ITS-90 Thermocouple Direct
and Inverse Polynomials

Direct Polynomials provide the thermoelectric voltage (wV) from a known temperature (°C); Inverse Polynomials
provide the temperature (°C) from a known thermoelectric voltage (uV).

Type J Thermocouples - coefficients, ¢, of reference Type J Thermocouples - coefficients of approximate
equations giving the thermoelectric voltage, E, as a inverse functions giving temperature, fy, as a function of
function of temperature {,, for the indicated temperature  the thermoelectric voltage, E, in selected temperature and
ranges. The equations are of the form: voltage ranges. The functions are of the form:
n — 2 i
E =3 ¢ty oo =Cy + C,E + C,E?+...CE
i=0 where E is in microvolts and ty, is in degrees Celsius.
where E is in microvolts and t, is in degrees Celsius. Temperature 210 0 760
Rgnge_ to to to
Temperature -2t:>0 7,(%0 0°Cc 760°C 1,200°C
Hange: 760°C 1,200°C Voltage e o D
c, = | 0.0000000000 ... 2.964 562 568 1 x 105 Range: ouv 42,919 pv 69,553 puV
¢ = |50381187815x10" | -1.4976127786x 10° Co= 0.000 0000 ... 0.000000...  [-3.11358187 x 103
C; = |30475836930x10% | 31787103924 Cr= 1.952826 8 102 | 1.978425x 102 | 3.005 436 84 x 10-1
¢; = |-8.5681065720x10° | -3.1847686701x 107 Cy= 1228 618 5x 106 |-2.001 204 x 107 |-9.947 732 30 x 106
¢, = |13228195295x107 | 15720819004 x 107 Com 1.0752178x 109 | 1.036 969 x 1011 | 1.702 766 30 x 10-10
Cs = |-1.7052958337x 1010 | -3.069 136 905 6 x 10 o= 15:908 693 3 x 1018 | -2.549 687 x 1016 | -1.430 334 68 x 10-15
G | 2o B e X e Co=  |-1.7256713x 1016 | 3.585 153 x 1021 | 4.738 860 84 x 1021
72 |"1583 172 269 7 x 10-20 Co= -2.813 151 3 x 10-20 |-5.344 285 x 1026
Cs = : X c,= -2.396 337 0 x 1024 | 5.099 890 x 10-31
By= -8.382 332 1 x 1029
= S 00! o
Range: -0.05°C -0.04°C -0.04°C
Type K Thermocouples - coefficients o, o; and o, of Type K Thermocouples - coefficients of approximate

reference equations giving the thermoelectric voltage, E, as  inverse functions giving temperature, f,,, as a function of
a function of temperature, 1, for the indicated temperature  the thermoelectric voltage, E, in selected temperature and

ranges. The equation below 0°C is of the form: voltage ranges. The functions are of the form:
n i
E=S ¢ (tgo)' tyy=C, + C,E + C,E? CE
i=o0 where E is in microvolts and iy, is in degrees Celsius.
H (o) H .
the equation above 0°C is of the form: . 200 B g
n emperature to to to
E =S ¢ (ty) + g1 (1o~ 1269686 Range: 0°C 500°C 1,372°C
i=0 Voltage -5891 0 20,644
where e is the natural logarithm constant, Eis in Range: to to to
microvolts and t, is in degrees Celsius. i Jiln 54,886 WV
— = 0.000 0000 .... 0.000 000 .... -1.318 058 x 102
Temperature Range: Coefficients @ = 25173462 x 102 | 2.508 355 x 102 | 4.830222 x 102
c = 00000000000 &= -1.166 287 8 x 106 | 7.860 106 x 10-8 | -1.646 031 x 106
CO - 3.945 0128025 X101 C3= -1.083 363 8 x 102 -2.503 131 x 1010 | 5.464 731 x 10-11
C1 - 2362 237 359 8 x 10-2 Cy= -8.977 354 0 x 10-13 8.315 270 x 10'14 -9.650 715 x 10-16
22 32858906784 x104 = -3.734 237 7 x 1016 |-1.228 034 x 1017 | 8.802 193 x 1021
03 — _4990 482 8777 x 106 Cg= -8.663 264 3 x 10-20 9.804 036 x 1022 | -3.110 810 x 1026
270 10 0°C 2 67509059173 x 108 C= -1.045 059 8 x 1023 |-4.413 030 x 10-26
CS - _5741 032 742 8 x 10-10 Cg= -5.192 057 7 x 1028 1.057 734 x 10-30
Gy = -3.1088872894 x 1012 Co= -1.052 755 x 10-%
cg = -1.0451609365 x 10-14 o o N
Co = -1.9889266878x 1017 AT 00ac 0.04°C 0.06°C
Cio= -1.632269 748 6 x 1020 e 0.02°C -0.05°C -0.05°C
c, = -1.760041 368 6 x 101
Cy = 3.892 120 497 5 x 1012
22 - ;Sig %g ggg ‘21 ; 185 Adapted from NIST Monograph 175, Temperature-Electromotive
03 _ 3.184 094 571 9 x 10-7 Force Reference Functions and Tables for the Letter-Designated
0to 1372°C c4 — 5607284 488 9 x 10-10 Thermocouple Types Based on the ITS-90, by G.W. Burns,
05 _ 5.607 505 905 9 x 10-13 M.G. Scroger, G.F. Strouse, M.C. Croarkin, and W.F. Guthrie, 1993.
C? —  -3202072 000 3 x 10-16 Not copyrightable in the United States.
Cg = 9.715114 7152 x 10-20
Co = -1.2104721275x 1023
ag= 1.185 976 x 102
a;= -1.183432x 104
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ITS-90 Thermocouple Direct & Inverse
Polynomials contd

