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In a p rogram to esLab lish reference tallies for se \'eral a lloys of iridium and rhodium 
against ir idium , the \\'o rk has bee n com pleted on 40 percen t iridium-60 percent rhod ium. 
T ables h ave bee n prepared giv in g emrs for temperatures in degrees F a hre rl heit from 32 °F 
to 3,800 °F and in degrees Cf'lsius (centigracle) from 0 °C to 2,100 °C, and temperat ures in 
these ul1iLs wi t h e mf in millivolts as t he a rgument: 

The emf is :I 1. 6 milliv olts at :3 ,800 °F . The t herrnoelcct ri c power ave rage 3,1 mi cro
volts per °F , a nd is within 0.1 m icrovolt of t his va lue betwee n 500 °F and 3,000 °F . H 
increa~es somewhat a t temperatures a bove :),000 °F . 

:Measuremenls at temperat ures 32 °F to 2,500 °F were made in a plaLinum-wound 
furnace of eOllvcnt ionill des ign , using a Pt- lO percent H h ve rs us Pt 1.hermocouple to meas ure 
tempenLLu re. F rom 1,950 °F t o 3,800 OF (Lhus overla pping the upper end of Lhe lower 
range), t he furnace used was an iridium block heated by e lecLric induction. Blackbody 
cond itions pre vailed in the cavity in which Lhe les t thermocouple was inserted, and ena bled 
meas urement of the temperatu re with a n optica l pyrometer , 

Good agreemen t be L\\'ee n the data obLained in th e overlapping pa rts of t he pla tin um 
and op t ica l pyromete r ranges ( \,950 °F Lo 2,500 OF) es ta blished confidence in the te mpera ture 
measurements with Lhe opLica l p yrom eLer a bove 2,500 °F. 

In bot h furnaces, helium surround ed t he t hermocouple iunctions. Tile gas was dried 
by pa~sing it throug h a tra p immersed in liqu id nitroo'e n. 

Thoria and beryll ia were used as thermal and elec trica l insulation in the high te m
perat ure range. While t he electr ic[11 res ist ivity of t he e mate rials becomes rela tively low 
at high t emperatures, it d id not become so low as to ca use appreciable errol' in emf measure
ments. NIore serious was t he introd uction in to the measuring circuit of a spurious emf, 
associated with t he st rong rf fi eld and believed to be due t o a rect ifying proper ty possessed 
by the insula tors at high tempera t ure. It was prese nt in varying degrees, somet imes not 
at all. Its magnit ude was determined by observi ng the (instantaneous) cha nge in emf 
when the rf powe r \Yas t urned off, and the appropriate correction was made in t he t hermo
couple emf measured witil t he power on, 

The acc uracy of t he meas urements is largely tha t associa tecl with the measurement of 
t emperature using an optica l pyrometer. For t he prese nt \\'ork t he maximum uncertainties 
in the range 2,500 °F to 3,800 OF a rc believed to ra nge from about 8 OF t o 12 °F . 

1. Introduction 

One of the earliest investigation s of th ermocouples 
of alloys oJ iridiwll an d rhodium versus iridilll11 was 
that made by F eussner [1 ].1 His studies led him to 
suggest the alloy 40 percent iridium-60 percent 
rhodiul11 for use with iridimll. The in creasin g need 
in recent years for thermocouples capable of measur
ing temp eratures higher than those at which plati
num-rhodium versus platinmll thermocouples can be 
used ha led to further work on this combination [2 ], 
along with improvemen ts in the mntallurgy of thesc 
m eLals. In turn, t he gradun.lly ill creasing use of 
this and oLher iridium-rhodium n.lloys as thel'mo
clemen Ls has given rise to the neeel for reference 
tables of the type aVfLil able for platinwn.rhodium 
versus platinum and other thermocouples [3]. 

'This paper ",as presented at the F ourth Symposium on 'r omperatare, Its 
Measurement and Oontrol in Science and Industry, Oolumbus, Ohi o, March 
2, -31, 19B1, ~ponsored by the American Institu te of Physics, the Instrument 
Soriety of America, and the National Bureau of Standards. The p roceedings 
will be published in book form by the Reinhold Publishing Oorporation, Ke\\' 
York, N.Y. 

, :FiguJ'es in brackets indicate the literature references at the end ofthis paper. 

T he work reported h ere evolved from fL proj cct nt 
the National Bureau or SLanda l'cl originally pon
sored by the United States A i l' Force, to examine 
thermocouples of alloys of iridium with 10 percent 
to 90 percent rhodium versus iridium. The tables 
(Appendix, I- A to IV- A) give Lhe temperature-elec
tromotive force values for 40 percent iridiwll -60 
percent rhodium versus iridium, th e firs t of the 
series to be completed. 

2 . Apparatus 

Calibra tion up to 2,500 OF is accomplish ed in a 
high- temperature porcelain tube furn ace having a 
bifil ar platinum hefLting coil. The temperature is 
measured with a platinum-10 percent rhodium 
versus platinum thermocouple, calibrated prior to 
each run . 

A blackbody is used to cfLlibrate at higher tempera
tures. It is an iridium cylinder 1}{6 in. in diameLer 
and 4Ji6 in. long, with caviLies as shown in figure 1. 



FIGUR E 1. C/'oss section of induction furnace. 
1, blackbody; 2, cen tral cavity; 3, partitions; 4, sighting holcs; 5, si gh ti~g. tube ; 

6, thermocouple entrance tu be;.7, beater windin!?; 8, ground WIres; .9, lrld ll1 m 
shield; 10, porcelain can; 11, thot'la cement; 12, tbona supports; 13. thona powdcr; 
14, copper tubi ng. 

Alined holes are provided in one end and the adj acen t 
partition for in sel~tiog the thermocouple ~nto . the c~n
tral cavity , and III the other end for slgh tmg wIth 
the op tical pyrometer which is used to m easure the 
temperature. The area sigh ted upon is on the cavity 
wall opposite the 7~-in . diam eter hole in the partition 
a t this end. 

It is assumed that, owing to the design and method 
of heating the blackbody, the only depar ture fronl 
uniform temperature over the wall of the central 
cavi ty is that due to loss of heat by radiation through 
holes. This loss as calculated by a formula due to 
Gouffe [4] is about 0.2 percen t, which is so small that 
i t is unnecessary to correct observed tempera tures on 
this account . 

The blackbody is heated by elec tric induction with 
a 20 kw radiofre'quency genera tor. A coil of iridium 
wire surrounds the sight tub e and is conn ected exter
nally to an rf ammeter and rheostat . The heat 
produced by rf curren t in the coil redu ces the l .os~ of 
h eat from tha t end of the blackbody. A slD1Ilar 
arrangem ent could be used a t the thermocouple end ; 
however in an effor t to provide shieldin g for the ther
mocoupl~ wires and suppor ting tube, iridium wire 
was wound in a tight coil tha t form ed a shield over 
the pro tec tion tube. Being h ea ted by induction , this 
shield also serves to reduce the loss of heat by con
duction along the thermocouple wires and suppor ting 
tube. 

Prelimin ary experimen ts showed tha t it is n eces
sary to ground the blackbody; this is done through 
an iridium wire welded to i t. The shield just de
scribed is also grounded , but the thermocouple is not. 

