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Example i
A potentiomater indicates a value of 13.013 v, when connected 6 a Type T thermocouple, and Ttis desired o
convers this vatue 10 its equivalent temperature, The actusl thermocouple reference junclion temperalure, as
derermined by an accurate mercury-in-giass thermometer, is BB°F. From ihe Type T table, 88°F = 0789 mv,
hased upon a 32°F reference junction. Adding this value 1o the potentiometer reading, 13.013+0.789 = 13.802
v which is the corrected value based upon a 32°F reference junction. From Type T table, 13.802 my = 5a°F,
Exarmple 2 '
A Type T thermocouple under steady operating conditions causes @ goLennometsr ceading of 3370 mv. The
actual thermocoupte reference junction temperature is FO°F. From the Type T table, 70°F = 0,834 mv based
apon a reference junction of 32°F . Adding these two miltivoltage algebraicatly, —3.370 + 0.634 = —2 548 v =
—98°F. :
B. Converting Temperature to Equivalent Millivoltage

To determing the proper miliivolt inpur required o check the calibration of an insteument, proceed as
foHows: .

Y. Fram the appropriate table, obtain the millvoitage based upon a a72°F reference junction corresponding

to the actual temperaturs al the nput tecinals of the instrument 1o be checked,
2. From the same lable, obtaln the millivohiage based upon a 32°F reference junction for the temperature
to be checked.,

3. Subtract algabraically the value obtalned instep 2, above, from the value obtained in step 2.
Example 1 .
bt is desired to check the catibration of an instrument at 300°F The instrument hias a scale graduated in degress
Fahranheii for Type T thermocouple. The actual temperaturs at the inpul terminals of the instrumant o be
chacked, as determined by an accurate mercury-in-glass therrmometer, is 7G°F. From the Typs T table, 70°F =
0834 v and 300°F = 5647 v based upon a reference junction temperature ot 32°E, Subuacting, the
corrected millivoliage input reguired o the basis of a 70°F reforance [unction is 6.647 — 0,834 = 5213 mv.

Examgle 2

11 is desired 1o determine the correct milliveltage ingput reguired to check the calibration of an instrumant at
—OUO°E. The instrument scale s graduated in degrees Fabrenheit for a Type T thermocouple. The actual
ternparature sl the wut terminals of the instrument is 88°F. From the Type T tahie, 68°F = 0.780 and —200°F
= 4 149 myv based upoo & 32°F reference junction. Subtracting afgebraically, the corrected millivalt input on the
hasis of a 68°F reference junction is ~4.149 — 0.788 = -4 938 my,

Interpolation

Whenover you sesk a value that fails betwsen two given values, you follow the same procedures of interpole-
tion. Let us describe the methods by example:
You have a type E thermocouple and you: wish to determine the correct smuliivolt gutput at 23°F. The nearest
adjacent valuas glven are at 20°F and 30°F:

+20°F = —0.389 mv

+23°%F = 7 my

+30°F = —0.085 1w
sa vour equivalent EMF ties somewhere between —0.383 mv and -0 085 mv. Use this fact as a guide, should you
make a mathematical error with the sign of a number,
Now abserve that from +20°F to +30°F there is a difference of 10°, and from 20°F 1o 23°F the ditference is 3°
or 3710 of the way from S0°F towards 307, Mathematically this is 23° = 3/10 (30" ~20°) + 20°.

a
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LIMITS OF ERROR FOR THERMOCOUPLES

TEMP. RANGE LIMITS OF ERBOR {Motes)
TYPE DEG. F Standard Premium
L300 - 75 - 1%
T -1501t0- 75 2% -
- 75 to + 200 1 1/2% +£3/4°F
1200 to + 700 & 3/4% +3/8%
R 0w 300 4% --
800 to 1400 +1/2% --
O 600 - +2°F
GO0 to 1000 - * 1/3%
& 0to 600 3% .-
" 600 w0 1000 *1/2%
K Ot 530 +4°F £2°F
530 10 2300 +3/4% +3/8%
0 to 1200 £3°F .-
Rors
o 1200 10 2700 t1/4%
1600 1w 3100 1/9% .

MNotes:

1.

When the limit of error {s given in %, the percentage applies to the termperature being measured,
a0t the range.

2. The limits of error for each type of thermocouple apply only over the temperature range for

which the wire size in question is recommencded.,
Also, these limits apply only to standard stock wire sizes,

3, Note that limits of error apply to thermocouples as supplied. The calibration of a thermocouple

may change during use, The magnituda of the change depends upon such faciors as termperature,
the fength of time, and the conditions under which it was used.
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COLOR COBING AND RESISTANCE DATA
FOR STANDARD THERMOCOUPLE EXTENSION WIRE

THERMOCOUPLE EXTENSION WIRE DATA
ANSI ANSI CONDUCTOR COLOR RESISTANCE IN
SYMBOL SYMBOL WATE RLAL CODING {3) OHMS PER DOUBLE FOOT
POSITIVE | NEGATIVE POS § OVERALLIFE 14 GAW 16 CARE18 GARF20 GA
4 JX lron Lonstantan White | Black{d} .09 o4an - 0.360
K KX Micket Nickel Yellow] Yellow 0180 0235 - 0.800
Chrormium Adurminum
WX fron Cupronel Green | Whie(3) = a7l — =
R&s SX Copper Copper- Black | Green(3) — Q0081 -
nicket
alloy
T TX Copper Constantan Biue Bluetd) e 01220 051931 0.300
E EX Nickel Constantan Purple 1 Purple - 1 03701 — 0.703
Chromium
B DATA NOT OFFICIALLY ESTABLISHED;
COPPER WIRE ACCEPTABLE FOR
TEMPERATURES UP TO 200°F,

{11 With Thermocouple extension wire red is always negative.
{2} Except for tead or armor coverad sxiansion wirg.
(3) Except for iead or rubber covered extension wire.
{4) Except for rubber covered extension wire,

*ANSI = American National Standards institute
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TEMPERATURES 1N DEGREES Fa%

DEG F

80¢
510
620
&30
&40

&50

£90

990

12000
12010
14020
IsG30
12040

050
120683
LaQ 0
1s08%
Lyo90

1ai00
Inlld
1s.129
1230
14240

1:150
1:160
1170
1+180
15190

1s200

{

i

Qa4BY
Dah 33
Qu517
D+536
GnrB55

Ca%?4h
Casigs
D614

@

THERMOELECTRIC VOLTAGE IN ABSOLUTE MILLIVOLIS

GeftB3
G503
0519
0538
DeB5T

0a5Th
0598
Cable
Gab3t
CubhB

Qe&77
0699
G720
QeTaz
GaTbe

0788
D.30%
0.832
Ga855
C.879

Ga03
0927
De852
Ja977
1082

la027
14053
L.gve
1a205
1882

Leksy
1,186
1,214
Tedhl
14270

1a298
1327
14356
143835
Jafldh

Tatss

1,924
1.960
1.995
24029
24063

22100

£

CutBs
Qe503
0.521
Qe540
Ga359

GebTE
Ga558
0618
Qa638
02659

0a679
g 701
QaT22
QuaThk
[P 1-21

Ge 789
0a811
D834
0+858
04881

04905
Ce 230
Ga954
B4979
In004

ls030
1056
1482
iel0E
1al35

lalsZ
1als8S
Ly216
la244
le272

14301
1330
1.3259
1.388
Ta417

Jank7
TauT7
14508
18339
Xs370

14601
lab32
labbs
let56
1a%29

LaT62
1a799
1.828
L8861
1.895

14829
149632
1,952
2ag33
219638

2o 105

DEG F o 1 3 3
* CONVERTED FROM DEGREES C(IPTS 19&8)4

TYPE BE THERMOGOUPLES

4

GetBe
0504
De523
Vebn2
0s561

CaD80
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TYPE B THERMOGOURL ES

TE# RATURES Ih OEGREES Fet REFERENCE JURCTION Al 3Z DEGREES Fe

OEG F o 1 2 3 “ g & ks 8 § 1o DEG F

CLEZTRIC WOLTAGE [N ABSCLUTE MILLIVGLTS
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TYPE B THERMOCQUPLES

TEMPERATURES KN DEGREES Fa% REFERTRLE JUNCTIOR AT 32 BEGREES Fy
BEG F & 1 2 3 0 3 & 7 3 g ] DEG F
THERMGELECTRIC wOLTAGE [H AESOLUTE MILLIVOLTS
1,00 11,836 13,862 1l 469 114855 13,862 11.668 13.573% Li.6% 3,000
3219 11490 L14%CT  11la934 114927 11933 ilu9ad Lhedh® 33010
3,020 131,966 11,972 Eh 11952 Li.9%3 k2,005 Lea.02s 3040
3,030 L2a031 124037 12a0b4 324057 LZ.082  lL.uin 1z.08% 35030
32040 L2.GB% 12,098 12,102 12,109 124121 1Z.M28  lZeids 124154 ERYeLE]
34080 1Z+156 12,160 12.187 124173 Lzeise  13.183  Jd.3%s Qge2us 120219 3,450
2,060 13.215 12,225 12,232 12.238 L2251 Lléa258  12e2é4 12,271 12,2684 3080
3070 12,288 12,250 124297 12,303 12316 124323 1240429 124335 IR ds 3070
F2080 124349 12,355 12,382  1Z.368 leeB38l  1E,387 1Lévdsh  i,ani 172,413 31080
Te098 24413 124426 124478 124633 12.639  12a668  1E.453 12,459 124645 12.4T2  12.478 34480
35100 1Z8TE 124685 124491 12.4%8 124504 124511 f2.h23 12536 124543 3,log
341ld 2,542 12.%49 124962 122989 3R.573 1Ze60L  12.608  3aliD
34320 124608 LR.614 124627 12.8533  5R.640 lz.672 35120
324330 174672 124679 124552 LiabIB 12474 124737 34130
35340 }2.737 12,743 12,750 124756 (2.763 IR.769 124801 3:149
3,150 12.800 12.806 12.614 124821 Lz.sz7 LZagT 144853 12866 24150
24160 12,866 12,872 17.87% 12,655 124892 12¢211 12,936 124530 ERST:N]
3,170 12,930 12,937 12.%43 124950 12,956 124576 12.9E2 PZ.59% 3170
35160 12,995 13,001 134008 13,01 13,0z1 1Fad%0  1%egah 13033 LEe00% 34180
3190 134059 13,066 13.07Z 134077 124083 13,098 13.106 13,3131 13.LE7 124124 3s150
3,200 13,124 13,130 13,136 13,1%3 13,149 243862 1E.18% LB.LY5 33181 134186 3200
3+210 13,188 13,194 13.201 13,207 13,213 134233 12.239  13.248 13.252 33219
342720 13,252 13,286 13.285 13,271 13.778 134297 132303 13,3310 13,318 3+220
35230 12,316 13,332 13,329 15,235 13.342 124361 313.3&7 13.3%4  12.260 3:230
32240 134380 13,387 13,393 136299 13406 13a412 13,4825 3134431 13.638  13.444 2240
3230 132448 13,430 134457 13,663 L3040 13.476 I34489 334495 13.502 13,508
IrE60 134508 13,314 22920 134527 134533 134540 13a5533  [3.5%59  L3.063 130572
3,270 13,572 13,572 13.585 12.5%1 1345957 13.50% 6l6  13.623 13,829 134535
3260 13,6353 13.642 13,4648 13.46%3 334661 3.s ItebTe 12a866 13,693 134595
0290 134699 132706 13.TRZ 13LTIB 0 R2.72E 0 B3,T3L 0 13,737 13,750 12.7%a  13.763
32300 13,763 k3,769 13,775 :3.782 13788 13.734% 13,Rgl 13814
DEG F 1 2 i 5 & 7 & ] T

