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t/Oc  = TOO/K - 273.15 . . . . . . (1)

1 3 4 PH274



R111J<  5.1 WlS-68 &&&  (reference temperature) &I fixed

points

13.81 -259.34

17.042 -256.108

20.28 -252.87

27.102 -246.048

90.188 -182.962

273.16 0.01

373.15 100

505.1181 231.9683

692.73 419.58

1235.08 961.93

1337.58 1064.33
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R(T,,)

W(T,& = . . . . . . (2)

R(273.15 K)

136 PH274



PH274 1 3 7



138 PH 274



PH274 1 3 9



m1lJ~Jn'n'lnlAm'lu  ITS-90

(deviation equation)

4. pif&Yn~l  1234.93 I$ (961.78OC)

=%h,aa~~nr?ij  Too hinnuao4  fixed point ma Planck's

radiation equation UWV optical pyrometer

fixed points i ITS-90 rilwusl  ttzs61JZYhB171&  5.2
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tmlJnd  5.2 Fixedpointsof ITS-90

Temperature

Material Equilibrium state T90 (K) T9. too

He VP 3 to 5 -270.15 to

-268.15

e-H, TP 13.8033 -259.3467

+I-$(or H e ) VP (or CVQT) N 17 - -256.15

+H,(or H e ) VP (or CVm) - 20.3 N -252.85

Ne TP 24.5561 -248.5939

02 TP 54.3584 -218.7916

Ar TP 83.8058 -189.3442

w TP 234.3156 - 38.8344

He0 TP 273.16 0.01

Qa MP 302.9146 29.7646

In FP 429.7485 156.5985

sn FP 505.078 231.928

Zn FP 692.677 419.527

A l FP 933.473 660.323

42 FP 1234.93 961.73

Au FP 1337.33 1064.18

cu FP 1357.77 1084.62

‘AlJlULII~

e-HP. &I equilibrium hydrogen
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VP &I vapor pressure point

CVQT  k constant volume gas thermometer point

TP &I triple point

Fp %I freezing point

MP Si3 melting point

mnlpil~~ij  T,, kq ‘llldaJpn~‘jfl7a~l~  T P  lJFl.JIa%lY  L-au

(13.8033 II) & Fp UENL%  @67.78°C3

'lUlhJylt'Rf?ij  ITS-90 rhum%  sPRT  (Standard Platinum

Resistance Thermometer) tE?ut~~a~~au~~¶;7u~uf11’5Mldi  T,, 7~17 -=im

filnusl  Reference function aawhd3~pwjTli  Gideial&

1. ~a;r~~-iiJ~n~~  13.8033 K % 273.16 K

Reference function aadmiayumf$  ;a

lnCWr(T,O)l  = A0 t s A, . . . . . . . (3)
i-1

nia

16 Wr(ToO)l'e  - 0.65 *

T0,,/273.16K  = B, ts B,
i-1 I 1 . . . . . . . (4)

0.35

tfa W(T,,)  = R(T,,)  /R(273.16K) $4 tTllAudl~l~illfl”l~ls

ttBt: Wr(Tpo) t&i7n4163inESun37  reference function

R(T,,) = dimiGiuniu~a.3  smr  N y-m@  To0 %161q
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R(273.16K) = dinaiuiiuniurmo4 smr N y~~~ijti~utin~azaa~~~Y
(273.16K)

2. h~nsjhan++i  0°C 5.1 S61.78°C

Reference function hh~py1&i0

s T*o’K
- 754.15 *

Wr(ToO)  = CO t$&
I--i

i I

. . . . . . (5)

481

T&K - 273.15 = DO tsDDi . . . . . . (6)
i=z
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811115;;4  5.3 dlRJn' A,, A,, BO, Bi, Co, Ci, Do t&w Di luimi3

Reference function (3), (4). (5) &tat: (6)

*.a
A

*I

A7

Constant or Value Constant or Value
Coeffidient Coefficient

-2.135 347 29 0.183 324 722
3.163 247 20 0.240 975 303

-1.801 435 97 0.209 108 771
0.717 272 04 0.190 439 972

0.503 440 27 0.142 646 498
-0.616 993 95 0.077  993 465
-0.053 323 22 0.012 475 611
0.280 213 62 -0.032 267 127

