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The Seebeck th e rmoe lec tri c vol lages of two di lut e alloys of iron in go ld . ~ 0.02 a t% Fe a nd 

Au ·0.07 at% Fe . have bee n det e rmined with res pec t to KP (a pa rti c ular N i·C r a lloy). " norma l" s ilve r. 
and coppe r in the te mpe ra ture range from 4 to 280 K. The power se ri es re presentati on Ill' th ese data. 
a long with th e c al c ul a ted Seebeck coeffi c ie nt s a nd d e riva tives of the See beck coe fli c ie nt s . ha ve bee n 
extrapo lated to 0 K and are present ed a s a fun c ti on o f te mpe ra tu re . In add iti on to these refe re nce data. 
se ven diffe re nt Au·O.07 at% Fe a lloys we re thermoe lectri ca ll y inte rcompared in orde r to de te rmine 
th e va ri ab ilit y i;';-;-v ires from diffe re nt me lt s a nd from diffe re nt ma nufacture rs. The larges t de viation 
found a moun'ted to abo ut 9 percent of the ou tput of a KP ve rsus Au·0 .07 at% Fe the rmoco uple pair 
be tween 4 a nd 20 K. A more typi ca l variation for thi s t emperatur;;-;:~ n ge was 2 to 4 percent.. Initia l 
indica tions a re th at t he reference da ta can be adju s ted s ati sfacto ril y with data from s pot calibrations 
on partic ul a r wires. The e ff'ec t of hea t trea tm e nt is illu s tra ted by comparing o ur res ults to Rose nba um 's 
data for a nn ea led a nd unannealed s peci me ns of both Au ·Fe a lloys. 
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1. Introduction 

Th e in creas ing use of liquid hydroge n and liquid 
helium in the scientifi c and aerospace co mmunities 
has created a de mand for s pecialized the rmometry 
below. say. 25 K. Ordinary th ermocouple combinations 
are only ~arginall y acceptable du e to the ir low se nsi· 
tivity in this ran ge. Dilute a lloys of noble me tal s and 
tran ~ ition metals . howe ver. do form thermoele me nts 
with relatively hi gh te mperature sensitivity be low 
25 K. ~1!-2 . 1 at% (atomic percent) Co is pe rhaps the 
best known of thi s type . Unfortunately, the '&'I!-CO 
alloy forms a s upersaturated solid solution; Co te nds 
to migrate to the grain boundaries e ven at room te m
perature [1] 1. This mi gration changes the thermo
elec tri c properti es and reduces the worth of this 
material as a the rmoelement. Another family of alloys 
of thi s type are alloys of Fein Au. These alloys are 
metallurgi cally stable and exhibit extremely useful 
thermoelec tri c prope rties at very low temperatures. 
Work recently co mpleted at the National Bureau of 
Standards in Boulde r has res ulted in precise cali bra-

*Thi s work was carri ed out a l the Na tional Bureau of Standards under the s ponsurs hip 
of the Na tional Aeronautics and S pace Administration. S pace Nuclear Propuls ion Office 
(SN PO-C). Con.rac. R- 45. 

**C ryoge ni c Properties of Solids. C ryogen ics Division . Nat ional Bureau of S tandards . 
Boulder. Colo. 80302. 

I Fig ures in bracke ts indicate the lite rature refe rences at the end of thi s paper. 
t KP is the ASTM and (SA designation for a 900/0 Ni + 10% Cr alloy. T rade names for 

thi s mate rial are : C hrome!' Hos kins Manufac turing Co.; T ophel. Wilbur B. Drive r Co.; 
T- I . Driver·Harri s Co.: and Thermo Kanthal KP. Kanthal Corp . Use of trad e names does 
not constitute an endorseme nt of any manufac lUre r's products. 

tions and interco mparisons of two of these alloys. 
.&.1!-O.02 at% Fe and Au-0.07 at% F e. Our primary 
e mphasis has been directed to the latter alloy. A d if
fere ntial thermoco uple made with eithe r of th ese ~I!
F e alloys as the negative ele me nt and co ppe r. " normal " 
s ilve r (Ag-0.37 at% Au) , or KP 2 as the positive ele me nt 
provides-a usable sensitivity e ve n below 4 K 

The fact that trace amounts of transition elements 
in noble metal solvents causes anomalous thermo
electric properties has been known for some time. 
Borelius [2, 3] and co-workers determined the thermo
electric sensitivity of many dilute alloys of copper, 
silver, gold, and platinum in 1932. The electrical 
resistivity and thermopower of these alloys are of 
interest because of the unusual electron scattering 
which must be present to cause the peculiar behavior. 
Much of the work done on dilute alloys has, therefore, 
been to understand the bulk transport properties 
involved. Development of the Au-Fe alloys for use in 
low temperature thermocouple thermometry didn't 
really begin until after 1960 when Berman [4] tested 
Au-0.02 at% Fe for possible use in their thermal con
ductivity apparatus. Since that time others, including 
ourselves, have been drawn into the field in search of 
better thermometers for use in thermal conductivity 
measurement systems. 

Several necess ary thermoelectric properties have 
been determined for the Au-Fe alloys , e.g., reproduc
ibility after repeated thermal cycling [5], behavior in a 
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magnetic field [6], and the effect of heat treatment 
[7 , 8]. The number of investigations concerning these 
properties is small and the conclusions could, there· 
fore, be representative of particular materials rather 
than a general material. The con sensus is, howe ver , 
that sufficient information is available to es tablish the 
Au·Fe alloys as the most promising thermoelement 
available for use at very low te mperatures. 

The intent of our work is to provide a precise, full 
range calibration for several practical thermocouple 
combinations involving Au·Fe alloys and to present 
comparison data from differe nt manufacturers, dif
ferent melts, and different spools. It is hoped that the 
tabular data presented in this paper can be used as 
reference data. 

Discussion of the procedures needed to adjust the 
reference data to individual thermocouples must be 
delayed. Further analysis of our data may make s uch 
information available. The brief discussion of fi gure 5 
in the text is an indication of what we hope the more 
detailed analysis will show. 

2. Experimental Procedure 

A de tailed description of the items in thi s section 
appears in NBS Monograph 124 [9]. Th e contents of 
thi s section will , therefore, be general and brief. 

Th e c ryos tat used in the ex perime ntal work cons ists 
basically of two workin g cha mbers. On e chamber is 
filled with a cryogen which se rves as the refere nce 
te mperature for the thermocouples while the second 
chamber is controlled to so me se lected hi gher te m· 
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FI GURE 1. Schematic of electrical and thermal situation of wires in 
the thermocouple calibration system. 

perature . The thermal in sulation surrounding the two 
working chambers consis ts of various radi ation 
shields, high vac uum, and finall y a liquid nitroge n 
shield. This arrangement a llows the refe re nce te m· 
perature to be es tabli shed with liquid he lium (ap· 
proximately 4 K), liquid hydrogen (approxim ate ly 20 K), 
or liquid nitrogen (approximate ly 75 K ). In the course of 
a calibration the te mperature ranges s pa nned us in g 
these refe rence te mperatures are 4 to 25 K, 20 to 90 K, 
and 75 to 290 K. Figure 1 shows sche matically how th e 
thermoco uple wires a re situated in th e sys te m. 

The te mpe rature of the re fere nce bath is dete rmined 
with a pla tinum resis tance th ermometer (PRT) when 
either liquid hydrogen or liquid nitrogen are used as th e 
refe re nce cr yogen. The vapor press ure of the liquid 
he lium is used to determine the reference te mperature 
whe n helium is used as the reference liquid. Th e 
vari able te mpe rature of th e uppe r chamber is deter· 
min ed with a germ anium res is tance the rmome ter 
(GeRT) whe n the te mperature is below 20 K a nd a 
PRT when th e te mperature is above 20 K. All PRT 
resistances are meas ured with a Mue ll e r G2 brid ge and 
a ll voltage readings are made on a potentiomete r with 
a reso lution of O.OIM V. A ll automati c te mperature con· 
trollers are of in·h ouse design. During the course of a 
one hour tes t the te mpe rature difference between the 
vari able a nd refe rence junctions of the the rmocouples 
is held constant to within 5 mK. 

3. Materials 

The calibration sys te m can accommodate up to 22 
thermocouple test wires a t one tim e. Two different se ts 
of materi a ls have bee n tes ted as part of the thermo· 
co uple th ermometry progra m at NBS. The firs t se t of 
materi als contained only one Au·0.07 at% Fe wire a nd 
one Au·0.02 at% Fe wire. Thesetwo wires were the rmo· 
elec tri call y co mpared to KP , " norm al" silver , a nd 
co pper a t a total of 68 different temperatu re gradi ents. 
The second se t of wires to be tes ted contained seven 
diffe re nt Au·0.07 at% Fe wires and one Au·0.02 a t% 
Fe wire. Inthis calibration KP was co mpa red to a ll of 
the Au·Fe s pecim ens and th e Au·0.07 at% F e wires 
we re-inte rcom pared. T able I-contain s additiona l 
information on the selection of samples used in both 
the first and second calibrations. 

The KP wires used in the firs t and second calibra· 
ti ons we re adj acent le ngths fro m the same s pool; dip 
tes ts indicate th at there is no observable difference 
between adjacent le ngths of wire from thi s parti cular 
s pool. These two le ngths will be referred to as the same 
wire for the re mainder of the paper. The primary vari· 
ability between the first and second calibrations in · 
volving KP mu st, therefore, be attributed to differe nces 
in the Au·0.07 at% Fe wires. 

One of th e se ven wires in the second set of materials 
had completely differe nt properties tha n th e re maining 
six specime ns. S pectrographic analysis indicated about 
0.45 at% Fe ra ther than 0.07 at% F e. Data obtained for 
thi s wire are not conside red in the re mainder of thi s 
pa per or li sted in table l. 

A micrograph was made for Au·0.07 at% Fe47 used 
In the firs t calibration (s ubscripts indicate specimen 
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TABLE 1. Specimens oI Au·0.07 at% Fe and Au·0.02 at% Fe 6,10' .---~---,----,---,.----.---,----,----, 
calibrated with the jirst and second sets allow temperature thermo· 
couple materials 

All oy Spec im en Wire diam ete r Co mme nt s 
numbe r (millim ete rs) 

Au·0.07 at % Fe ... 5 0.152 S upplie r 1 -
6 .152 1 
7 .152 ] 

47 .152 1 
]0 .127 S upplie r 2 Bar 1 
11 .127 2 Ba r 2 
8 .254 2 Bar 1 

Au ·0.02 at% Fe ... 45 .J 27 S upplie r 2 Bar 1 
12 . L27 Suppli e r 2 Bar 2 

numbe r as in table 1). Rathe r large grain s were ob· 
se rved to be prefere ntiall y ori e nted along the axis of 
the wire. The maximum grain size enco unte red was 
approxim ately 300 X 70 fJ-m. 

As indicated in tab le 1, several differe nt me lts from 
two co mpa nies a re re prese nted. An important part in 
es tabli shin g th e usefuln ess of Au·Fe alloys as thermo· 
couple materi als is the degree of uniformity a mong 
me lts and a mong different producers. Th e results 
prese nted in the nex t section indi cate the s pread or 
nonunifonnity found in the specime ns availab le to us 
at th e time of tes ting. 

4. Results 
The range of thermal voltages obtained by co rn· 

paring a sin gle KP wire to the seven Au·0.07 at% Fe 
wires li sted in table 1 is shown in fi gure 2. The band in 
thi s fi gure is de termined by plotting data for the co m
binations havin g the hi ghes t and lowes t output of the 
KP versus Au-0.07 at% Fe pairs tes ted. Since the band 
width in thisfigure res ults from differe nt Au-0.07 at% 
F e wire ver sus the same KP wire, the observed spread 
in the data must be due to variation in the Au-0.07 at% 
Fe materials. Thermoelectri c differences among the 
seven Au-0.07 at% Fe specime ns are made more clear 
when the contribution of the KP element is eliminated 
as in figure 3. The data in this fi gure represent experi
mentally dete rmined differences among the Au-0.07 
at% Fe specimens exce pt for the s pecimen 5 versus spec· 
imen 47 curve which is calculated.3 The variations in the 
Au-0.07 at% Fe material are compared with the total 
output of the KP versus Au-0.07 at% F e combination in 
table 2. Specimen 11 is ~ed as the common Au-0.07 
at% F e wire in this table. The largest relative devia· 
tions are seen to be in the temperature range 4 K to 
20 K; this is the same temperature range where the 
enhanced sensitivity is needed. Rosenbaum [7] com
pared different melts of Au-0.07 at% Fe from a single 
manufacturer and found voltage variations of 1.4 
percent b etween 4.2 K and 77 K and 1.9 percent be· 
tween 4.2 K and 273.2 K. These values appear reason· 
able whe n compared to the corresponding data for our 
wires given in table 2. It is interesting that wire 5 and 

3 Many experim entaJ point s have been omitted from the NBS c urves throughout thi s 
paper in order to reduce the cluttered ap l>earance of the point graphs. All experime ntal 
data were , howe ve r, used to determine the proper anal yt ica l re pres entation and tables to 
be given late r. 
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F IGU HE 2. Ext rem.es oI the thermoelect ric voltage found in tes ts 
paring a single KP wire to seven different Au-0.07 at% Fe wires . 

wire 7, figure 3, are from the same compan y; within 
company variations are greater than intercompany 
variations for our limited selec tion of s pecime ns. The 
general grouping in figure 3, however , indi cates that t.he 
variation be twee n wires 6 and 7 is more typi cal of the 
within company differences. The near ide ntity of wires 
10 and 11 is undoubtably fortuitous since wire 8 is 
from the same melt as wire 10. 
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TABLE 2. Voltage differences between Au·0.07 at% Fe ll and the remaining Au·0.07 at% Fe specimens and percentage variation of the thermo· 
electric voltage of each KP versus Au·0.07 at% Fe pair from the thermoelectric voltage of KP versus Au·0.07 at% Fe ll 

Tempe rature Range 

Au·O.07 at % Fe 4- 20 K 4- 75 K 4- 280 K 20-75 K 20- 280 K 75- 280 K 

S pec ime n M /E M /E M /E M /E M /E M /E 
numbers M/J-V X 100 M/J-V X 100 M/J-V X 100 M/J-V X 100 MJ1-V X 100 MJ1-V X 100 

(perce nt) (percent) (pe rcent) (pe rcent) (pe rcent) (percent) 

5 vs 11 ........ . .... 15.99 6.3 55.31 4.7 84.07 
11 vs 6 ............. 4.00 1.6 16.89 1.4 49.53 
11 vs 7 ............. 1.69 0.7 20.21 1.7 72.05 
11 vs 10 .... . ....... 0.07 .0 0.10 0.0 0.11 

8 vs ll .. .... ...... 3.13 1.2 .93 .1 16.19 
47 vs 11 ......... .. . 8.18 3.2 31.28 2.6 43.00 

Average ... 5.51 2.2 20.79 1.8 44.16 

Figure 4 contains the Seebeck coe fficients for the 
KP versus Au-0.07 at% Fe thermocouple pairs tested. 
The close grouping of specimens 6, 7, 8, 10, and 11 is 
apparent here as well as the outlying characteristics 
of specimen 5_ Table 3 details the temperatures and 
sensitivities at the low temperature inflections. Figure 
5 plots Seebeck coefficients for three KP versus Au-
0.07 at% Fe pairs. The lower line plot in this figure is 
for the single KP versus Au-0.07 at% Fe47 from the 
first set of calibrations. Th;" data for this KP versus 
Au-0.07 at% Fe combination has not been published, 
but it has been rather widely distributed. The data 
represented by the higher of the two line curves are 
for KP versus Au-0_07 at% F e 7_ The third curve, repre
sented by rectangles, results when the data for KP 
versus Au-0.07 at% Fe47 in this figure is adjusted by 
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FIG URE 4. Calculated Seebeck coefficients for a single KP wire versus 
seven specimens of Au·0.07 at% Fe. 