3
* COMVERTED FROM DEGREES CUIPTS 3196Bi.
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TYPE E THEAMOCOUPLES

TEMPERATURES [N (EGREES Fa¥ HEFERENCE JUNCT{ON AT 32 DEGREES Fa
PEG F o ) Z 3 & E & 7 8 kS 1o GEG F

THERMOELECTRIC VOLTAGE 1M ABSOLUTE MILLIVOLTS

4 21,026 —049%9% ~0a263 -~0.931 —0.500 —0.86d ~0.838 ~0.B63 —G.T7F #0aTRL 0L TGY o
i6 ~0.709 04877  -Deb4F  ~0.613  ~0e581 ~(p86%  ~0.517 —0a485 04453 «04421 =~ 389 By
20 s 38F  ~De357 -D.32% +Gs292 ~0s260 04227 -0,1%5 -0.163 »0eLB0 «D.0P8 =0 065 20
30 =0.0868 -0,033 0000 [TEEE] 0,063 G098 De13% Qeitd TelWb Qe2Z% YuZb2 L
&0 GeRb2 Ge29% Ga227 04360 04353 Gadgt Guhs9 Gat52 De325 0.558 D591 40
80 Q.591 Cubdh 64856 Qeb21 Qa7 C.757 e 790 Qatle Dafis? Qe840 Qs 2% 50
50 Ba¥2% Qe¥ET 0F90 1028 1aC57 LleGB1 1,124 1158 1,225 1.25% EC
7o Ta259 1292 12326 14380 1392 Lat2? lantl 1.495 1a563 14597 T
BOD 14597 la631 labbd 1.699 1a733 TaT87 l.891 14835 1.503 1.937 403
0 1.937 1.972 24006 ZaD40 24075 Ze10% 2edb3 2e17B Z2uZAT 2s281 0
106 24281 24316 2,380 22385 Zebiy Zea5h Laha9 24523 21593 2a&27 180
1ig 24627 248572 208697 24732 27867 2+B802 24837 2eB72 ZaPE2 2.977 1ic
129 2+977 3012 FeDAT 24082 3517 34352 S.167 F.223 34293 50329 120
130 3.32% 3,354 34399 4335 Za5710 3,506 3.541 FLNBFT 3ebhd 34682 130
140 3,583 34718 34155 34790 3.826 3,862 3.898 34933 4005 4081 145
isa Aalsl 4 0TY 4a113 e LY 4a185% 4e22) L. 25T 4a29% 4s360 LTS 150
160 K60l kad3T  ho&Té .50 4548 4a5ET 4,819 4,645 4,728 4,764 160
itg BeTBa  4eBOL  54B37  4aB74  &a910  BL.UAT PRI 5.020 5,093 54130 179
160 5.130  S.1B5 54203 54260  5a277 54314 5,350 5,387 Saa6l  G,k98 180
190 0498 5,535 54572 5609 ERY-T R SafbE2 Se720 5.757 Sa TG94 5832 Sa06% 150
200 5,869 5908 S.943 S.98L 4.0318 64055 G092 Lal30 61167 642073 654242 200
210 G242 6280 6317 64355 60392 & e A3 Gt 6505 £a543 4980 G618 210
220 Babid 6uE56 Beh33 &ul31 6a 76T &eB07T 6,345 5.582 &+520 £.958 §.998 229
230 ba396 Tu034 Ta0T2 Talll TaleB TulBb 7,224 Te2b2 Te3QU 74339 T.37F 237
248l Ta3TY Yesld Fa453 TetS1 Ta530 Te568 Tab0E Telss Teb83 Fel21 Tl 26
250 TaT60 T+T798 TaB3T T+875 TeTlh TaFET fa931 a.029 ERSeE-t 8.308 B.145 250
260 8ala5 £.184 £a222 Bachl Bazal 8a33B 8,377 Buakif Buabs Banba 84932 Zao
Fad) 8.532 B+571 B461C Beba 85688 8.727 B.T66 B4805 BaB4u BaBB3 By922 270
280 B.%22 B.961 $4000 24039 54078 Fa118 94157 94196 G235 Q42T Fadld 280
290 F.3L4 92353 9,392 94432 G771 Q4510 F.550 S.639 Ya629 Fabbi EPRLit ] 250
3400 . 708 9747 987 FuBRE PeBad 9,905 9,945 Go984  LDa024 1040664 104iG3 300
310 104103 104143 104183 Lpa223 104762 10,307 10,342 10,382 10421 10,481 la.501 310
320 10,501 10.543 10.581 10.621 104683 10,701 10.741  10.781 10.821 30.881 10501 329
230 10,901 10.56} 104982 11.021 11e061 114301 [l.142 11,182 11,222 11.262 11,302 236
ELY) 11,302 1l.343 114363 11,623 1la884 11504 1he584 LRaBB5  11e625  1Le863 1706 340
350 11.706 ll.Tae F1.78T 11,627 1l.b68 11.908 13.949 11.589 12.030 12.070 12.111 359
360 12,111 12.152 12192 317.233  I2agf? 12.314 12,355 12.396 12,436 12477 124518 360
370 Y24518 12455% 124599 124640 12.681 122722 32.T63 125806 124844  12.865 12,926 370
366 124926 124967 134008 13,049 134050 134131 13,172 13,213 13.234 13,295 13.336 TEQ
350 13,3356 13,378 13441% 13,480 13.501 13,562 13,583 134624 132566 13.797 12.748 399
A0l 13,748 13,789 13.831 13872 134913 13,935 13,996 144037 36.079  Ps.126 lu.lsd £00
410 ine161 14e203 laa2es 164286 144327 14,388 T4 o610 LéehSLl 144493 1534 1,518 41q
420 1604576 Lloas18 1a.859 14,701 k4742 14.T8S  be 826 14.887 154909 14.950  14.952 420
430 144992 15.034 L5.076 154137 154159 15.20F 15,243 15,284 15.320 15,368 154410 Ll
448 15,410 154451 L5.4%3 15.%35 15,577 13.61% 15.881 15.T03  15.745 13.787 15.829 450
450 15.829 15.871 15.912 15.954 15.996 16,038 15.08G 164123 18,165 164207 164269 59
460 162245 16.291 161333 164375 16a4l7 142459 16,501 1&e546  16#5B6  LE4SZH 164070 460
&70 164670 1GeThd  16+755 162797 162839 J0aBEl  10.82L  1E.0BG 172008 174951 17.093 870
HBO 17.0%3 17,123 174478 17,220 17,262 17,303 174347 LT238% L17a032 17474 114517 GBG
460 17.5LT 17,559 174602 17.844 17,687 17,729 17,772 174514 17,857 17.699 17.%a2 490
500 174942 17,984 1B.0ZT  L8,370  Mdll1z 18,155 18,197 15,240 18,283 18.325 164268 s00
510 18,368 18,411 18,453 18,4%6 18,539 18,561 18,624 1B.667 16,710 16752 18,793 514
%20 18,795 18,838 18.881 18,924 18,966 19,008 19,052 19,095 19,138 19.181 15,223 320
530 19728 19,266 19.30% 19.352 19.395 19.438 19.48F 19.524  19.567 19«810 19.653 530
540 19,653 18.595 17739 19,787 1P.BzE  19.BAE  19.F31  19.934 19.9YT 20,040 26.983 S40
530 20,083  20.126 204069 29.212 204256 204299 204342 20.3B5 200428 2,471 20ubli 350
580 204514 20,538 204601  20.664 204687 204730 202775 20817  20.B8C 30703 20.947 B4
570 20.947 20.990 21.033 21l.076 214120 21,363 21,206 21.250 23293 234336 21.380 N
580 21,380 71.423 21.5666 21,310 21.533 214597 2Llab40 2Lab83  21aT2T7 214770 21814 Ha0G
598 21,854 21.85%7 214901 21.944 21.937 22,031 22,074 224118 22.161 22,205 z2.748 59¢
&00 22,245 22,292 22.3%6 22,.3TF 22,423 22.406 22,510 22,553 224597 22.040 22.684 Q0
& § & 7 8 9 19 DEG F

OEG F G 1 2 3
* CONMVERTED E€ROM DEGREES C{IFTS 19681+
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900
sl
20
EETY
950