0.107 152 24 -0.075  291 522
-0.293 028 65 -0.0% 173 $42
0.044 598 72 0.076 201 285
0.118 686 32 0.123 833 526

-0.052 401  34 -0.029 201 193
-0.091  173 542

0.076 201 285

0.026 025 526

A

*:
A 10
A I I

A 12

c*

co -

2.781 572 54 439.932 854
1.646 509 16 DI 472.416 020

-0.137 143 so Dz 37.684 434
-0.006 497 67 7.472 018

-0.002 344 44 2.920 828
0.005 116  68 2.005 184
0.001 879 82 -0.963 864

-0.002 044 72 -0.188 732

-0.000 461 22 0.191 203
0.000-457 24 0.043 025.

i
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iJl1iG  deviation equation $U ITS-90 %h&u  G.Z

1. ljaJ~n~~~~l~~l~:aaJ~~~~liru  (13.8033K)  iiqmdllr

til~:aaJ:l  (273.16K) deviation equation andad

W(Too) - Wr(Tgo)  = aCW(Tpo)  - 11 t bCW(Too)  - ll=

t E c,Cln  W(Too)ll+n . . . . . . (7)
i-1

W(ToO) - Wr(ToO)  = azCW(ToO)  - 11 t beCW(ToO)  - 11'

3

ts ciCln  W(T,,)ll+n . . . . . . (8)
i-1
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h&%hhdni  a=, bz, ci,  c, itmm  c3 aa~  m ~il&inni~1a~rfiuu  Pm

< fixed point eiwq  kmsjm  ttaa  n = 0

1.2 +m?ji TP aa.&fi&,  (54.3584K)  &I TP tmJ:l

(O.Ol°C) PRT n"Vhh~y$ 'IkwthIiiu  fixed point h.lau  4 :fl

;a  Tp aa~Zsfdtr  a&u hm w& deviation equation WLizhl

W(Ts,) - Wr(ToO)  = a3CWfT,,) - 11 t b,CW(T,,)  - 11'

t clCln  W(TsO)ll+n . . . . . . (9)

n = 1 ttm&~ha&~gnds  as, b, mr: c 1 mi%imxm~aui+h  PRT +m fixed

point $4 4

1.3 ri-qunJ?j TP aa.dnau  m3.8058K)  i% TP Ba&

(O.Ol°C) Pm ?Vhh~~yGpI %dauthGu  fixed point ku3u  3 ;3m

n’a  Tp fladaihau  llsm ~~53~~7 deviation equation 1SaL&l

W(T,,) - Wr(TsO)  = aCW(ToO) - 11 t bCW(ToO)  - llln W(T9,,)

. . . . . (10)

~x%J~&I~  a, b a?%iLbdaur?h  PRT i?u fixed point %I 3 y&n&3

2. d-a~?n*i$  o”c 37S.y&3~3  m9  aadL?h  e361.78°c)

min?8 SPRT ,iJaJa~~J~~s?~ln3un~an$aJ~~~~~  %6adaUlhI

PRT iiu fixed point &u3u  5 $rn n'a TP fla& (O.Ol°C) Fp  aaG+n

(231.928OC) h-d (419.527Oc) a%@L&.B.J  (660.323OC3 Lliw  1 %A

(961.78OC) deviation equation ;a

W(TsO) - Wr(ToO)  = aCW(TsO)  - 11 t bCW(ToO)  - 11' t cCW(TQO)  - 11'

t dCW(TsO)  - WUX'0.323°C)72 . . . . . (11)

d%hh&~~ a, b, c. d m'lici!atiauLhu  PRT t?u fixed point & 5 '?@I

m’wih Lira$nnwj%ni1  FT  na~ar$tih~  %a% d = 0 L~a%heian+jiiii
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2.1 h~yun$i O°C ii-3  FIP ailJE+hhJ  (660.323OC3

PRT ?E0.uhJyw$ %tialrthliiu  fixed point ei7Jq hlau  4 ?m Gia TP

41a~Ti1  Fp mrna$n &nal u~vas~O~~u~ GGU deviation equation 8a

W(TsO)  - Wr(ToO)  = aCW(ToO)  - 11 t bCW(TsO)  - 112

t cCW(TpO)  - ll= . . . . . (12)

h&h&!  a, b ttwt: c aad PRT wl~it~a~allt?km  PRT %.I fixed point

;J  4 yGimiia

2 . 2  dadpn~;i  o°C ii4  Fp  am&d  (419.527°C)

PRT iil&i%~gnmq~~  %kIVLhJIJ?h fixed point %UXA  3 ;3m i?a  TP BDJ:?