Thoria powder insulates the . blackbo~y,. wh~ch is 
suppor ted cen trally in a po~'c.clam can 4 ~n . It,l dIame
ter and 8 in. long b~T senl1C1rcular thona disks. A 
coil of %-in . copper tubing surrounding the porcelain 
can conducts the rf curren t and carries cooling water. 

This assembly is placed with its axis horizontal on 
Pyrex glass supports in a box made of T ransite and 
Plexiglas and having close fit t ing but not air tight 
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joints. In use, helium flows into th e box cont in
uously at a rate judged sufficient to keep air out. 
The helium is cooled to th e temperature of liquid 
nitrogen before it enters the furnace enclosure in 
order to remove water vapor and any other conden
sable impurities which may be present_ 

The emf is measured with Leeds and North rop 
potentiometers, Models K 2 and K3. An L. and N . 
No. 8622 opt ical pyrometer is used t o measure tem
perature_ Inst ead of using t he t emperature scale of 
the instrument, the temperature is obtained from 
calibration tables giving t he temperature as a func
tion of the current through t he pyrometer lamp. A 
2-ohm rheostat connected in series with t he slide wire 
of the pyrometer increases the precision with which 
the lamp current can be adjusted to match the fila
men t brightness with that of the blackbody . The 
lamp curren t is determined by m easuring t he voltage 
across a I -ohm precision resistor in series with the 
lamp . 

3. Thermocouples 
The th ermocouple wire was made by Sigmund 

Cohn Corporation . The first lot (A), obtained in 
1955, was 0.035 in. in diameter . The second (B), 
obtained in 1959, consist ed of 0.020- and 0.035-in . 
diam. wire. A t hird lot (D ) of alloy wire only, 
acquired in 1960, consisted of wire sizes 0.020 in . 
and 0.030 in . 

The data used in compiling t he tables ,vere ob
tained from a total of eight t hermocouples- t wo from 
lot A, two from each wire size in lot B , and one from 
each size wire in lot D . The alloy wire of lot D WflS 

join ed to iridium wire of lo t B . The 0.030-in . alloy 
joined to 0.035-in . iridium wire formed one th ermo
couple, and the two 0.020-in . wires t he oth er . 

E ach thermocouple was identified by a number in
clicating the lo t of wire from which it was made, the 
percentage of rhodium in t he alloy leg ("6," signifying 
60 percen t rhodium, is the only composit ion con
sidered in this report), the wire diameter , and its 
order in a series of similar thermocouples. Thus 
A635a was thermo couple (a) from wire of lot A, 60 
percent rhodium, 0.035 in . in diameter . Thermo
couple (b ) from the same coils of wire was A635b. 
The other six t hermocouples were B620a, B620b, 
B635a, B635b, D620B, and D630B. In the last t wo, 
"B " signifies that th e iridium leg was m ade from wire 
of lot B . In t he remainder of t his report, a partic
ular thermocouple will be referred to by its number. 

4 . Experimental Procedure 

In preparing a t hermocouple th e wires were an
nealed by heating t hem electrically in air. The man
ufacturer recommended ann ealing for about 1 min . 
at approximately 200 °C (3 60 OF ) below the melting 
point. The temperature to be l'eached as observed 
with an opt ical pyrometer was es timated , t aking 
the emissivity as 0.3, t o be 3,460 OF for t he iridium 
and 3,180 OF for th e alloy wire [5]. In approaching 
th ese temperatures it was n ecessary t o increase th e 
current gradually, so t hat it was not unusual for 
several minutes to elapse while t he temperatm'p, W fl" 



beinD" raised and pYl'omeLric observations made. 
}'l e,lsuremeDL errors wcre comparatively large under 
t h e c conditions, due in part to "smoke" that fre
qucntly appearcd around the wires when t hey were 
hen,ted to high tempeTittm e in air. For t his and 
other r easons the actual temperature probably dif
fen'ed from those desired by as much as 100 OF . 

The junction was welded in an oxyacetylene flame. 
Each thermocouple wire joined a copper wire in a 

bath of melting ice. The copper wires led to a 
potentiometer through a selector switch. 

In working with the induction furnace fLn 
undesirably large rf voltfLge was inauced on the 
thermocouple wires . }./(ost of this was prevented 
from refLching the potenLiometer by inserting a I-mh 
choke in each lead between the reference junction and 
the po tentiometer , and a 1-/lE capacitor from the low 
potential end of each ch oke to ground. 

Except for a few readings ftt intervals of 25 OF on 
lo t A thermoco uples at temperatures under 300 OF , 
the measuremenLs were made at intervals of 50 OF. 

The thermocouples were nm first in the 2,500 OF 
furnace. They were supported in higb-temperature 
porcelain tubes and immersed about 8 in. For these 
runs the test and the reference Llwl'mocouples were 
welded to form a common junction. This made i t 
possible to compare one thennoelement with another , 
iUld t he readings regularly included measurements of 
t he emf between the iriel tum and pIa tin urn, and 
between the iridium-rb0 dium and platinum elem ents. 
E ac h r eading consisted of two measurements of each 
desired emf, made in su ch sequence that the mean 
vfLlues were very nearly free from enol' due to the 
light change in temperature which unavoidably 

occurred while the measurem en ts were being made. 
Thermocouples A635a and A635b were eacb run 

twice, both times at ascending temperatures. The 
others were each run on ce, readings bein g obtained 
first at ascending, them descendin g temperatures. 
The m eans of the two Teadings were tak en as the 
experimentally determined tempemture-emf r elation
shi.p for the thermocouple. Th.is applies also to 
measurements made 111 the mductIOn furnace. 

For calibrating in th e induction furnace a ther
mocouple was supported in an insulating tube of 
thoria or b eryllia. Experimentf; on the effect of 
depth of immersion showed that, to be free of error 
due to conduction of heat away from the junction, 
the thermocouple should extend not less than % in . 
into th e central cavity. The immersion was at least 
twice this distance. 

In making a single observation , the heating rate 
was adjusted so as to maintn,in as nearly as possible 
constant temperature. Then one observer adjusted 
the current in the pyrom eter lamp until the brigh t
ness of the filament was the same as that of the 
blackbody. Simultaneously another observer 
measured the thermocouple emf. A "reading" at a 
given temperature was taken as the mean of two 
observed values of filament current and correspond
ing emf. 

R eadings were made from 1,950 OF to 3,800 OF at 
in tel'vn,ls of 50 OF , and r epeated in descending order. 
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5. Computations 

The observed temperatures seldom differed more 
than 5 OF from the nearest integral multiple of 50 OF. 
For each observed t emp eratme the emf was 
"normalized"- that is, it was computed for the 
nearest integral multiple of 50 OF. The ra te of 
change of emf with temperature (dE/dT) required in 
normalizing was obtained either by direct calculation 
from observed differ ences or by plotting these 
differ en ces and hand fi tting a curve through the 
points. 

The emf for lot A wire was taken as the m ean of 
th e normalized emfs for Lhe two t llCrmocouples made 
of t hat wire. Similarly, the emf for each of the two 
wire sizes in lot B was computed as the m ean of the 
normalized emIs of the two thermocouples made from 
each of the Lwo sizes of wires. To these emfs were 
added the normalized emfs obLained from lot D (one 
thermocouple from each of the two wire sizes). The 
average of these fi ve sets of normfLlizcd emfs 
constituted the b asic data for con tructing 
temperature-emf tables. 