DE

G F
* COMVERTED

il

7.547
6,253
B9l
8,867
2,175

G B
ENED)
10,098
IG.407
10,715

1i.023
1la332
11.840
11.94%
12,257

12.566
12,8746
12383
13,451
3,800

18,108
T
the 728
15.032
154340

15,648
15,956
16y 264
1€,571
16,879

17.186
17,453
17.800
18,107
18,414

16,723
r7.027
19.334
19,640
19,547

Z0.253
20,559
20,865
21,172
21,878

2l.785
2z.091
224397
22,704
23,010

23.317
23,624
23,931
74,238
2he S

24,853
25.181
254469
8. 778
26,087

26,396
26,705
27.01&
27,328
27,627

1

TeSTT
Be284
B.SGE
B.B%A
Erracl

YaSid
GeB2L
1Ga129%
lo.u3?
10s 746

1la054
11363
11.871
11.980
127656

124597
124905
S
13522
3.830

i4.4139
142467
14,755
15,063

Sa371

15.679
15.587
16,294
le.602
le.309

17,217
17.524
17.831
18,138
18,5484

18,751
19.c58
19,384
19,671
19.%77

204284
204550
20,896
21,2903
212909

2l.8i%
22.122
AZehdB
224735
23,041

23,348
£3.655
23,952
20,269
2heBT6

Ehe B84
25,192
25,500
254 B0
28,118

26,627
RE6.Ti6
274947
27.357
274668

IN DEGREES Fat

TYPE J THEAMOUOUPLES

REFEREMCE JUMCTION AT

z E 4 5 6 7 &
THERMGELECTRIC wOlL.TAGE N ABSOLUTE MILLIVOLTS
84008 Ba0d? 84069 8.300 B33} 8.16)1 8,192
8.315 24365 84376 84407 8,437  f.468 849
84622 2,652  B.683  B.T14 8,743 8,775 8.806
8,92%  BeTHO  Bu990  S.021 9,052  $.083  9.113
Ga2E6 Q267 G298 Dad2H RS- 31) Ta 3T a2l
PRt Y T+ HAE EFLET GabhT Gah T8 9eTes
F.652  DuBE3  $.914  D.Skk 9.975 10.00&  1G.G37
loedleG 104193 10,222 19.252 10,283 103146 10.345
10e468  10.49% lCa530  16.561 1UL5%2 L0e622 1lG.5653
10777 10aBOT  1Ge833 10,467 10,900 1Ca931 1G.962
L1aGBS 119316 31,E67 110177 LhaZp8 11235 11,270
114393 11.é2% 11455 11,486 11,517 11,548 11.578
L1.T02 114735 114764 11.79%%  L1.825 11.856 11.88%
L2010 1240%] 124072 32.103 12,134 12,165 124194
12,319 12,350 12,381 12,411 12,442 12,473 12.504
12,627 12,658 12.58% 12,720 12.751 12.782  12.813
124936 12,567 124996 13.029 13.05% 134090 134121
13.284 13,275 13,306 13,337 13,368 13,399 13.430
13.5583  13,58AR 134613 134645 13.676 13,7067 13.738
13,861 134892 13,922 13.%54 13,989 J4.01% I4.04f
19170 L4e200 L5231 L4282 142293 14324 Jha35%
164078 44,507 140570 142601 142532  1#.863
14,786 14.8F7 14,878 14,905 14,940 L4a971
154094 15,128 15,3186 15,237 15.248  15.279
154452 154433 15464 15.494 15,535 15.356 354587
15,750 15,741 15,771 315,802 19,832 15.864 15.894
16,018 16,048 16407% 16431C 16e1sl 16,071 15.202
16,325 162356 162387 1éa4l7 16,448 16,479 16.510
16,633 164663 18.6%94 16,725 16,756 16,785 16.a17
16,240 164971 17,00% 17,032 17,063 17.094 174124
17,247 174278 17,.30% 174339 FTL370 1T.401  17.43Z
174554 174585 1T4B16 1746486 IT.,677 1T.TOB 17.739
17,861 17,892 174923 17,953 L17.984 18.015 18,046
18,168 185,399 18,7230 18,250 18,291 1E.222 18.352%
VELATE 18,506 GB.B37 18,567 1B.596 18.629 18,859
18,782 1B,.H13 18,843 18,874 18,905 18,935 18.966
12,089 19,119 15.150 19,160 19,211 19,242 19,272
EP.395 19,628 194456 15,487 19.51B 19.548 19.57%
190702 19732 19.763 19,793 19.828  19.855 19.885
204008 20.035 20,065 20,100 20,131 20,361 204192
204314 20.365 20,378 20,406 20,437 20,467 20.498
204621 204651 20882 20.T13 20743 204776 204804
304527 20.956 20,988 21,019 21.049% 21.080 21.11}
1,233 21,264 234295 214325 21.356 21.386 21.417
24540 21570 2L.601 214631 2I.66R 21.693  21.723
Zi+B4E  21.877 21.907 21.22E 2l.9e8 21,999
224152 22.183 22.216 Z2l.264 22,275  J2.305
224459 22,489 224520 22,551 22,581 22.532
2R.7E5 72,796 22.B26 22.857 22,888 22.918
23,072 23.102 234133 23.164 23.194 23.225 22.756
23,378 23.40% 23,640 23,471 23,591 23.532 23.3584
23,688 23,716 23.787 23,727 23,B0%  23.83% 23,870
23,0992 26,023 24,054 24,085 24,115 24,146 24,177
24,300 24,330 244361 206,392 24.423 20,453 24,484
2i, 607 Th,638 24,669 24,699 24,730 24,76l 24,792
200915 ZAJOHE 244976 25,007 25,038 25.069% 25,899
25,227 ZE.254 25.284 25,315 25.346  29.377 25.408
25.531  2B.5462 25,593 25,623 25,054 29.468% 25.7i6
25,840 25,870 25.501 25,937 25,963 25.994 26,025
Z6a148 28,179 26,2106 25,241 28,272 264303 26334
26.458 26,489 26,520 256,551 26,532 26,613 26.640
26.TET 26,798 264B2F 254,860 24,891 26.F22 Zh.954
21,078 21,109 27,340 27.171 27.202 27.233  27.26
274388 27419 27.450 27,482 27.513  2TJ5446 274575
27,699 27,731 21.762 21.793 27,8z 37.855 27,88
4 5 4 7 ]

a 1 z 2
FROM DEGREES CL{IPTS 19&661.

21

g
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12.226
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144365
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15.925
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1behug
6,848
17,158
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18.6%0
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1%.3243
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ZheT54

22 080
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9

10

8,253
84580
8,857
P 175
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Fe 190
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104407
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Tilabhi}
ILa%49
12.257
p-FE-1.13
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13.800
14x1G8

14.416
the T2l
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15.340
15,648

15,9586
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164571
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17.4%3
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1%.334
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19941
20.253
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21478
21.745

224081
ZEed87
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23.010
23.317

Z3.0624
23,931
24.738
24,548
264853

254161
25,469
25778
26,087
26358

264705
274036
27.326
27627
27949

16

32 ODEGREES Fo

DEG F
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SO0
&10
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©40
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&0

790
Tlg
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740

159
160
TG
T80
190

842
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TYPE J THEAMOCQUPLES

TEMPERATURES 1N DEGREES Faw REFERENRCE JUNCTION AT 372 DEGREES Va
DEG F a 1 2 3 & 5 & 7 & E 0 pEG ¥
THERMOELECTRIC VOLTAGE IN AGSOLUTE WILLIVOLTE

12600 504,057 50,095 50130 Sea165 50a200 504235 504210 504305 50.340  50.3T6 BQ.411 1:600
1610 50,411 90448 H0.681 904516 904551 50586 5UL62L 50.656 50.6%1  5G.7Z6 504761 1610
134620 50,761 50,796 SC.831 504866 50.901 59,936 50.9¥3 51.005 51.040 51.073 51,130 14620
is&30 91,110 A1.i45 HLLEBO 514215 51,249 51,284 51.31F Sle354  5Le38F 5La423  5l.458 1,630
1ab4 51,858 H1,893 61,528 31,562 51.597 51.622 514867 51.701 51.736 51.77F 51.80% 1read

1] 5L BG5S 53.B40 51875 S5l.909  51.964  SI.8TE B2.013 S2.048 IZ.082 52.117  52.151 1650
146560 52,1610 %2.1646 52.220 52.255 52,289 52.224 5BZ.388 524393 324427 H2.467 524496 11560
1670 S24496 524531 524965 52.600 524634 52.668 52,703 52737 52.T72 524806 524840 14670
146832 E2.B40 53,875 52,909 57,943 52,977 53.027 53046 53.080 534113 G3.14% 524183 FRL-T:N
1sb90 S2.1B3  G2.217 52.251 $B.2BE 33,320 532354 S3IL.BBE  HB.4R2 53456 HDBLAFD 5H3LERD 1ra 0

1700 53,525 £3.559 53,593 53,627 53,661 03,5995 53,729 53.763 53.797 Ha.831 53,865 1700
1s7102 2,865 53,899 53.933 53,567 H4.001 554038 54,069 544103 544131 546.17% 54.205 1e7ip
1a¥20 BhL 205 B4,239 944273 54,307 ShaBal 54,37k 5H.08  Bh.4k2  5L.4TE 544510 S4u544 1720
1.130 Sa.S4l 5445TT D611 S4,645 54,879 S54.7I2 54,746 54,780 54,814 54,847 54,881 19734
Letun 54,881 54,915 54,5968 54,983 55,0186 55.04% 55,083 5%.137. 594150 55.184 55.218 1:740

1a750 Se8LE 554281 55,285 55.318 554352 59.385 45,419 $5.453 . 55,486 55,320 55,553 1750
1,760 55,5%% 535,587 55,620 535,656 93,687 495,720 55,754 55,787 55.821 55.854 55.388 1760
770 55,888 55,221 55,954 55,986 364071 564055 56,088 56.121 56.15%5 G56.188 Ge.221 1x370
312780 56,221 554255 564280 504321 56435346 S6.388 56,421 56.454 G&.487 56.5C1  56.554 1el80
1.790 G6.554 S6.5BT 564620 55,654 B6H.6BT 36.TI0 56,753 56.786 56.81% 56.8353 56,486 14750