Fp 8a&p  imanadmd ;lz%i deviation equation i?L U

W(T,,)  - Wr(TeO)  = aCW(TsO)  - 11 t bCW(TQO)  - 112

. . . . . (13)
‘

dlhJlh&ISns’ a, b ~l~~71nnl~~alJli%JlJ PRT r% fixed point +J 3 $iJnila

2.3 LhJ~R$ O°C ii\r FP llaJ+n  (231.928OC)

PRT %hda~~mf$  'lhauthuiiu fixed point 3 y ;a Tp 9laJ:l FT

aaJ&l&Iu  (156.598!?C)  maaaJ&p  3a%bJn718ad  deviation equation
d

tmawl&Jss3ns  a, b Ic?ih~Gimh~a  2.1

2.4 ThJ~$.j O°C ZiJ F-P IlaJ&Ll&J%.I  (156.5985°C)

PRT ~~~~wrw$?J$cwif$~ (IhauLhJiiY fixed point 2 ?FI ;a TP flaJ:l

uat: Fp pIaGut& deviation equation %Ii

W(TgO)  - Wr(TsO)  = aCW(ToO)  - 11 . . . . . (14)

&ddn~ a mi%iimni~~aYtihl  PRT n'II  fixed point..;J  2 ?61~JfEh3

2 . 5  olaJynn$  O°C  ii\ynaeu  (HP) aac3unatiGtu

(29.7646°C) Pm $G%miaJy;ii:  flhau~hiik  fixed point 2 ;3m :a
f

Tp plaA7  uat:  Mp  maw7ar&w  dmi7  deviation equation tt53~~a.llll~53nB

a Ml~~~h~&7ha"a 2.4
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LA (Tso) exp(CpE)ITo,(Xd)  - 1

= . . . . . (15)

LACTo,(X)l ~x~(C,UT,J-~) -1

t$"s Lfi(T,,)  ~~53% LfiCT,,(X)l = spectral concentration on the

radiance of a blackbody at

wavelength A (in v&cuum)  at T90

and Too(X)

Too(X)  = [To,(@)  = 961.78OCl  &I CTSO(Au)  = 1064.18°Cl  I&

CTQ,(Cu)  = 1084.6Z°Cl

CE = Planck's constant = 0.014388 micron kelvin

exp = 2.718
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IPIS-68

remperaturc

13.81K  to

630.74OC

i30.74Oc tc

1064.43OC

above

1064.43OC

Xandard Instrumen

PPTS

Thermocouple

(Pt-10%  Rh/Pt)

Pyrometers using

Planck's radiation

law

remperaturc

3.OK to

24.6K

13.81K  to

961.93OC

above

961.93OC

ITS-90

Xandard Instrument

Qas Thermometer

(CVGT)

PETS

Pyrometers using

Plan&radiation

law

CWT = constant volume gas thermometer

PKTs  = platinum resistance thermometer
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mm4 5.5 Properties of materials used in the sensors of

resistacethe~er

Mater ial

'emperature

!oefficient

(%/K)

Law ksisti-

vity

Pt 0 . 4 Quadratic Medium

Ni 0 . 6 Quadratic Medium

cu Linear LOW

Rh 5% Fe

0 . 4

0 . 4

- 4

Quadratic Medium

rhermistor A.exp,CB/T) High

Range

OC

-260 to

t 1200

- 2 0 0  t o

t350

- 2 0 0  t o

t200

-272 to

t400

- 200  to  @

t200

Xabilit.~

High

Medium

Medium

High

Medium
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R(lOO°C)

b 1.3925

R(O°C)

. . . . . (16)

wia
R(lOO°C)

06 = (l/100)( - 1) ) 0.003925 . . . . . (17)

R(O°C)

-hAd3J$W$&LLi  O°C %I 630.74OC  7+cjlRJ?ia 3 ;3@l  ;a ~61&1~

iWwna&  (273.16K  I& O.Ol"O ~&iJ+iaIiaJ~~n  (273.9681OC)  tt53a

yttiJ~aIiaJ8Jnd  (419.58OC)  UW~bJnlYLlilU  UfIlWiaIJthJ  SPRTs9

t se = d t M(t') . . . . . (18)