These data, comprising 78 temperaL ures ,wd th e 
corresponding emfs, were processed by the Compu
tation Section of the NBS Applied M aLh ematics 
Division using its IBM 704 Compu tel'. It was 
found by trial that an equation of t he fifLh degree with 
coefficients computed to give a least-squa re fi t to the 
data gave calculated emfs hom which t h e experi
mental values differed by noL more than 4 /lV at 
temperatures up to 2,700 OF , and noL more lhan 10 
/lV at t em.peratures between 2,800° F and 3,800 OF. 
These deviations were considered sfLLisfactorily small ; 
hence, using the equation 0 derived,Lhe computer 
calculated emfs for temperatures in integral multiples 
of 10 OF from 40 OF to 3,800 OF . The machine
computed deviations were ploLted and a smooLh 
curve fitted to th em by hall el. From this curve t h e 
deviation s for the 10 OF points were taken , and ad ded 
to the emfs computed by machine to give table 
IV-A. 

The table of emfs for temperature ill integral 
multiples of 10 °C (tfLble II-A) was interpolaLed by 
hand from the Fahrenheit table. 

By hand interpolat.ion the temperaLures in degrees 
C and degrees F were 0 btained fo r emfs in steps of 0.1 
mv from 0 to 11.6 mv. The computer inteTpolated 
within t he O.I -mv intervals to obtain temperatures at 
O.OI -mv intervals (tables I-A and III-A). 

Thermal emfs for iridium versus platinum up to 
2,500 OF were computed from measurements made 
in the co urse of t he runs on the iridium-rhodium 
versus iridium t hermocouples. The iridium cam e 
from three coils, viz, lot. A and the two wire sizes of 
lot B . By applying correction s obtained from data 
on t h e emf of the platinum working standard versus 
platinum 27, th e iridium versus platinum 27 valu es 
given in table V-A were obtained . 

Thermal emfs for 40 percent iridium-60 percent 
rhodium versus copper and for copper versus iridium 
are given in table VI-A. This table may be used to 



correct for em Is generated at the jun ctions of the 
thermocouple legs with copper lead \",~ires when these 
junctions arc not at the same temperature. 

6. Discussion 

Not surprisingly, the emfs for it given temperature 
differed appreciably within the three lots of wire. 
One way of expressing the difference is to compare 
the individual emfs with the average, at a given 
temperature. For example, at 3,000 OF the emfs 
were as shown in table 1. 

TA llLE 1. Deviation of the thermal ell~r of di.fJerent lots of wire 
f rom the average, at 3000 OF 

Lot " "ire 
diam 

emf 
E 

nifl'crence, 
E- E av 

-~-----------I~--

A~ ~ ~_ ~~~ ___ ~~~ _ ~_ 

n ~ ~ ~_~~~_~_ ~~ ~ ~ ~~ 
n ~ ~ ~~~~~~~~~~~~~~ 
D ~~~_ ~~~~~~ ~_ ~ ~ ~~ 
D ~ ~~~ ~~~~~~~~ __ ~~ 

in. 
0.035 
. 020 
.035 
. 020 
. 030 

mv 
8. 830 
8. 909 
8.862 
8.864 
~. 842 

pv 
- :11 

48 
I 
o 

- 19 
~----. ----- ~-·~-t~---
Av(' rag(l ~ _______________ ____ _ 8. SOl 

Here the lowest emf was for lo t A and the highest 
the 0.020-in. wire of lot B . The difl:erence is 79 }.Lv, 
which corresponds to about 24 OF. 

Similar data are plotted for the entire range of 
temperatures in figure 2. Differences shown there 
are not wholly attributable to the different sources 
of wiL"e in volved, since there were naturally differences 
in emf between thermocouples made of wire from the 
same coil. In most cases these differences were only 
a few microvolts, but in one case, the 0.20-in. wire 
of lot B, the two thermocouples gave emfs differing 
by as much as 36 }.Lv, corresponding to about 12 OF. 

Figure 3 is a plot, for iridium wire from the three 
sources (lot A, fLnd the two sizes in lot B ) versu s 
phttinum 27, of the differell ces between individual 
values and the adjusted [6J average of the three . 
An emf on this graph is a measure of the contribution 
of the iridium in question t o the analagous difference 
shown in figure 2 for the iridium-rhodium versus 
iridium ther-moco uple of ·which it is an element. 
For if, of two iridium wires making a common 
junction with an iridium-rhodium and a platinum 
wire, one has a higher emf to platinum than the other , 
its emf to the alloy wire must be lower by the same 
amo unt numerically. The reasoning can easily be 
extended to apply to the difference from the average 
(the ordinates of figs . 2 and 3). Thus it is evident 
that the lower emf of a thermocouple of lot A as 
compared with OHe from another lot is largely 
accounted for by the f,l et t lntt tl1e iri dium wire of 
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Ir wire and the average emJ Jor Ir versus P t 27. 

t il is lot had a higher emf t o plat inum t han did either 
of the ot her t wo coils of iridium wire. A similar 
s it uation prevails with resp ect t o the 0.020-in . 
iriel ium wire of lot B . However , t his wire was also 
used in D620B, and t he differences between t he emfs 
of :figul'e 2 for t hermocouples B620 and D620B are 
of course due to t he differences between th e t wo alloy 
wires used . These differences can be, and were, 
measured directly. 

In th e range 1,950 OF to 2,500 OF , where temper
atures were m easured both wi th the platinum-10 
percent rhodium th er.?l ocouple (in the platinun: 
wound furn ace) and w1 th th e op tical pyrometer (m 
lhe induction furnace), th e differ ence between emfs 
of lhe tes t th ermocouples did no t exceed 6 J.l.V in most 
cases. This is little if any larger than th e errors of 
obser vation, and gave added assurance that th e 
measurem ents were free from significantly large 
sys tematic errors. The largest differ ence oecurred 
on thermocouple B635b : The emfs with the optical 
pyrometer averaged 21 J.l.V . higher than wi th th e 
pla lin um thermocouple. ThiS corresponds to about 
7 OF , and is larger than th e readin g error . The data 
yielded no clue as to what caused the difference. 
. Th e thermoelectric power is nearly constan t over 
a wid e range of temperature, h avin g a valu e of 3.0 to 
3.2 J.l.V per degree from about 600 OF to 3,200 OF . 
Below 600 OF it decr eases to about 2 J.l.V per degree 
at 100 OF , and above 3,200 OF it incr eases to aoout 
3.6 J.l.V per degree a t 3,800 OF . 

The uncer tainty in th e temperature-emf values 
is par tly that associated with me~urin g th e ~emper
atUl'e with a th ermocouple and wIth an opt1cal py
rometer . For th e platinum-lO percent rhodium 
versus platinum thermocouple th e uncertainty is 
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about oll e degree at 2,000 of and 3 degrees aL 
2,500 OF [7]. For the optical pyromet er th e uncc l'
taiQty was minimized by carefully calibratin g the 
instrumen t in t erms of lamp current and by ad
justing this current precisely in the photometric 
matching. This procedure together with favorable 
blackbody conditions probably limited the un cer
tainty to 5 or 6 degrees at 3,800 ° F. 