1sBCO  S6.8B6 56,919 56,952 96,985 57.018 57,081 57,084 574118 57,151 57,184 5V,217 14800
1.810 SY.ZIT 57250 5T.R83 5Tu3I6 57.349 G7.382 57,415 BT.448 BT.eBl BT.514 57547 1,810
.80 BT.54T7 57,580 5T.613 57,646 STubTHY 57.712 57,745 57,778 57.810 57.843 51.876 1+820
1a830 57,876 57,905 B7.5942 47,975 58.008 58.041 58,074 58.136 58.13% 58.172 58.20% 1830
128580 52,205 5B.238 38,271 584303 58,336 58,36% 58,402 584435 5B.467 53.300 68,533 LeBad

12850 58,533 5B.b66 58,596 SB.t31l HB.bb4 384697 58,139 S58.T62 584795 5B.8ZT  LBL860 11850
14860 SR.EH0 584093 HBa¥26 584958 5B.FF1 59.0246 59,056 59.089 594121 59,154 59.187 118606
12870 99,187 59,219 39.252 £9.285 594317 39.350 59,382 5%.415 5%.448 59.480 59.513 1,870
14880 59,513 594545 39,5TH  59.610 H9.543 59.676 59,708 59,71 5%.773 59,846 59,838 1:88G
118%0 59,826 $9,871 5%.903 59.2536 59.988 60.001 60,032 &0.066 LC.098 50.131 60.163 1aBRD

iav0n 60,163 B0.196 604225 60261 604293 60.326 60.358 60370 604423 604435 60 ABE 1500
ia%lc 60,486 &0.320 604553 604585 60,617 604650 604682 60715 66767 60779 £0.8I2 11910
12920 B0.8fc 60.8%% £0.876 £0.909 60,861 60.974 461,006 61.038 41,071 61,303 &1.135 1,920
1530 61.135 BlaE6B 614200 6la232 612565 612297 51329 6lua3sd 61398 614426 &1.459 1,930
15940 &1uB59 61,491 HL.3A3 51,555 6LebBE  BLl.b20 614852 61,585 6L.TFT 51.74%  &RaTE2 15740

L9090 B1l.TEL 61,856 6H1l.846 £1,87T8 61.9:0 61.943 6&1.9T% 624007 62403% &2.072 £2.104 14950
Le9B0 B2,104% 62,136 62,168 62,201 62,433 62,265 62,297 624330 624362 4Z2.39% 624426 11560
10970 | 62,426 H2.458 H2.4%1 624523 62.535 62587 62,617 H2.652 62.885 62.716 62,748 1,970
1a5980 82,748 674780 G2#BE3 62843 B248TT 624909 62,941 624974 63.006 £3.038 63.0T0 12580
1a390 61,070 63.102 &3.134 63,167 624199 63,231 63.253 63.295 B3.32Z7 63,359 p3.392 198590

2,000 63,392 E3.424 63,456 63,488 63,520 53.552 63,584 63,617 63,649 3,681 63,713 Z.000
2,0L0 3,713 63,745 63,777 63,809 63,842 63,874 63,906 63,938 63,970 64,002 64.05% 24010
24020 64,038 64,086 64,098 64,131 64,163 64,195 64.237 6G.Z55 64,291 6u.323 64,335 2,020
24030 &4.355 664387 66.420 B4.457 66,484 4516 54,06B 64,580 64617 64,544 BLLETE 2,030
24000 B4sBTE 64,708 68,740 6heTT3 54LED5 64,837 6L.BET 64,901 64,533 644985 64,997  2.040

2+050 64,997 53,028 65,081 B5.093 65,125 65,158 65,190 65427 65,25% 65.286 65.318 050
2060 65,218 65,350, 55,382 65,414  £5.456 65,478 65,510 65.542 65.374 65,606 B5.638 2,060
207740 65,838 65.67L 65.703 654735 63,767 65.799 65,831 65,8863 £5.895 £5.977 65495% 2,070
Z2G80 65,959 654991 B6.023 66,055 6B6.087 664119 66.151 66183 66.215 bE.RAT 66.279 2,080
25090 66,217 664351 66,343 68,373 G6.40T 66430 560472 66,506 65,536 66,568 66.500 2,090

23100 Bh,ET0  66u632 Bhl.E64 65,696 EE.T2E  B8.TED 66,797 B6.BIL  6E.E5E  66.BBE  BE.5Z0 Zx100
2110 66920 hHLYIZ EH.984 £T.0516 GT.048 BT.080 674117 B7.146 HT.1TE 6T.ZDB  &7.140 25110
28120 67,240 674272 74304 ET.33& £7.368 67,400 67,452 6T 4b4 6T.AFS 6T.52ZT  67.559 24120
Za130 67,559 £T.5%1 &7.623 67,655 6BT7,687 6T.7IF 67,751 67.783 £7.815% 67.847 67.8T% 22130
2al&0 67,879 67,311 57,943 67.97F 68,007 68,037 68,071 68.16% &£8.13% 68.365 £4.198 2el40

23150 68,198 B6E.230 68,262 6B.29% 68,326 584338 65,390 684422 68.456 684486 68.51T 24150
2,160  EB.517 68.549 68.581 $Ba613 5B.545 &£8.677 68,709 684741 68,772 68.B0L 684834 25260
24170 68,836 ARLAKRE 6,500 HB.932 6B.F64 68995 62,027 6%.059  6%.091 694123 694135 2s170
2,180 69,155 89,185 69.Z15 59,250 69,282 69.31k 69.345 69,377 69,405 6G.48} 6F.4T2 24180
25180 £9.4T2  69.504 694538 2,390

DEG F [ 3 E & 5 b T -3 @ o DEG F
* CONVERTED FROM DEGRELS CLIPTS 1968]a

T NOTE:  The masbnum recammended termperature Brit foe Type J theomocouples is 1400°F {780°CH The exwnsion of the Type J 1ables gives
tenperatuce-electramotive force data to 2¥92°F (12007C), This extonsion s a ratheratical exteapolation based on linived caiibration data
and caution shouid be exercised in its use. The baxis for the extended curve is discussed in MBS, Monograph 126,

23
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TFYPE K THERMOCOUPLES
TEMPERATURES [N DEGRIES Fat* REFERENCE JUNCTIGH AT 22 DEGREES F.
DEG ¥ G 1 2 3 & El & 7 a @ 19 pES F

THERMOELECTRIC wOLTAGE EN ABSJOLUTE MILLIVULT\s

Lyuba 2,077 124795  32.871  32.843 324866 22.BB9 32,917 32.535 32,958 32,980 33,003 L2459
Lss&l 23,003 33,526 33,069 33,072 33,096 33,117 33.1ad 33,163 33.186 33,208 334231 146y
Ladedl 13,230 33,256 33,277 334300 33,327 334345 33,368 33.39% 33,4412 33,436 33,435 14470
1r4EQ 32,459 33,487 33.506 33,527 33,550 33,973 33,595 33.636 33,64 33,664 33,886 14480
PR 32,686 33,709 33,732 33,756 33.TIT 33,800 33,823 23,845 33,346 A2,8%F  33.933 1e430

93,956 38,939 33,981 34,004 34027 34.0a? 34,095 34,131 344180 1,500
34,163 Je,l1E€8 B 3a.23% 34,153 344278 34,321 4384 344356 13510
34,389 e.4l2 Bheu8T  34a48C 344302 344567 FHeSTO 344593 1a5E0
34636 36,660 34,683 34,705 BHa723 24.T51 34073 340796 34,818 1530
34aB6T  A4,BE6 264903  3h.¥3L B4.U54 34,976 35.99% 254021 35.044 la5e0

FH.LTE 354201 35.z2% 35,246 H5.26F 1s350
3O.aDs BBLH26 35,449 35.4T1 3h.udn 14560
35,606 35,625 35.5651 35.673 35.8% 35,716 11570

3,089 35,111
35,344 5336
354539 3%5.461
352763 5,785 35,806 35.530 35,BB3F  35.B75 25,897 35.920 33,942 1,580

ELTR Y] S
35,942 35,965 35.9ET  26.009 36.03%F 364054 36,077 36.09%  3beizl Bbelhi 364166 11590

LebG0 364160 JA.18E 36.238 36256 3b6.2¥E 30,300 3b.323 364345 364367 36,396 Lib00
1610 364290 38,412 6,457 360479 36,501 36,524 36540 364568 3645%0  36.613  1,8i0
1+820 264613 36.635 3E.580 BB4TOIZ  36+724  3BalhE 354769 3k.T9L  J6aB13 364826 14620
Lr&30 364836 UHeB56 E.902 36925 A6.F4T  30.9BY 36,991 37.014  37.G36  37.058 1630
1ebs0  AT.HSB IT.0E0  37..0% 3T.025  3TaléT 374169 37,091 37,214 374236 327.258 37,280 14640

L6500 37,280 374303 37.525  BT.36T 3T7.36%  3T.391 37,413 37,436 37.45% 3TeRBO 3T.502 1650
-1 37,507 74525  2T«5RT  3TW86%  FT4551 37,813 37,633 374657 37.ETY 37.TQE BTLT24 1+584Q
1670 37,724 3F.TME 3T, 168 37,790 FT.AY2  37.836  3F.B5T AT7.879 37090} 574223 37.945 14670
1650 37,565 37.967 3TL9BY 38011 28033 33,955 F8,078 38.100 38.122 FHalsh 3. 166 Lr630
1+890 23,166 38.1BF 38,210 38,232 38,254 3B.276 28,298 3B.IZ0 304342 384354 38.287 1650

184387 3H.4GT 35,831 38,453 3B.4T5 36,897 38,519 3B,.561 38,583 34,385 584607 312708
IHLEGT  3B.52%  BE.651  1B,673 3B.699 38.717 38,739 3B.T61 38.T83  38.805 34.827 1470
384877 33,849 3BLB9T 3B.91D BB.937  35.959 28,981 3%.003 22.024  3F.046 1270
35,066 35,440 35,102 3%.134  39.156 39,176 39,200 39,227 39,264 39.2686 15730
3%.7266 354283 394331 394337 39.373 394397 39,619 ikl 39.463  3T.aE5 12740