Type T Thermocouples - coefficients, c;, of reference

equations giving the thermoelectric voltage, E, as a
function of temperature, t,, for the indicated
temperature ranges. The equations are of the form:

E =§": C; ()’

=0

where E is in microvolts and i, is in degrees Celsius.

Type T Thermocouples - coefficients of approximate

inverse functions giving temperature, ty, as a function
of the thermoelectric voltage, E, in selected temperature
and voltage ranges. The functions are of the form:

th = CO + C1E + CQE2+...C,'EI

where E is in microvolts and i, is in degrees Celsius.

Temperature -2t<7)0 t?) Temperature '%20 t%
Range 0°C 400° Range: 0°C 400°C
Co = 0.000 000 000 O.... 0.000 000 000 0.... Vel -5,603 0
cr = 3.874 810636 4 x10' | 3.874 810 636 4 x10' Range to to
Gy = 4.419443 4347 x 10 | 3.329 222 788 0 x10° 0 uv 20,872 uV
Cy = 1.1844323105x 10 | 2.061 824 340 4 x 10*
c = 2/003 297 355 4 x 10° | -2.188 225 684 6 x 10° Co = 00 998 o O oo - o
Cy = 9.013801 9559 x 107 | 1.099 688 092 8 X 10° o = 234 992x 10 | 229a800x10,
Co = 2.265 115659 3 x 10°  |-3.081 575 877 2 x 10" 2= : :
c, = 3.607 115420 5x 107 | 4547 913529 0 x 10 Co = 7.9018692x 1077 | 4637 791x10
Co = | 38493939883 x 10" |-2751290 167 3x 107 Ca = 4.252 777 7x 10 2,165 394 x10°
% = B s x I | Cy= 1.330 447 3x 10 | 6.048 144 x 10
% = A e e xI Co= 2.0241446x10° | -7.293 422 x 10%
10 — . — -24

Ci= | 4:8768662286x 10" ¢ = 1:266 817 1x10
Cyp = 1.079 5583 927 0 x 10* E 0.04 0.03
Cis = 1.394 502 706 2 x 10 R Lol to to
Cia = 7.979515392 7 x 102 2nge 20.02°C 20.03°C

Type E Thermocouples - coefficients, ¢, of reference
equations giving the thermoelectric voltage, E, as a
function of temperature, t,, for the indicated
temperature ranges. The equations are of the form:

E=7 c (ty)
i=0

Type E Thermocouples - coefficients of approximate
inverse functions giving temperature, ty, as a function
of the thermoelectric voltage, E, in selected temperature
and voltage ranges. The functions are of the form:

oo = Cy + C,E + C,E?+... CE'
where E is in microvolts and iy, is in degrees Celsius.