The increased electrical conductivity of insulators 
a t high temp erature contributes to the uncer tainty 
of the emf measurem en ts at t emperatures above 
about 3,200 OF . When the tho ria tubes which were 
used at first to support the wires in th e induction 
furnace exhibited lowered r esistance th ey were re
placed with beryllia, which has higher resistivity than 
thoria [8]. E ven so, th e resistance b etween thermo
couple wires (as determin ed in a tes t m ade with the 
wires unjoin ed) deOl'eased to a few tens of obms at 
3,800 OF . The m agnitude of error due to in sula tor 
conduction depends on th e resistance of th e ins ula
tor as compared wi th th e r esistance of th e th ermo
couple wires between poin ts wh ere they eff ecLively 
m ake electrical contact with th e in sulaLor. For 
example, for wire r esistance 0.1 ohm between poin ts 
of con tact, an insulator re istance of 100 ohm s 
would cause the observed emf of th e th ermocoupl e 
to b e 0.1 percent lower than Lh e acLual emf. The 
available data yield an estimated uncer tain Ly of 
this order, which at the high est temperature wo uld 
amount to about 4 OF . Sin ce this conductivity ef
fect is believed to have occurred in a largely fo rtui
tOllS m anner, no correction has been m ade for it. 

An effect was associated wiLh th e electrical CO ll 
duction in th e ceramic insulation which manifesLed 
itself in th e uperposition of a spurio us emf on th e 
th ermal emf clue to the presence of th e strong rf 
fi eld . This was though t to r esult from a rectifying 
proccs . It wa not alway present, but when it 
was, r eadin gs were ob Lain ed th at wer e larger 0 1' 

sm aller than the th ermal emf by as m uch a 100 J.l.V . 

Its m agnitude was ascertained by t urnin g off tl~ e 
power and observing the instan taneous cha nge 1Il 

galvanometer deflection, which occurred before an 
appreciable change clu e to cooling took place. The 
readings were corrected by the appropriate am oun t. 
W e b elieve that loss in preci ion arising from this 
effect was h eld to a few microvol ts by th e m eans 
adop ted to corr ect for i t . 

The com bined uncer tain ties are b elieved no t to 
exceed 12 OF . 

The wires wer e discolored somewhat after a test. 
Although th ey were embrittled as a r esult of h eatin g, 
ancl evidently h ad undergone considerable recrystal
liza t ion , th eir thermoelectric proper ties were no t 
chan ged appreciably. This was evidenced by good 
agreem en t of emfs m easured in th e low temperatul'~ 
range after a high t emperature calibration . 

The temperature-emf r elationship for 40 percent 
iridium-60 percen t rhodium versus iridium th ermo
couples is plo t ted in figure 4 for temperatures 2,000 
° F to 3,800 OF, alon g with th e th ermal emfs of several 
oth er th ermocouples useful in this ran ge, all having 
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t ungs ten as an element. The data on tun gsten versus 
iridium are from Troy and Steven [9] . For tun gs ten 
versus rhenium the data wer e obtain ed from Lach
man [10], for tungs ten versus molybdenum from 
Potter and Grant [ll], and tungs ten versus t ant alwn 
from Sanders [12] . The emf is also plo tted for plati
nwn -l0 percent l'hodimn vers us pla tinum [3]. 

Some data have b een obtain ed a t N BS on the 
effect of varyin g the p ercent rhodiwn in th e alloy 
leg. They have thus far b een limi ted to temperatures 
a t which a pla timun-rhodiwn versus platimun 
th ermocouple can be used to m easure the tempera
ture. Th ese da ta are plotted for on e temperature, 
2 ,400 OF, in figure 5. 

The authors thank J. F. Swindells and H enry 
Kostkowski for permission to use th e facilities of 
the T emperature Physics Section of th e NBS H eat 
Division , and for th eir h elpful interest in the work ; 
also, to Ronald C. Gordon and D. B. Thomas for 
calibrating, r espectively, th e op tical pyrom eter and 
pla tinum-rhodium versus platinum thermocouple 
used . 

They are also indebted to G. M . Galler and B. S. 
Prush of the Computation Section of th e N BS 
Applied M ath em atics Division for their h elp in 
arrangin g th e data for processin g by the IBi\'[ 704 
Computer . 
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8 . Appendix 

TABLE I-A. Forty percent iridium-60 percent rhodium versus iridillm the1'1nocouples 

Electromotive force in absolute millivolts. Temperature in degrees C (Int. 1948). Reference junction at 0 °C. 

.000 .010 . 020 . 030 . 040 . 050 .060 . 070 . 080 .090 . 100 Millivoll 

0 3.2 6.3 9.4 12.5 15.5 18.6 21. 6 24.5 27.5 30.4 0.000 

30.4 33.3 36.2 39.0 41. 8 44 .6 47.4 50.2 52.9 55.6 58.3 . 100 
58.3 61. 0 63.6 66.2 68.8 71. 4 73.9 76.5 79.0 81. 5 84.0 .200 
84.0 86.5 89.0 91. 5 94.0 96.5 98.9 101.4 103.8 106. 2 108.6 .300 

108.6 111.0 113.3 115.7 118.0 120.3 122.7 125.0 127.3 129.5 131. 8 . 400 
131. 8 134.1 136.3 138. 6 140.8 143. 0 145.2 147.4 149.6 151. 8 154.0 .500 
154.0 156.2 158.3 160.5 162.6 164.8 166.9 169.1 171.2 173.3 175.4 .600 

175.4 177. 5 179.6 181. 7 183.8 185.9 187.9 190.0 192.1 194.1 196.2 .700 
196.2 198.3 200.3 202.4 204.4 206.5 208.5 210.5 212.6 214.6 216.6 .800 
216.6 218.6 220.6 222.6 224.6 226.6 228.5 230.5 232.5 234.4 236.4 .900 

236.4 238.4 2'10.3 242.3 244.2 246.1 248.1 250. a 251. 9 253.9 255.8 1.000 

255.8 257.7 259.6 261. 6 263.5 265.4 267.3 269.2 271.1 273. a 274.9 1.100 
274.9 276.8 278.7 280.6 282.5 284.3 286.2 288. 1 290.0 291. 8 293.7 1. 200 
293.7 295.6 297.4 299.3 301.1 303.0 304.8 306. 7 308.5 310.4 312.2 1.300 

312.2 314.0 315.9 317.7 319.5 321. 3 323.1 325.0 326.8 328.6 330. '1 1.400 
330.4 332.2 334. 1 335.9 337.7 339.5 341. 3 343.2 345.0 346.8 348.6 1. 500 
3'18. 6 350.4 352.2 354. 0 355.7 357. 5 359.3 361.1 362.8 364.6 366.4 1.600 

366. '1 36 .2 370.0 371. 8 373.6 375.4 377. 2 378.9 380.7 3 2.5 3 4.3 1. 700 
384.3 386.1 387.8 389.6 391. 3 393.1 394. 396.6 398.3 400.1 401. 8 1. 800 
401. 8 403.6 405.3 '107.1 408.9 410.7 412.4 414.2 416.0 417.7 419.5 1. 900 

419. 5 421. 2 423.0 424.7 426.5 428.2 430.0 431. 7 433.4 435.2 436.9 2.000 

436.9 438.6 440.4 442.1 443.9 445.6 447.3 449.1 '150.8 452.6 454.3 2. 100 
454. 3 456.0 457.8 459.5 461. 2 462.9 464.7 466.4 468.1 469.9 471. 6 2.200 
471. 6 473.3 475.1 476.8 478.6 40.3 482.0 483.8 485.5 487.3 489.0 2.300 