FaTon 39,485 39,307 39,529 49,550 39,572 39.5%6 39,516 39.638 39,860 39,482 39,703 1,750
13768 39,1063 39,725 39,747 39,789 39.7%1 3%.913 3 35 39.5%6 39.8T8  37.¥00 3¥.922 £+760
12770 3%.922 39,544 39,565 39,987 S0,009  40.031 804053 40.073 40,096 404118 4Q.lho 1,770
WBei67  G0.1B3 40,205 43.227 40.26% &0,E7L 404292 40314 404336 404358 1,780
40,379 k3601 4Ga523  A00665 404466 80,488 40.510 #0.532 404553 404575 1,799

¥ Q. BLY  aCsBal  s0WBB2  s0.6B%  80.TO5  40.727 40.T4%  aQ.T70  40.792 12800
1 [ B0.B%E A0WB5T  S0.87%  40.20% 40,972 40.944 404966 40.%87  sl.o0f 1810
LeB24 A1,U0% ShaU52  alag7s 96 41.117 41,139 al,i6] 4l.182 4,204 41.225 tsB2D
tl.830 L1ad23 GkaZ6%  BI,ZN0 4ba3Bh  81.3%5  41e37T7 41296 41420 #A)asd2 1»B30
jY-T) LiakbE E1a4B3  GLl.0B5  &,506 53a%28 454550 #1.571 4le593  4le61l4 Al.b36 414657 JEY-Lh]

1810 4 s

TARSD 51,637 41.67%  wla70l £3.722 4beVhA BLaT05  4),THT 43,508 41.B30 4k.851 &41.8T3F 1,850
H 414895 Al.¥iE  G3.93E  41.959 434981 42.002 42.024 42.085 A2.047 AZ.086 L1860
Sgelblil &2ul51 42,4143 4Z.174  kZ.176 17 42,239 42,260 42.282 42.303 167D
B BZ5 24248 L2.36T  BZ,A09 42410 42,432 A2.453 424475 42.496 4Z.BlD 1pBBQ
3,850 42eD1B  G2.H2F R, 560 42,582 Gl.603  62:623 AZ.enb 424668 42.489 42,700 42732 L6990

6z.732 42,733 GaT9E  A2,5LT  42.83% al.Be0  AR.BBZ 42,903 42,926 AZ.906 %00
[FIST 63,630 93,031 3,353 43,074 434095 43.117 43.138 43.159  1,91g
43,141 53,223 432245 43,286 43,287 43.309 434330 43.351 43,373 1.9Z0
%3, 3% 62,430 934450 43,479 43,500 43.522 43,563 43.564  43.585 1,33

63,607 $1.G62E  H3ebAT  BA.6TL  L3.0%2 43,713 43.736 43,756 43,777 a3,79d B el

9 83,851 43.B6E 43,483 &3.5034 43,925 43.947 434968 43,389 44.010 L4950
I 4,053 B4 074 A4a095  Bha 16 54,137 444159 44,180 44,201 444222 1,960
3 WA 65 G286 L, 307 640328 ah.34T 44370 464391 44413 a4la3h 1,979
5 hhanTE 46,697 440518 4L.53Y 44560 452582 444603 A4.524  44.655 14960
bbb G4e8BT  Wu TUB  G4.72F A4l 750 G, TTL 5.2 A4.B14 A4, B3B  AiaSBE 1,999

QL BT AL BYE au 919 44 960 4EG6L AL,T82 3,003 45,024 45,045 45.066 2000
45,387 45,108 45,129 A5.350 «3.37T1 450192 45,205 45,234 45,255 45,276 79018
55,357 45,318 45,339 45,360 45,381 5,402 45,423 ab.4dh aS.463  4b.sBé 2020
A5,507 45,528 AS54Y 454570 45,3%1 45,612 45,623 85,654 45.675 45,695 2¢030
45,716 450737 43,758 45,775 45,800 45,821 454542 454863 h3.884  4bh.O904 220460

L5 HES 45,946 49,967 45.9B8  46.009 46,030 4b.05) 4607l A8.092 46,313 24030
hEelBh  HELlBE LELLTE 46106 46,217 46,238 56.259 454280 464300 6G6.321 Z+0ED
4&,367  Hhe3u3  4El384  GHaale 46425 46,045 46467 46,888 464508 45,529 2070
LY GEe3TL 4be59L ABeblZ  hGe633  #b, B34 4E.BTH 464895 46.T1e 46, TIT 208D
B5eTIT  kELTTE  4Ea709 A6.H19 46840 Lb.B8) 40.881  46.907 45.923 46944 2090
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DEG F

HMPERATURES [K

o

~Gs Ll

i

TYPE R THERMOCOUPLES
DEGRERS Fa# REFERENCE JUHCTION AT 3z DEGREES Fa
x 2 3 a El -] T 8 3 i DEG F

THERMOELECTRIC wOLTAGE N ABSOLUTE MILLIYOLES

“ieZlZ  =0,21k a7l w0aFlE ~00220  ~0,22Z ~0.225 0,226 -50
—04i%0 04192 194 =04 197 ~0419Y  =0.20% =020 ~8.20Y9 ~0.207 -0.210 4G
“Ue BT ~0.1&9 172 -04iT4 ~Ca176  -UL17%  —Ga1l81 =04183 -0.185 ~5.i88 ~30
Talh2 -00kad -0 LAB -0.150 -0.133  ~0.155  —0.158  ~Ge160 ~0a162 ~0el165 -20
~G+118 ~Cei23  -Cal2e  ~0e126 -~U.131 04133 ~4.136 ~0.138  -0.lsl -1g
L. 0F7 “Can9T  -0a1lBC —0.193  —0.IGS -0.3108 ~0310 ~0,113 -g.ll6 a
TGaB2  ~0.GTE ~D,076 —0+CT1  ~0.068 ~0.065 ~0.063 0

“04031 ~0.049 w0086 =02043 =0.040 «0.027 ~0.035 iG

SEAE2E —0.G28 —CaGLT <0033 e0sulZ ~0.00%  -0.0C6 2a

Oa 356 [Fgila) GuaGl2 Ga0ls CeDid G.021 Ga024 20

Gall26 a3 SN Galing Oa048 G051 D064 0

SG6T Ja0T3 QwltTE Da071d DeQBZ D086 ELY

~098 Qalp® D306 0,211 0.114 0.115 &0

G131 De327  Qai6l C Oai4d G.l4T Qu1B0 0

.71 0.l74  0.377 0381  §.1B4 8o

U.205 Qu2CB Ga2le Gell5 Q4238 90

w32 Ue23% Gedbd Gaidabd DaE53 oo

Ge268 GaZT5 G278 Ga2B2 G.28% 1310

Ca 3T Ga31t C.315 (a318 B335 pded

G.34B 0,351  Ga355 04359 0.363 1343

385 C.3BF 0.393 04397 0e400 145

Cabl9  GL623 8,42T 5,431 0,435  5.439 189

Geab8 G682 Q486 0,4T0 0,474 0,478 169

1,489 04487 Ge5gQl G085 D509 D513 Q.517 170

Ge529 64537 TaS541 0,545 0.549%  0.593  9.557 180

QB89 QWETI 0.5TT 0,581 0,588 04590 D594 Gl5%8 150

) Cabih 0.618 Dab27  DebBl  OeB35 G639 00

Ga647 D.856 0.E6D 0,668 04872 0.676  0.6B81 210

[F-Ti kg a0z 0.710 CaTld QaT19 04723 Zza

Da731 GuTh4 0aT53 0aT57 0a 781 QuTob 230

GaTTh Gedbi 0198 Qe800 UaBGt G+ B0% 240

aB17 2830 Ya835 D.83% UuBai Ga.848 G852 259

Ie8E] CaBTH Gugre GaBB3 G888 GeB92 QaBIT ZEC

CedGE Ce519 Ca923 D928 0.937 D337 Ca94i 270

QuBEG el 0358 D.9%3 Te9TT 0.982 g.926 2B

G998 1008 1,613 l.Gl8 leggz 1027 1eg32 290

Legal Le0s4 1,053 1,064  1.0&8  1.073  1.077 300

TaG87 L.idl lalcs 14110 Fa114 1,119 1.124 3ig

14133 Tal&? 14152 1,198 Tald} 14166 1.370 320

1,180 lel®h 1,199 3,203 l.2¢8F 14213 3.217 330

1,227 14281 3.24&  1.25] 34255 1.260 14263 34g

iaE s L2749 1,289 l.294 L.29e FadG3 1,208 1.303 3850

1,322 1,327 J.337  1.342  F.346  I.381 1.356  1.361 360

14371 14373 la3B% 1.335 14395 le4pd L2405 Iak09 370

TablS Za42h lanzS  pas3s 1.833 lukak 1a64% 14453 L.450 350

Leabd  Ted73 1878 L.uB3 1,488  1a493  1.49B  1.503  1.306 390

L.3E7 laSZ2 14527 1a522 1,537 14542 1a547  1.582  1.557 400

La567 1,572 1,377 1.582  1.387  1.592 1,597 [.502  1a.407 3G

labd2 ta527 1.632 1,637 letsz 1eb47 1552 1.657 L¥3-3

Leb¥2 1e8TT 1,682 L1687 14692 1,698 1,793 L.708 #3g

1.3 1lT28 0 1,733 1,738 L.TA3 1,748 1,783 1,788 a4

1aTTA LLTTE LLTBE 1,789 1,794 1,799 1.804 1.81g a5Q

o825 14830 1,835 1,840  1.84% 14831 1,856  1.861 LY

T.BTE 14882 1,837 1,892 3.897 1,502  1.907  1.913 10

Legzg Law33 1,938 1,%9ah  1.%88 14954 1,959 1.964 w80

L.9B80 1.985 Le%94 1,206 24401 2a006 Zo011 Z2017 490

2e037  ZeG30 24043 2,048 2,053 2,059 Z.066 2,069 560

285 2el%0 2G5S 2.1 Zaloe Z.111 Zs117 Z.122 5ic

2,128 Ealh3 Zalud Z,15%4 24159 Zalbh 2.170 24173 s2g

24191 Za1%6 Z«201 2.257 2.E12 2.217 2a22% Z.228 3G

Za2h4 Za249 T4R5% 24280 Ra2bE 24771 24276 2,287 B4g

24287 24298 24302 24308 2,314 .319  2,325%  2.330 z.335 550
2341 24251 24357 24362 24385 24373 24378 74384 2.389 560
24395 2s40% Za811 Zaklb 24522 Za427 2uu33 22%38 Zahh3 N
Zebu¥ Fett 2ukhh 2473 : 2+481 2,487 2o k52 24498 380
24503 2.53% 24520 2.52% 2,531 R 2.541 24547 24552 384G
“ 5 & 3 8 kS j3) DEG F
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TYPE R THEAMOCOLFLES