1.6 39.32 4.2 68.08 1.3 28.76 0.7 
0.9 13.79 1.5 46.43 0.9 32.64 .8 
1.3 18.52 2.0 70.36 1.4 51.84 1.2 
0.0 0.03 0.0 0.04 0.0 0.01 0.0 
.3 2.20 .2 19.32 .4 17.12 .4 
.8 23. 10 2.5 34.82 .7 11.72 .3 

.8 16.16 1.7 39.84 .8 23.68 .6 

dip test data for a length of wire adjacent to specimen 7. 
The KP used in the dip tested thermocouple was from 
a different manufacturer than that used to determine 
KP versus Au-0.07 at% Fe47. A detailed thermoelectric 
comparison had been made earlier for the two KP 
materials involved; there was no observable difference 
when the temperature was below 80 K and above 80 K 
there was a linear divergence to about 1011-V when the 
temperature was 280 K. The lined data result from two 
separate and complete calibrations in the thermocouple 
calibration apparatus_ There was approximately a 
three year time lapse between the calibrations. The 
rectangular data, on the other hand, resulted when 
information obtained from a series of dip tests was 
used to adjust the lower lined data. 
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FIGURE 5. Comparison of Seebeck coefficients for KP versus Au·0.07 
at% Fe , . ., and the Seebeck coefficient for KP verSllS Au·0.07 at% 
Fe, computed by applying dip test data to the KP versus Au·0.07 
at% Fe., data. --
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TABLE 3. Temperatures and corresponding Seebeck coefficients for 22,--------r--___.---,----,---,----,---r----, 
the low temperature infle ction points in th.e KP versus Au-0.07 
at% Fe datn 

Low tem perature Low temperature 
Au-0.07 at% Fe max imum minimum 

Specimen number 
T(K) S(J.LV /K ) T(K) S( J.LV/K) 

5 ......... .... . .. ............ . ... . . 17.8 15.84 32.3 15.53 
6 .............. .... .. .. . ........... . 18.1 17.23 37 .1 16.71 
7 ... ......... . ... .. . ... ...... ... . ... 18.8 17.21 36 .5 16.79 
8 ....... .... ....... . ... ... ... . ...... 17.3 17.14 38.6 16.43 
10 ... .... . .. . . .. . ... .. .... .. . . .. . .. 18. L 16.99 37.3 16.45 
11. .. .. .. . ...... .. .......... .. .. ... 18.0 17.00 37.3 16.45 
47 .. . .. ..... . ......... . ... .. .. ..... 17.2 16.36 34.2 15.91 

Average .... . . . . .. ... ... 17.9 16.82 36.2 16.32 
Es timate of CT • .•• •••• 0. 54 0.53 2.2 0.45 

Heat treatme nt of the Au-0.07 at% Fe material is 
criti cal as is shown in figure 6. The point curves by 
Rosenbaum [7] represent data from the same bar stock 
before and after annealing. The thermopower is en
hanced by annealing as would be expected when 
physical defects are eliminated. The Seebeck co
effi cient for KP versus Au-0.07 at% Fell is shown as a 
line in this figure. Rosenbaum's experimental data for 
KP versus Au-0_07 at% Fe exte nds down to about 1.3 K, 
while the lower limit for our expe rimental data is ap
proximately 5 K. The Seebeck coeffi cie nts plotted in 
fi gure 7 represent data for KP versus specime ns of 
Au-0.02 at% F e used in the firs t and second calibra
tions and for Rosenbaum 's [7] annealed and hard 
worked s pecim ens. Specimen 12 , used in the second 
calibration , was annealed by the supplier while s peci
men 45 , used in the first calibration, was annealed in-
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FI GU RE 7. Comparison of See beck coefficients for KP versus Au -0.02 
at% Fe in the annealed and unannealed state. -

house at 350 °C for 20 minutes in air. It appears that the 
in-house anneal may have bee n more effective than the 
prod ucer anneal on our specime n 12. Rosenbaum's 
data for KP ve rs us Au-0.02 at% F e extends down to 
0.437 K for the hard drawn s pecimen. Figures 8 and 9 
are further comparisons of our results of those of 
Rosenbaum. In particular, co pper versus Au-0.07 at% 
Fell is compared to Rosenbaum 's results [8] for copper 
versus annealed Au-0.07 at% F e in fi gure 8 and copper 
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FI GURE: 9. Seebeck coefficients Jar copper versu.s A u-O.02 at% F e. 

versus Au-0.02 at% Fe45 is compared to Rosenbaum's 
results for copper versus annealed Au-O.02 at% Fe in 
figure 9. Figures 10 and 11 show the Seebeck co
efficients for copper and "normal" silver versus 
Au-0.07 at% Fell and Au-O.02 at% F e45, respectively. 
The effect of KP in the thermoelectric circuit with the 
Au-Fe alloys is clear when the rapidly falling thermo
powers in figure 10 are compared with the thermo
powers shown in figure 4. 
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A modified Gram-Schmidt approximation [10, 11] was 
used to represent the experimental data. Details of the 
fitting procedure are discussed elsewhere [9]. In order 
to facilitate computer programming of the data the 
original orthonormal polynomials and the associated 
orthonormal polynomial coefficients have been re
combined to give simple power series coefficients. The 
relationship between temperature in degrees kelvin 
and the Seebeck voltage in microvolts for thermo
couple types KP, copper, and "normal" silver versus 
Au-0.02 at% Fe45 and Au-0.07 at% Fe II are represented 
by 

L 

E(T) = 2: BIlT". 
n = l 

The coefficients, B n , for the above thermocouple 
combinations are listed in table 4. Tables 5 through 10 
are tabular results of the power series representation 
for one degree intervals in temperature. The Seebeck 
coefficients and their derivatives are also given in 
these tables. The experimental basis for the data is 
5 :;;; T :;;; 280 K. Any extension of the power series 
representation for T > 280 K is an extrapolation and 
all of the uncertainties inherent in such extensions of 
experimental data must apply. Extension of the data 
to T < 5 K is more acceptable since the constraint 
E = 0 /-LV when T = 0 K was used in the original fit. 

A detailed error analysis has been done for the 
thermocouple calibration system and is discussed in 
the previously mentioned monograph [9]. A similar 
analysis of the Au-Fe combinations result in the total 
uncertainties given in table 11. These uncertainties 
include random errors and estimates of systematic 
errors, but are exclusive of errors in the temperature 

268 



t--:l 

~ 

TABLE 4. Power series coefficients Jor thermocouple types KP versus Au·0.07 at% Fe , KP versus Au·0.02 at% Fe, copper versus Au·0.07 at% Fe, copper versus Au·0.02 at% Fe, normal 
silver versus Au·0.07 at% Fe , and normal silver versus Au·0.02 at% Fe. 

Power series KP vs Au 7 Fe KP vs Au 2 Fe Cu vs Au 7 Fe Cu vs Au 2 Fe n. Ag vs Au 7 Fe n. Ag vs Au 2 Fe 
coefficients 

8 (1) ...... . .......... 6.9864426367 7.2668579396 6.9819441789 7.2623594676 6.9616414011 7.2420566898 
8 (2) .. ....... . . ... ... 9.0607276605 X 10- 1 1.0692244345 8.4001378651 X 10- 1 1.0031654569 8.1796982011 X 10- 1 9.8112149062 X 10- 1 

8 (3) . .. . ....... ... . . . - 4.3469694773 X 10- 2 -6.2220191022 X 10- 2 - 4.5417070202 X 10- 2 - 6.4167566583 X 10- 2 - 4.1183301479 X 10 - 2 - 5.9933797876 X 10- 2 

8 (4) ....... . . . . . .. ... 1.2468246660 X 10- 3 1.9487031660 X 10- 3 1.3796048892 X 10- 3 2.0814833941 X 10- 3 1.1332864853 X 10- 3 1.8351649913 X 10- 3 

B(5) . .... ... . . ....... - 2.3500537590 X 10- 5 - 3.8863862277 X 10 - 5 - 2.7648679333 X 10- 5 -4.3012004132 X 10 - 5 - 2.0564116972 X 10- 5 - 3.5927441812 X 10- 5 

8 (6) .. . ............. . 3 .0837610415 X 10- 7 5.3284892976 X 10- 7 3.8534874955 X 10- 7 6.0982157678 X 10- 7 2.6125849627 X 10- 7 4.8573132442 X 10- 7 

8 (7) . ...... . . ..... . .. - 2.9032251684 X 10- 9 - 5.2094815173 X 10- 9 -3.8382718939 X 10- 9 - 6.1445282582 X 10- 9 - 2.3898974345 X 10- 9 - 4.6961538119 X 10- 9 

8 (8) .............. . .. 1.9881512159 X 10- 11 3.6920742674 X 10- 11 2.7684122233 X 10- 11 4.4723352843 X 10- 11 1.5931957622 X 10- 11 3.2971188358 X 10- 11 

8 (9) ..... .. . . . . .. ... . - 9.9174829612 X 10- 14 -1.9020522841 X ]0 - 13 - 1.448316]512 X 10- 13 - 2.3586201427 X 10- 13 - 7.7417132540 X 10- 1• - 1.6844753253 X 10- 13 

8(10) ......... .. .. . . . 3.5645229362 X 10- 16 7.0508285353 X 10- 16 5.4390389051 X 10- 1• 8.9253445111 X 10- 16 2.7100280116 X 10- 16 6.1963336555 X 10- 16 

B(I1) ............. . . . - 8.9864698504 X 10- 1• -1.8317974022 X 10- 18 -1.4282076268 X 10- 18 - 2.3613580435 X 10- 18 - 6.6485927163 X 10- 1• - 1.5980097000 X 10- 18 

8(12) . .... .... . ... . .. 1.5071673023 X 10- 21 3.164403540] X 10 - 2 1 2.4882871621 X 10- 21 4.1455233949 X 10 - 21 1.0835762248 X 10- 21 2. 7408124807 X 10- 2 1 

8(13) .. . .. .. .. . ...... -1.5093916059 x 10- 24 - 3.2636069898 X 10- 24 - 2.5831198571 X 10- 24 - 4.3373352305 X 10- " - 1.0525122333 X 10- 2, - 2.8067276336 X 10- 24 

8(14) .... . ..... . . . . . . 6.8264293980 x 10-28 1.5201593461 X 10- 27 1.2089129004 X 10- 27 2.0464292991 X 10- 2 7 4.6057748723 X 10- 28 1. 2980938998 x 10- 27 
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K 

a 
1 
2 
3 
4 

5 
6 
7 
8 
9 

1 0 
11 
1 2 
1 3 
14 

1 5 
16 
17 
18 
19 

20 
2 1 
22 
23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 
34 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
4 9 

5 0 
51 
52 
53 
54 

55 
56 
57 
58 
59 

60 

TABLE 5. ThermocoupLe KP versus Au-O.07 at% F ell -thermoelectric voltage, Seebeck coefficient, and derivative of the Seebeck 

0 . 00 
7.85 

17.27 
28.04 
39 . 96 

52 . 86 
66.59 
81 . 03 
96 . 04 

111.52 

127.40 
143 . 59 
16 0 . 03 
176.65 
193 . 42 

2 10. 29 
22 7. 23 
244. 2 1 
261 . 20 
278 .19 

295 .17 
3 1 2 .1 2 
329 . 04 
345 . 92 
362 . 75 

379 . 54 
396 . 28 
41 2 . 98 
429 . 64 
446 . 26 

462 . 84 
479 . 39 
49 5 . 92 
512 . 42 
528 . 90 

545 . 37 
561 . 83 
578 . 28 
594 . 73 
611.19 

627 .66 
644.13 
660 . 63 
677.14 
693 . 67 

710 . 22 
726.81 
743 .4 2 
760.06 
776.74 

79 3 .45 
810.20 
826.99 
843.81 
860 . 68 

877.58 
894.53 
911.52 
928 . 55 
945.63 

962.74 

S 
}-LV/K 

0 .000 
8 . 673 

10 . 127 
1l.375 
12.439 

13 . 342 
14.1 03 
14.739 
15 . 265 
15.697 

16.045 
16.32 3 
16.540 
16.70 4 
16.8 25 

16.90 9 
16.962 
16.989 
16.997 
16.<)88 

16.966 
16.9 35 
16 . 898 
16.8 56 
16.811 

16.766 
16 . 72 1 
16.678 
16.6 37 
16.600 

16.566 
16.536 
16.511 
16.490 
16.474 

16.463 
16.456 
16.45 3 
16.455 
16.46 1 

16.471 
16.484 
16.501 
16.521 
16.544 

16.569 
16.597 
16.628 
16.660 
16.694 

16.730 
16.767 
16.8 0 6 
16.845 
16.885 

16.926 
16.968 
17.010 
17.053 
17.096 

17.139 

dS/dT 
nV/K2 

0 . 0 
156 5 . 1l 
1346.7 
115 2 . 4 

980 .4 

828.8 
69 5 .4 
578 . 6 
476.7 
3 88 .1 

3 11.5 
245 . 6 
189. 2 
141.4 
1 0 1 . ('\ 

67.3 
39 .5 
16.8 
-1.4 

- 15 .7 

- 26 . 6 
- 34.6 
-4 0 .1 
-43.') 
-4 5 .1 

-45.3 
- 44 . 2 
-4 2 .1 
- 39 .' 
- 35 . 7 

- 31.8 
- 27 . 5 
- 23 . 0 
-1 8 . 4 
- 13 .8 

- 9 . 2 
- 4 . 7 
- O.l. 
3.8 
7.8 

11.6 
15 . 2 
18 . 5 
21.5 
24,3 

26 .9 
29.3 
31.4 
33 .3 
35 . 0 

36.5 
37 . 8 
38.9 
39 .9 
40.7 

41.4 
42.0 
42 .5 
42.9 
43.2 

43.4 

. coefficient; E = [(T) 

T 
K 

60 
"1 
62 
6 3 
64 

65 
(,6 
67 
68 
69 

7 0 
71 
72 
73 
74 

75 
76 
77 
78 
79 

80 
8 1 
Il? 
R3 
R4 

85 
86 
87 
88 
89 

90 
91 
92 
93 
94 

95 
96 
"7 
98 
99 

100 
101 
102 
1 03 
10 4 

105 
1 0 6 
107 
108 
109 

110 
111 
112 
113 
114 

115 
116 
117 
118 
119 

120 

962 .74 
979 . 90 
99 7.11 

10 14.36 
103 1.65 

1048.99 
1066 . 36 
108 3 .79 
1101 . 25 
1118.76 

1136. 32 
1151.92 
1171. 56 
1189. 24 
1 2()6 . 96 

1 224 .73 
124 2 . 55 
12 60 . 4 0 
1278.30 
1296 . 24 

1 3 14. 22 
1 332 . 24 
13<;0 .:'10 
1368.41 
1386. 56 

140 4.7 5 
1422. 98 
1,,41.25 
1459 . 57 
1,,77.9 2 

1496.3 2 
1514.75 
1533 . 23 
1551.74 
1570. 30 

1588.89 
1607.53 
1626.20 
1644.92 
1663.67 

1682.46 
1701.29 
1720 .1 6 
1739. 0 6 
175 8 . 00 

1776.98 
1796.00 
1815.05 
1834.14 
1853.27 

1872.43 
1891.62 
1910.85 
193 0 .1 2 
1949.42 

1968.75 
1988.12 
2007 . 52 
2026.95 
204 6 .41 

2065.91 

170139 
17 .1 83 
17 . 226 
17 . 270 
17 . 31 4 

17.358 
17.401 
17.44 5 
17 . 489 
17 . 512 

17. 5 7 5 
17.619 
17. 662 
17.70') 
17.748 

17.790 
17 . 833 
17.875 
17 . 9 18 
17.960 

18 . ()0 2 
18 . 044 
18 . 086 
18 .1 28 
18.169 

18 . 211 
18. 2 52 
18 . 293 
18 .3 3 4 
18,375 

18 . 415 
18.456 
18.496 
18.536 
18.576 

18 .615 
18.655 
18.694 
18.733 
18.772 

18.81 0 
18.848 
18.886 
18. 924 
18 .961 

18.998 
19.035 
19 . 0 7 1 
19.1 0 7 
19 .1 '. 3 

19 . 178 
19.213 
19. 248 
19. 2 R2 
19.316 

190350 
19. 383 
19 . 416 
19.449 
19.481 

19.51 3 
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dS/dT 
nV/K2 

43.4 
43 . 6 
43 . 7 
43 . 7 
43 . 7 

43 .7 
43 . 7 
43.6 
43.5 
43 . 4 

43 . 3 
43.2 
43 . 1 
42. 9 
42.8 

42.7 
42 . 6 
42.4 
42 . 3 
42 . 2 

42 . 0 
41 . 9 
41.8 
41. 6 
41.5 

41 . 3 
41 . 2 
41 . 0 
40 . 9 
40 . 7 

40 . 5 
40.3 
4 0 . 2 
40 . 0 
39 . 7 

39 . 5 
39.3 
39 . 1 
38 . 8 
38 . 5 

38. 3 
38 . 0 
37 .7 
37 . 4 
37.1 

36.8 
36.5 
36 . 2 
35.8 
35.5 

35 . 2 
34.8 
34 . 5 
34 . 2 
33.8 

33 .5 
33 . 2 
32 . 8 
32 . 5 
32 . 2 

31.8 

T 
K 

12 0 
1 2 1 
122 
1 23 
124 

1 25 
126 
127 
128 
1 2 0 

13 0 
131 
132 
13' 
134 

1 35 
116 
137 
138 
1 39 

14 0 
14 1 
142 
14 3 
144 

14 5 
1 ~ 6 
147 
14 8 
149 

150 
151 
152 
15 3 
1' 4 

1 55 
1 56 
157 
15 8 
159 

160 
161 
16 2 
16 3 
16 4 

165 
166 
167 
168 
169 

170 
171 
17 2 
17 3 
174 

175 
176 
177 
178 
179 

180 

E 
}-LV 

2065.91 
2085.44 
21 05 . 00 
2124 . 59 
2144. 2 1 

2163.87 
2183 . 55 
2203.26 
2223 . 00 
2242 .7 8 

2262 . 58 
2282 .41 
2302.27 
2322.16 
2342 . 07 

2362 .02 
2381.99 
2401.99 
2422.01 
2442.07 

2462.15 
2482.25 
2502 . 39 
2522.55 
2542 .7 3 

2562 . 94 
2583 .1 8 
2603 .4 5 
2623.73 
2644.0 5 

2664.39 
2684.75 
2705.14 
272 5 .5 5 
2745 . 99 

2766.4 5 
2786 .94 
2807 .4 5 
2827.98 
2848 . 54 

2869 .1 2 
2889.7 2 
291 0 .35 
2931.00 
2951 . 67 

2972 . 37 
2993.08 
3013 .82 
3034 . 58 
3055 . 37 

3076.1 7 
3096.99 
3117.84 
3138 .71 
3159 . 60 

3180 .51 
3201 .44 
3222.38 
32 4 3 . 35 
3264.34 

3285 . 35 

19. 513 
19.545 
19.576 
19.607 
19. 638 

19.66 8 
19.698 
19 .7 28 
19.75 8 
19.787 

19.816 
19.8', 5 
19 . 87 3 
19 . 902 
19. 9'30 

19 . 95 8 
19. 985 
20 . 013 
20 . 040 
20 . 067 

20 . 094 
20 0120 
20 . 147 
20 .17 3 
20.199 

20 . 225 
20 . 250 
20 . 276 
20 . 30 1 
20 . 327 

20 . 352 
20 . 376 
20 . 401 
20 . 426 
20 . 450 

20 .~74 

20.498 
20 . 522 
20 . 545 
20 . 569 

20 . 592 
20 . 615 
20 . 638 
20.661 
20 . 683 

20.706 
20 .7 28 
20.750 
20 . 772 
20 . 793 

20 . 815 
20 .8 36 
20 . 857 
20.878 
20.899 

20 . 919 
20 . 939 
20 . 960 
20 . 980 
20 . 999 

21. 0 19 

dS/ dT 
nVlK2 

3 1. 8 
31 . 5 
31 . 2 
30 . 9 
30.6 

30 . 3 
30 . 0 
29 . 7 
29 . 4 
29 . 2 

28.9 
28.7 
28 . '+ 
28.2 
28 . ~ 

27 . 7 
27.5 
27 . 3 
27.1 
26 . 9 

26 . 7 
26 . 5 
26 .3 
26 . 1 
26 . 0 

25 . 8 
25 . 6 
25 . 4 
25 . 3 
25 . 1 

24 . 9 
24 . 7 
24.t 
24 . 4 
24.2 

2401 
23.9 
23.7 
23.5 
23.4 

23 . 2 
23 . 0 
22.8 
22 . 6 
22.5 

22. 3 
22.1 
21 . 9 
21 .7 
2 1. 5 

21 . 3 
21.1 
2 1. 0 
20 . 8 
20.6 

20 . 4 
20 . 2 
20 .1 
19.9 
19.7 

19.6 



TABLE 5. Thermocouple KP versus Au-O.07 at% Fell -thermoelectric voltage, Seebeck coefficient, and derivative of the Seebeck 
coefficient; E = f(T ) - Coni inue d 

