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AIM OF WORK

Oone aim of the presert work is to seek a precision
ir. the measurement of temperature by therwocouples and to
study the precautions that must be observed in order to
ottain various degrees of accuracy in the calibration of

(o]
hermocouples over the range 0 wo 160C°C.

The following two thermocouples 3
1) rlatinum versus platinum - 10 percent rhodium,

2) Wickel - nickel chroume.

r.s7e peen selected for irvestigabing tihe melting and free-
~ing temperaturos nf pure metals (tin, zinc, antimery, si-
lw2r, gold and copper) . It ig planced to best the e.w.l.-
tenerature relations using different fixed polut coublnab-=

{ons and to study the effect of thesge selected bomvpinatlols

on tne International combination (antimony - cilver - gcld).

It ig also planned to investigate the effect ol ox-
tending the thermccouple ccale beyond th: Internatienal
ranve and to study the obgserved uncertainbties and deviagt-

1018,
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+n investigation of freczing and meiting tenperitures
yitr two thermocouples (Platinum versus platinun - 10 parcent

rrodium and nickel - nickel chrome) on o grades tin and 2inc

a5 grades actimony, silver, so0ld anc coOpper nas been carr.ed

cute he metel of the order of 350 gms was placed 1n @ na=rrow
craphite ~rucible heated in a cubular electric furnace. The

setal was covered with about ¢ cas of ultra pure graphite to
reduce oxidation. Mhe melting point of gold was determined
ty the wire nethod using 2 limited amount of the materiul,
e techniques and difficulties encountered in measuring tein-
reratures to the highest precislon are discusseds Bxtention

# e scale below and above the runge of the International

srature Scale has been tried tc investiguate the validity

o the equation

Values of the constants a , L and ¢ determined ty dl-
Farent selected fixed point comnbinaticns (,0ld - siiver -
.ntimony, copper - sillver - antimony, copper - silver - ziac,
cold - antimony - zinc, silver - zinc - tin, copper - silver -
o tizony - zine, gold - sllver - antimeny - zinc) have been

sompared with those obtained using the International o

v

~ ture Scale combination (zold - silver - santisony .

By using an eqration of the form :

d

— ’ / / / 3
B = a + bt + ct + dt

N
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Jhe temperature ralge oi' the platinun versus platinur - 1u

nopcent rhodium thermoceuple can be extended down to HoLeC
< thoat introducing &n uncertainty of rore than 0.1°C in the
Crternational range (630.5°C to 1053°C) and may be in erior

conging from 0.2°9 to 290 if applied to the chromel-alunel ther-

~sccuple in tae ranse 400°C to 110u°C.

Values of e.m.f. at different temperatures with 1nter-
31 of 109C were computed using the different mentioned co .-
~inationa and formulas. These values are compared with e=ch
4trere xnG with those tabulated in the HeB.5» cipcular ool
ve results indicate thet the platinun thermocouple can be
ssed in the range 0°-15600°C with =an error not greater thun
o, % degree and the maximum error in using the chromel-ulurel

< the range 0° to 1100°C is 1 degree.

me only difference between the IPLS — 08 and the

qes assixned

!

T OTS - 43 in the range 530°C to 1063%°C is the vz
-~ the defining fixed points. The vaLaes 630.74°C, 351 .95°0
rd 1054.4%°C were assigned instead of the values 030.0°0,
J50.3°C and 1063°C for the freezing points of ntimony silver
nd

:0ld respectively.

=)

The diffterence belween the twe scales 1s discusssc and
the computed values of temperaturc in the two Scales show thut
the difference increases steadily from 0.105° at 550°C to

1.42° at 1063°C.
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CHaPLBR 1
ITNTRODUCTION

The object in the calibration of any thermocouple 1s

t

dtermine an e.m.f. — temperature relationship in which

the temperature is expressed on A definite and reproducible

scule. The International Temperature 3cale (LI8) adoptec

5 <
in 1347(1, 2) ard revised in 1948(5’ jr>i8 now in practicaliy
universal use. The scale is based upcn 2 number of fixed

nd reproducible eguilibrium temperaturses to which nunarical
v lues «re assigned and upon specified formulae for the re-
1.ti0ns between tewjerature and the indications of instru-
cents calibrated at these fixed points. ircom the freezing
weint of antimony to the freezing point of gold the te p2rat-

ure(t)is defined by the formula

<,
<

= a5 + Dbt + ot”

b

-

vere B is the electrcactive force of - standard thermocou,.ie

-y plutican and rhodiun platinum alloy, when one juncticn i3

+ 0°C and the other is at the tem srature t°C. fne ccnsta-

.5 a, b and ¢ are to be calculated from measurew values ol

& 4t the Treezing points of antimony, silver and gold.