TEMPERATURES [N DEGREES Fa® REFERENCE JUNCTIOH AT 32 DEGREES Fa
OEG F ] 1 Z a 4 ) & 7 a 9 10 DEG F

THERMOELECTRIC VOLTAGE IN ABSDLUTE Mitd IVOLTS

1,200 6al43  5.1a%  Bll55 6,182 64168  6.1T5  6.181 54188 &390  $.201 64207 11200
Lyalo 64207 be213 a220 bellb £a.233 &u238 baZih &a252 62259 &.265 8,272 1s210
122G EaETZ  B,278  £.2BZ  6a291 5,297 5,306 5.3L0 64317 $.323 64330 6.336 1220
1,220 643386 £.343 54325 6.356 64362 5.36% £.3T5  £.3BZ  5.3BB $.395  b.401 14230
1y24G GubSL [ Euiila G421 bahZ? Hak3h LIS T BahsT Gak53 LTL 2 Gakbs La245
12230 bahbl LubT3 6udT9 babBb GakB2 b at9Y 64505 by512 &a%3l 6.525 6.532 128506
12260 %eDF2 64538 64545 £u551 £uSHE 6.584 6,571 6.5TF 61584 64590  6.597 14280
12270 £e5%T  6uB0Z  64b10 £ub1H 6,823 64830 6636 64643 64849 62056 6.662 14270
Le2an EBubbZ Bo5b9 bub15 babBR 64689 BebYS aa7G2 64708 84715 B8a72} 5.7128 1:280
Ls290 &, 128 54735 PRLY 64788 GuT54 b.Tel  H.T8T 5774 62781 64787 bel94 L1290
14300 60794 ALEO0 B4BOT  BuBl4 64820 64827 6,833 6,850  6.B847 6,853 6.86C 1,300
1+3Ll0 6,850 6,868 &e873 4. 880 5.886 5.893 5,899 Ge206 £a913 54919 5.526 (4310
Pk 64326 $a%32 £a939 L rs:-L1.) 54952 64959 5966 £a972 &89 4,985 5.992 1s320

1,330 Be592 54999 T4005 Tapl2 T4019 Ta025 Fal32 Ta039 Tatiah TL052 Tu05% 11330
11340 7059 T4065 T.072 74078 To 85 Ta092 Tat98 Tal85  Tali2 Te1l18 Tul2S 1340

JRRE 1] Ta125 Tel32 Falde Teld5 Tals2 Ta158 Talbh Tal¥2 Tei?8 FTa1B5 Ta192 12350
1360 Tel%2 T.198 T.20% Te2}2 Teli8 5 .23z 12239 Ta245 Te252 14259 18360
1370 7ad5% Ta265 T.272 Ts279 74285 «EF2 1.2%9 Fa205 7312 Te319 Tadie 1e370

14380 Te328 FeB32 Ta339 Tad4é Ta252 F.359 1,386 TaBT3 Ta37% Tadds 74393 1r380
1s3%90 Tu393 Ta199 Tu408 Teteld Tau2l Tahio Te433 T h40 TehssT TaAs3 Tkl 1390

Las00 Ta8E0 TatbT T.4T4 T.a80 7087 TadEh TaSp0 14507 Tabin Te3281 Ted27T Laa G
1a410 Ta527 TaB3h  7a541 Te5aB T.555  T.58% To568  T.57% T.562 T+388  T.E95 140
1424 T.595 TuB0Z 7609 Tab18 Tab22 7.625 Tub3s Tobd2 TebhS Tab58 T+643 12620
1430 Tubb3 Tub70 Ta6TE TatBd T30 71897 7703 7.710 TaTE1 72724 Ta731 1430
Lethd) 1,731 1.737 TaTah T.751 To¥58 TuTe5 T.773 T.778 T+725 TaT%2 Fa79% 1a&40
Tas30 T I9% T.805 T332 TaB19 Te826 T.833 T840 TeB4b T.853 T+ 080 Ta867 1,454

1460 Tad81 7874 7.880 74887  T.894 71,901 1.908 Ta 915 Ta921 Te928 Ta935 1rb60

1e570 T2 T.249 7,954 7.969  T.976 T.983 T 990 1.997 BoO0G 13870
1,480 EaGiC 8.017 Ban2é Ba038 Ba04aS Ba052 B4pEE 32085 8,072 I+480
14430 Ba07e 8,088 Ban93 8.107 84113 8a120 Bal27 B.134 Balél 1a450
15040 Bal4A 8153 Balb2 8,175 8,182 A.189 8.396 Bsz10 1500
Is510 B.317 8.224 84231 Bazad 8,251 8.258 Ba265 Ba2T% 1s310
1s520 B.286 8,292 Ba300 8.313 8,330 8,327  8.3%% 8434% 25
14530 B+355 Bu362 Ba269 B8.383 84250 22397 Ba403 2,437 1538
1a5u Bak2d 84,431 Ba638 8452 8,459 Ba4bb BeuT3 BahBT 1s540
1,550 Ba696 8,501 8,508 BeS22 8,529 8,535  8.542 §a556 1350
13560 Ba563 B8.570 Ba87T7 8591 8.598 Bab0f Babl2 d.626 14569
1,870 8,823 B.84Q0  By6kT 8561 8,468  B.4T5  8.4B2 8.6%6  1s5T0
12580 84703 8,710 BaT1V 8.731 8.738 B.T45 BuT52 daT8E 1588
15590 B.TT3 8,780 8.787 84801 §.8p8 8.515 Ba822 Be835 1a59¢
is600 4,836 BaB43 8,850 8,857 BaBbh 2,81% 8,878 8.885 8832 8,507 196060

8,971 1ys10
Sapad 1,820

L3619 8,307 8,918 B,92% 8,928 B.935 8,942 2,949 04956 8963
820 8,577 B.984 Bayel BeITR 92005 Y012 9,019 9.028 F+033

1:630 9,048 2.05% Fa002 F.089 F0TS F4082 9.090 F.097 P304 F.118 1630
1640 g1l Pel25 Fal3z Fa140 Psl47 EXS LY P.161 Y1868 Fa118 9.189 1rb4D
1:650 9.189 9.1%6 9,203 2.210 %.218 $a225 Fa232 FaEIT Fa2ht Fa260 12650
12660 P RB0 Fa2b7 Fa2T4 24282 4 2HF F.294 24303 Fe310 F2517 P 551 11660
12670 $.331 F.338 Gadap 24353 90360 Fe36T F.378 9,581 Fe3BE Fadt 03 32570
1,680 Fuk3 4.410 Fah17 Fub2h Fabh31 Fs458 FakruB Fahh Fehbl TahTh EE80

1,890 FatTh  FugB1 94088 25695 Fa503  9.510 D517 9.524 9.531 Fai4t ie659
14700 FaBh6  Fa553  F.560 667 9.5T6  F.561 S.589 9,596 9.50% 9.610 9.6I7 14700
1.13C Fa617 FaH2b 9.5632 2639 Febbb Fub53 9,680 Fa588 28875 2.5682 9689 17l
11720 FabEY 94896 94704 94711 S.TIE SuT25F  F.T3Z 9.THD  FuTRT 2,754 $.T6) 19720
11720 Fa761 9. T6E S.TT6 S.783 9.T50 9.7157 FuBlh 9.812 9.831% 9.826 T332 1?34
14740 9,833 9.BaD  9.86E  Fa855  9.582  9.88F 5,877  9.484  9.891 FLBFE 9,506 19740

11750 GeF0G Se912 9520 Fa927 Fadih G942 Fue4e 2.956 D.963 Fu9TL Fu9TE 14750
1a760 9,578 9.945 F2992  10.000 104007 104014 10.02F  L0.52% 10,035 10.C43  10.05¢ 12768
10770 10,030 104058 104065 10,072 16407% 10.087 10.094 10101 10430 10.3E6 184323 1,770
112780 104323 10.13C 104138 1042453 104357 10.15% 10.187 10,374 10.18% 10.18% 10.1%8 1,780
1790 10396 10,207 10.210 J0.2168 104225 10,232 104240 10.247 10,254 10.262 10,2689 079G

1,300 F0.28%  L0WETE *10.283  10.291 104298 10.305 104313 10,320 10.327 10.335 10.342 1+8G0

DEG ¥ 5 & 7 L] % 10 DEG F
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TYPE R THERMOGOUPLES

PESATURES [N DEGREES F.*

GEG F ¢ i 2 K “+ El &

THERMOELECTRTC VOLTAGE LN ABSCLYTE MILLIVOLTS

Lo, 643 La.82L  lé.859 Le,8966 1A 874 J4, 882 14,850
L44929 144937 144985 14,953 14,960 14,968
16,007 140515 15,023 124031 15,039 156,047
13,086 15.0%% 134101 13109 154117 15,325
i5alBs 15,172 315,180 15,388 15.19% 15.203

15,747 15.2%0 15.266 15,274 19,282
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TYPE B THERMOCCUPLES