T E S dS/dT T E S dS/ dT T E S dS/ dT 
K p.V p.V/ K nVlK 2 K }JoV p.V/ K nV/K2 K p.V p.V/ K nVl K2 

180 3285 . 35 2 1 . 019 19 . 6 2 40 4576 . 8 1 2 1 . 930 9 . 5 
181 ,306 . 38 2 1 . 038 19 . 4 2 4 1 459 8 . 74 2 1 . 9 /+0 9 . 4 
182 3327 . 43 21 . 058 19 . 2 24 2 462 0 . 69 2 1 . 9 1.9 9 . 3 
183 3348 . 50 21 . 0 7 7 19 .1 2 4 3 464 2 . 64 2 1 . 958 9 . 3 
1 84 3369 . 58 21 . M6 18 . 9 2 44 4664 . 61 21 . 968 9 . 2 

185 3390 . 69 21 .11 5 18 . 8 2 45 4686 . 58 21 . 977 9 . 2 
1 86 3 411 . 81 21 . 133 18 . 6 2 4 6 4708 . ~ 6 21 . 986 903 
1 87 3 432 . 96 2 1 . 1 52 18 . 5 2 4 7 47 30 . 55 2 1 . 995 9 . 3 
18A 3454 . 12 21 . 171 18 . 4 2 48 47 52 . 55 22 . 00" 9 . 4 
189 3 47 5 . 30 21 . 189 18 . 3 2 4 9 4774 . 56 22 . 0 14 9 . 5 

190 3 496 . 49 21 . 207 18 . 1 250 4796 . 58 22 . 024 9 . 6 
19 1 35 17 . 71 21 ./ 25 18 . n 25 1 4818 . 6 1 22 . n3 /, 9 . 8 
192 3538 . 94 21 . 243 17 . 9 252 4 84 0 . 64 22 . 01~ 3 10 . 0 
193 3560 . 20 21 . 261 17 . 8 2')3 4 86 2 . 69 22 . 053 10 . 2 
194 358 1. 47 21 . /79 17 . 7 254 488 4 . 75 22 . 06 /1 10 . 3 

195 3602 . 75 21 . 2 96 17 . 6 255 4906 . 82 22 . 074 10 . 6 
196 3624 . 06 21 . '>, 14 17 . 5 256 4 928 . 0 0 22 . 085 10 . 8 
19 7 3645 . 38 21 . '>,3 1 17 . 4 2 ~7 49 50 . 99 22 . 096 11 . 0 
198 366 6 . 72 21 . '>, 48 17 . 3 258 497 3 . 09 22 01 07 1101 
19 9 3 688 . 08 21 . 366 17 . 2 2 59 4 99 5 . 20 22 011 ~ 11 03 

20("1 3709 . 4 5 21.38 3 17 . 1 26 0 50 17.3 3 22 01 29 11 . 5 
20 1 3730 . 84 21 . 400 17 . n 261 5039 . 46 22 014 1 11 . 6 
202 3 752 . 25 21 . 41 7 16 . 9 2 6 2 5 061 . 61 22 01 52 11 . 6 
203 3773 . 68 2 1 . 4 34 16 . 8 2 6 3 5 083 . 77 22 01 64 11 . 7 
204 3795 . 12 21.4 50 16 . 7 264 5 105 . 0 4 22 017 6 11 . 6 

205 38 16 . 58 21 . 467 16 . 5 2 6 5 5 128 . 12 22 01 87 11 . 5 
206 383 8 . 05 2 1 . 48 3 16 . 4 266 5 150 . 3 1 22 01 99 1103 
207 3859 . 54 2 1 . 500 16 . 3 26 7 517 2 . 52 22 . 2 10 1101 
208 38 81 . 05 21 . 51 6 16 . 2 268 5 194.7 3 22 . 221 10 . 7 
209 3902 . 58 21 . 5 32 16 . 0 269 52 16 . 96 22 . 23 1 10 . 3 

2 1 0 392 4 . 12 21 . 548 15 . 9 270 5239 . 19 22 . 2 /,1 9 . 7 
2 11 39 4 5 . 6 7 21 . 564 15 . 8 2 7 1 52 61 . 1, 4 22 . 251 9 . 0 
2 1 2 396 7 . 24 21 . 580 15 . 6 27 2 52 83 . 70 22 . 259 8 . 2 
2 13 398 8 . 83 21 . 595 15 . 4 273 5305 . 96 22 . 267 703 
2 1 4 4 0 10 . 43 2 1 . 6 10 15 . 3 27 4 5328 . 23 22 . 2 74 6 . 3 

2 1 5 4032 . 05 2 1 . 626 15 . 1 275 5350 . 51 22 . 280 5 . 2 
2 1 6 4 053 . 69 21 . M l 14 . 9 ?7 6 5 37 2 . 79 22 . 284 4 . 0 
2 17 4 07 5 . 33 21 . 655 14 . 7 277 539 5 . 08 22 . 288 2 . 7 
2 1 8 4097 . 00 21 . A7n 14 . 5 278 5417 . % 22 . 290 1 . 3 
2 1 9 411 8 . 67 21 . 684 14 . 3 279 5439 . 65 22 . 290 -0 01 

220 414 0 . 36 21 . 698 14 . 0 280 5 461 . 9 4 22 . 2~9 -1 . 4 
221 41 62 . 0 7 21 . 71 2 13 . 8 
222 418 3 . 79 21 . 726 13 . A 
223 4 205 . ~2 21 . 7 39 13 . 3 
224 42 2 7 . 27 2 1 . 75 3 13 .1 

225 4 24 9 . 03 21 . 76 6 12 . 8 
226 4 270 . 80 2 1 . 77 8 12 . 5 
22 7 4 292 . 58 21 . 791 17 . 3 
228 4314 . 38 21 . R03 12 . 0 
22 9 4 33 6 . 19 21 . 8 15 11 . 8 

230 4 358 . 0 1 21 . 8 26 11.5 
2 3 1 4 37 9 . 84 21 . 838 11. 3 
232 44 0 1 . 68 21 . 849 11.n 
233 44 23 .54 21 . 86 0 10 . 8 
2?4 444 5 . 40 21 .8 7 0 10 . 5 

235 4467 . 28 21 . A81 10 . ? 
236 448 9 . 17 2 1 . 891 10 01 
23 7 4 511 . 06 21 . 90 1 9 . 9 
238 4 532 . 9 7 21 . 911 9 . 8 
23 9 4 55 4 . 88 2 1 . 9 21 9 . 6 

2 4 0 4 576 . 81 21 . 9 30 9 . 5 
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TABLE 6. Thermocouple KP versus Au·O.02 at% F e4' -thermoelectric voltage, Seebeck coefficient, and derivative of the Seebeck 
coefficient ; E = f(T) 

T 
K 

() 

I 
2 
3 
4 

6 
7 
8 
9 

10 
11 
12 
1 3 
14 

15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
3 1 
32 
33 
34 

35 
36 
37 
38 
39 

40 
41 
42 
"3 
44 

45 
1~6 

1,7 
48 
49 

50 
5 1 
52 
53 
54 

55 
56 
57 
58 
59 

60 

E 
p.V 

0 . 00 
8 . 28 

18 . 34 
29 . 89 
42 . 65 

56 . 39 
70 .90 
86 . 00 

10 1 . 55 
11 7 . 40 

133 . 46 
1"9 . 62 
165 . 81 
181 . 9 7 
198 . 04 

213 . 99 
229 . 78 
245 . 39 
26(l . 80 
276 . 00 

290 . 98 
305 . 75 
320 . 2° 
334 . 63 
348 . 71> 

362 . 69 
3 76 . 44 
390 . 01 
403 . 42 
416 . 68 

429 . 80 
442 . 80 
455 . 68 
468 . 47 
1,81 . 17 

493 . 79 
506 . 35 
518 . 86 
531 . 33 
543 .76 

55 6 . 17 
568 . 56 
580 . 95 
5 0 3 . 3 11 

10 0 5 . 73 

618 01 4 
630 . 56 
643 . 01 
655 . 49 
668 . 00 

680 . 54 
693 . 12 
705 . 7 5 
718 . 42 
731013 

743.9 0 
756 . 71 
769.')7 
782 . 49 
795 . 46 

808 . 49 

S 
p.V/ K 

0 . 000 
9 . 226 

10 . 856 
12 .1 98 
13 . 286 

14 . 155 
14 . 833 
15 . 346 
15 . 719 
15 .07 2 

16.1 23 
16 .1 89 
11> . 186 
11> . 125 
1~ . 017 

15 . 874 
15 . 703 
15 . 511 
15 . 3 06 
15 . 0 91 

14 . 874 
14 . 656 
14 .441 
14 . 231 
14 . 030 

1 3 . 839 
13 . 658 
13 . " 88 
13 . 3 32 
13 . 188 

13 . C)57 
12 . '138 
P . 833 
12 . 740 
12 . 659 

P . ')9 0 
12 . 533 
12.48 5 
P . 44~ 

12.1';>0 

12 . 401 
12 . 390 
12 . 386 
12 . ,9[) 
12 . 4 00 

12 . 415 
12.l~36 

12 . 1,62 
12 . 49;> 
12 .5 26 

12 . 563 
12 . 603 
12 . 546 
12 . 691 
12 . 739 

12 . 788 
12.839 
12 . SOl 
12 . 0 44 
12 .998 

13 . 053 

dS/dT 
nVlK2 

0 . 0 
17 8 7.8 
1479.4 
1209 . 2 

9 73 . 4 

768 . 6 
59 1. 6 
439 . 4 
309 . 1 
199 . 1 

106. 3 
29 .1 

- 34 . 4 
-8').9 

-1 26 . 9 

-1 58 . 7 
- 182 .<; 
-1 99 . 5 
- 21 O. 6 
- 216 . 7 

- 218 . 6 
- 216 . 9 
- 2 1 2 . 4 
- 2"5 . 5 
-1 96 . 7 

-186 . 5 
-17 5 . 2 
-11> 3 . 1 
- 150 . 5 
-137 . 6 

-124 . 6 
- 111 . 7 

- 99 . 0 
-8 6 . 7 
-74. 8 

- 63 . 4 
- 52 . 5 
- 42 . 2 
-32 . 5 
- 23 . 4 

-1 5 . 0 
-7 . 1 

0 . ] 
6 . 7 

12 . 8 

18,3 
23 . 4 
27 . 9 
3 1. 9 
3') . /\ 

38 . 8 
1..1.7 
44.2 
46 . 4 
48.3 

50 . n" 
I)] . :; 