The antimony used in determining these constunts shial.
he such that its freezing temperature, determined with 4
standard resistance thermometer is not lower than 230.3°C,

Llternatively, “he thermocouple may be colitoxted Ry dwireot
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~rparison with a standard resistance thermometer in a bath

NS 1

+ snv uniform tomperatuce netwean ©30.3° and 530.7°C,

The Platinun wire of the standard thermocouple shull
pe snnealed and of such purity that the ratio RlOO/RO is
‘poater than 1.3910. The alloy wire shall consist noaini—
110 of 90 % rlatinum and 10 % rhedim by welght, When oo
juncticn is at 0°C and the other «t the fre=zing poirt of
rtiaeny (630.5°C) silver or gold, the completed thermocouple

.

sr:11 nave electromotive farces, 1n sicrovolts, such that
.. =10.300 + 50 pV
B8, =L 183 u V o+ 0.158 (5~ 10.510 n V)td v
P A& P I3 E

Bl == 4776 + 0, B o= 10.310 p V)+s ol
B gmbgan 4,776 u Vv 0,631 (uAu 0.310 p V)to .

3

ot
3
1

[

Tn order to calibrate thermcecunles to yield temi=rit
the 108, it is apparent from the definition thot they must
he 3~ culibrated that thelr ipndications agree with those ol

st indard Platinum resistance the rmometer in the range -

.rd the optical pyrometer =bove 1043°C. The mrst direct

orncadure would therefore be to compare the thermeocouples oi-

reetly with these primury instruments in the appropriate tei-

IS

i

poriture ranges. However, to follow such & procedure in t

~:librition of every thermocouple, reguires more time 2nc
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poratus than is justifiable or necessary because, 1N

treprnocouples as working standards to 3 eld temperatures
B J

+
S

wammocouples is usually simpler than the comparison of

o

)

3

anaeo, other methods are syailable  ich yield results aftfi-

ciontly accurate. For example, @ trem.ocouple &y Le CcOMpa—

red indirectly with any of the primary instrarnents by determln
ire its e.nm.f. at aonumber of fixed pcints, either thoo whie

.re used in defining the scale or cthers, the values whicl:

ve heen determined with the primary instrurentse if a fuw

| tnrstories maintain the apparatus necessary to calibrate

T3, these standards may be ssed subsequently to calibr.te

tnermocouples. fhis procedure 1s used for more thu.

Li

i frerent types of instruments.

The temperature - e.n.fs. relationsiiip of 2 hou:o

ocouple 1s 2 definite phvsical preperty and th

Fore

other because the comparison of the indications ox two

two

7en20Us

3

not depend upon the details of the apparatus or method

oyed in determining this relation. Consequent 1y,
s rnumerable methods of calibrating thermocou, les,

~roice of which depends upon the type of thermocouple,

there

the

: o—

ature range; accurancy required, size of wires, apparatus

;ilible, and personnal preference.

Thermocouple calibrations =are recuired with varionis

cases of accuracy, ranglng iTom U.1°C te H5°C or 10°C.
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. sccuracy of 0.1°C, agreement with the 1105 and methods Of
‘nterpolating between the calibration peints become problens

importance, but for an accurucy of about 10°C, com-

oo

paratively simple meﬁhods of calibration will usaally suf. ic2,
ve most sccurate calibrations in the range - 120° to 3wl ¢
re made by comparing the thermocouples directly with « stand-
rd platinum resistar se thermometer in a stirred li-uid Hhath,
T.. tho range 300°C to ©630.5°C thernocouples are wmost accura-
cely calibrated at the freezing or boiling points of pure
substonces. Between 630.5°C and 1053°C, the platinun versus
“iatinum - 10 percent rhodium thermocounle calibrated &t tie

froezing points of gold, silver, and antimony serves to de-

:

“ine the 178, and other types ol thermocouples are most
smourately calibreted in this range Dy direct comparison with
b e standard thennocouple calibrated as specified. Juihiar
stinum versus platinum - rhodium therocouples way be cali-
Aited just a. sccurately at the fixsd soints as the platinue
-opsus platinum - 10 percent rhodius thermocouple, bul intoe-

points may depart sli ntly froo

i -

A lsted values at interme?” ate
tre I1TS. above 1063°C, the most b 3ic callbrations .re made
o observing the e.m.f. when one Junction of thepmocouple 18
» 3 black-body furrace, the temperuturs cof which 1s L 8Ur e
vith an optical pyrometer. However, the difficulties snecun—
“ured in brining a black-body furncee to u uniform terparature
“ike the direct comparison of these two types of 1nstruneris

h: onio meants a simple matter.
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although the
thermocouple

1063°¢C,

o

range a8 a working standacd in the calibraticn of other
couples. Fer most industrial purposes, a callbration
te to 2<C or 3°C Lne range from room tempersture 1o

sufficient,

~omparison with such working standards almost

*he calibration of .the

Y
1Y

itaed to agrece with the

pyromet

FE)

121lding tempepatures on

platinum

versus platinusn - 10 pares=nt

this type

gtardaurd

er in their respective

tine

TEANL S
S

175

be pointed out that outside

type of thermocouple suitable

a

gerves to define

points is used extensiveall

1%

N
or

resistance

@
[

P2 scale onl

~
o
[on

thernocou

noth above

a8

18 Knowns AOW 2V
ne range 630.5°C %

the purpoose

3
thera

s 2s uch

the platinus

\/

and

Other thermocouples can be calibrated

s

o

10

cladir

VeI'sug

ple calibra

nd below

+ e

R

+h
o

2C 2L —-

C.
l(_\,\ g

s}
o]

accurats

3+
1CoRe
co.li-

ometer or optical

a7
v

2l

to

Sl

ol - 10 percent rhodium thermocouple. in fact, =t the
lywer ter teratures, certain types of buacve—metal thermmocoulu
ra> definitely better adopted for pracise mous .