TENPERATURES M JREGREES € {1775 19641 REFERENCE JURCTION AT O DEGAEELS Ca
DEG ¢ o 1 2 2 & 5 & 7 B @ LG DEG €

THERMGELECTRIC YOLTAGE In ABSOLUTE MILLIVOLTS

GaBlh B82S B.d35  b.Bub £.B56  6.866  £.877  6.BBT 1,200
Bu518  BeB2¥ A0939 5,950 64560 64971 £.951 6,991  1,2lg
?.023 Ta33 Talad Talba Tad65 Ta0?5 TulBE T.006 12220
T.l28 Talds Tolirs T415% T2170 Faldl Tul?l Fe20Z 12230
TeZih  T4285  T.263  Te2TE  TezBb 74297 1.303 14240

7350 Ta3al Te371L T.382 Tu393 Tat03 Tokln 14250
Tadb? Ta4Td TobEY T.500 T.521 14280
Tu575 -1 T.3%8 Ta50T FebZB IR Rl
Ta6TL Ta&82 Ta693 fa7lu TaT15 7736 15280

TLTBY 7,790 T.80)  T.81z  T.9z3 T.BLE 1,250

Taddy Tubia Fal2l Te922 ITELE] Te932 12300
8.008 Ea01% BaG30 Halal 84032 BaD63 1s310
8.118 B.328 Ba[39 Balb50 Bai63 Ba172 1320
B.227 H,234 SeZ69 Bazal BuZT2 Ba283 1s330
B33 Ba349 Ha360 B4271 B.3562 Be393 13340

R Heaby BatsT1 Bank2 8,893 BaSOk 13350
8e360 Be571 E,587 8,393 8,604 8,614 11368
Ha&TL LT HabPh BaTO% Pt 84727 14370
4,763 T35 HaBU0& Bal17 Ba0ZB Ba83% 14380
BeBUE BaF3T Bu¥lE Bao2¥ Ba®41 8952 12390

8,526 Ba538
Ba53E By 469
s 750 BoTRL
Ba562 Ba873

Ga074 B49dE
Gend? FaG9G
a2l FaZl2
a3l FeBEE
Tatr2d Sat3Y

Dol Yali0
90121 F.133
Gu238 L)
Fa2ub 9360
Tl 9.474

Fal42 Ga03 FeDES 12400
Fe358 94367 94178 lyaln
9a2869 9.2B0 9,293 1420
GaBbZ  Fe3F4  Fu40E 14430
4497 Q.505 Va81d is440

Y038 Sa811 GabZZ Fate 12430
Se7C3 Ga726  FaT3T  9aT4E Lesb0
F.817 9,860 Fa85Z  9.863 14470

Pa933 EREESS Ga35G GaFET Eraky 1480
104026 104088 104039 10Ca0T7L  l0LUBZ  10.0%L 150

10.082  10.Gl3

18 2 10a183  10.LTE  LO0L1BT 10.19B  10.2:0 14500
10.268 104272 106.291 2 1Ge325 15510
104383 Ua398  LCLaCT i0a51 14520
104500 18 : L0.558 1a530
i0a616 10,8627 10,039 104851 L0.662  10.074 13540

(e T3E 10.7%4 104THG 104767  L0WTTF 30.7%0  3a550
10.85% 10,860 10.87Z 10.88% 104895 104907 14560
104965 10,977 5 11e0LZ 11.024% 14570
Llaa%4 11.12%  1le141 1,580
114210 130222 11.23% 1l.246 11,257 1459

Liadle  L1a32E  131433%  11le351 ale.363 12374 13800
Lleg3z ll.aad 11,580 11.%91 1510
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1la&7 1lae1E LlaTis  1laT23 14630
1la784 11,795 LlaB30  1i.fsl L1asbd

Pia¥l2 1l.936  lie9sd EEE-EI)
FRerd 2 124053 Ll2.036 1ab60
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122285 12.23%F  12.403 12.413 12426 39890
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LZe%52 L2704 LZ.TTE 1s720
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i13.086  15.077 134396 13112 13.126 34750

PP Li.l8h k3.ie3 LEu236 13,228 13.239 1760
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TYPE & THERMOCOUPLES

TEMPERATURES [N BEGREES © 1iPT5 198H1a

DEG C o i 2 3 4 El &
THERMOELECTRIC WOLTAGE IR AGSULUTE
350 24,961 35,08F  5.120 254199 25,278 25.357 25.437
360 25,794 35,533 29,913 25,997 284077 264151 26.230
3¥a 264549 26,628 28,708 264707 264867 Zbewu? 21,026
16g 2Ta369 270425 27,504 274584 27,4664 27.Taw 27,824
3%0 ZBal43 28,223 28,343 284363 28,653 28.563 26,523
400 28,953 29,023 29,103 29,183 29.363 29,343 29,433
4l0 29,74k 29.824 29.904 29,984 50,065 30,145 30,223
421 304546 304627 304707 30.78T 30,868 30,948 31,028
430 31,350 31430 31511 3145%% 31,672 31,752 31,833
440 BIe155 324235 320316 324396 3Z.477 374557 32,5633
G50 32,960 F3.041 33,122 33,202 33,283 33,364 33,644
460 33,707 33,848 33.5Z8 55,009 34,000 34,170 34,25
4T 34,574 34.555 34,736 34uBlé B4BYT 34,976 35,059
%40 354362 354463 394544 354624 35,705 35.T86 35,867
&7 36¢190 384271 364352 364633 364914 284995 32é.875
BC0 36.799 37,080 37.361 37.262 374323 57,403 37,484
310 37.808  37.B8Y  3T.970 38,051 B8.132 38,213 58,293
520 38,617 53,598 3H.TTY 38,860 36,941 39,022 39.103
A0 394426 394587 39.388 39,669 394753 39,831 39.9i2
540 40,235 404316 ADIFT 48,676 404559 404640 40,721
353 41.045 41,125 43,206 41287 414368 41,409 41,530
L 414852 A1.534 42,010 424096 424177 82,358 42,339
STQ 424582 424743 424B25 424906 424385 43.066 43.1a7
980 A3.4Td 43,551 43,837 434712 43.793  43.874 43,955
SF0 A8,2TB 44,358 B4.83T 44,520 444601 40.681 6h.767
BOU 45,085 46,165 AS.24b 450327 G5.507 ab.488  ab.569
a1 wheBFL 45,5872 L£.05Z 064133 46a233 56,294 46,379
G2T 4B, 55T 46,777 4E.B38 46,938 474019 47,099 47,180
530 AT.S0Z 57,8582 47,663 47,763 h7.BR4 47,904 &7,%8%
544 484206 48,386 4B.467 G8.54T 484677 48.TOB 48,785
49,105 49,1085 S5.2TC W9.350 49,430 49510 4¥.591
49,911 48,997 50.072 80152 50,232 50.312 50,397
504713 50,792 5G.873 50,952 51,033 51,113 51,193
5la3i3 B1,593 91.673 51,753 51.833 El,%L3 51,993
524312 B2.592 924472 £2,552 $2.632 S2.711 32,79l
534110 52,190 53,270 534330 53.42%  53,50% 53,539
534967 53.987 54,066 56,146 5&.ZZ6  54.305 54,385
She 703 54,782 54.BSZ Se.94l 55,021 55,100 Sh.EQ
55498 554577 554656 55,736 554815 55.894 55,974
504291 5E.3Y0 56.54% 36,229 564600 58.6BT 56,166
SH.085  G7a152 5Tu32G 57399 SlaaTé 5T.557
GT,813 57,552 S841IC D8.1BY 33,268 53,347
54,063 G8.742 58,859 58,978 59,057 55.)36
g 59,451 59,579 59.68T7 59.745 59,644 59,073
798 604227 A0.318 606473 804551 60630 60,708
BOD 614022 614101 6le258 614336 blakld  Gl,0u3
Gl 61,806 61.884 G2.04) 62,119 82,197 63,473
B28 62,588 Gl.666 £2,B22 62,900 62.978 63,056
B30 B3 36H  63,40¢ €3.602 BI.BB0 03,758  £2.43&
B4l £ha 14T 844725 644303 64,380 6ha458  b4.S3E bh.alh
EbyU 84928 £5LOLZ  6R.GED 3,157 £5.2%5  5.312 85,33u
86T £5.70C 85,17V £5.4922  G6400%  85.0BT  Hd.lpd
B7%  58.473 5 664TUS  $6478Z 84855 64,937
480 57249 Iz ST.uTE 674953 £Ta03A0 67,707
950 GELD15 EBaUTZ  ER.16T 8B.24E 63,323 £B.397  £5,476
I GHL RS GHLBED  HB.936 594013 6YLUS0 BYalb6 69,7243
9L 89,959 09,028 £7.70F 69,779 69,835 To.0G8
Q24 TGe213 T0.350  TOe4b6  T0.542 V20618 Tae 17
kel T1.G75 7141561 Tle2i? 71,304 Tl.380 Tlanag
Q4 T1e835 714511 ¥1e9BT 7240462 72,139 124250
950 T2a392 T2,06% T2 T6E TR.820  ii.8%8 73,047
60 T2a350 73.381 T2,376 10,652 3
TG Taalis TGy 255 Tagdil  Ta,403
kL5 T4.897 T3aG0T 754082 TE.isT 154307
90 Thehgd THaTH8 754633 79,908 75.983 15,056
1,300 THe 258
DEG C 3 b3 2 3 4 5 Ll