52 . 7 
53 . 8 
54 . 7 

55 . 5 

T 
K 

60 
6 1 
62 
63 
64 

65 
66 
67 
68 
b9 

70 
71 
72 
73 
74 

75 
76 
77 
78 
79 

80 
81 
82 
83 
84 

85 
86 
8 7 
A8 
89 

90 
91 
92 
93 
94 

95 
96 
97 
98 
99 

100 
1 0 1 
102 
103 
104 

105 
106 
107 
108 
109 

11 0 
111 
112 
113 
114 

115 
116 
117 
118 
119 

120 

E 
p.V 

808 . 49 
821 . 57 
834 .71 
847 . 0 0 
86 1.1 5 

874.46 
887. 83 
901 . 25 
914. 73 
928 . 27 

94 1 . 87 
955 . 53 
969 . 25 
983 . 02 
996 . 86 

1 0 10 . 75 
10 24 . 70 
1 038 . 71 
1 052 . 78 
1 066 .91 

1 08 1 . 09 
1095 .34 
11 09 . 64 
11 24 . 00 
1138 . 1,2 

11 52 . 90 
1167 . 44 
1182 . 04 
1196 . /\9 
1211 . 1,0 

1 226 .1 7 
1 240 . 99 
1255. 88 
1 270 . S2 
1285 . 81 

13nO . S7 
1315 . 0 7 
1331 . 1" 
1346 . :16 
1361.63 

1376 . 97 
1392 . 15 
l'+07 . 79 
162 3 . 28 
14,8 . 83 

1',54.42 
1470 . 07 
1485 .78 
1501.53 
15]7034 

1533 . 19 
1549 . 10 
1565 . 05 
1 581 . 06 
1597 . 11 

H13 . 2 1 
1629 . % 
1645 . 56 
1661 . "0 
1!,78 . 09 

1694.4 3 

S 
p.V/ K 

13. 053 
13 . 109 
13 . 166 
13 . 222 
1 3 . 280 

13 . 337 
13 . 395 
13 . 453 
13 . 512 
13 . 570 

1 3 . 629 
13.687 
1 3 . 746 
13 . 805 
13 . 863 

13 . 922 
13 . 981 
14 . 040 
14 . 098 
14 . 157 

14 . 21 6 
14 . 274 
14. 333 
14 . 391 
14 . 45 0 

14. 508 
14. 566 
14 . 624 
14 . 68 2 
14 . 74 0 

14 . 797 
14 . 854 
14 . 911 
14.968 
1 5. 025 

1 5 . 081 
1 5 .137 
15 .1 93 
15.248 
15 . 303 

150357 
15 . 412 
15 . 465 
15 . 519 
15 . 572 

15 . 624 
15 . 676 
15 . 728 
15.779 
1 5 . 830 

15 . 881 
15.93 0 
15.980 
16.n29 
16 . 078 

16 . 126 
16 . 173 
16 . 22 1 
16 . 268 
16.3 14 

16 . 360 
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dS/dT 
nV/K2 

55 . 5 
56 .1 
56 . 6 
57.1 
57. 5 

57 . 8 
58 . 0 
58 . 2 
58 . 4 
58 . 5 

58 . 6 
58 . 6 
58 . 7 
58 . 7 
58 . 8 

58 . 8 
58 . 8 
58 . 7 
58 . 7 
58 . 7 

58 . 6 
58 . 6 
58 . 5 
58 . 4 
5803 

58 . 2 
58.1 
57 . 9 
57 . 8 
57 . 6 

57 . 4 
57 . 2 
56 . 9 
56 . 7 
56 . 4 

56 .1 
55 . 8 
55 . 5 
55 . 1 
54 . 8 

54 . 4 
54 . 0 
53 . 6 
53 . 2 
52 . 8 

52 . 3 
51 . 9 
5] . 5 
51 . 0 
50 . 6 

50.1 
49 . 7 
49 . 2 
48 . 8 
48 . 4 

47 . 9 
47 . 5 
"7 . 1 
46 . 7 
46 . 3 

45 . 9 

T 
K 

12 0 
121 
122 
123 
124 

125 
126 
127 
128 
129 

130 
131 
132 
133 
134 

135 
136 
137 
138 
139 

140 
141 
142 
143 
144 

145 
146 
147 
148 
149 

150 
151 
152 
153 
154 

155 
156 
157 
158 
159 

16 0 
161 
162 
163 
164 

165 
166 
167 
168 
169 

170 
17l 
172 
17 3 
174 

1 75 
176 
177 
178 
179 

180 

E 
p.V 

1694 .4 3 
1710 . 81 
1727.24 
1743 .7 2 
1760 . 24 

1776 . 80 
1793.41 
181 0 . 06 
1826 . 75 
181,3.49 

1860 . 27 
1877.10 
1893 . 97 
191 0 . 88 
1927.83 

1944.82 
1961 . 86 
1978.93 
1996 . 05 
2013 . 21 

2030 .4 1 
2047 . 65 
2064 . 93 
2082 . 26 
2099 . 62 

2117.02 
2134 . 46 
2151 . 94 
2169 . 47 
2187 . 03 

2204 . 63 
2222 . 26 
2239 . 94 
2257 . 66 
2275.41 

2293 . 20 
2311 . 03 
2328.90 
2346 .80 
2364 . 75 

2382 .72 
2400 .74 
24 1 8 . 79 
2436 . 88 
2455 . 00 

2473 . 16 
2491 . 35 
2509 .58 
2527 . 84 
25 46.1 3 

2564.46 
2582 . 83 
2601 . 22 
2619 . 65 
2638 .11 

2656 .61 
2675 .1 3 
2693 . 69 
2712 .2 8 
2 730.90 

2749 . 55 

S 
p.V/K 

16.360 
16.406 
16.452 
16 . 497 
16 . 541 

16.586 
16.630 
16 . 674 
16 . 717 
16 . 760 

16 . 803 
16 . 846 
16.888 
16 . 931 
16.973 

17. 0 15 
17 . 056 
17.098 
17013 9 
170180 

17.221 
17.261 
170302 
17. 342 
17. 382 

17.422 
17.46 2 
17.50 2 
17.541 
17.580 

17.619 
17 . 658 
17.696 
17.735 
17.773 

17.811 
17.848 
17 . 886 
17.923 
17.960 

17.996 
18 . 033 
18.069 
18 .105 
18 .1 40 

18.175 
18 . 210 
18.245 
18 . 2 79 
180313 

18. 3 46 
18.380 
18.41 3 
18.445 
18.4 78 

18.510 
18.542 
18.573 
18.605 
18.636 

18.666 

dS/dT 
nVlK2 

45 . 9 
45.6 
45 . 2 
44 . 9 
44 . 6 

44. 2 
43 . 9 
43 . 6 
43 . 4 
43.1 

42 . 8 
4 2 . 6 
42 . 4 
4 2 . 1 
41.9 

41.7 
41 . 5 
41.3 
41 . 1 
40.9 

40 . 8 
40 . 6 
40 . 4 
40 . 2 
40 . 0 

39. 9 
39 . 7 
39 . 5 
39 . 3 
39 . 1 

38 . 9 
38 . 7 
38 . 5 
38 . 2 
38 . 0 

37 . 8 
37 . 5 
37.3 
37.0 
36 .7 

36 . 5 
36 . 2 
35 . 9 
35.6 
3503 

35 . 0 
34 . 7 
34 . 4 
34 . 1 
33 . 8 

33 . 5 
33 . 2 
32.9 
32 . 6 
32.3 

32 . 0 
31 . 7 
31 . 4 
31 d 
30 . 8 

30 . 6 



TABLE 6. Thermocouple KP versus Au·O.02 at% Fe45 - thermoelectric vo ltage, Seebeck coefficient, and derivative of the Seebeck 
coefficient; E = f(T)- Continued 

T E S dS/dT T E S dS/ dT T E S dS/dT 
K fJ-V fJ-V / K nV/ K2 K fJ-V fJ-V / K nV/K2 K fJ-V fJ-V/K nV/K2 

18n 2 749 . 55 18 . 666 30 . 6 240 39 18 . 02 20 . 167 1901 
181 2768 . 23 18 . 697 30 . 3 2 41 3938.19 20 . 186 19 . 0 
18 2 2786 . 94 18 . 727 30,1 242 3958 . 39 2n . 205 19 . 0 
183 2805 . 69 18 . 757 29 . 9 2 43 3978 . 60 20 . 224 19 . 0 
184 282 4 . 46 18 . 7 87 29 . 6 244 3998 . 84 2n . 243 19 . 0 

185 2843 . 26 18 . 8 16 29 . 4 2 45 40 1 9 . 09 20 . 262 18 . 9 
186 2862 . 09 18 . 845 29 . 2 2 46 4039 . 36 20 . 281 1 9 . 0 
187 288n . 95 18 . 875 29 . 0 247 4059 . 65 2n . 299 19 . 0 
188 2899 . 84 18 . '103 28 . 8 2 48 4079 . 96 20 . 318 19 . 0 
189 2 9 18 . 76 18 . 932 28 . 6 249 4 100 .29 2n . 33 7 18 . 9 

190 2937 . 70 18 . 961 28 . 5 250 4 120 .63 20 . 356 18 . 9 
191 2956 . 68 1R . 989 2R . 3 25 1 4141. 00 20 . 375 18.9 
192 29 75 . 68 19 . (117 28 . 2 252 4 1 6 1. 38 2n . 394 18 . 8 
193 29 9 4 . 71 1'1 . n 46 28 . n 253 4 181.79 20 . 4 13 18 . 7 
194 30 1 3 . 77 19 . n73 27 . 9 254 4202 . 21 20 . 431 18 . 5 

195 3032 . 86 1'1 . 1 01 27 . 7 255 4222 . 65 20 . 450 1803 
196 305 1 . '18 19 . 12 9 2 7 . 1> 2 56 4243 . 11 20 . 468 1801 
197 307 1 . 1 2 19 01 56 2 7 . 5 257 4263 . 59 20 . 486 17 . 7 
198 3090 . 29 19 . 184 27 . 4 258 4284 . 08 20 . 503 17 . 4 
199 3 10 9 . 4 9 19 . 211 27 . 7 259 4304 . 59 20 . 521 16 . 9 

20n 3 12 8 . 71 19 . 2 38 2 7 . 1 260 4325 . 12 20 . 537 16 . 4 
201 3 147 . 96 1'1 . 76 5 27 . 0 26 1 4345 . 67 20 . 553 15 . 9 
202 3 167 . 24 19 . 792 26 . 9 262 4366 . 23 20 . 569 15 . 2 
203 3 186 . 5 5 19 . 31 9 2 6 . 7 263 4386 . 80 20 . S84 14.6 
204 3205 . 88 19 . ,46 26 . 6 264 440 7 . 4 0 20 . 598 1 3 . 9 

205 3225 . 2" 19 . , 72 26 . 5 265 4428 . 00 20 . 6 1 2 13 . 2 
206 32 44 . 62 19 . ,99 26 . 3 266 4448 . 62 20 . 625 12 . 6 
20 7 3264.0 4 19 . 42 5 26 . 2 2 67 4469 . 25 20 . 637 1 2 . 0 
208 32 83 . 47 19 . 451 26 . n 268 4489 . 89 20 . 6 49 11 . 5 
209 3302 . 94 1'1 . 477 25 . 9 269 45 10 . 55 20 . 660 11 . 2 

21n 33 22.43 19 . 503 25 . 7 270 ,,531 . 21 20 . 671 1101 
211 33 41. 9 4 19 . 5 29 25 . 5 271 4551 . 89 20 . 682 11 . 4 
2 12 336 1 . 4 9 19 . 5 5/~ 25 . 3 272 4572 . 58 20 . 694 12 . 0 
213 3381 . 05 19 . >;79 25 . 1 273 4 593 . 28 20 . 7 06 13 . 2 
2 14 3400 . 64 19 . 1>04 24 . 9 274 461 3 . 99 20 . 721 1 5 . 1 

215 3420 . 26 19 . 1>29 24 . 7 275 4634 . 72 20 . 7 37 17. 8 
211> 3439 . 90 19 . 653 24 . 4 276 4655 . 47 20 . 757 2 1. <; 
217 3459 . <;7 19 . 678 24 . 2 2 7 7 1.676 . 23 20 . 780 26 . 5 
2 18 347 9 . 26 19 . 702 23 . 9 278 4697 . 03 20 . 81 0 33 . 0 
2 19 3498 . 97 1'1 . 726 23 . 7 279 4 717. 86 20 . 847 41 . 2 

220 35 18.71 1° . 74 Q 23 . 4 280 47,8 . 72 2(1 . 89, 51 . 5 
22 1 ,538 . 47 19 . 77 2 73 ,1 
222 35 58 . 25 19 . 795 22 . 9 
223 35 78 . 06 19 . 818 22 . 6 
224 35 97 . 89 19 . 841 22 . 3 

225 ,6 1 7 . 74 19 . 863 22 . 0 
221> 363 7 . 1>2 19 . 885 21 . 7 
227 365 7. 51 19 . 906 21 . 5 
228 367 7 . 43 19 . 928 21 . 2 
229 3697 . 37 19 . 949 20 . 9 

730 37 17. 32 19 . '169 20 . 7 
231 ,73 7 031' 19 . 990 ?0 . 4 
232 3757 . '() 20 . 010 20 . 2 
23, , 777 . 32 20 . n3n 20 . n 
714 ,797037 20 . 050 19 . 8 

715 3817 . 43 20 . 070 19 . 1> 
716 ,83 7 . <;1 ?n . 090 19 . <; 
237 3857 . 1'>0 20 . 109 19 . 4 
718 ,8 77 . 77 20 01 28 19 . ? 
73'1 ,89 7.81'> 20 . 14 8 19 . ? 

74n '918 . n? 70 . H,7 19 . J 
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TABLE 7. Thermocouple copper versus Au·O.07 at% F e" - thermoelectric voltage, Seebeck coefficient, and derivative of the Seebeck 
coefficient; E = [(T) 

T E S dS/dT T E S dS/dT T E S dS/dT 
K p.V p.V/K nVlK2 K p.V p.V/K nV/K2 K p.V p.V/K nV/K2 

0 0 . 00 0 . 000 0 . 0 60 719.5 2 9 . 331 - 81. 7 120 1162 .0 3 5.835 - 41 . 8 
1 7 . 78 8 . 531 1423 . 5 6 1 728 . 81 9 . 250 - 80 . 9 121 1167.8 5 5 .793 - 41 . 4 
2 16 . 98 9 . 839 11 97 . 0 62 738 . 02 9 . 169 - 80 01 12 2 1173 .62 5.752 -4 1 .1 
3 27 . 38 10 .9 34 997 . 5 63 747.15 9 . 089 -7 9 . 3 12 3 1179 . 35 5. 711 - 40 .7 
I. 38 .79 11 . 842 822 . 3 6 4 7 56 . 20 9 . 010 -78. 5 124 11 85 . 04 5 .67 1 -40. 3 

5 51. 01 12 . 586 669 . 0 65 765 .17 8 . 932 - 77 . 7 125 11 90 . 69 5. 630 -40. 0 
& 63 . 91 13 . 187 535 . 4 66 774 . 0 7 8 . 855 -76. 9 126 1196. 30 5 . 591 - 39 . 6 
7 77.35 13 . 663 419 . 3 67 782 . 88 8 .778 -76.1 12 7 1 201 . 8 7 5 . 55 1 - 39 . 2 
8 9 1 . 20 14 . 030 318 . 9 68 791 . 62 8 . 703 - 75 . 2 128 1207 .4 1 5 . 512 - 38 .8 
9 105 . 38 1/+03 05 232 . 5 69 800 . 29 8 . 628 - 74 . 4 129 1 21 2 . 90 5 .474 - 38 . 5 

10 119.78 14 . 500 158 . 5 70 808 . 88 8 . 554 -73 . 5 130 1218.35 5.435 -3801 
11 134 . 35 14 . A26 Q5 . 5 71 817 . 40 8 . 481 -7 2 . 6 131 1 223 . 77 5039 7 - 3 7.7 
12 149 . 02 14 . 694 42 . 3 72 825 . 84 8 . 409 - 71 . 7 132 1 229 .1 5 5. 360 - 37 . 3 
13 163 . 72 14 . 713 - 2 . 4 73 834 . 22 8 . 338 - 70 . 7 133 1 234 .49 5.323 - 36 . 9 
1', 178 . 43 14 . 692 - 39 . 5 74 842 . 52 8 . 267 -69 . 8 134 1239.79 5. 286 - 36 . 5 

15 193 01 0 14 . 636 -7 0 . 11 75 850 .7 5 8 0198 - 68 . 9 135 1 24 5 . 06 5 . 250 - 36 .1 
16 207 . 69 14 . 55 3 - 94 . 8 76 858 . 92 8 .1 30 -67. 9 136 1 250 . 29 5. 2 14 - 35 . 7 
17 222 . 20 14 . 448 - 114 . 7 77 867 . 01 8 . 062 - 6 7 . 0 13 7 1 255 .49 5.178 - 35 . 3 
18 236 . 58 14 . 326 - 130 . 2 78 875 . 04 7 . 996 - 66 . 0 138 1260 .6 5 5 . 14 3 - 34. 9 
19 250 . 84 14 . 189 -14 2 . 1 79 883 . 00 7 . 930 - 65 01 139 1 265 . 78 5. 109 - 34 .6 

20 26 4 . 96 14 . 042 -1 50 . 8 80 890 . 90 7 . 866 - 64. 2 140 1270 . 87 5 . 074 -34. 2 
21 278 . 92 13 . 888 - 156 . 9 8 1 898 . 73 7 . 802 - 63 . 3 141 1 27 5 . 92 5 . 040 - 33 . 8 
22 292 . 73 13 . 729 - 16 0 . 8 82 906 . 51 7 .7 39 -6203 142 1280 . 95 5 . 007 - 33 . 4 
23 306 03 8 13 . 567 -1 62 . 8 83 914 . 21 7 . 677 - 6 1.4 143 1285 . 94 4 . 973 - 33 .1 
24 319 . 87 13 . 4 04 -1 63 . 2 84 921 . 86 7 . 616 - 60 . 6 144 1290 . 89 4 . 94 0 -32 . 7 

25 333 .19 13 . 241 - 162 . 4 85 929 . 45 7 . 556 - 59 . 7 14 5 1295 . 82 4 . 90 8 - 32 . 4 
26 346 . 35 13 . n8o -1 60 . 7 86 936 . 97 7 .497 - 58 . 9 146 1300 . 71 4 .876 -32 . 0 
27 359 . 35 12 . 920 -15 8 . 1 87 944 . i • .4 7 .438 - 58 . 0 147 1305 . 57 4 . 844 - 31 . 7 
28 372 . 19 12 .764 - 155 . 0 88 95 1. 85 7 . 381 - 57. 2 148 1310 . 40 4 . 812 - 31 .4 
29 384 . 88 12 . 6 10 - 151 . 5 89 959 . 20 7 . 324 - 56 . 5 149 13 15 . 20 4.781 - 3 1.1 

30 397 . 41 12.461 -1 47 . 6 90 966 . 50 7 . 268 - 55 . 7 150 131 9 . 96 4 . 750 - 30 . 8 
3 1 409 . 80 12.315 - 143 . n 91 973 .74 7 . 212 - 55 . 0 151 1324.70 4 .720 - 30 . 5 
32 422 . 04 12.173 -139 . 5 92 980 . 92 7 01 58 - 54 . 3 152 1329 .40 4. 689 - 30 .2 
33 434.15 12 . 036 - 135 . 4 93 988 . 05 7 .1 04 -53.6 1 53 1 334 . 07 4 . 659 - 29 . 9 
34 446 . 12 11 . 903 -1 31 . 4 94 995 . 13 7 .05 1 -52 . 9 154 133 8 .7 2 4 . 629 - 29 .7 

35 457 . 96 11 . 77 3 - l27 . 4 95 1002 .15 6 . 998 - 52 . 3 1 55 1343 . 33 4.600 - 29.4 
36 469 . 67 11 . 6 48 - 123.6 96 1009 .1 3 6 . 946 - 51.7 156 1347. 92 4 . 571 - 2 9.2 
37 481 . 25 11 . 526 -1 20 . 0 97 1016 . 05 6 .894 - 51 . 1 1 57 135 2 . 47 4 . 542 -28. 9 
38 492 . 72 11 .408 -116 . 6 98 1022 . 92 6 .844 - 50 . 6 158 13 57 .0 0 4 . 5 13 - 28 .7 
39 504 . 07 11 . 293 - 113 . 4 99 1029 . 73 6 .793 - 50 . 0 1 59 1361.50 4.484 - 28 . 5 

40 515 . 31 11 . 181 -11 0 . 3 100 1036 . 50 6 .744 - 49 . 5 16 0 1365.97 4 .456 - 28 .3 
41 526 . 43 11. 072 - 107 . 6 10 1 1043 . 22 6 . 694 -4 9 . 0 161 1370 .41 4.4 2 7 -28.1 
42 537 . 45 10 . 966 - 105 . 0 102 104 9 . 89 6 .645 -48 . 6 16 2 1374.8 2 4 . 399 -27. 9 
43 548 . 36 10 . 862 - 102 . 6 103 1056.51 6 . 597 -48 01 163 1379 . 21 4.37 2 - 27.8 
44 559 .1 7 10 .760 - 100 . 4 104 106"3 . 09 6 .549 - 47 . 7 164 138 3 . 57 4 . 344 -27 . 6 

45 569 . 89 10 . 661 - 98 . 4 105 1069 . 61 6 .502 -47. 3 165 1387.90 4 . 316 - 2 7.4 
4 6 580 . 50 10 . 564 - 96 . 6 106 1076 . 09 6.455 -46. 8 166 1392 . 2 0 4.289 -27. 2 
47 59 1 . 01 10 . 468 - 94 . 9 10 7 1082 .5 2 6.408 - 46 . 5 167 139 6 . 48 4.26 2 - 2 701 
48 601 . 43 10 . 3 74 - 93 . 4 1 08 1088 . 90 6 . 362 -4601 168 1400 .7 2 4. 23 5 -26. 9 
49 6 11.76 10 . 28 1 - 92 . (1 109 1095 . 24 6 . 3 16 - 45 .7 169 1404 . 95 4 . 208 -26.8 