$J t' ttaa  M(t.'  ) m2tmndmi7
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06 =  0 .  O0392°C-1 dlnh  sub-standard IPRT

06 = (R100 - R,,,/lOORo OC-'
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Wla.Ji IF'TS-68  'L~l~;aJ~aUlP15~lU~l~~U~~~~~~Jn~l  1064.43OC

(~&&&aaJn~J)  asalau~nlsucjiJiJaaJweiJjA  (Planck's  Radiation LZLW)

i9iaJ;Jaf.h  ;a Optical Pyrometer 'LuniJ$$iamw'L;i photoelectric

optical pyrometer w3a  visual optical pyrometer t&A
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expCC,/ATe,(Au)l  -1

N,,(Tae(Au)) expCCp/AT,,l  - 1

z& 5.1 Schematic diagram of an optical pyrometer.

A = source

B = Objective lens

C = Objective aperture

D = Absorption filter ~L&l?$Wi$J~Jfli~  13OOOC)

E = Pyrometer lamp

PH274



F = red filter

(3 = microscope objective lens

H = microscope aperture stop

I = microscope ocular

J = eye

K= current measuring instrument
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Coatact ,MClhOdS

t Electrical+Bcsirlaoce
I Thermometers

Radiatbn  Ifom  testing  body Calorimetcrl  Pyrometers

._ placed in the gas

Thermal e?papmrion  ol Therm+clccyic  jtnctionr Change of slate of $ting  body Special methods de&d (0
testing bodies

I

obtain tcmperat,urc  l auilibrium

Base kfctaclal Prccious)lMctal
Thermocouples Thcrmocouplcs

yo&s Bo!,ing Va;oor
bcwccn  $ogdbyOdy  and

Point Prcrru~c I

4, c L Methods Methods Methods
Expansion Expansion Expansion I Suctiofn Method;  i,’ which

of solids of liquids of g.xcr Pyromclcrs additional heat

I I Substaker  of fixed
a

I Pyrometric is supplied

i
I

melting point cones

f

I I
i

a c f
Constant prcssux Constant  volume X-ray or s-ray

thermomctcrr rhcrmomefcrr absorption
I II A
I 4 +

1
Mcrcory. alcohol CIC. in

glass ISrrmometers
Murcury  in rtcel.  alcohol dc.

ia metal  lbormometer~

- -
+

Metal  coil kznomekrs
t

Solid rod Ihermomokrs Bimetallic strip rhermomcfcrs

,



Non-Cmfa,cf  hletbods
I

Black-body’ Radiation
J

Measurement  (A black-
I~~Ir~mests  designed to give correclly  the tempcra- c

body is one in which all
lure of a grey-body  (A prey-body is a SOUFCC  of

Elcclroa  excitation

radiation fallictg  m its
radiation whose emissivity  differs from unity  but

radiarioa  from solids

who~c  distribution with wave-length is the same as
and gases

surface is completely
absor,bcd)

rbar  of a black-body
I

*pAa* i I
Toral  lolcnrity 4 +

~IOLOCICIS RadiometerS
Phom-elcstric

cube  pyromctcrs
cd:“r  Pyromercrs  or pyre.

I
I

mews which d.:pend  upoo
Comparisoo  0r

:he  compxisoc cl :.c.c  in-
black-bcdy and

~cnsilies  at  t w o  Eavc-lengths
colour  tempera-

I
twe

L.
Pyromc~crs  in which Pyr&wers  in wihcb  the

b y  rclarive  mown: 01 lirht
Thcrmo.junct?on  receiving

&“,C”fS
Dimctall~c  scrip .

+ur<;<canrr  wirr
WtVi”i””match is made

var)iog  the iouasity  coming from a fuid
of the  local source

CFilSmCot
SOYICI  j.s adjuqed.

Pyrorccws)
(Pnhrisibg  Pyromclrrs.

Wedge  Pyrometers)

-.-..
_---.  ~‘-:‘-: . . ..-

.---... “~

ClColColS
recclvrop

elements
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V

T C

$ 5.2 Sirrple  Wheatstone midge

IWt& bridge balance il~~~R?l~~~~~ilJ(1alY~lUnlU  6~:
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t

5yl.h  5.3 Three - Lead Bridge
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