47

REFERENCE JUnCTION AT @ DEGREES Ca

ki 8
MILLIVOLTS
25,516 254595
264310 2&.38%
27.106 27.186
21.903  27.983
28,703 23.783
29,503 29.584
304305 320,288
31,109 31.189
31.913  31.994
32,719 324799
3525 3E.505
34.332  34a413
354140 35,220
35,948 35.02%
364156 364837
37,565 37.64%
38.374 38,453
2190164 394284
394993 +0.074
40 BOE kO BED
41.631 41,692
42.41%  AZ.500
432228 434308
46,035 44,136
@b 85T hhu§23
454669 45,730
HE 455 56,536
476260 474341
LEA0E5  hEald5
4BeBEB 4BaF4d
&%) 4¥aT751
50,4672 50,533
514273 51e353
52,073 5Z.152
52.871 524951
53.568 534740
Bhubbh 544344
554259 554339
564053 H6.332
S56.84F 56,920
S5Ta836 514115
S@eait 50505
5%.216 5%+293
604001 §9,080
604787 6DaB6S
6345870 514649
a2 62,432
3212
63,997
Gh.891  64.THT
E5e46T  G5e545
66,343 664317
67.0%4  6T40%1
677858 &T.BoL
6d,553  B5.830
BY.32C  5Y9.3%6
TUa0864  THelsl
0847 104523
Tie608 Tiab43
Teadbb  TZ4h4Z
73,122 T3.1%9
T3.879  T3.953
Fh.631 Th.T06
FE43B2 75.458
Thl.133  Tha208
7 k]

2

E5.675
264 46T
27285
28a003
28.863

2% ebbh
ENPETT
31,278
324074
EFY-L 1

33,688

35958

314727
3845838
394343
40,135
ff1a 04

43a 713
42n581

3a3BY

G4 e LT
45 o 004

L3.813
45 S1E
4Ta02)
48228
494029

By, 831
50,633
514433
52.232
83,931

S3.bB28
54,623
EERL T
554212
57004

57754
58,588
594372
&0 L5
bliedas

&i.728
624510
£3.290
&h e 06T
H4. 847

65,622
BE L350
BlulEE
672938
64,70

HY% e #13
TH 437
TH.995
T1,. 759
72,318

Tra274
Thah2s
T4 8L
Y5.533
T4.283

io

29,744
30346
31.33%0
3Z.155
B2a%a0

334767
2heTTi
354382
464390
364333

7808
Z8eB17
39.426
40238
4E.063

A1.053
42,662
43479
44,278
452085

45851
464697
474502
46308
49,109

484911
504713
514513
5Z.312
53s110

534797
54,703
55498
B4.291
37.083

574873
SB.563
59.451
604237
6le522

61.80G6
£2.588
=R
S4a147T
ahe 24

654760
66473
67,248
GELDI5
68,783

694565
704313
71,075
71,4835
124993

T3.35¢
Thaidl
T4a857
T5.608
144356

DEG €

359
363
31q
ELL)
390

404

e

554
$60
579
fEc]
550

L33
510
820
634
64

;1)

70
620
840

TO0

539
946

93¢
60
Iy
289
30

is000
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THERMOELECTRIC VOLTAGE
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TYPE € THERMOCOUPLES

TEMPERATURES (N DEGREES L (IPTS 19681«
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TYPE 8 THERMOCQUPLES

TEMPERATURES 1N DEGREES £ (IPTS 19GHI. REFERENCE JUNCIION AT U DEGREES Ca
DEG £ [ 1 z 3 i g 6 T & E 10 DE® C
THERMOELECTRIC VOLTAGE IN ABSOLUTE MILLIVOLYS

14200 11a9687 11,959 Ll.971 11,983 11,995 12,007 12.019 124031 124063 12.05% 12,067 i:200
is210 12.067 I2.07% 12091 124103 12,116 12,328 12,140 12.352 12.364 12.176 12.188 12210
15220 124188 12,200 124212 124224 12,236 124248 12,260 1Za272 12,286 124296 12,308 le220
12230 124308 12,320 12,332 124345 124357 124369 12,381 124393 12405 12.417 12.525 1230
12240 12,429 12e66) 12,453 124465 124477 12,489 12,501 12514 12.526 124538 12.550 1249

12250 124550 124562 124576 124586 L2a5%8 120610 124022 12.63¢ 1248687 12,059 12,671 1756
15260 12.6T1 12,683 12,695 12,707 12.719 124731 12,743 124755 12,967 12.780 12.792 12260
Le270 12792 124804 12816 124826 1248460 12.852 12.864 124876 12.888 12.%01 12.913 1s270
15284 12,933 12,923 12,937 124949 124981 12.973 12,985 124997 13.0I0 13.022 13.034 1280
14290 13,0368 13,048 13,058 134070 13,082 13.004 134307 134139 13+331 13343 134355 L9350

1.300 13,155 13,167 13,179 13,191 13,205 13.216 13,228 13,240 13,282 13.266 135.2T6 14380
1,310 134276 13,2868 13300 134313 13.32% 13,237 13,349 13,363 33,373 13,385 13,397 1s3ip
ls320 15,337 13+410 134022 1234434 13.446 13,458 13,670 13,482 134495 134507 13.51% 1320
1,330 13,21% 13,531 13,343 13,555 13,587 13,579 13,5%2 13.604 13.616 13.628 134640 1,320
1340 134640 134652 134684 13,877 134689 13,701 13,713 13.725 13.737 13.M4% 13,781 19340

1320 12,761 13,774 334786 134798 13,810 13,822 13,834 13.866 13,859 13,871 13.883 1+350
1360 13,883 13,895 13,907 134919 13,931 13,943  13.956 13,968 13.980 13.952 14,004 1,360
1,378 14,004 34.016 34,028 144040 142053 146,065 14,077 144089  14e10L 140113 14,3125 1e370
1,360 T4ed2s 14,138 T4.1%0 164162 144174 164186 314,108 14,210 144222 14.235 14,247 14380
143540 L4287 T4a23F 1442734 144283 164255 164307 14,319 144332 140344 144356  14.368 143%0

Lr4l0 Tao368  1u.380 14.392 14,4064 144416 144629  Jea4dl 14453 R44685  L4s4TT  §4.489 ri400
Lyslo 14¢489 144501 144513 16,526 I4a538 344550 14,562 144574 2445856 144598  14.610 I1i4lo
lan20 352610 14,822 144635 144547 152659 144671 14.6B3 154695 142707 145719 344753 1s62a
1630 182731 144764 144756 144768 1447BG  324aT92  14280% 14816 144828 144540  1he8BZ 1s430
19540 144852 144865 144877 144BEY 144501 34e313 14,925  14.937  14.949 14.961 12,973 1ehdn

Ls450 144973 144985 144996 15,010 154022 154034 12,066 15,056 15.070 3154082  15.0%4% 1s450
1a4H0 15,094 154106 15,118 154139 154143 15.355 13,167 15179 15,191 15,203 154215 1,460
Lahil 154215 154227 154239 15,251 154263 154275 15,287 15,299 15311 13.324 15.2336 19470
1480 154336 15248 154260 154372 154384 154396 15,408 194820 154432 1S.444 135,456 1e480
La490 154456 154468 154480 15.692 15,504 154506 15,528 15,540 154652 15,584 15.576 18490

Le500 15,576 15,589 54801 15,613 154625 154637 15.689 15.4b1 15.673 15.685 15.697 14500
1510 15,697 15,709 15.T21 15,733 15,745 33,757 15,749 15.781 15,793 15,805 15,817 PYEE0]
12520 15,817 15,829 15,841 15,853 15.865 15.877 15,889 15.%01 15.%13 15.%2% 15.937 1,520
13230 15.73T 154543 15,961 15,973 154985 15.997 16.9009 164021 184033 162045 15,057 12530
Le540 164057 16,069 16,080 164092 164104 16116 16,176 16,140 LE.152 1&a.ibé4 184176 12540

1s550 164376 164188 184200 164212 164224 164236 164248 164260 16a.272 léa2ls 16.296 1s350
brféd 164286 164308 164330 182331 164343 164355 16,387 164379 1643%F 164403 léd4ls 15560
1,570 164415 164427 164439 16445) 164462 1644Th  LBa4B6 164458 164510 16.522 184334  1e5¥0
12580 16,536 164546 162556 164569 164581 164593 16,805 184637 16.8629 16.648% 16.653 ir589
LaS80 16.853 164668 164676 164688 162700 14.732 16,724 16.7356 168.74T 16,759 16771 L3590

12600 16,771 16.783 16,795 16,807 164819 16,820 16,842 16854 164866 16,878 16,890 14600
1i610 164890 15,901 16.9%13 164925 164937 16,949 162960 164972 164984 164996 17,008 lebig
BLT-1 FT008 174612 174031 174043 1T4055 17,9087 174078 17090 174102 17116 17,125 1+62Q
106370 374125 374127 174149 17.061 174173 17.184 17.196 174208 174220 17.231 17.243 14630
Tabed ETa243  ET4255 174287 17,278 174290 174302 17.313 17.325 17.337 17,349 17,360 1640

1650 ITa360 174372 174384 174396 LT+407 374418 170431 172862 ITak58 JTehé6 17.477 14650
Ls+660 I74477 374489 174501 374512 174524 17,536 17,548 37.559 174571 17.583 17.5%4 1,660
12870 17594 17a606 174617 37,629 1Te641 174652 17.66& IT.676 1T.687 17.699 17,711 167G
Iv680 17,711 I7.722 17,734 17.76%  17.T57 17.769 17.780 17,792 17.803 174815 17.828 1+680
Ly&g0 T7.826 174838 17.850 17,6861 IT4BY3 17,884 17.896 174907 174919 174930 17.942 1650

1,700 37,942 17.%53  17.963% 17,976 L7.988 17,999 18.010 18.022 18.033 1Bl045 1B.036 1s706
L,T10 18,056 18,068 18.079 18,090 18,1062 18,113 18.)324 1B.136 38147 18.158 18.170 1s7i0
rizn 184170 38.18) 18,192 18.204 3B.213 18,226 18.237 18.24% 1B8.260 18.271 15,282 1,720
1730 184282 184293 18,305 184316 184327 18.338 18,369 18.360 1B.372 §5.383 18.3%4 15730
T T4 18,394 18,505 184416 164427 182438 1B.44%  1B.460 184471 (84482 184493  18.504 1740

750 FB,504  3BL515 18,526 1B.53& 1B.547 1BL.558 18,569 184580 184591 384802 18.5632 1756
276D 18,612 1R.623  18.634 1Be645  IBa655  LB.GES LBLGTT  1B.6BT 1B.698 1760
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