50 622 . 00 10 0190 - 90 . 8 11 0 1101.54 6 . 2 70 - 45 . 3 17 0 1409 .14 4.181 - 26.6 
5 1 632 .1" 10 . 1199 - 89 . 6 III 11 07 . 78 6 . 225 -45 . 0 171 141 3 . 31 4.155 -26.5 
52 642 . 20 10 . f)10 - 88 . 5 11 2 111 3 . 99 6 . 180 - 44 . 6 172 1417.45 4.128 - 26 . 3 
53 652 . 16 9 . 922 - 8 7.~ 113 11 20 .15 6 .136 -44 . 2 173 14 21. 5 7 4 .1 02 - 26 . 2 
54 662 . 04 9 . 835 - 86 . 6 114 1126 . 26 6 . 092 - 43 . 9 174 14 25 . 66 4 .0 76 -2 6 . 0 

55 671. 83 9 . 749 - 85 . 7 115 11 32 . 33 6 . 04 8 - 43 . 5 175 1429 . 72 4 .050 - 25 . 8 
56 68 1. 54 9 . 664 - 84 . 8 116 1138 . 36 6 . 00 5 -4 3 . 2 176 1433 .76 4.025 -25.7 
57 691.1 6 9 . 579 - 84 . () 117 1144. 34 5 . 962 - 42 . 9 177 1437 . 77 3 . 999 - 25 . 5 
58 70 0 . 70 9 . 496 - 83 . 2 118 115(1. 28 5 .91 9 - 42 . 5 178 1441.7 5 3 . 9 74 - 25 . 3 
59 710 .1 5 9 .4 13 - 82 .5 lJ9 11 56 .1 8 5 . 877 -42 . 2 179 1445.71 3.948 - 25 .1 

60 719 . 52 9 . 331 - 81 . 7 1 20 1J62 . 03 5. 835 -41.8 180 1449 .6 5 3 . 923 - 24 . 9 
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TABLE 7. Thermocouple copper versus Au·O.07 at% Fe" - thermoelectric voltage, Seebeck coefficient, and derivative of the S eebeck 
coefficient ; E = f(T )- Cont in ued 

T E S dS/dT T E S dS/dT T E S dS/dT 
K /-LV fLV / K nV/ K2 K fLV /-LV / K nV/K2 K /-LV fLV / K nV/K2 

18() 14 49 . 65 3 . 9 23 - 24. 9 240 1647 . 73 2 . 752 - 1 7 . 3 
18 1 1453 . 56 3 . R98 - 24 . 7 24 1 1650 . 47 2 . 735 - 1701 
182 1457 . ',5 3 . 8 74 - 24 . 5 2 4 2 165 3 . 20 2 . 7 18 -1 6 . 9 
183 1461.31 1 . R49 - 24 . 3 2 43 1655 . 90 2 . 701 - 16 . 6 
184 1465 01 5 , . 825 - 24 . 1 244 1658 . 60 2 . 684 - 16 . 3 

185 146 8 . 96 3 . 80 1 - 23 . 9 2 45 166 1. 27 2 . 66 8 -1 6 . 0 
186 1472 . 75 3 . 777 - 23 . 6 246 166 3 . 9 3 2 . 653 - 1 5 . 6 
187 147 6 . 51 3 . 754 - 23 . 4 24 7 1666 . 58 2 . 637 -1 5 . 2 
188 1480 . 26 3 . 73 1 - 23 . 2 2 48 1669 . 21 2 . 6 22 -1 4 . 8 
189 1483 . 9 8 3 . 708 - 22 . 9 249 1671 . 82 2 . 607 - 14 . 4 

190 1' ,8 7 . 67 3 . 68 5 - 22 . 7 250 1674. 42 2 . 59 3 - 14 . 0 
19 1 1491 . 35 3 . 662 - 22 . 4 25 1 1677 . 01 2 . 579 -1 3 . 6 
192 1', 95 . 00 3 . 640 - 22 . 1 252 1679 . 58 2 . 566 -1 3 01 
193 1498 . 63 3 . 618 - 2 1. 9 2 53 168 2 . 1" 2 . 553 -1 2 . 7 
194 1502 . 23 3 . 596 - 2 1 . 6 2 54 1684 . 6 9 2 . 541 - 12 . 3 

195 1505 . 82 3 . 57 5 - 2 1. 3 255 1687 . 22 2 . 528 - 12 . 0 
196 1509 . 38 3 . 554 - 21 . 1 2 56 1689 . 7 5 2 . 51 7 - 11 . 6 
197 1512 . 93 3 . 533 - 20 . 8 2 57 1692 . 26 2 . 505 - 11 . 3 
19A 1 5 1 6 . l,5 3 . 51 2 - 20 . 5 25 8 1694 . 76 2 . 494 -11 . 0 
199 1519 . 95 3 .492 - 20 . 3 259 169 7. 25 2 . 483 -1 0 . 8 

20() 1523 . 43 3 .47 2 - 20 . n 260 169 9 . 72 2 . 4 7 2 - 10 . 7 
21)1 1526 . 89 3 . 452 - 19 . 7 26 1 170 2 . 19 2 . 46 2 - 1 0 . 6 
202 1530.33 3 .4 32 - 19 . 5 262 1704 . 65 2 . 4 5 1 - 10 . 5 
203 1533 . 76 3 . 41 3 - 19 . 3 263 1 70 7 . 09 2 . 441 - 10 . 5 
21)4 153 7 .1 6 3 . 394 - 19 . 0 264 1709 . 5 3 2 . 4 30 - 10 . 6 

205 1540 . 54 3 . 3 7 5 - 18 . 8 265 1711. 95 2 . 4 19 - 10 . 8 
20b 1543 . 91 3 . 356 - 18 . 6 26 6 171 4 . 37 2 . 409 - 10 . 9 
207 1547 . 26 3 . 337 - 18 . 4 26 7 1716 . 77 2 039 8 - 11 ol 
20R 1550 . 58 3 . 319 - 18 . 3 26 8 17 19 ,1 6 2 . 386 -11 . 3 
209 1553 . 89 3 .301 - 18 . 1 269 1721 . 5 4 2 . 3 7 5 -11 . 5 

2 10 1557 . 19 3 . 283 - 1 8 . 0 270 1723 . 91 2 036 3 - 11 . 6 
211 1560 . l ,6 3 . ?65 - 17 . 8 27 1 17 26 . 2 7 2 . 35 2 -11 . 6 
212 156 3 . 72 3 . 247 - 1 7 . 7 27:? 172 8 . f> 2 2 . 340 - 11 . ~ 
213 1566 . 9 5 3 . ?29 - 17 . 6 273 1 73'1 . 95 2 . 329 - 11 01 
2 1 /~ 1570 .1 7 3 . 212 - 17 . 6 274 1 733 . 2 7 2 03 18 - 10 . 4 

2 1 5 1573 . 38 3 . 194 - 1 7 . 5 275 1735 . 5 9 2 030 8 - 9 03 
2 1 6 1576 . 56 3 . )77 - 1 7 . 5 276 1737. 89 ?300 -7 . 6 
217 1579 . 73 3 . 159 - 1 7 . l~ 277 1 74 0 .1 9 2 . 29, - 5 . 2 
2 1 8 1582 . ar 3 .1 4 2 - 17 . 4 278 174 2 . 48 2 . 290 - 2 01 
2 1 9 1586 . 0 1 3 . 125 - 1 7 . 4 279 1744 . 7 7 2 . 289 2 .1 

220 1589 .1 3 3 . 107 - 17 . 5 281) 1 747 . 06 2 . 294 7 . 6 
221 1592 . 23 3 . 090 - 17 . 5 
222 1595 . 3 1 3 . 072 - 17 . 5 
22' 1598 . 17 3 . 055 -1 7 . 6 
224 160 1 . 4 2 3 . 03 7 - 17 . 1, 

225 1 60 l~ . 4 5 3 . 0 19 - 17 . 7 
226 160 7 . 46 3 . 002 - 1 7. 7 
22 7 16 10 . 45 ? 984 - 17 . 8 
2 2 11 16 13 . 42 2 . 966 - 17 . 9 
22 9 16 16 . 38 2 . 948 - 17 . 9 

23 0 161 9 . 32 2 . 930 - IR . O 
23 1 16 n . 24 2 . 91 2 -1 8 . 0 
232 162 5 .1 5 2 . 894 - 18 . 0 
213 16 28 . 03 2 . 87 6 - 18 . 0 
2,4 16 30 . 90 2 . 858 - 18 . 0 

235 16 33 . 75 2 . 840 -1 7 . 9 
236 163 6 . 58 2 . 8 22 - 17 . 9 
237 1639 . 19 2 . 805 -17 . 8 
23 8 1642 .\ 9 2 . 78 7 - 17 . 7 
239 16 44 . 97 2 . 76 9 -1 7 . 5 

240 1647 .73 2 . 75 2 - 17 . 3 
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TABLE 8. Thermocouple copper versus Au·O.02 at% F e45 - thermoelectric voltage, Seebeck coefficient, and derivative of the Seebeck 
coefficient; E = [(T) 

T 
K 

n 
1 
2 
3 

6 

9 

10 
11 
12 
13 
14 

1 5 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
31 
32 
33 
~4 

35 
36 
37 
38 
39 

50 
51 
52 
53 
54 

55 
56 
57 
58 
59 

60 

E 
p.V 

0 . 00 
8 . 20 

18.06 
29 . 24 
41.48 

54 . 55 
68.22 
82 . 32 
96 . 71 

111 . 25 

125 . 84 
14 0 . 38 
154 . 80 
169 . 04 
183.05 

196 . 80 
2 10 . 25 
223 . 3 8 
236 018 
248 . 65 

260 . 77 
272 . 55 
283 . 99 
295 . ()9 
305 . 88 

316034 
326 . 51 
336 . 38 
345 . 9 7 
355 . 30 

364 . 37 
373 . 2 1 
381 . 81 
390 . 2(1 
398 . 39 

4 06 . 38 
4 14. 19 
42 1. 83 
429 . 31 
4% . 64 

443 . 82 
450 . 81> 
457 . 78 
464 . 57 
471.24 

477 . 80 
484 . 25 
490 . 61 
496 . 86 
503 . 0 2 

5 09 . 09 
5 15. 06 
520 . 96 
526.77 
532.49 

538 .1 4 
543 . 72 
549 . 21 
554 . 64 
559 . 99 

565 . 27 

S 
p.V/K 

0 . 000 
9 . 084 

10 . 568 
11 .757 
12.689 

13.399 
13.91 6 
14 . 270 
14 . 484 
14 . <;80 

14. 57 7 
14 .492 
1 1, . 340 
14.13 3 
13. 884 

13 . 601 
13 . 291, 
12 . 97n 
12 . 634 
12 . 293 

11. 95 n 
11. 608 
1l.??2 
10 . 943 
10 . 62 3 

1 0 . 31 1, 
10 . 016 

9 .731 
9 . 458 
9 01 98 

8 . 951 
8 . 717 
8 . 495 
8 . 286 
8 . 088 

7 . 901 
7 . 725 
7 . 558 
7 . 401 
7 . 252 

7 . 1l1 
6.978 
6 . 851 
6 . 731 
6 . 616 

6 . 507 
6 .402 
6 . 302 

. 6 . 205 
6 .1l 2 

6 . 022 
5 . Q35 
5 .851 
5 . 769 
5 . 689 

5 . 611 
5 . 53 4 
5 . 41>0 
5 . 387 
5 . , 1 5 

5 . 245 

dS/dT 
nV/K2 

n . n 
164 5 . 5 
1329 . 6 
1054.3 

815 . 3 

608.9 
431 . 5 
280 . n 
151. ~ 

43 . /~ 

- 46 . 7 
-1 21 . n 
-1 81 . 4 
- 229 . 7 
- 2n7 , /t 

- 296 . 0 
- 316 . 8 
- 331 . 11 
- "339 . 4 
- 343 . 1 

- 342 . 8 
- 339.2 
- 333 . 0 
- 3 24 . 7 
- "314 . P 

- 303 . 7 
- 291 . 7 
- 279 . 1 
- 266 . 3 
- 253 . 3 

- 240 . l~ 

- 227 . e 
- 2 1 5 . 5 
-2 03 . 7 
- 192.' 

-181. 6 
-1 71.1, 
-161. 8 
-1 52 . 9 
- 144 . 1'> 

- 136 . 9 
-1 29 . 8 
-1 23 . "3 
-1 17 , '+ 
-11 1 . 9 

-1 07 . 0 
-1 02 .5 

- 98 . 4 
- 94 . 8 
- 9 1.4 

- 88 . 4 
- 8') . 7 
- 83 . 2 
- 81 . 0 
- 79 . n 

- 77 . J 
- 7 5 , '-4-
- 73 . 8 
-72. 3 
-7 0 . Q 

- 69 . 1> 

T 
K 

60 
61 
62 
63 
64 

65 
66 
67 
68 
69 

70 
71 
72 
73 
74 

75 
76 
77 
78 
79 

80 
81 
82 
83 
81. 

85 
86 
87 
88 
89 

90 
9 1 
92 
93 
9 4 

9 5 
96 
97 
98 
99 

100 
101 
10 2 
103 
104 

105 
106 
107 
108 
109 

11 0 
III 
11 2 
11 3 
114 

ll 5 
IH 
117 
118 
1]9 

120 

E 
p.V 

565.27 
570 . 48 
575 . 62 
580 . 70 
585 . 70 

59 0 . 65 
595 . 53 
60 0 . 35 
605 . J 0 
60 0 . 80 

614 . 43 
619 . 01 
623 . 53 
628 . 00 
632 . 41 

636 . 77 
641 . 0 7 
645 . 32 
649.5 2 
653 . 67 

657 . 78 
661 . 83 
665 . 84 
669 . 81 
67 3 . 72 

677 . 60 
68 1. 1.3 
685 . 22 
681l . 97 
692 . 68 

696 . 35 
699 . 98 
70"3 . 57 
707 . 13 
n O. 64 

714.1 2 
717 . 57 
720.98 
72 1· . 36 
727.70 

731 . 01 
73 /,.28 
7 3 7. 52 
74 0 . 73 
74 3 . 91 

747. 05 
75 0 .1 6 
75"'3. 24 
75". 29 
759. 3 1 

762. 30 
765 . 26 
76R.19 
771. 08 
773.95 

776.79 
779 . 60 
7A2 . 38 
785 . 13 
7 87 . A6 

79 0 . 55 

S 
p.V/K 
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5.245 
5 .176 
5 .1 08 
5 . 04 2 
4 . 9 76 