489.0 490.7 492. 4 494.2 495.9 '197.6 499.3 501.0 502.8 504.5 506.2 2.400 
506.2 507.9 509.6 511. '1 513.1 514.8 516.5 518.2 520.0 521. 7 523.4 2.500 
523.4 525.1 526.8 528.5 530.2 531.9 533.7 535.4 537.1 538.8 540.5 2.600 

540.5 542.2 543.9 545. 7 547.4 549.1 550.8 552.5 554.3 556.0 
557: ~ 2.700 

557.7 559.4 561. 1 562.8 564.6 566.3 568.0 569.7 571. 4 573. 1 574. 2.800 
57'1. 8 576.5 578.2 579.9 581. 6 583.3 585.0 586.7 588.4 590.1 591. 2.900 

591. 8 593.5 595.2 596.9 598.7 600.4 602.1 603.8 605.6 607.3 609.0 3.000 

609. a 610.7 612.4 614.2 615.9 617.6 619.3 621. 0 622.8 62,1. 5 626.2 3.100 
626.2 627.9 629.7 631. 4 633. 1 634.9 636.6 638.3 640.1 641. 8 643.5 3.200 
643.5 6'15.2 646.9 648.6 650.3 652.0 653.7 655.4 657.1 658.8 660.5 3.300 

660.5 662.2 663.9 665.6 667.4 669.1 670.8 672.5 67<1.2 676.0 677. 7 3.400 
677. 7 679.4 681.1 682.9 684.6 686.3 688.1 689.8 691. 5 693.3 695.0 3.500 
695.0 696.7 698.5 700.2 702.0 703.7 705.4 707.2 708.9 710.7 712. 4 3.600 

712.'l 714.1 715.9 717.6 719.4 721.1 722.8 724.6 726.3 728.1 729.8 3.700 
729.8 731.5 733.3 735.0 736.7 738.5 740.2 742.0 743. 7 745.5 747. 2 3.800 
747.2 749.0 750.7 752.5 754.2 756.0 757.7 759.5 761. 3 763.0 764.8 3.900 

764.8 766.6 768.3 770.1 771. 9 773.6 775.4 777. 2 779.0 780.7 782.5 4.000 

782.5 784.3 786.0 787.8 789. 5 791. 3 793.1 794.8 796.6 798.3 800. 1 4.100 
800.1 01. 9 803.7 805.4 807.2 809.0 810.8 812.6 814.3 8 l 6.1 817.9 4.200 
817.9 819.7 821. 4 23.2 825.0 826.7 82 .5 830.3 832. 1 833.8 835.6 4.300 

835.6 837.4 839.2 840.9 842.7 844.5 846.3 848.0 849.8 851. 6 853.4 4.400 
853.4 855.2 857.0 858.8 860.5 862.3 864.1 865.9 867.7 869.5 871. 3 4.500 
871. 3 873. 1 874.9 876.7 878.5 880.3 882.2 884.0 885.8 887.6 889.4 4.600 

889.4 891. 2 893.0 894.8 896.6 898.3 900.1 901. 9 903.7 905. 5 907.3 4.700 
907.3 909.1 910.9 912.7 914.5 916.3 918.1 919.9 921. 8 923.6 925.4 4.800 
925.4 927.2 929. 1 930.9 932.7 934.5 936.4 938.2 940.0 941.9 943.7 4.900 

943.7 945.5 947.3 949.1 950.9 952. 7 954.6 956.4 958.2 960.0 961. 8 5.000 

961. 8 963.6 965.5 967.3 969. 1 971. 0 972.8 974.7 976.5 978.4 980.2 5. 100 
980.2 982. 0 983.9 985.7 987.5 989.3 991.2 993.0 994.8 996.7 998.5 5.200 
998.5 1000.3 1002.2 1004.0 1005.9 1007.7 1009.6 1011.4 1013.3 1015.1 1017.0 5.300 

1017.0 1018.8 1020.7 1022.5 1024.4 1026.2 1028.1 1029.9 1031. 7 1033.6 1035.4 5. 400 
1035.4 1037.2 1039.1 1040.9 1042.7 1044.5 1046. 4 1048.2 1050.0 1051. 9 1053.7 5.500 
1053. 7 1055. 5 1057.4 1059.2 1061.1 1062.9 1064.8 1066.6 1068.5 1070.3 1072.2 5.600 

1072.2 1074.0 1075.9 1077. 7 1079.6 1081. 4 1083.3 1085.1 1087.0 1088.8 1090.7 5.700 
1090. 7 1092.6 1094.4 1096.3 1098.1 1100.0 1101. 9 1103.7 1105.6 lI07.4 1109.3 5.800 
1109.3 1111. 2 1113.0 1114.9 1116.7 1118.6 1120.4 1122.3 1124.1 1126. 0 1127. 8 5.900 

1127.8 1129.6 1131. 5 1133.3 1135.2 1137.0 1138.9 1140.7 1142.6 1144.4 IH6.3 6.000 

. 000 .010 .020 .030 . 040 . 050 .060 .070 . 080 .090 . 100 Millivolts 
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TABLE I- A. Forty percent iridimn-60 pel'cent rhodium versus i1'idimn thel'l1wcouples- Continucd 

Electrom otive force in '1bso1u te m illivolts. Temperature i.l degrees C (Int. 1948). Referen ce jun ction at 0 °C. 

Millivolts .000 . 010 .020 . 030 . 040 . 050 . 060 . 070 .080 . 090 .100 J\'fillivolts 

6.000 1127.8 1129.6 1131. 5 1J33.3 1135.2 1137. a 1138.9 1140.7 1142.6 1144.4 1146.3 6.000 

6.100 1146.3 ]148.2 1150. a 1151. 9 1153.8 1155.6 11 57.5 1159. 4 11 61. 3 1163.1 1165. a 6. 100 
6.200 1165.0 1166.9 1168. 7 1170.6 1172. 5 1174.4 1176.2 1178.1 1180. a 1181. 8 1183. 7 6.200 
6.300 1183.7 1185.6 1187.4 11 89.3 1191.1 1193.0 1194.9 1196.7 1198.6 1200.4 1202.3 6.300 

6.400 1202.3 1204.2 1206. a 1207.9 1209.7 1211. 6 1213.4 1215. 3 1217.2 1219.0 1220.9 6.400 
6.500 1220.9 1222.8 1224.7 1226.6 1228.5 1230. 3 1222. 2 1234. 1 1236. a 1237. 9 U39.8 6.500 
6.000 1239.8 1241. 7 1243.5 1245.4 1247.3 1249.2 1251. a 1252.9 1254.8 1256.6 1258.5 6.600 

6. 700 1258.5 1260.4 1262.2 1264. 1 1266. a 1267.8 1269.7 1271. 6 1273.5 1275.3 1277.2 6.700 
6.800 1277. 2 1279. 1 1280.9 1282.8 1284.7 1286.5 1288.4 1290 3 1292. 2 1294.0 1295.9 6.800 
6.900 1295.9 1297.8 1299. 7 1301. 5 1303.4 1305.2 1307. 1 1309. a 1310.9 1312.7 1314.6 6.900 