where E is in microvolts and ty, is in degrees Celsius. Tersperature '2tg° t%
75 . ange: 0°C 1,000°C
Telggﬁ;aet:ure to to Voltage -8,825 0
0°C 400°C Range to to
0.000 000 000 O 0.000 000 000 0 0y 78373 W
Cy = . .
c = 5.866 550 870 8 x10' 5.866 550 871 0 x10' Co = 0.0000000.... 0.0000000....
C, = 4.541 097 712 4x 10° | 4.503 227 558 2 X102 i = 1.697 728 8 x 10° 1.705703 5x 10*
Cy = -7.799 804 868 6 x 10* | 2.890 840 721 2 x 10° Co = -4.351 497 0 x 107 -2.330 1759 x 107,
i = -2.580 016 084 3 x 10° | -3.305 689 665 2 x 107 Cs = -1.585969 7 x 107 6.543 558 5x 10
Cs = -5.945 258 305 7 x 107 | 6.502 440 327 0 x 10 Cy = -9.250 2871 x 10™ -7.356 274 9 x 107
Co = -9.321 405866 7 x 10°  [-1.919 749 550 4 x 10 Cs = -2.608 431 4 x 107 -1.789 600 1 x 10*
c, = -1.028 760 553 4 x 10" |-1.253 660 049 7 x 10" Cs = -4.136 019 9 x 10 8.403616 5x 10
Cg = -8.037 012362 1x 10™ | 2.148 921 756 9 x 10 c; = -3.403 403 0 x 10 -1.373 587 9 x 10
Cy = -4.397 9497391 x 10" |-1.438 804 178 2 x 10 Cg = -1.156 489 0 x 10* 1.062 982 3 x 10::
Cro = -1.641 477 6355x 10" | 3.596 089 948 1 x 10 Cy = -3.244 708 7 x 10
Cyy = -3.967 361 951 6 x 10%°
Co=  |-5.5827328721x10% Error 0.03 0.02
—_ -26
Cig = -3.465 784 201 3 x 10 ange 0.01°C 0.02°C
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Type N Thermocouples - coefficients, ¢, of reference Temperature -270 0
equations giving the thermoelectric voltage, E, as a Range: to to
function of temperature, t,,, for the indicated 0°C 1,300°C
temperature ranges. The equations are of the form: Co = 0.000 000 000 O.... 0.000 000 000 O....
¢, = 2.615 910 596 2 x10' 2592 939 460 1 x 10"
n _ C, = 1.095 748 422 8 x 102 | 1.571014 188 0 x 102
E=Y ¢ (ty) G = -9.384 111 1554 x 10° | 4.382562 7237 x 10°
pvs C, = -4.641 2039759 x 10° | -2.526 116 979 4 x 107
Cy = -2.630 3357716 x10° | 6.431 1819339 x 10"
is in mi is i i Co = -2.265 343 800 3 x 10" | -1.006 347 151 9 x 102
where E is in microvolts and ty, is in degrees Celsius. cj = 508 930 079 1 x 10 | 9974 535 899 3 x 10
Co = -9.341 966 7835 x 10" | -6.086 324 560 7 x 10°
Co = 2.084 922 933 9 x 102
Cio = -3.068 219 615 1 x 10%°
Type N Thermocouples - Temperature -200 0 600 0
coefficients of approximate inverse Range: to to to to
functions giving temperature, ty, as 0°C 600°C 1,300°C 1,300°C
a function of the thermoelectric Voltage -3,1990 t0 20i613 0
voltage, E, in selected temperature Range: ° ° °
s s . v 20,613 pV 47,513 pV 47,513 pv
and voltage ranges. The functions ou 0,613 S13p S13
are of the form: Co = 0.000 0000 .... 0.000 00 .... 1.972 485 x 10" | 0.000 0000 ....
: ci = 3.8436847x10% | 3.86896x 102 | 3.300 943 x 102 | 3.878 327 7 x 102
_ 2 i Cp = 1.101 048 5x 10° |-1.082 67 x 10° |-3.915 159 x 107 |-1.161 234 4 x 10°
foo = Co + C,E + CoE*+... GE G = |52229312x10° | 4702 05x 10" | 9.855391 x 10" | 6.952 565 5 x 10"
. o Cy = 7.206 052 5x 10" |-2.121 69 x 10" |-1.274 371 x 10" |-3.009 007 7 x 10"
where E'é’ in microvolts and fg is in Co= | 5.8488586x10" |-1.17272x 10" | 7.767 022 x 10 | 8.831 158 4 x 10%
degrees Celsius. Co = 2.775491 6 x 10™ | 5.392 80 x 10 -1.621 383 9 x 10%
c, = 7.707.516 6 x 102 |-7.981 56 x 102 1.669 336 2 x 102
Cg = 1.158 266 5 X 10 -7.311 754 0 x 10
Co = 7.313 886 8 x 10
Error 0.03 0.03 0.02 0.06
Range to to to to
-0.02°C -0.02°C -0.04°C -0.06°C