4. 912 
4.849 
4 .7 87 
4 . 726 
4 . 666 

4 . 607 
4.55 0 
4 .493 
4 . 438 
4 . 383 

4 . 330 
4 . 2 78 
4 . 226 
40176 
4.127 

4 . 0 79 
4 . 032 
3 . 986 
3 . 941 
3 . 897 

3 . 853 
3 . 8ll 
3 . 769 
3 . 729 
3 . 689 

3 . 650 
3 . 611 
3 . 5 73 
3 . 536 
3 . 499 

3 . 463 
3.428 
30393 
30359 
3 . 324 

3 . 29 1 
3 . 2 58 
3 . 225 
30192 
30160 

3 .1 28 
3 . 09 7 
3 . n65 
3 . 034 
3 . 003 

2 . 973 
2 . 943 
2 . 913 
2 . 883 
2 . 854 

2 . 824 
2 . 795 
2 . 767 
2 . 738 
2 . 7JO 

2 . 682 

dS/dT 
nV/K2 

- 69 . 6 
- 68 .4 
- 6701 
-66. 0 
-64.8 

- 63 . 7 
- 62 . 6 
-61.<; 
-60 . 4 
- 59 . 3 

- 58 . 2 
- 57 . 1 
- 56 . 0 
- 54 . Q 
- 53 . 0 

- 52 . 8 
- 51 . 7 
- 50 . 7 
-49 . 6 
- 48 . 6 

- 47 . 6 
- 46 . 6 
-45 . 6 
-lI4 . 6 
- 43 . 7 

- 42 . 8 
-42. 0 
-41. 1 
- 4 0 . 3 
- 39 . 6 

- 38 . 9 
- 38 . 2 
- 37 . <; 
- 36 . 9 
- 36 . :3 

- 35 . 7 
- 35 . 2 
-34 . 7 
- 34 . 3 
- 33 . 9 

- 33 . 4 
- 33 . 0 
- 32 . 7 
- 32 . 4 
- 32 . 0 

- 31.7 
- 31. 4 
- 31 . 2 
- 30 . 9 
- 30 . 6 

-30 . 4 
-3001 
- 29 . 9 
- 29 . 6 
- 29 .4 

- 29 01 
- 28 . 8 
- 28 . 6 
-7 8 . 3 
- 28 . 0 

- 27 . 7 

T 
K 

12 0 
121 
1 22 
12 3 
12/, 

125 
126 
127 
1 28 
129 

130 
1 3 1 
13 2 
13 3 
134 

13 5 
136 
137 
138 
1 39 

140 
141 
142 
143 
144 

145 
1'+ 6 
147 
148 
1 / .. 9 

150 
151 
152 
15 3 
1 54 

15 5 
1 56 
157 
158 
159 

16 0 
161 
162 
16 3 
164 

165 
166 
167 
168 
169 

170 
1 71 
17 2 
173 
174 

175 
176 
177 
17 8 
179 

18 0 

E 
p.V 

790.55 
79 3 . 22 
795.86 
798.48 
801 . 07 

803 . 63 
806 .1 6 
808 . 67 
811 .1 5 
813 . 61 

816 . 0 5 
818 .46 
820 . 85 
873 . 2 1 
825 . 55 

827 . 87 
830.16 
832 . 44 
834 .6 9 
836 . 92 

839 .1 3 
841 . 32 
843 . 50 
84 5 . 65 
847 .7 8 

849 . 90 
851 . 99 
854 . 07 
856 . 13 
858 . 17 

860 . 20 
862 . 2 1 
864 . 20 
866.18 
868 .1 4 

870 .08 
872 . 01 
873.93 
875 . 82 
877.71 

879 . 57 
881 .43 
883 . 26 
885 . 09 
886 . 90 

888 . 69 
890 . 47 
892 . 23 
89 3 . 98 
895.71 

897 .44 
899 .14 
900 . 83 
90 2 . 51 
9 04 . 17 

905 . 82 
907 . 45 
90 9 . 07 
910.68 
912 . 27 

913 . 85 

S 
p.V/K 

2 .68 2 
2 . 655 
2 . 628 
2 . 601 
2 . 574 

2 . 54 8 
2 . 522 
2 . 497 
2 . 47 1 
2 . 447 

2 .422 
2 . 398 
2 .375 
2 . 352 
2 . 329 

2 . 307 
2 . 285 
2 . 263 
2 . 242 
2 . 222 

2 . 201 
2 . 18 1 
2 .162 
2 . 143 
2 .1 24 

2 . 105 
2 . 087 
2 . 069 
2 . 052 
2 . 035 

2 . 018 
2 . 001 
1 . 985 
1 .96 9 
1 . 953 

1 . 937 
1 . 92 1 
1 . 906 
1 . 890 
1.875 

1 . 860 
1.845 
1.830 
1 . 815 
1 . 801 

1 .78 6 
1 .771 
1 .757 
1 .74 2 
1.728 

1 . 713 
1.699 
1 .684 
1 . 670 
1.655 

1.641 
1.627 
1 . 6 13 
1 . 599 
1 . 585 

1. 571 

dS/dT 
nV/K2 

-27 . 7 
- 27 . 4 
- 2 7. 0 
-26 . 7 
- 26 .4 

-26 . 0 
- 25 . 7 
-25 . 3 
-24 . 9 
- 24 . 5 

-2401 
- 23 . 7 
- 23 . 3 
- 22 . 9 
- 22 . 5 

- 22.1 
- 21.7 
- 21 . 3 
-20 . 9 
- 20 . 5 

- 2001 
-19.7 
-19.3 
- 19 . 0 
- 18 . 6 

- 18 . 3 
-1 8 . 0 
- 17 . 6 
-17 03 
-1701 

-16 . 8 
-1 6.5 
-16.3 
- 16 .1 
-1 5 . 9 

-1 5 . 7 
- 15 . 5 
-15.4 
- i5 . 3 
-1501 

-15. 0 
-14 . 9 
-14. 9 
-14.8 
-14 . 7 

-14.7 
- 14 . 6 
-14.6 
-14. 5 
-1 4 . 5 

-14.5 
-1 4 .4 
-1 4 .4 
- 14 .4 
-14.3 

-1 4 . 3 
-1 4 . 2 
-14. 2 
-1 4.1 
-14. 0 

-13. 9 



TABLE 8. Thermocouple copper versus Au-O_02 at% Fe4s - thermoelectric voltage, Seebeck coefficient, and derivative of the Seebeck 
coefficient; E = f(T)- Continu ed 

T E S dS/dT T E S dS/dT T E S dS/dT 
K f1-V f1-V / K nV/K2 K f1-V f1-V /K nV/K2 K f1-V f1-V/K nV/K2 

180 913 . 85 1 . 571 - 13 . 9 240 988 . 94 (lo 988 -7 . 7 
1 8 1 915 . 41 1 . 5 5 7 - 13 . 8 241 989 . 92 0 . 981 - 7 . 5 
182 9 16 . 96 1 . 543 -1 3 . 7 242 990 . 90 0 . 973 -7 . 2 
183 9 1 8 . 00 1 . 529 -13.5 243 991 . 87 0 . 966 - 6 . 9 
184 920 . 02 1 . 516 -1 3 . 4 244 992 . 83 0 . 960 - 6 . 6 

185 921 . 53 1 . 503 -1 3.3 245 993 . 79 0 . 953 -6 . 3 
186 923 . 03 1 . 489 -1 3.1 246 994 . 74 0 . 947 - 5 . 9 
187 92 4 . 51 1.476 -12 . 9 247 995 . 68 rlo 941 -5 . 6 
188 925 . 98 1.464 -1 2 .7 2'.8 996 . 62 0 . 936 -5 . 3 
18 9 92 7 . 44 1.4 51 - 17 . 5 249 997 . 55 0 . 931 -5 . 0 

1 90 928 . 88 1.4 39 -1 2.3 250 998 . 48 0 . 926 -4. 7 
191 930 . 3 1 1 . 426 - 12 . 1 25 1 999 .40 0 . 921 - 4 . 5 
192 93 1 . 73 1 . 414 -1 1 . 9 252 1000 .32 0 . 9 17 -4 . 3 
193 93 3 . 14 1 . 403 - 11 . 6 253 1001 . 24 0 . 9 12 -4. 2 
194 93 '1. 54 1.391 - 11 . 4 254 1 002 . 15 0 . 908 - 4 . 2 

195 935 . 92 1 . 380 - 11 . 2 255 1 0(l3 . 05 0 . 904 - 4 . 2 
196 937 . 30 1 . 369 - 10 . 9 256 1 0(J3 . 95 0 . 900 - 4 . 3 
197 938 . 66 1 . 358 - 10 . 7 257 1 0(1 4 . 85 0 . 895 -4.5 
1 98 9''') . 01 1 . ,47 -1 0 . 4 258 10(J 5 . 75 0 . 891 - 4 . 8 
199 9''] .36 1 . 137 -1 0 . 2 259 1006 . 63 0 . 886 - 5 . 2 

200 9 /42 . 69 1 . 321 - 9 . 9 260 1007 . 52 0 . 880 - 5 . 7 
201 944 . 01 1 . 317 - 9 . 7 261 1008 . 39 0 . 874 -6. 3 
202 945 . 32 10308 -o. t) 262 1 0(J9 . 27 0 . 868 -6 . 9 
203 9l~ 6 . 63 1 . 298 - 9 . 3 263 1 01 0 . 13 0 . 860 - 7 . 6 
20 4 947 . 92 1 . 289 - 9 . 1 26 4 1010 . 99 0 . 852 -8 . 3 

205 949 . 20 1 . 280 - 8 . 9 265 1 011 . 83 0 . 844 -9 . 0 
206 95 0 . 48 1 . 271 - 8 . 7 266 1 0 12 . 67 0 . 834 -9 . 7 
207 951 . 75 1 . 263 - 8 . 5 267 1 0 1 3. 50 0 . 824 -1 0 . 2 
208 95~ . 01 1 . 254 - 8 . 4 268 1 01'· . 32 0 . 8 14 - 1 0 . 5 
209 95" . 26 1 . 246 - 8 . 3 269 1 015 .1 3 0 . 803 -1 0 . 6 

2 10 955 . 50 1 . 238 - 8 . 2 270 1 01 5 . 93 0 . 793 - 10 . 2 
2 11 956 .73 1 . 230 -8.1 2 71 1 016 .72 0 . 78 3 - 9 . 3 
?l 2 957 . 96 1 . ;>22 - 8. n 272 1 0 17 . 50 0 .775 -7 . 7 
213 959.17 1 . ;>14 - 8 . 0 273 1018 . 27 0 . 768 - 5 . 2 
2 14 960 . 38 1 . 206 -7 . 9 27 4 1 019 . 03 0 . 765 -1 . 6 

2 1 5 961 . 59 1 . 198 -7 . 9 275 10 19.80 0 . 765 3 . 4 
216 962 . 78 1 . I 90 -7 . 9 276 1 020 . 57 0 . 772 10 . 0 
717 96 '.96 1 . 182 - 7 . 9 277 102 1 . 34 0 .786 18 . 6 
2 18 965 . 14 1 . 174 - 8 . 0 278 1 022 . 14 0 . 810 29 . 6 
2 19 966.3 1 1 . 166 - 8 . 0 279 1 02 2 . 97 0 . 846 43.4 

220 967 . 47 1 . 158 - 8 .1 280 1023 . 84 0 . 898 60 . 5 
221 968 . 6, 1 .1 50 - 8 .1 
222 96 9 . 77 1 . 142 - 8 . 2 
223 070 . 91 1 . 133 - 8 . 3 
224 972 . 04 1 ']25 - 8 .4 

225 973 . 16 1 . 116 - 8 . 5 
226 9 74 . 27 1 . 108 - 8 . 6 
22 7 97~ . 38 1 . 099 - 8 . 6 
228 976 . 47 1 . 09 1 - 8 . 7 
229 977 . 56 1 . 082 -8 .7 

230 978 . 64 1 . 073 - 8 . 8 
231 979 . 70 1 . 064 - 8 . 8 
232 980 . 76 1. 056 - 11 . R 
733 981 . 82 1 . 047 -R . A 
234 987 . 86 1 . 038 - A. 7 

235 983 . 89 1 . 029 - B. A 
2% 98ll . 92 1. 0 2l - R.o; 
?,7 98S . 0, 1 . 01, - R.6 
2,8 981> . 94 1 . 004 - R. ? 
2,9 987 . 94 0 . 996 - 8 . n 

240 988 . 94 0 . 088 - 7 .7 
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TABLE 9 , Thermocouple "normal" silver versus Au-O,07 at% Fe" - thermoelectric voltage, Seebeck coeffici ent, and derivative of 
the Seebeck coefficient; E = f(T) 

T 
K 

o 
1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
n 
Ji. 

15 
16 
17 
18 
19 

20 
21 
22 
23 
2 4 

25 
26 
27 
28 
29 

3 0 
3 1 
32 
3 3 
34 

3 5 
36 
3 7 
'l 8 
39 

4 0 
41 
4 2 
4 3 
1.4 

4 5 
46 
47 
48 
4 9 

5 0 
5 1 
5 2 
5 3 
54 

5 5 
5 A 
57 
58 
5 9 

60 

E 
fLY 

f) .OO 
7.74 

16.88 
27 .2 2 
38 . 57 

50 .76 
63.64 
7 7. 09 
90 .99 

105 . 24 

119 . 7 5 
1 3 ' • • 44 
149 . 25 
16 4 .!1 
17 8 . 9 9 

19 3 . 84 
208 . 61 
?2 3 . 29 
2''1 . 85 
2 5 2 . 26 

26 6 . 5 1 
280 . 59 
2 0 4 . 4 8 
308 . 19 
3 21 . 70 

335 . 01 
3"8 . 12 
36 1 . 03 
37 3 . 75 
3 A6 . 27 

398 . 60 
41 0 . 73 
' . 2 2 . 6e 
1.. 3 4 . 4 5 
4 4 6 . 0 5 

457 . 47 
'. 6 8 . 72 
'179 . 82 

,49 0 .76 
501 . 54 

512.19 
522 . 6 8 
53 3 . 0 5 
5" 3 . 28 
<;53 . 38 

56 3 . 36 
5 71 . 2 1 
5 A2 . 9 5 
592 . 58 
6 0 2 . ]('I 

6 1 1 . 51 
62 0 . 8 2 
63 0 . 03 
6 3 9 . 14 
648.15 

657 . 0 8 
66 5 . 01 
6 74 . 6 5 
6 83 . 31 
6 01 . 88 

700037 

S 
}LV/K 

f) .non 
8 .478 
9 .774 

10.872 
11.794 

12.560 
13.187 
13 . 692 
14. 089 
14 .3 92 

14 . 612 
J4.761 
14 .8 47 
11 • • 8 80 
14 . 868 

14 . 816 
14 .7 32 
14 . 6 20 
14 .4 86 
1' • • 333 

14 .1 66 
13 . 988 
13 . 80 1 
1'1 . 6 08 
13 .41 2 

13 . 21 3 
13 . 01 3 
12 . 8 14 
12 . 6 17 
12 . 1. 22 

12 . 231 
12 . () 43 
ll.86 0 
ll . 681 
1l .507 

11 . 338 
11 .17 4 
11 . 0 16 
10 . 862 
10 .71 3 

10 . 569 
In .4 30 
10 .295 
10 . 165 
lO . 0 39 

9 .9 17 
9 .798 
9 . 684 
9 .57 3 
9 .465 

9036 0 
9 . 258 
9 .1 59 
9 . 062 
8 .968 

8 . 876 
8 .787 
8 . 699 
8 . 6 1 3 
8 . 529 

8 .447 

dS/dT 
nVlK2 

0 . 0 
14 02 . 0 
1193.() 
1006 . 5 

840 .7 

693 . 6 
563 . 5 
448.8 
3/.8.n 
2'>9 . 7 

1 82 . A 
116 . 0 

5 8 . 4 
8 . 9 

- 33 . '3 

- f'/8 . 9 
- 'J8 . R 

- 123 . 6 
-1 4" . 9 
- 1 6 0 . 3 

-173.1 
- 183 . 0 
- 190 . 2 
- 19 ' . 2 
-1 98 . 2 

- 199 . 5 
-1 9° . 5 
-19 8 .3 
- 196 .1 
- 1 93 . 2 

- 189 . 6 
- 18 ' . 5 
- 18 1 . 0 
- J76 . 3 
- 171 . " 

-166.4 
-161. 3 
- 15 1, . 3 
- 151 . 3 
- 146 . 4 

- 141 . 6 
-1 36 . 9 
- 1 32 . 5 
- 128 . 2 
-1 2 '1- . 1 

- 120 . 1 
- 116 . 4 
- 11 2 . 9 
-1 09 .5 
- 10 6 . 3 

- 103.3 
-1 0 0 . 5 
-97.9 
-95.3 
- 93. 0 

-90.7 
- 8A . 6 
- 8 6 .7 
- 8{~ . 8 

- 8 3 . 0 

- 81 . 3 

T 
K 

60 
6 1 
62 
6 3 
64 

65 
66 
67 
68 
69 

7 0 
71 
7 2 
73 
74 

75 
76 
77 
78 
79 

80 
8 1 
82 
8 3 
8 4 

85 
8 6 
8 7 
8 8 
8 9 

90 
9 1 
9 2 
93 
94 

95 
9 6 
97 
98 
99 

100 
101 
10 2 
10 3 
104 

105 
106 
107 
108 
109 

11 0 
111 
11 2 
113 
114 

115 
116 
117 
118 
119 

12 0 

E 
}LV 

700.37 
7 0 8 .77 
7]7 .1 0 
725.35 
7 33 . 52 

741.6 2 
749.64 
7 57.59 
7 ~ 5 . 4 7 

773. 2 8 

7R 1 . 02 
7 88 . 69 
7 0 6 . 29 
R(1 r-! . R3 

8 11. 3 1 

8 18 . 7 2 
8 16 . 0 6 
833 . 3 5 
8 tln . 5 7 
847 . 74 

85 4 . 85 
86 1. 90 
868 . 89 
8 7 5 . 8 2 
88 2 . 70 

88 9 . 53 
896 . 30 
903 . 02 
909 . 68 
9!6 . 30 

92 2 . 86 
n9 . '17 
9,5 . 8 4 
9 1' 2 . 2 5 
9 t. 8 . 1\2 

954. 94 
961 . 22 
967 . 44 
971.63 
979 . 76 

985 . 85 
991 . 90 
9 9 7 . 01 

1 00 3 . 87 
1 009 .79 

1 015 .66 
1 °21 . 50 
1(\27 .29 
1 033 . 04 
,1 038 .76 

1 044 .43 
1 050 . 0 6 
1055.65 
1 061 . 20 
1066 .72 

1072.19 
1 0 77. 63 
1083.03 
1 01'8 .3 9 
1 093 .71 

1099. 00 

S 
fLV/K 
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8 .447 
8 .367 
8 . 288 
8 . 210 
8 .134 