7. 000 1314.6 1316.5 1318.3 1320.2 1322. 1 1324. a 1325.8 1 3~7. 7 1329.6 1331. 4 1333.3 7.000 
- --

7 . .100 1333. 3 1335.2 1337. a 1338.9 1340.7 1342.6 1344.4 1346.3 1348. 1 1350. a 1351. 8 7. 100 
7.200 1351.8 1353. 7 1355.5 1357. 4 1359.2 1361. 1 1363. a 1364.8 1366. 7 1368.5 1370.4 7.200 
7.300 1370.4 1372. 2 1374.1 1375.9 1377. 7 1379.6 1381. 4 1383.2 1385. a 1386.9 1388.7 7.300 

7.400 1388.7 1390.5 1392.4 1394. 2 1396. a 1397. 8 1399.7 1401. 5 1403.3 1405.2 1407. a 7.400 
7.500 1407. a 1408.8 1410.7 1412. 5 1414.4 1416.2 1418. 1 1419.9 1421. 7 1423.6 1425. 4 7.500 
7.600 1425.4 1427.2 1429. a 1430.8 1432.7 1434.5 1436.3 1438.1 1439.9 1441. 7 1443. 5 7.600 

7.700 1443.5 1445.3 1447.1 1448.9 1450. 7 1452.5 1454. 4 1456.2 1458. a 1459.8 1461. 6 7.700 
7.800 1461. 6 1463.4 1465.2 1467. a 1468.9 1470.7 1472.5 1474.3 1476. 1 1477.9 1479.7 7.800 
7.900 1479.7 1481. 5 1483.3 1485.1 1486.9 1488.7 1490.5 1492. 2 149,1. a 1495. 8 1497.6 7.900 

- --
8.000 1497.6 1499.4 1501. 2 1503. a 1504.7 1506.5 1508. 3 1510.1 1511.9 1513.6 1515.4 8.000 

8.100 1515.4 .1 517.2 1518.9 1520.7 1522.4 1524.2 1525.9 1527.7 1529.4 1531. 2 1532.9 8.100 
8.200 1532.9 1534.6 1536.4 1538.1 1539.9 1541. 6 1543.3 1545.1 1546.8 1548.6 1550.3 8.200 
8.300 1550.3 1552. a 1553.8 1555.5 1557. 2 1559. a 1560. 7 1562.5 1564.2 1566. a 1567. 7 8.300 

8.400 1567. 7 1569. 5 1571. 2 1573. a 1574. 7 1576. 5 1578.3 1580. a 1581. 8 1583.5 1585.3 8.400 
8.500 1585.3 1587. a 1588.8 1590.5 1592.3 1594.0 1595.8 1597.5 1599.3 1601. a 1602.8 8.500 
8.600 1602.8 1604.6 1606.3 1608. 1 1609.9 1611. 6 1613.4 1615.2 1617. a 1618. 7 1620.5 8.600 

8.700 1620.5 1622.3 1624. a 1625.8 1627.5 1629.3 1631. 1 1632.8 1634.6 1636.3 1638. 1 8.700 
8.800 1638. 1 1639.9 1641. 6 1643.4 1645.2 1646. 9 1648. 7 1650.4 1652.2 1653.9 1655.7 8.800 
8.900 1655.7 1657.4 1659.2 1660.9 1662.6 1664.4 1666.1 1667.8 1669. 5 1671. 3 1673. a 8.900 

9. 000 1673. 0 1674.7 1676.5 1678.2 1680. a 1681. 7 1683.5 1685. 2 1686.9 1688. 7 1690.4 9.000 

9.100 1690. 4 1692. 1 1693.8 1695.5 1697.2 1699. a 1700.7 1702.4 1704.1 1705.8 1707.5 9. 100 
9.200 1707.5 1709.2 1711. a 1712.7 1714.4 1716.2 1717.9 1719.6 172.1. 3 1723.1 1724.8 9. l oo 
9.300 1724.8 1726.5 1728.2 1729.9 1731. 6 1733.3 1735. a 1736.7 1738.4 1740.1 1741. 8 9.300 

9.400 1741. 8 1743.5 1745.2 1746.8 1748.5 1750.2 1751. 9 1753.6 1755. 2 1756.9 1758.6 9.400 
9. 500 1758.6 .1760.3 1702. a 1763.7 1765.4 1767. a 1768. 7 1770.4 1772.1 1773.8 1775.5 9.500 
9.600 1775.5 1777.2 1778.9 1780.5 1782.2 1783.9 1785.6 1787.3 1788.9 1790.6 1792.3 9.600 

9.700 1792.3 1794. a 1795.7 1797.4 1799.0 1800.7 1802.4 1804.1 1805.8 1807.4 1809.1 9. 700 
9.800 1809.1 1810.8 1812.4 1814.1 1815.7 1817.4 1819.0 1820.7 1822.3 1824. a 1825.6 9.800 
9.900 1825.6 1827. 2 1828.9 1830.5 1832.2 1833.8 1835.5 1837.1 1838.8 1840.4 1842. 1 9.900 

10. 000 1842.1 1843.8 1845.4 1847.1 1848.7 1850.4 1852. a 1853.7 1855.3 1857. a 1858.6 10.000 

10.100 1858.6 1860.2 1861. 9 1863.5 1865.2 1866.8 1868.5 1870.1 1871. 7 1873.4 1875. a 10. 100 
10.200 1875. a 1876.6 1878.3 1879.9 1881. 5 1883.2 1884.8 1886.4 1888. 1 1889.7 1891. 3 10.200 
10.300 1891. 3 1892.9 1894.5 1896.1 1897.7 1899.3 1900.9 1902.4 1904. a 1905.6 1907.2 10.300 

10.400 1907.2 1908.8 1910. 4 1912.0 1913.6 1915.1 1916.7 1918. 3 1919.9 1921. 5 1923.1 10.400 
10.500 1923.1 1924. 7 1926.3 1927.9 1929.5 1931.1 1932.7 1934. 2 1935.8 1937.4 1939. a 10.500 
10.600 1939.0 1940.6 1942.1 1943. 7 1945.3 1946. 8 1948.4 1949.9 1951. 5 1953.1 1954.6 10. 600 

10.700 1954.6 1956.2 1957.7 1959.3 1960.8 1962.3 1963.9 1965.4 1967.0 1968.5 1970. a 10.700 
10.800 1970. a 1971. 5 1973. a 1974 .4 1975.9 1977.4 1978.9 1980.4 1981. 9 1983.4 1984.9 10.800 
10.900 1984.9 1986. 5 1988.0 1989.6 1991. 2 1992.8 1994.4 1995.9 1997.5 1999. 1 2000.7 10.900 

11. 000 2000.7 2002.2 2003.8 2005.3 2006.9 2008.4 2009.9 2011. 4 2013.0 2014.5 l016. a 11. 000 

11.100 2016.0 2017.5 2019.1 2020.6 2022.1 2023.7 2025.2 2026.7 2028.3 2029.8 2031. 3 11.100 
11. 200 2031. 3 2032.8 2034.3 2035.8 ~037. 3 2038. 8 ~040. 3 2041.8 2043.3 2044.8 2046.3 11. 200 
11.300 2046.3 2047.8 2049.3 2050. 9 2052.4 2053.9 2055.5 2057.0 2058.5 2060.1 2061. 6 11. 300 

11.400 2061. 6 2063. 1 2064.7 2066.2 2067.7 2069.2 2070.7 2072. 3 2073. 8 2075.3 2076.8 11. 400 
11. 500 2076.8 2078.3 2079.8 2081. 3 ~082. 8 2084.3 2085.8 2087.3 2088.8 2090.3 2091. 8 11.500 
11. 600 2091. 8 2093.3 2094.8 

- --
}'lillivolts .000 .010 .020 .030 .040 . 050 .060 .070 . 080 .090 . 100 AIiWvolt 
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T ABLI, II- A. Forty percent il'idiwn-60 percent rhodium versus iridium thermoCOltples 
Electromotive force in absolute millivolts. Temperatnre in degrees C (Int. 1948). Reference junction at 0 °C. 