Zhe cazlibration of themmocouples then may be divide
into two ceneral classes, depending upen ths ~ethoa ol as-
ternining the temperature of the meusuring junctiocn,

1. Calibration at iixed points.
Ean Calibration by comparison with standard instruneros,
such themiocouples, resistance therwoneters, ... =to.
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{oaser and Lonberger()) in treir asxcellent purlics

4. sepibe testing methods as primary and secondary methous

B

culibrating the platinum versus platinum - 10 percent riodl s

¢ platinus versus - 13 percent rhodiun thermocouples.

. 6 .. o . -
Barber( ) desceribes the calibration of

socouples over the range 0° to 1750°C. He employed & resistarn:

thernometer in various baths for calibration from ©°C o

o
{re higher temperatures were determinad by silver peint

(560.53°C) gold point (106%°C) and by Ffreezing points ol oo

iy (155%2°C) and platinua (1769°C) . In addition =

~on was made with an optical pyrometer.

VY

Selinocourt<[>

ility of the standard plafinum couple at the thre. {ixed

ry

nts, cold, oilver and antimony for realizstion of the 1at

PO TV E

~ional Temperature Sc.le, comsidored three Tactors, fa.ud,

in his imvesti ation vith the repordun

Lemtrical measurement, temperaturs conditions 1n Lhe Turi.-

c.s containing the ingot, znd the nomogencity oi therrocour

LTed. The electrical measuaring unlt was lounc To D¢ e

Late for an accuracy of the order of + 0.0L°C, wii st

conneetion with the other twvo factors imprevensniis Were

ct

ier render such an increzsed accuracy Just sttainuole

spoer limdit with repreoducibility beyond the normsal 1imit
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N T O 3 -~ . < R4 - - ~4 vy Y L ey
W heyne< ) describes a preision measuring e thod 10!

tosting the e.mefs - temperaturc relation o platina: var

platinun - 10 percent rhodium thermocouple asing three 2.8ily

e lizable Tixed points namely, the sreezing polints ol copie

. e

Luominium and zine. By testing the

Q
.
<
-
o
t
.
R
=
e}
D
=
Y
(el
£
=
3

Lotion, an uncertalnty cf less tran <.> degree in the run o

from 0° to 1063°C, and of less than f < desrees 1in the ran e

~ocip 1063°C to 1,00°C are claimed. Using the gzold - silwer

(3)

)
O
-
3
8]
(o7
e
3
5
=
e}
®
!
t+
§is
}_J .
ot
<
b
D
@]
9
pu
v
5.
<
y

- .ntimeny scale, neyne
J.< p v in realizing the J1% betwean 530.5° und 102)%0. e

reesing point of copper Was determined by extrapol (rio. —ud

the average value amousted to 105%.25 + 0.1°C. a crreection

f v the extrapolated gold — silver - sntimony scale asmounts

too = 1.8 p v oon the average for temperatures near the iTeed-—

Ve

>

inz point of cepper, 30 @ correcticn of v.l)

Tsins the scale gold silver - zinc, deyne’ © found

>

~i1lity canging from + <« to + 10 v in the roge J°U to

W i oA
LUV T U

[eRW) (o6 w0
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CHAP i

e Thermodyneamic Cons

idrations

°
.

dnen & therncelectric circuit is coasidared

sopible engine, tha

RS

g

~

wh o. the

efrec

Peltier

4

(11)

4nd
1)

«

PR
ine

ALd

o

4

of thermodynamics may be appli=z
howpsc
Peltier

heat content of

1V

-

)

&

I

L n \Le)

eifeet

zeress its junctions. ihe rhoaps:
ot ) is defined as the chu i the heat cortent
single metallic conductor (a cr B) when i unit asount
zlactricity flows along it throash a teaporaiture orodien
J (] D
rs degree.
i L
- P - T ~.
- - o~
I+ QT g e L
<. P4
\"5-&..—.... e i
B
(i 1)
ige 1
In the following discussicn of these cuantities, th-
cooynadcally ideal heat reservoirs ure enployed zor botn
cessuring and reference junctions, anc svhe I a0 losses ot

nitude.

the~roelectric

cirzcult

snd o (i, 1) such thiat
P -
1t the SASUr1ing LT L
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