8.060 
7.986 
7. 9 14 
7 . 843 
7 .774 

7 .70 5 
7 . 638 
7 .57 2 
7 . 50 6 
7 . 44 2 

7 . 3 79 
7.317 
7 . 255 
7 . 195 
'{ 01 36 

7 . 0 77 
7 . 0 20 
6 . 963 
6 . 90 7 
6 . 85 2 

6 .79 8 
6 . 74 5 
6 .6 9 2 
6 . 6 4 0 
6 . 589 

6 . 5 39 
6 . 489 
6 .440 
60392 
60344 

6 . 297 
6 . 25 0 
6 . 205 
6 015 9 
6 0114 

6 . 070 
6 . 0 26 
5 . 983 
5 . 940 
5 .8 98 

5 .85 6 
5 .814 
5 .773 
5 .73 2 
5 .692 

5 .651 
5 .61 2 
5 . 5 72 
5 . 533 
5 .494 

5 .456 
5 .418 
5 . 380 
5 .342 
5 . 304 

5.267 

dS/dT 
nV/K2 

- 81. 3 
- 79 . 7 
- 78 . 2 
- 76 . 7 
-75. 3 

- 74. 0 
-72.7 
-71.4 
- 70 . 2 
- 69 . 1 

-67.9 
- 66 . 8 
- 6 5 . 8 
- 64 . 7 
- ~3 . 7 

- 62 .7 
- 6 1.7 
- 60 . 8 
- 59 . 8 
- 58 . 9 

- 58 . 0 
- 57 . 1 
- 56 . 3 
- 5 5 . 4 
-54.6 

- 53 . 8 
- 53 . 0 
- 5 2 . 2 
- 51. 5 
- 50 .7 

- 50 . 0 
- 49 . 3 
- 48 .7 
- 48 . 0 
- 47 .4 

- 46 .8 
- 46 . 2 
- 45.6 
- 45 .1 
- 4 /+- . 6 

- 44.1 
- 43 . 6 
-43.1 
- 4 2 . 6 
- 42 . 2 

- 4 1. 8 
- 41 .4 
- 4 1. 0 
- 40 .6 
- 40 . 3 

- 39 .9 
- 39 . 6 
- 39 . 3 
- 3 9 . 0 
- 38.7 

-38.4 
-3801 
- 37 . 8 
- 37 . 5 
- 31 . 3 

-37.0 

T 
K 

120 
121 
122 
1 23 
1 24 

125 
126 
1 27 
128 
129 

13 0 
131 
13 2 
133 
134 

135 
136 
137 
138 
13 9 

14 0 
141 
142 
14 3 
144 

145 
146 
147 
148 
149 

150 
15 1 
152 
15 3 
15 4 

155 
156 
15 7 
158 
159 

160 
161 
162 
163 
164 

165 
166 
16 7 
168 
169 

170 
171 
172 
173 
174 

175 
176 
177 
178 
179 

180 

E 
}LV 

1099.00 
11 04 .25 
11 09 .46 
1114.6 3 
1119.77 

1124.88 
1129.94 
11 34 .98 
11 ) 9 .97 
1144.93 

1149 . 86 
1154.7 5 
1159.61 
1164.44 
11 6 9 . 2 3 

1 1 73 . 98 
1178 .7 1 
1183.4 0 
1188.06 
1192.68 

11 97.28 
12 01 . 84 
12 06 .37 
1210.86 
1215.3 3 

1219.77 
1224 .17 
1228.55 
1232.89 
1237. 20 

1 241 .49 
1 2 45 .74 
12l.9 . 97 
1254017 
1258.33 

1262 .47 
1266 . 58 
127 0 . 67 
1274.72 
1278.75 

1282.75 
1 286 . 72 
1290.66 
1 29 4. 58 
1 298 .47 

130 2 . 34 
1 306 . 17 
1 309 .98 
1313.77 
1317.53 

1 32 1.26 
1 32 4.97 
1 328 .65 
1 332 . 3 1 
1335.94 

1 339 .5 5 
134 3 .13 
1 346.69 
135 0 .22 
135 3 .73 

1 35 7. 22 

S 
}LV/K 

5.267 
5 . 230 
5 .194 
5.157 
5.121 

5.085 
5.050 
5.014 
4.979 
4.944 

4 . 9 10 
4 . 8 7 5 
4 . 841 
4.807 
4 . 774 

4 . 74 0 
4 . 70 7 
4 . 674 
4 . 64 2 
4 .60 9 

4 . 577 
4 . 545 
4 . 514 
4.48 2 
4 . 45 1 

4 . 42 0 
4 . 390 
4.359 
4 . 329 
4.299 

4.270 
4 . 240 
4 . 2 11 
4 .1 82 
4 015 3 

L~ .1 25 

4 . ()97 
4 . 068 
4 . 041 
4.013 

3 . 985 
3 . 958 
3 . 931 
3 . 90 4 
3 . 877 

3 . 851 
3 . 825 
3 .79 8 
3 .77 2 
3 .747 

3.721 
3 .695 
3 .670 
3.645 
3.620 

3.595 
3 .570 
3 .545 
3 .521 
3 .497 

3 .47 2 

dS/dT 
nVlK2 

- 3 7. 0 
-36.8 
-36. 5 
- 36 . 2 
- 36 . 0 

- 35 . 7 
- 35 . 5 
- 3 5 . 3 
- 3 5 . 0 
- 3 4 . 8 

- 34 . 5 
- 3403 
- 34 . 0 
- 33 . 8 
- 33 . 5 

- 3 3 .3 
- 33 . 0 
- 32 . 8 
- 3 2 . 5 
- 3203 

- 32 . 0 
- 3 1.7 
- 3 1. 5 
- 3 1. 2 
- 3 1. 0 

- 30 . 7 
- 30 . 5 
- 3 0 03 
- 30 . 0 
- 29 . 8 

- 29 . 5 
- 2903 
- 29 .1 
- 28 . 8 
- 28 . 6 

- 28 . 4 
- 2 8 . 2 
- 28 . (1 
- 27 . 8 
- 27 . 6 

- 27 . 4 
- 27 . 2 
- 2 7. 0 
- 26 . 8 
- 26 . 6 

- 2 6 . 4 
- 26.3 
- 26 .1 
- 25 . 9 
- 25 . 8 

- 25 . 6 
- 25 . 5 
-25.3 
- 25 .1 
-25. 0 

- 24. 8 
-24.7 
-24.5 
- 24 . 4 
- 24.2 

- 24 .1 



TABLE 9. Thermocouple "normal" silver versus Au·O.07 at% Fell - thermoelectric voltage, Seebeck coejJicient, and derivative of 
the Seebeck coefficient; E = f(T )- Continued 

T E S dS/dT T E S dS/dT T E S dS/dT 
K fJ-V fJ-V / K nV/ K2 K fJ-V fJ-V/K nV/ K2 K fJ-V fJ-V/K nV/K2 

18 0 1357 . 22 3 . 472 - 2 4 . 1 240 1528 . 08 2 . 2 8 8 - 18 . 2 
181 1360 . 68 3 . 448 - 23 . 9 241 1530 . 3 6 2 . 27 0 - 18.1 
18 2 136', . 11 3 . 42 5 - 23 . 8 242 1 532 . 62 2 . 252 -18 . 0 
1 83 1367 . 53 3 . 401 - 23 . 6 2 4 3 1534. 86 2 . 234 -17 . 9 
184 1370 . 92 3 . 377 - 23 . 4 244 1537 . 09 2 . 2 16 - 17 . 7 

185 1374 . 28 3 . 354 - 23 . 3 245 1539. 29 2 .198 -17.6 
186 1377 . 62 3 .3 31 - 23 . 1 246 1541 . 48 7 .181 -17 . 3 
1 8 7 1380 . 94 3 . 308 - 22 . 9 2 47 15'.3.65 2 . 16 3 -17.1 
1 88 1384 . 74 3 . 785 - 22 . 8 248 1545.81 2 .146 -1 6 . 8 
189 1387 . 51 3 . 262 - 22 . 6 249 1547.95 20130 - 16 . 5 

190 1390 . 76 3 . 240 - 22 . 4 250 1550 . 07 2 0113 - 16 . ] 
191 1393 . 99 3 . 217 - 22 . 2 251 1552.17 2 . 0 9B -15 . 7 
192 1397 . 20 3 . 195 -22 . 0 252 1554.26 2 . 082 - 15 . 3 
193 1400 . 38 3 . 173 -21 . 9 253 1 5~6 . 34 2 . 067 -14. 8 
194 1403 . 54 3 . 152 - 21 . 7 254 15~8.4 0 2 . ()53 - 1403 

19 5 1406 . 69 3 . 130 - 2 1.5 ? 55 15 60 . 44 2 . 038 -13 . 8 
196 1409 . 80 3 . 109 - 21 . 1 256 156 2 . 48 2 . 07" - 13 . 2 
197 1412. 90 3 . n87 - 21 . 1 25 7 151",4 . 49 7 . 012 -1 2 . 6 
198 1415 . 98 3 . 067 - 20 . 9 258 1566. 50 2 . nnO - 1201 
199 1419 . 04 3 . 046 - 20 . 7 259 156 8 . 49 1 . 988 -11 . 5 

200 1422 . 07 3 . 025 - 20 . 5 260 1570.1,8 1 . 977 -1 0 . 9 
201 1425 . 09 3 . 005 - 20 .3 261 1572 . 45 1 . 91',6 - 10 . 4 
202 1428 . 08 2 . 985 - 20 . 1 262 1574 . 41 1 . 956 -9 . 9 
203 1431 . 06 2 . 965 - 19 . 9 263 1576. 36 1 . 9 4 6 -9 . 4 
204 1434 . 01 7 . 945 - 19 . 7 264 1 5 7 8.30 1 . 937 - 901 

205 1436. 94 2 . qz5 -19.6 265 1 580 . 23 1 . 978 - 8 . 8 
206 14 39 . 86 2 . 906 -1 9 . 4 266 158 2 .1 6 1 . 9 7 0 - 8 . 6 
207 1442.76 2 . 886 - 19 . 2 2 67 1584. 07 1 . 91 1 - 8 . 6 
208 144 5 . 63 2 . 867 -1 9 . 0 268 1585.98 1 . 902 - 8 . 7 
209 1448 . 49 2 . 848 -18 . 9 269 1587. 88 1 . 893 - 9 . 1 

210 14 51 . 33 2 .8 29 -1 8 . 7 270 1 589 . 77 1 . 884 - 9 . 7 
211 1454 . 15 2 . 811 - 18 . 6 271 1591 . 65 1 . 8 74 -1 0 . 5 
212 1456.9 5 2 . 792 -1 8 . 5 272 1593 . 5 1 1 . 863 -11.7 
2 1 3 1459 . 73 2 . 774 -18 . 3 2 73 1 595 . 37 1 . 851 -1 3 . 2 
2 14 1462 . 50 2 .755 - 18.2 2 74 1 597.21 1 . 836 -1501 

2 1 5 1465 . 24 2 .737 - 18 . 1 2 75 1 599 . 04 1 . 820 -17.4 
2 16 1467 . 97 2 . 719 - 18 . 0 276 1600 . 85 1. 801 -2 0 . 2 
2 17 1 470 . 68 2 . 701 -18 . 0 277 16 02 . 64 1.7 80 - 23 . 6 
218 14 73 . 38 2 . 683 -17.9 278 1604 . 41 1 . 754 - 27 . 6 
219 1476 . 05 2 . 665 -17. 9 279 1606.15 1 . 724 - 32 . 3 

220 1478 . 71 2 . 648 - 17 . 8 280 1607 . 86 1 . 689 - 37 . 7 
221 1481 . 34 2 . 630 -17.8 
222 1483 . 97 2 . 612 -17.8 
223 14 86 . 57 2 . 594 -17.8 
224 1489 . 15 2 .576 -17.8 

225 1491 .7 2 2 . 559 -17 . 8 
226 1494. 27 2 . 541 -17.8 
227 1496. 80 2 . 0;23 -17.8 
228 1499. 32 2.505 - 17 . 9 
229 1 501 . 81 2 .487 - 17 . '1 

230 1504. 29 2 .469 -18.0 
231 1506.75 2 . 451 - 18 .0 
232 1509.19 2 . 433 - 18 . 1 
213 1511.6 2 7 .41 5 -1 8 . 1 
234 1514 . 03 2 . 397 -18 . 2 

235 1516.41 2 . ,79 - 18 . 7 
231, 1518 . 78 ?,61 -1 8 . ? 
217 1 5?] . 1' 2 . 34 7 - 18 . 7 
?3A 15 23 . 47 2 . 124 - 18 . 7 
739 1525 . 78 2 ."3 06 - 18 . 2 

2 4 0 15 28 . 08 2 . 288 - 18.7 
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TABLE 10. Thermocouple "normal" silver versus Au·0.02 at% Fe'5 - thermoelectric voltage, Seebeck coefficient , and derivative of 
the Seebeck coefficient ; E = [(T) 