0 10 20 30 40 50 60 70 80 90 100 

0.000 0.032 0.064 0.098 0.134 0.170 0.206 0.245 0.284 0.324 0.365 
.365 . 406 . 449 .492 . 536 .581 . 627 .674 . 722 .770 .818 
.8 18 .868 .917 .968 1. 019 1. 070 1.122 1.174 1. 227 1. 280 1. 334 

1. 334 1.388 1.443 1. 498 1. 5.13 1. 608 1. 664 1. 720 1. 776 1.832 1. 889 
1. 889 1. 946 2.003 2.060 2.n8 2. 175 2.233 2.291 2.348 2.406 2.464 

2.464 2.522 2.580 2.639 2.697 2.755 2.814 2.872 2.930 2.989 3.047 
3.047 3.106 3.164 3.222 3.280 3.339 3.397 3.455 3.513 3.571 3.628 
3.628 3.686 3.744 3.801 3.859 3.916 3. 973 4.030 4.086 4.143 4.199 
4.199 4.256 4.312 4.368 4.424 4.480 4.537 4.593 4.648 4.703 4.759 
4.759 4.815 4.870 4.925 4.980 5.035 5.090 5. 144 5.199 5.254 5.308 

5.308 5.362 5. 417 5.471 5.525 5.580 5.634 5.688 5.742 5.796 5.850 
5.850 5.904 Ii 958 6.012 6.066 6.120 6.173 6.227 6.280 6.334 6.388 
6.388 6.441 6.493 6.548 6.601 6.654 6.708 6.761 6.815 6.869 6.922 
6.922 6.976 7.029 7.082 7.136 7.190 7.244 7.298 7.352 7.407 7. 461 
7. 461 7.516 7.5il 7.626 7.6n 7.736 7.791 7.847 7.902 7.957 8. 013 

8.013 8.070 8.127 8.183 8.241 8.298 8.356 8.4 13 8.470 8.526 8.583 
8.583 8.640 8.697 8.754 8.811 8.868 8.925 8.983 9.040 9.098 9.156 
9.156 9.214 9.272 9.331 9.390 9.449 9.508 9.567 9.627 9.686 9.745 
9.74., 9.805 9.866 9.926 9.987 10.048 10.108 10.169 10.230 10.292 10.355 

10.355 10.417 10.480 10.543 10.606 10. 670 10.735 10.800 10.865 10.930 10.995 

10.995 11. 061 11.126 n . 192 n .258 n .324 n.389 11. 455 n .521 11.588 )1. 654 
n.654 

0 )0 20 30 40 50 60 70 80 90 )00 

°C 

0 
100 
200 
300 
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500 
600 
700 
800 
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1000 
1100 
1200 
1300 
1400 

1500 
1600 
1700 
1800 
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2000 

°C 

TABLE III- A. Porty lJercent il'idilon-60 percent rhodium versus iridiwn the1'1nocouples 
Electromotive force in absolute milli volts. Temperature ill degrees F (lil t. 19'18). Referellce jllllctioll at 32 o ~' . 

Millivolts .000 010 .020 .030 .040 .050 060 .070 . 080 . 090 . 100 M illivolt 

0.000 32.0 37.7 43.4 49.0 54.5 60.0 65.5 70.9 76.2 81. 5 86. 0.000 

. 100 86.8 92.0 97.2 102.3 107.4 112.4 117.4 122. 'I 127.3 132.2 )37.0 . 100 
. 200 137.0 )41. 8 ]46.5 151. 2 155.8 160.5 165.1 169.6 174. 2 178.7 183.2 .200 
.300 183.2 187.7 192.2 196.7 201.1 205.6 210.0 214.4 218.7 223.1 227.4 .300 

. 400 227.4 231. 7 235.9 ~40. 2 244.4 248.6 252.7 250.9 261. 0 265.1 269.2 .400 

.500 269.2 273.3 277.3 281. " 285. 4 289.4. 293.4 297. '1 301. 3 305.3 309.2 .500 

.600 309.2 313.1 317.0 320.9 324.8 328.7 332.5 336.4 3'10.2 344.0 347.8 .600 

.700 347.8 351. 6 355. " 359. I 362.9 366.6 370.4 374. 1 377. 8 381. 5 385.2 . 700 

.800 385.2 388.9 392.6 396.3 399.9 403.6 407.3 410.9 414. 5 41 . 2 421. 8 .800 

. 900 42 1. 8 425.4 429.0 '132.6 436.2 439.8 443.3 '146.9 450.4 '154 . 0 '157.5 . 900 

1.000 457.5 461.0 464.5 468.0 471. 5 475.0 478.5 482.0 485.5 488.9 492.4. 1. 000 

1.100 492.4 495.9 499.3 502.8 506.3 509.7 513.2 516.6 520.0 523.5 526.9 1.100 
1.200 526.9 530.3 533.7 537.1 540.5 543.9 547.3 550.6 554.0 557.3 560.7 1. 200 
1. 300 560.7 564.0 567. 4 570.7 574. 1 577. 4 580.7 584. 1 687.4 590.7 594.0 1.300 

1. 400 594.0 597.3 600.6 603.8 607.1 610.4 613.7 616.9 620.2 623.4 626.7 1. 400 
1. 500 626. 7 630.0 633.3 636.5 639.8 643.1 646.4 649.6 652.9 656.1 659.4 1.500 
1.600 659.4 662.6 665.9 669. 1 672.3 675. 5 678.7 682.0 685.2 688.4 691. 6 1.600 

1. 700 691. 6 694.8 698.1 70 1. 3 704.5 707.7 711.0 714.2 717.4 720.6 723.8 1.700 
1. 800 723.8 727.0 730. 1 733.3 736.4 739.6 742.7 745.9 749.0 752.2 755.3 1. 800 
1.900 755.3 758.5 761. 7 764.8 768.0 771.2 774.4 777. 6 780.8 783.9 787. 1 1. 900 

2.000 787.1 790.2 793.4 796.5 799.7 802.8 805.9 809.0 812.2 815.3 818. 4 2.000 

2. 100 818.4 821. 5 24.7 827.8 830.9 834.1 837.2 840.3 843.4 846.6 849.7 2. 100 
2.200 849. 7 852.8 855.9 859.1 862.2 865. 3 868.4 871. 5 874.7 877. 8 880.9 2.200 
2.300 880.9 884.0 887.2 890.3 893.4 96.6 899.7 902.8 906.0 909. 1 912.2 2.300 

