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SMOOTHED THERMOCOUPLE TABLES OF EXTENDED SIGNIFICANCE (°C)
R. K. Adams E. G. Davisson

Volume 2
SECTION 2.5 COPPER-CONSTANTAN THERMOCOUPLES

This section contains tables of emf (in absolute millivolts) vs temperature (in degrees Celsius on the
International Temperature Scale of 1948) for copper-constantan thermocouples. The values in these tables,
derived from those given in National Bureau of Standards Circular 561, Table 10, are computed to more
significant digits, that is, to the nearest 0.001 pv. The techniques of computation are described in Vol. 1
of this report.

Figure 1, a plot of the difference in microvolts between the values in the smoothed table and those in
the original table vs temperature, illustrates how the values in the smoothed table compare with those in
the original table.

In Table 5 a smoothed emf value is tabulated in absolute millivolts for every degree Celsius in the
range of the table.

In Table S5A the first two columns contain the same information as given in Table 5. To the right of
these two columns is a difference table of the millivolt values in column 2. The difference table is ex-
pressed in thousandths of microvolts and contains orders 0 through 5. This difference table gives a con-
venient tabulation of differences for those engaged in temperature difference work.

Although these tables are expressed to the nearest 0.001 pv, which is roughly equivalent to 0.00002°C,
this in no way implies that temperature measurements to this accuracy are possible. The user of these
tables is reminded of the accuracy tolerances on thermocouples published by the American Society for
Testing and Materials? and the Instrument Society of America,® which state limits of error equivalent to
about 10.8°C from —60 to 93°C, 1£0.75% of reading from 93 to 370°C for ‘‘standard’’ materials, and one-
half these limits for ‘‘special’’ materials. Individual calibration of copper-constantan thermocouples in the
ORNL Standards Laboratory can improve their accuracy to better than £0.5°C in the range of —190 to
1100°C, and the reproducibility will be better than +0.25°C.

After a thermocouple has been used in the field to measure temperature, the reproducibility of the
characteristic calibration curve for that thermocouple, previously standardized in the ORNL Standards
Laboratory, depends on such factors as the temperatures to which the thermocouple had been exposed,

the length of exposure to elevated or depressed temperatures, and the conditions of exposure.*

'H. Shenker et al., ‘“Reference Tables for Thermocouples,’’ Nat. Bur. Std. (U.S.) Circ. 561, GPO, Washington,
1955,

2“Tempera'(ure Electromotive Force (EMF) Tables for Thermocouples, ASTM E 230-63,’® Am. Soc., Testing
Mater., ASTM Std. 1964, Pt. 30, pp. 646—704; see Table XIII, p. 700.

3“Thermocouples and Thermocouple Extension Wires — Terminology, Limits of Error, and Wire Sizes,’’ Recom-
mended Practice RP 1.3, Instrument Society of America, Pittsburgh, Pa., 1959.

4”Temperature Electromotive Force (EMF) Tables for Thermocouples, ASTM E 230~63,’" Am. Soc. Testing
Mater., ASTM Std. 1964, Pt. 30, pp. 646-704; see Note 3 to Table XIII, p. 700.
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Fig. 1. Deviation of Original Table from Smoothed Table.
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TEMP
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0

0
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4,324247
4,796209
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7.770359
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COPPER-CANSTANTAN

-5.2407)3
-5.056008
~4,85797qn
-4,646900
-4.423068
-~4,186707
~3.938018
'3»677|90
~3,404435

=3,1200214
-2,824251
-2.5|7390
-2.199639
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-1.,532225
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~+076751
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8,340314
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TABLE NO,

5

NBS(SMOOTHED)

TEMP=DEG C (INT,.[948)
VOLTAGE=MILLIVALT ABSOLUTE

3

=5,258439
=5,075083
-4,878365
=-4,66B586
~4,446019
=4,210901
~3.963436
=3.703813
=~3,432240

-3.148978
-2,231899
=1.90450]
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., 115808
517696
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1.318290
1,736769
2,163758
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3,042259
3,493301
3.951950