T 
K 

o 
1 
2 
3 
4 

6 
7 
8 
9 

1(1 
11 
12 
1 3 
14 

15 
16 
17 
18 
19 

2n 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
3 1 
32 
33 
34 

35 
36 
37 
38 
39 

40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 
51 
52 
53 
54 

55 
56 
57 
58 
59 

60 

E 
p.V 

0 . 00 
8.17 

17.96 
29 . 08 
41.27 

54 . 29 
67 . 95 
82.07 
96 . 50 

111 . 11 

125 . 80 
140 . 46 
155.03 
169.4 3 
183 . 61 

197.54 
21 1.17 
224 . 48 
237 . 45 
250 . 06 

262 . 32 
274 . 2 1 
285 . 73 
29/\ . 90 
307 . 70 

3 18.1 6 
328 . 28 
338 . 0/\ 
3 47. 53 
356 . 69 

365 . 55 
37 4.14 
382 . 45 
390 . 50 
398 . 3 1 

405 . 89 
413 . 25 
420 . 40 
427 . 35 
434.11 

440 . 70 
447.11 
453.37 
459 . 48 
465 . 44 

471 . 27 
476 . 97 
482 . 55 
488 . 01 
493 . 36 

498.6 0 
503 .7 4 
508 . 79 
513 . 74 
5 18.61 

523 . 39 
528 . 09 
532 . 70 
537 . 25 
541 . 71 

546 . 11 

0 . 000 
9 . 032 

10 . 503 
11 . 695 
12.641 

13 . 372 
13 . 917 
14 . 799 
14 . 543 
14 . 667 

14 . 690 
14 . 1\27 
14 .493 
14 . 300 
14 . 060 

13 . 781 
13 . 473 
13 . 142 
12 . 795 
P .4 37 

12 . n74 
11 .708 
11 . 344 
10 . 984 
10 . 630 

10 . 285 
9 . 949 
9 . 624 
9 . '111 
9 . nl0 

8 .72 1 
8 . 445 
8 .1 82 
7 . 931 
7 . 692 

7 . 466 
7 . 251 
7 . 048 
6 . 855 
(, . 677 

6 .499 
6 . 336 
6 .181 
6.034 
5 . 895 

5 .763 
5 . 637 
5 .5 18 
5 .404 
5 . 296 

5 . 193 
5 . 094 
4 . 999 
4 . 909 
4 . 822 

4 .738 
4 . 657 
4 . 579 
4.504 
4 .432 

4.361 

dS/dT 
nV/K2 

0 . 0 
1624 . 0 
1'325./\ 
1063 . 4 

833 . 7 

633 . 5 
459 . (' 
309 . 5 
180./\ 

70 . 7 

-22.4 
- 100.5 
-1 (,5 . 3 
- 218 . 4 
- 26 1. 2 

-294.9 
- 320 . 8 
- '339 . 9 
- 353 . 1 
- 36 1.7 

- 365 . 1 
- 365 . 3 
- 362 . 5 
- 357.1 
- 349 . 8 

-34 0 . 8 
-3 30 . 5 
- 319 . 3 
- 30 7 . 4 
-? QS . n 

- 282 . 4 
- 269 . 7 
- 25 7 . 0 
- 244 . 6 
- 232 .4 

- 220 . 5 
- 209 . 1 
- 198 . I 
-1 87 . (, 
-1 77 . 6 

-168. 2 
-159 . 2 
-1 50 . 8 
-14 3 . 0 
-1 35 . 6 

-1 28 . 7 
- 122 . 3 
- 116 . 4 
-11 0 . 9 
-105.7 

- 101 . 0 
- 96 . (' 
- 92 . 6 
- 88 . 8 
-8 5 . 4 

-8 2 .7 
-79 . 2 
- 76 . 4 
- 73 . 9 
- 71 . 5 

- 69.2 

T 
K 

60 
61 
62 
63 
64 

65 
66 
67 
68 
(,9 

70 
71 
7 2 
7 3 
74 

75 
76 
77 
7 8 
7 9 

80 
81 
82 
83 
84 

85 
86 
87 
88 
89 

90 
91 
97 
93 
94 

95 
96 
97 
98 
99 

100 
10 1 
102 
103 
1 04 

105 
106 
107 
108 
109 

11 0 
III 
112 
113 
114 

115 
116 
117 
118 
119 

12 0 

E 
fLV 

54(,.11 
550 . 44 
554 . 70 
558 . 89 
56 3 . 02 

567 . 09 
571 . 10 
575. 05 
578 . 95 
582.79 

586 . 57 
590 . 30 
593.98 
597 . 61 
601.20 

604 . 73 
608 . 22 
6 11. 66 
615 . 06 
618 . 41 

621 . 72 
624 . 99 
628 . 22 
63 1 . 41 
634 . 57 

637 . 68 
640 . 76 
(,43 . 80 
646 . SO 
"49 . 77 

652 . 71 
655 . 62 
658 . 49 
661 . 33 
6(,4.14 

666.91 
669 . 66 
67;> . 38 
675 . 07 
677 . 73 

68 0 . 36 
682 . 96 
685.54 
688 . 09 
690 . 61 

693 . 10 
695 . 57 
698 . 02 
700.43 
702 . 82 

705 .1 9 
707.5 3 
709 . 85 
712.14 
714 . 41 

716.65 
718 . 87 
721.07 
723 . 24 
725 . 39 

727 . 52 

280 

S 
p.V/K 

4.361 
4 . 293 
i, . 227 
It .163 
Lt . 100 

4 . 039 
3 . 980 
3 . 923 
3 . 867 
3 . 812 

3 . 758 
3 . 706 
3 . 656 
3 . 606 
3 . 558 

3 . 5 11 
3 . 46 5 
3 . 420 
3.376 
3 . 333 

3 . 291 
3 . 2 50 
: . 210 
3 d 71 
3 . 133 

3 . 095 
3 . 0 59 
3 . 023 
7 . 988 
2 . 954 

2 . 921 
2 . 888 
2 . 8 56 
2 . 824 
2 . 793 

2 . 76 2 
2 . 733 
2 . 703 
2 . 674 
2 . 646 

2 . 6 17 
2 . 590 
2 . 562 
2 . 535 
2 . 508 

2 . 482 
2 . 4% 
2 . 430 
2 . 404 
2 0379 

20354 
2 . 329 
2 . 305 
2 . 280 
2 . 256 

2 . 232 
2 . 208 
2 .184 
2 . 161 
2 . 138 

2 .115 

dS/dT 
nV/K2 

- 69 . 2 
-67. 2 
- 65 . 2 
-63 . 3 
- 61 . 6 

- 59 . 9 
-58 . 4 
- 56 . 9 
- 55 . 4 
-54 . 0 

-52 . 7 
- 51 .4 
- 50 .1 
-48. 9 
-47. 8 

-4 6 . 6 
-4 5 . 5 
- 44 . 4 
-4 3 . 4 
- 42 . 4 

-41.4 
- 40 . 4 
- 3 0 . 5 
-38 . 6 
- 3 7 . 7 

- 36 . 9 
- 36 .1 
- 35 . 3 
- 34 . 6 
- 3 3 . 9 

- 33 . 2 
- 32 . 5 
- 31 . 9 
- 31 . 3 
- 3C . 7 

-3 0 . 2 
- 29 . 7 
- 29 . 2 
- 28 . 8 
- 28.3 

- 27 . 9 
- 27 . 6 
- 27 . 2 
- 26 . 9 
-26 . 6 

- 26.3 
- 26 . 0 
-25.7 
- 25 .5 
-25 . 2 

-25.0 
- 24 . 8 
- 24 . 5 
- 24.3 
- 24 . 1 

- 23 . 9 
- 23 . 7 
- 23 . 5 
- 23 .3 
-2 3 . 1 

- 22 . 9 

T 
K 

120 
121 
122 
12 3 
124 

125 
126 
127 
128 
129 

130 
131 
132 
13 3 
134 

135 
136 
137 
138 
139 

140 
Ii. 1 
14 2 
143 
144 

14 5 
146 
147 
148 
14 9 

15 0 
151 
1 52 
15 3 
154 

155 
156 
157 
15 8 
15 9 

16 0 
161 
162 
163 
164 

16 5 
166 
167 
168 
169 

170 
171 
172 
173 
174 

175 
176 
177 
178 
179 

180 

E 
p.V 

727 . 52 
729 . 62 
731 . 7~ 

733 . 76 
735 . 80 

737 . 81 
739 . 80 
741 . 77 
743 . 72 
74<; . 65 

747 . 56 
749 .44 
75 1 . 31 
75 3 . 16 
7 5' • • 98 

756 . 79 
758 . 58 
760 . 35 
7 62 . 10 
763 . 83 

765 . 54 
767 . 24 
76 8 . 91 
770 . 57 
772.22 

77 3 . 84 
775 .4 5 
777 . 05 
778 . 62 
7 80 .18 

781.73 
783 . 26 
784 . 77 
786.27 
787 . 75 

789 . 22 
790 . 68 
792 .1 2 
79 3 . 54 
794 . 95 

796 . 35 
797 . 73 
799 . 10 
800 . 46 
801 . 80 

803 .1 3 
80 4.44 
805 . 74 
807 . 03 
808 . 30 

809.56 
810 . 80 
812 . 04 
8 1 3 .25 
814.46 

815 . 65 
8 16 . 83 
818 . 00 
819 . 15 
820 . 29 

821 . 41 

S 
p.V/K 

2 . 115 
2 . 09 2 
2 . 069 
2 . ()47 
2 . 025 

2 . ()Q3 
1 . 981 
1 . 9 60 
1 . 939 
1 . 9 18 

1 . 897 
1 . 876 
1.856 
1 . 836 
1 . 817 

1 . 797 
1 . 77 8 
1 . 759 
1 . 741 
1 . 72 2 

1 . 704 
1 . 68 6 
1 . 66 9 
1.65 2 
1.63 5 

1 .61 8 
1 . 601 
1.585 
1 . 569 
1 . 553 

1 . 537 
1 .52 2 
1.507 
1 . 491 
1.476 

1 . 462 
1 . 447 
1 . 433 
1 . 418 
1 . 404 

1.390 
1 . 376 
1 . 362 
1.348 
1 . 334 

1.32 0 
1.307 
1.2 9:'1 
1.279 
1 . 266 

1.252 
1 . 239 
1 . 221> 
1 . 212 
1.19<:> 

1.186 
1.172 
1.159 
1 .1 46 
1.133 

l.l2 n 

dS/dT 
nVlK2 

- 22 . 9 
- 22 . 7 
- 22 . 5 
- 22.3 
- 22 . 0 

-21 . 8 
- 2 1. 6 
- 2 1 . 3 
- 2 101 
- 20 . 8 

- 20 . 6 
-2 0.3 
- 20 . 1 
-1 9 . 8 
-19 . 5 

-19 . 3 
- 19 . 0 
-1 8 .7 
-1 8 . 5 
- 1 8 . 2 

-1 7 . 9 
- 17.7 
-17. 4 
-1 7 . 2 
-1 6 . 9 

-1 6 . 7 
- 16 . 4 
-1 6 . 2 
- 16 . 0 
-1 5 . 8 

- 15 . 6 
-1 5 . 4 
- 15. 2 
- 15 . 0 
-1 4 . 9 

-14 . 7 
- 14 . 6 
-1 4 . 4 
- 14 . 3 
-14. 2 

- 14 . 1 
- 14 . 0 
-13. 9 
- 13 . 8 
- 13 . 8 

- 13 . 7 
- 13 . 7 
- 13 . h 
-13 . 6 
-13 . 5 

-1 3 . 5 
- J 3 . 4 
- 13 . 4 
- 13 . 4 
- 13 . 3 

- 1303 
-1 3 . 2 
- 13 . 2 
-] 3 . 2 
- 13 . 1 

-1 3 . 0 



TABLE 10. ThermocolLple "normal" silver versus Au·O.02 at% Fe45 - thermoelectric voltage, Seebeck coefficient, and derivative of 
the Seebeck coefficien t; E = f(T)- Cont.inued 

T E S dS/ dT T E S dS/ dT T E S dS/dT 
K f1-V fLV / K nVlK2 K f1-V fLV /K nV/K2 K f1-V f1-VlK nVlK2 

lR O 87 1 .f. I 1 . 1 70 - 13 . 0 2 40 869 . 29 C. 52 4 -8 . 6 
181 822 . 53 1 . ] 07 - 13 . n 2 4] 869 . 81 0 . 5 1/\ -8 . 5 
182 823 . 63 ] . n 94 - 12 . 9 242 870 . 32 n . <;07 - 8 . 4 
1 83 8?4 . 71 1 • () 81 - 12 . 8 74, 870 . 82 n . 4 99 -8 . 7 
184 825 . 79 l . n68 - 1 2 . 7 2 44 871 . 32 O. L. 91 -8 . n 

1 8 <; 8 76 . 8<; 1 . 0 <; <; - 1?6 745 R 71 . pn n . 1, 8, - 7 . 9 
]8/\ 82 7 . 9n I • n4 3 - 1 2 . 5 24/\ P,72 . :?8 n . 4 75 -7 . 7 
1 8 7 828 . 94 1 . 030 - 17 . 4 2 47 872 . 7 5 O. L· 68 -7 . 5 
1 88 8?9 . 9 6 1 . 0 1 8 - 1 2 . 3 2 48 873 . 22 0 . " 60 -7 . 'J. 
18 9 8 30 . 97 1 . n06 - 12 . 7 71,9 8 7 3 . f. A 0 . /,<; , -7 . , 

1 9n 8,1 . 97 n . 994 -]7 . 1 2 50 1\ 74 . 12 n . /.J46 -f- . p 

] 9 1 832 . 96 n . 082 -] ]. 0 2<; 1 874 . <;7 0 . 1,39 -1\ . 6 
107 833 . 94 o . o7n - 11 . 8 757 87') . n" n . 1,3, -6 . '> 
] 93 83L, . 9n n . 958 - 11. 6 253 87') . 4, () . " 2/'. -h . ") 
194 8,5 . 85 n . 946 - 11 . 5 2 <;4 8 7 '> . 86 n. h 70 - 6 ,] 

19 5 836 . 70 n . 03<; - II . " 25') 1\ 7<, . 27 n . 1,1 lj -,,, . n 
1 96 837 . 7? n . 0 211 -11. 1 756 G76 . 68 0 . 408 _1:. . 0 

197 838 . 64 0 . 01, - lI . o 7'>7 8 77 . n O 0 . L, I")? -5 . 9 
1 98 8 39 . 5 <; n . o n? - 10 . 8 258 87 7 . 49 Od96 -'> . R 
1 99 84() . 44 0 . 891 - 10 . 6 2'J9 87 7 . 88 () 03 9 1 - ') . 0 

20n 8 41 . 33 O. R8] - 10 . 4 2 6 0 8 78 . 27 n d85 -6 . 0 
?n] 8 4 7 . 70 0 . 8 7n -] 0 . , 26 1 878 . 65 0 037 9 -6,] 
70? 8 4 'l . n7 0 . A6 0 - 10 . 1 267 879 . 0 3 0 037 2 - 6 03 
203 8 4 3 . °3 0 . 850 - 9 . 9 263 8 79 . 40 0 .)66 -6 . 5 
?O 4 8 44 . 77 0 . 8 4 0 - 9 . 8 2 64 879 . 71', 0 . 359 - 6 . 8 

205 8 4 5 . 6] 0 . 8, I - 9 . 6 2 6 5 880 . 12 n . 'l53 -7 01 
201', 846 . 4 3 0 . 871 - 9 . 5 2 66 R8n . 46 n . 3 4 5 -7 . 4 
2n7 8 47 . 75 0 . A] 2 - 9 . 3 2 67 R80 . A] 00318 -7 . 7 
70e 8 4 8 . 05 n . BO? - 9 . 2 2 6 8 881 . 14 0 033 0 -7 . 9 
7n9 8 4 8 . 85 n . 7 93 - 9 . ] 26 9 88 1. 47 0 03 ?? - 8 01 

2 1 n R4Q . n 4 0 . 78 4 - B. 9 ? 7 n 881 . 78 0 . 3 14 -8 . 2 
?1] 850 . 42 0 . 77 5 - R. 8 27 1 882 . 09 n . 30<; -8 . ? 
n7 8 51 • ] 9 n . 7 67 - 8 . 7 2 77 882 . 39 0 . 2 9 7 -7 . 9 
713 8 51 . 95 0 . 7 58 - 8 . 7 27 3 882 . 69 0 . 2 9 0 -7 . 3 
2 111 852 . 71 n . 749 - 8 . 6 274 987 . 9 7 o . ZB3 -6 . 3 

7 1 'i R'i3 . L.5 n . 7Li] - R, t:; 275 883 . ?5 n . ? 77 - l , . F! 
716 8 ,>4 . I 9 0 . 732 - 8 . <; 276 883 . 53 n . ? 74 - 2 . 7 
71 7 A 54 . o? n . 7 211 -9 . 5 27 7 8A ' . An 0 . 2 7 7 0 . 7 
2 18 85'> . 6 4 0 . 71 <; - 8 , l, 278 AAll , ns 0 . ?7 4 I, • () 

?19 8 Sf. . "l'; " . 7 07 -A . L! 779 88 4 . 'l5 0 . ;>8 1 G. n 

2?0 [P37 . n!:, n . A9P -8." 2An 8 84 . 64 0 . 7 0 3 1 ~I ' ? 

2 ?1 8 57 . 74 n . A9 0 -8 . 5 
?77 2, R. h1 n . ,t., Al - n. , 
773 8 '> 9 . 1 1 0 . 67'l - p. . ~ 

77" 81)9 . 7 P. 0 . 1-64 - 8 . 5 

775 AAO , Llh n . A5f> - A. A 
?7f> A6] . n9 n . A47 - 8 . 6 
7?7 86 ] . 7 3 (l . A3° -A . ? 
77P 867 . ,6 n . 630 - 8 . 7 
22 9 8f>2 . 90 0 . 1\2] - R. A 

7 'lO 863 . ;'1 n . 6]? - R. R 
731 8 f>4 . 2 ? n . 6n4 - R. A 
2'l? 864 . Rl 0 . 59') - 8 . 9 
2"13 865 . 40 0 . 586 - 8 . 9 
2'14 865 . 99 0 . 5 77 - 8 . 9 

7 ' 5 866 . 56 0 . 56A - 8 . 9 
7% 867 . ]2 n . '>59 - R. o 
7"'17 867 . 6 8 0 . 55 0 - P. p 
23P 868 . 72 n . 54 ? - ~ . P, 

73 0 8 68 . 76 0 . ')33 - A. 7 

7 4 0 R(-,q . ?O n . '>?4 - R. 6 
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scales used. Units for the thermocouple tables and 
functions are based on the "NBS as-maintained volt" 
[12]; the International Practical Te mperature Scale , 
IPTS-68, [13, 14, 15] for temperature above 20 
kelvin; and the NBS acoustical scale, P 2-20 (1965), 
[16,17] for temperatures between 4 and 20 kelvin_ 

TABLE 11. Total ullcertaillties ill th ermocouple calibratiuns 

Tutal un certainty 
Th ermocouple co mbin ation 

4-20 K 20- 75 K 75-280K 

KP vs Au-0.07 at % Fe .. .. .. .... .. .. . 9.8 mK 1l.3 mK 31.9 mK 

KP vs Au·0.02 at% Fe .... ........... 14.2 16.1 33. 1 

Cu vs Au-0.07 at % Fe .... .. ........ 17.1 20.1 54.7 

Cu vs Au-0.02 at % Fe. .... . .... ... 14.4 22.8 81.4 

n.Ag vs Au-0.07 at % Fe ......... .... 16.2 19.9 59.1 

n.Ag vs Au-0.02 at% Fe .......... 14.3 23.5 84.8 

5 . Discussion 

It is apparent from figure 4 that the Au-0.07 at % 
Fe47 alloy, used in the first calibration, has a lower 
Seebeck coefficient than all but one of the specimens 
tested in the second calibration. A possible reason 
for the lower thermopower is suggested by comparison 
with Rosenbaum's data in figure 6. The Seebeck co
efficient for specimen 47 falls below that of Rosen
baum's annealed sample results by4.7 percentat20K. 
This is in the right direction and appears to be of a 
reasonable magnitude to be caused by under annealing 
or ann ea lin g at a high temperature in the presence of 
oxygen. Oxyge n combines with iron which , in effect , re
moves the iron from the trans port processes which are 
res ponsibl e for the high thermopower of the dilute 
alloys [18]. Regardless of the reason for the lower 
sensitivity the fact remains that specimen 47 should 
not be chosen to represent the alloy in light of the in
formation from the specimens used in the second cali
bration . The data shown in figures 3 and 4 indicate 
that the specimens 8, 10, or 11 would have the general 
properties desired and have a sensitivity near the 
average of the materials tested. The choice among 
these three wires is rather arbitrary and perhaps unim
portant since, in general, published tables must be 
adjusted to the particular thermocouple wires being 
used. The important consideration is that the published 
data can be adjusted to fit any particular working 
thermocouple of this type. 

The "normal" silver and copper versus Au-0.07 at% 
Fell data presented in this paper were calculated since 
neither "normal" silver nor copper were included in 
the second calibration with Au-0.07 at% Fell. The 

following relation ships were used to arrive at "normal " 
s ilver and copper versus Au-0.07 at% Fe ll : 

E(Cu vs Au 7 Fed - E(KP vs Au 7 FeH) 

+E(KP vs Au 7 Fell) = E(Cu vs Au 7 Fell) 

E(n . Ag vs Au 7 Fed - E(KP vs Au 7 Fe.li) 

The actual co mbination was accom plished by com
binin g Ih e powe r series coeffic ie nt s, e.g. , 

+ 

Th e un certaint y in th e calc ulated tables will be th e 
combination of uncertainties, e.g., 

The selection of the Au·0.02 at% F e specimen to be 
re ported in det ai I is noras difficult as was the Au-0.07 
at% Fe, primarily beca use we have only two specim ens 
to co nsider. Fi gures 7 and 9 indicate that our Au-0.02 
at% F e4:> is probably nearer to the optimur.1 anneal tha n 
is th e later specime n 12. Specimen 45 was used in the 
firs t ca libration and was co mpared directly to both 
copper and "normal" silver. This eliminates the need 
to combine coefficients and increase th e un certaint y 
as was the case for Au-0.07 at% F e. 

Mr. W. J. Hall was largely responsible for the com
puter programs used to fit the experimental data. Mr. 
Ed Zysk of Engelhard Industries and the late Dr. 
Bert Brenner of Sigmund Cohn Corporation were 
extremely cooperativ e in producing and supplying the 
Au-Fe tes t wire . 
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