Type B Thermocouples - coefficients, ¢;, of reference

equations giving the thermoelectric voltage, E, as a
function of temperature, t,, for the indicated
temperature ranges. The equations are of the form:

Type B Thermocouples - coefficients of approximate

inverse functions giving temperature, t,, as a function
of the thermoelectric voltage, E, in selected temperature
and voltage ranges. The functions are of the form:

n . typ = Cp + C,E + C,E?+... CGE
E= E Ci(tgo)l . 90 . 0 1 2 o i .
=0 where E is in microvolts and i, is in degrees Celsius.
where E is in microvolts and ty, is in degrees Celsius. Temperature 2t5° 7t°°
Range: & ON
) 630,615 700°C 1,820°C
Temperature
Range to to Voltage 291 2,431
630.615°C 1,820°C Range: to to
) 2,431 pV 13,820 pV
Cy = 0.000 000 0000 ... -3.893 816 862 1 x 10° g Z
¢ = -2.465 081 834 6 x10" 2.857 174 747 0 x 10’ Co = 9.842 3321 x 10 2.131507 1 x 10?
c, = 5.904 042 117 1 x 10° |-8.488 510 478 5 x 102 c; = 6.997 150 0 x 10" 2.851 050 4 x 10"
Cy = -1.325793 163 6 x 10°¢ | 1.578 528 016 4 x 10* C, = -8.476 530 4 x 10* -5.274 288 7 x 10°
Cy = 1.566 829 190 1 x 10° | -1.683 534 486 4 x 107 c; = 1.005 264 4 x 10° 9.916 080 4 x 10°
cs = -1.694 452 924 0 x 10" | 1.110 979 401 3 x 10 cy = -8.334 595 2 x 10 -1.296 530 3 x 10
Co = 6.229 034 709 4 x 10" | -4.451 543 103 3 x 10 Cs = 4,550 8542 x 10 1.119 587 0 x 10"
¢, = 9.897 564 082 1 x 10 Ce = -1.552 303 7 x 10" -6.062 519 9 x 10?
Cy = -9.379 133 028 9 x 10% & = 2.988 6750 x 10 1.866 169 6 x 10
Cy = -2.474 286 0 x 10* -2.487 858 5 x 10
Error 0.03 0.02
3 to to
Range -0.02°C -0.01°C
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ITS-90 Thermocouple Direct & Inverse

Polynomials contd

Type R Thermocouples - _ Temperature 50 1,064.18 16645
g fun%tion of temperature. f%r’thé Co 0.000 000 0000 ... 2.951579 253 16 x 103 | 1.522 321 182 09 x 10°
P 90 c 5289617297 65... |-252061251332.... |-2.688 19888545 x 10°