4,4180)59
4,R91464
5,371950
5.859266
6,353210
6,853644
7.360444
7.873447
8,392486
8,917443

4
MILLIVOLTS

-5,276029
-5,094025
-4,690143
-4,468844
-4,234972
«3,988733
-3,730317
-3,459928

-3.177822
-2.884299
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-2,264052
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,359748
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3,087016
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4,465074
4,939198
5.,420378
5.9n8365
6,402964
6,904039
7.411468
7.925n82
8,444717
8,970259

5

-5,2934R2
-5,112833
~4,918763
-4,711573
=4,491543
-4,25R9 9
=4,013908
=3,7567n1|
~3.487499

-3,20655|
-2.,914157
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-2.296098
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TEMP
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COPPER=CANSTANTAN

2

9,394859

9.930646
10.471789
t1.018113
11.569566
[2+126)29
12.68768n
13.254003
13.824893
14.400260

14,98009
15,5643 |
16,152727
16,7451 4
17.341479
17.941757
18.545943
19,153884
19.7653%5)
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NBS(SMOOTHED)

TABLE NO, 5
TEMP=DEG C (INT,1948)
VOLTAGE=MILLIVALT ABSOLUTE
3 4 5
MILLIVOLTS

9,448(90 9,501576 9,555018
9,984523 10,038454 (0.092437
10,526190 10,5R0642 10n.635|46
I 1,n723027 11,127993 i1 1,183011
11.,624994 11,680472 11.,7360N0)
12, 182063 12,238046 12.,294079
12,744102 12,800570 2,857QR6
13.310889 13,367820n 13,424707
|3.,R82229 15,939609 13,997034
|4,458043 14,51587¢p 14,573742
15.038318 15,006589 15,154903
15,622967 15,681666 15,740406
16.,21179] 16,270895 16,33n038
|16.R04599 (6,864095 (6,923630
17.401329 17,461219 17,521148
18.n02001 18,06228%5 18,1226n7
|IB.60657) 18,667237 |8,727940
19.214876 19,275903 19,336965
[9,B26683 19,8A8047 19,949443
20.441754 20,503432 2n,56514Q

6

9,6085(5
[0.146473
10,689702
11,238079
11.791582
12,35016?2
12.913650
13,48189
14.054504
14,631659

15.2{3261
15,799187
16,3922 |
16,983205
17.581117
18,1R2968
18,788680
19,398061
20.010872
20,626878

7

9,662067
In.200562
i0,744308
11.293199
11,847213
|2,406293
12.970259
|3,538886
14,112018
14,689620

15.271662
|15.858009
16,448443
i7.042819
17.64)125
18.,243368
18.849457
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20.0n72333
20,688645

8

9.715674
10,254793
10.,798967
11,348370
11.,902895
12,462474
13,0269)6
14,595998
14,169577
14,747625

15,830107
15,916872
16,507704
17.102472
17.701172
18,303807
18,.910271
19.520357
20.133825
20,750442

S

9.769336
j0,308897

15,388594
15,975775
16,867005
17.162165
17,761260
18,364284
18,671120
I19.5815%5
20,195349
20,812268



TABLE 5A

COPPER=-CONSTANTAN NBS(SMOOTHED)

DIFFEREN
TEMP My 0 TH | ST 2 ND 3 RD 4 TH 5 TH
=190 . =5.378682 . ... »5378682 ~ -
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73 -5,075083 -5075083 133 2 o
19075 ] o4
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20003 -2 6
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21043 2 -8
=157 -4,754047 ~4754047 130 -4
21173 2 7
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=155 ~4,7411573 4741573 129 -3
21430 ~2 7
»154 -4,690143 4690143 127 4




