver ﬁaintc One cauéle whlbh had fir t shown at the silver point
a2 high consc%ncy (agrecing to # 0.1 /‘V over 2 freewes), developed
lﬁt@r varlaticnq (ngrecing to & 0.2 MV over 4 freezes but with a
mean value 2.0 j;v below the form@r value).

2.5 C.R. Eﬁrber (6) published in 1950 th