indicated temperature ranges. The c = 1.391 665 897 82 x 102 | 1.595 645018 65 x 10 | 1.712 802 804 71 x 10"
equations are of the for: Cy = -2.388 556 930 17 x 10° | -7.640 859 475 76 x 10° |-3.458 957 064 53 X 10°
C, = 3.569 160 010 63 x 10° | 2.053 052 910 24 x 10° |-9.346 339 710 46 x 10"
n , Cs = -4.623 476 662 98 x 10" | -2.933 596 681 73 x 10
E=3 ¢ (ty) Co = 5.007 774 410 34 x 10
i=0 c, = -3.731 058 861 91 x 10
. . . . . = -20
gggrfeg g ellns _mécrovolts and ty,is in gg _ _;;233 ;gg Sgg gZ § }8.24
1US.
Tvpf?_ R Ther::nocouples - T 50°C 250 1,064 1,664.5
= (o) (]
icn?/eerg:éefﬂtr?c(t)i oﬁgpg;i(\)/)i(ggate Range: 250°C 1,200°C 1,664.5°C 1,7681°C
temperature, t,, as a V%',t,a%e '%36 1’9023 1 261 i 3,39
function of the _ g 1,923 pv 13,228 uV 19,739 v 21,103 pV
thermoelectric voltage, E, in Co = 0.0000000 .... 1.334 584 505 x 10' |-8.199 599 416 x 10" | 3.406 177 836 x 10°
selected temperature and ¢, = 1.889 138 0 x 10" | 1.472 644 573 x 10" | 1.553 962 042 x 10" |-7.023 729 171 ...
voltage ranges. The C, = |-9.3835290x10° |-1.844 024 844 x 10° |-8.342 197 663 x 10° | 5.582 903 813 x 10*
funct ¢ the form: Cy = 1.306 861 9 x 107 | 4.031 129 x 726 10° | 4.279 433 549 x 10"°|-1.952 394 635 x 10°
unctions are of the form: c, = |-2.2703580x 10" |-6.249 428 360 x 102|-1.191 577 910 x 10| 2.560 740 231 x 10
_ E+cf = Cs = 3.514 5659 x 10" | 6.468 412 046 x 10| 1.492 290 091 x 10"
too = Co + C1E + C.E+...G; Cs = |-3.8953900 x 107 |-4.458 750 426 x 10
here Eis in mi | d c, = 2.823.947 1x 10" | 1.994 710 146 x 10=°
where E is in microvolts an cg = |-1.2607281x10%|-5.313 401 790 x 10
tyis in degrees Celsius. Cy = 3.135361 1 x 10 | 6.481 976 217 x 10
Co= |-3.3187769x10%
0.02 0.005 0.001 0.002
RE';:S; to to to to
-0.02°C -0.005°C -0.0005°C -0.001°C
Type S Thermocouples - Temperature -tso 1,0?4.18 1,6tG4.5
o] 1 (o] (o] (o]
gfun%tion of temperature. t %r’thé Co = 0.000 000 0000 ... 1.329 004 450 85 x 10° | 1.466 282 326 36 x 10°
aiu p » Loy ¢ = 5.403 133 086 31.... 3.345093 11344 ... |-2.584 305 167 52 x 10
indicated temperature ranges. The C = 1.259 342 897 40 x 10° | 6.548 051 928 18 x 10° | 1.636 935 746 41 x 10"
equations are of the for: Cy = -2.324 779 686 89 x 10° |-1.648 562 592 09 x 10° |-3.304 390 469 87 x 10°
Cy = 3.220 288 230 36 x 10° | 1.299 896 051 74 x 10| -9.432 236 906 12 X 10"
n Cs = -3.314 651 963 89 x 10
- (E)i Co = 2.557 442 517 86 x 10
E E i (foo) c3 = -1.250 688 713 93 x 107
=0 Cs = 2.714 431 761 45 x 10*
where E is in microvolts and ty,is in
degrees Celsius.
Type S Thermocouples - Temperature -50 250 1,064 1,664.5
ff i t f i t Range: to to to to
icn?/eerg:ffﬂr?c(t)ioﬁgpg;i(\)/)i(rl]rga e 250°C 1,200°C 1,664.5°C 1,768.1°C
temperature, &, as a Fangs: Y Yo 1002 175
function of the _ 1,874 uVv 11,950 uV 17,536 uV 18,693 uV
thermoelectric votage, &, in 02 | 920998080107 | Tae sk mearior | T8 N 10Ax 101 |33 Be3 den 10
Ci= . X . X107 . X X
selected temperature and G- [-800504062x 105 | -1.534 713402 x 105 | -8:536 869 453 x 106 | 1.092 657 613 x 103
e ok M N LR B R i
- Cy= -1. X - X =1. X
S I R R
— 2 i Ce = -1. X -1. X
ey |G |BEEmE s
where Eis in microvolts and &= | 279786260 1027 | 8211272125 % 10%
ty is in degrees Celsius. c 0.02 001 0.0002 0.002
ALY to to to to
Range: -0.02°C -0.01°C -0.0002°C -0.002°C
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