21557 2 -8
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21486 2 6
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22068 =2 6
149  -4,58(079 -458(079 126 B 3
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22699 0 |
- |44 ~4,468844 . -~4468844 o 126 0. .
22825 ] =1
|43 -4.,4460)9 _~4446019 126 =l .
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=142  -4,423068 -4423068 . . ___._l25. L
23076 -2
_o~14y  ~4,399992 _+4399992 1es__ -l
2320t - 4
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23325 2 -8
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2345 -3 10
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23947 n -
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24071 - 2
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24317 | -4
|3 -4,162390 o ~4162390 124 -3
2444 "2 6
=130 ~4,137949 ~413794% 122 . .3 R
24563 I =5
=129 -4,113386 o . =4)13386__ o 123 "2
24686 - 4
- |28 -4,088700 ... m4(088700 } 122 _ 2 .
24808 | -4
=127 -4,063892 .-4063892 I 123 -2 . R
24931 »| 3
L"126 . -4,03896} . _ =4038961 i 122 !
25053 i} -
=125 __-4,013908 ~4013908 _..\22 .0 .
25175 [} -
124 ~3.988733 23988733 . ._.le2 = I
25297 - 3
®123__ -3.963436 i ~3963436 2l . 2. e
2548 | -4
_ =122 __ -3,938n18 ~3938018 122 -2 -
25%40 - 3
=121 ~3.912478 ~3912478 1R . _ .
2566 0 =2
_=l20 ___=-3.8868(7 ~3886817 121 =] )
25782 n| 4
_=}lle ~3,86]035 ~3861035 120 3
25902 2 ~7
*] |8 ~3,835133 -3835133 122 LA
26024 w2 6
_«t17 ~3,809109 -3889109 120 2
2644 0 n2
»ll6 ~3.782965 ~3782965 120 N o
26264 0 0
=15 «3,75670) -3756741 120 0
26384 8 P
=114 -3,730347 ~3730317 120 -1
26504 “l 3
=113 -3.7038|3 ~37038i3 119 2
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AN
=110
=109
=108

=107

=106

=105

-iN4

Cln3

=102

104

-=lan.

-99

82 ..

-8

8D

-78
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.r6
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=79 ...

. mP3 . =2.548569 .

-72

26623 | 4
~3.677190 - . m3677190 . 120 N "2
26743 .| 2
-3.65p447 ~3650447 _ts 0 B
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-3.623585 -3623585 , 118 3 )
26980 2 -8
=3.596605 . 3596605 e 1Len s -5
27100 -3 1o
-3,569505 . ~3569505 117 5
27217 2 -9
-3.542288 ) ~3542288 19 =4
27336 »?2 7
-3,5/4952 o _=3514952 117 3
2745% |
-3.487499 A ~-3487499 118 -2 )
27571 .| 3
-3,459928 -3459928 117 1 o
27488 n -1
. =3.43224D B -3432240 iz 0
27805 ] -
-3.404435 ~3404435 - 17 -
27922 .l 2
-3.376513 B -3376513 116 ) o
28038 0 -
-3,348475 ~3348475 1168 0
28154 n -
-3.32032] : -3320321 ) 16 L =
28270 - 2
-3.,292051 o =32%9205) 115 _ - A .
28385 n -1
~3.263666 =3263666 115 0
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-3.235166 . . =3235166 115 = .
.| K]
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-3.177822 e ™3 077822 e e v e =3
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-3,061{766 . =3061766 3 L 0.
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-2.973537 -2973537 ) 112 o o
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29R58 .| ]
-2.884299 _~2884299 o LIt S N
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30191 " 2
-2.794060 __..=2794p60 .t} =
30302 "2 5
-2,763758 - 2763758 . 109 4 B
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Lm24733347 e mRT 33347 L) "3
30522 -1 4
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30632 0 «2
-2.672193 o . m2672193 .10 | o
30742 - 3
...=@.64145) . =2641451 _ . . 108 2
-2,610600 -2610600 } i =2
30961 .l 3
~2.579639 »2579639 109 ]
3ia70 0 .|
2548569 109 ]
31179 0 "
-2.517390 -25173%0 109 -1



31288 -~ 4
-7 ~2.486102 ~2486102 108 3
31396 2 =8
=70 -2,454706 _— =2454706. - 118 . =5 .
31506 -3 0
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