2.400 912.2 915.3 918.4 921. 5 924.6 927.7 930.8 933. 936.9 940.0 943. 1 2. 400 
2.500 943.1 946.2 949.3 952.4 955.5 958.6 961. 7 9&1.8 967.9 971.0 974.1 2.500 
2. 600 974.1 977. 2 980.3 983.3 986.4 989.5 992.6 905.7 998.7 1001.8 1004.9 2.600 

2. 700 1004. 9 1008.0 1011.1 1014.2 1017.3 1020.3 1023.4 1026.5 1029.6 1032. 7 1035.8 2.700 
2.800 1035.8 1038.9 10UO 1045.1 1048.2 1051. 3 1054.4 1057.4 1060.5 1063.6 1066.7 2.800 
2.900 1066.7 1069.8 1072.8 1075.9 1078.9 1082.0 1085.1 )088.1 1091. 2 1094. 2 1097.3 2.900 

---
3.000 1097.3 1100. 4 1103.4 1106.5 1109.6 1112.7 1115.8 1118.9 1122.0 1125.1 1128. 2 3.000 

3. 100 1128.2 1131. 3 1134.4 1137.5 1140.6 1143.7 1146.8 1149.9 1153.0 1156. 1 1159.2 3. 100 
3. 200 1159.2 1162.3 !l65.4 1168.5 1171. 6 1174.7 1177. 8 !l80.9 1184.1 1187.2 1190.3 3.200 
3.300 1190.3 1193. 4 1196. 4 1199.5 1202. 5 1205.6 1208.6 1211. 7 1214.8 1217. 8 1220.9 3.300 

3.400 1220.9 1224. 0 1227.1 1230.2 1233.3 1236.4 1239.5 1242.6 1245.7 1248.8 1251. 9 3.400 
3.500 )251. 9 1255.0 1258.1 1261.2 1264.4 1267.5 1270.6 1273.7 1276.8 1280.0 1283. 1 3.500 
3.600 1283. 1 1286. 2 1289.4 1292.5 1295.6 1298.7 1301. 9 1305. 0 1308. 1 1311.3 1314.4 3.600 

3.700 )314.4 1317.5 1320.6 1323.8 1326.9 1330.0 1333. 1 1336.2 1339.4 1342.5 1345.6 3.700 
3.800 1345.6 1348.7 1351. 8 1355.0 1358.1 1361. 2 1364.3 1367.5 1370.6 1373.8 1376.9 3.800 
3.900 1376.9 1380. 1 1383.2 1386.4 1389.6 1392.8 1395.9 1399. 1 1402.3 1405.5 1408.7 3. 900 

---
Millivolts .000 .010 . 020 .030 .040 .050 . 060 .070 .080 .090 .100 jVIillivoUs 
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TABLE III-A. Forty percent il'idium-60 percent rhodium versus iridium thermocouples- Conti nued 

Electromotive force in absol ute millivol ts. 'l'emperaturc in degrees F (Int. 1948). Reference junction at 32 OF. 

lv(illivolts .000 .010 . 020 .030 .040 . 0.10 .060 .070 .080 .090 . 100 Millivolts 

4.000 1408.7 1411. 9 1415.1 1418.3 1421. 5 1424.7 1427.9 1431. 0 1434.2 1437. ,1 1440.6 4.000 

4.100 1440.6 1443. 8 1446.9 1450.1 1453.2 1456.4 1459.6 1462.7 1465.9 1469.0 1472.2 4. 100 
4.200 1472.2 1475.4 1478. 6 1481. 8 1485.0 1488.2 1491.4 1494.6 1497.8 1501. 0 1504.2 4.200 
4.300 1504.2 1507.4 1510.6 1513. 8 1517.0 1520. 1 1523.3 1526.5 1529.7 1532.9 1536.1 4.300 

4.400 1536.1 1539.3 1542.5 1545. 7 1548.9 1552.1 1555.3 1558. 5 1561. 7 1564.9 1568. 1 4.400 
4.500 ]568. 1 157 1. 3 1574.5 1577. 7 1580.9 1584. 2 1587. 4 1590.6 1593.8 1597. I 1600.3 3.500 
4.600 1600.3 1603.6 1606.8 1610. 1 1613.3 1616.6 1619 9 1623.1 1626.4 1629.6 1632.9 4.600 

4.700 1632.9 1636.1 1639. " 1642.6 1645.8 1649. 1 1652.3 1655.5 1658. 7 1002.0 1665.2 4. 700 
4.800 1665.2 1668. " 1671. 7 1674.9 1678.2 1681. 4 1684. 7 1687.9 1691.1 1694.4 1697.7 4. 800 
4.900 1697.7 1701. 1 1704. 3 1707.6 1710. 8 1714. 1 1717. 4 1720. 7 1724.0 1727.3 1730.6 4.900 

---
5.000 1730.6 1733.9 1737.1 1740.4 1743.7 1746.9 1750.2 1753. 5 1756.8 1760.0 1763.3 5.000 

5. 100 1763.3 1766.6 1769.9 1773.2 1776.5 1779.8 1783.1 1786. " 1789.7 1793.0 1796. 3 5. 100 
5.200 1796.3 1799. 6 1802.9 1806. 2 1809. 5 1812. 8 1816.1 1819.4 1822.7 1826.0 1829.3 5.200 
5.300 1829.3 1832.6 1836.0 1839.3 1842.6 1845.9 1849.3 1852.6 1855.9 1859.3 1862.6 5.300 

5.400 1862.6 1865.9 1869.2 1872.5 1875.9 1879. 2 1882.5 1885.8 1889.1 1892.4 1895.7 5.400 
5.500 1895.7 1899.0 1902.3 1905.6 1908.9 1912. 2 1915.5 1918.8 1922.1 1925.4 1928.7 5.500 
5.600 ]928.7 1932. 0 1935.3 1938. 7 1942.0 1945.3 1948. 7 1952.0 1955.3 1958.7 1962.0 5.600 

5.700 1962.0 1965.3 1968.7 19n. 0 1975.3 1978.6 1982.0 1985.3 1988.6 1992.0 1995.3 5.700 
5.800 1995.3 1998.6 2002.0 2005.3 2008.7 2012.0 2015.3 2018.7 2022. 0 2025.4 2028.7 5.800 
5.9CO 2028. 7 2032.0 2035. 4 2038.7 2042. 0 2045.3 2048.7 2052.0 2055.3 ~058. 7 2062.0 5.900 

--- ----
6.000 2062.0 2065. 3 2068.6 2072.0 2075.3 2078.6 2082.0 2085.3 2088.6 2092.0 2095.3 6.000 

---
6. 100 2095.3 2098.7 2102. 0 2105. 4 2108.8 211 2. 1 2115.5 2118.9 2122.2 2125.6 2129.0 6.100 
6.200 2129.0 2132.4 2135. 7 2139.1 2142.5 2145.9 2149.2 2152.6 2156.0 2159.3 2162.7 6. 200 
6.300 2162.7 2166. 0 2169.4 2172.8 2176.1 2179.5 2182.8 2186.2 2189.5 2192.9 2196.2 6.300 

6.400 2196.2 2199.5 2202.9 220ft 2 2209.6 2212.9 2216.3 221g.6 2223. 0 2226.3 2229.7 6.400 
6.500 2229.7 2233.1 2236.5 2239.2 2243.3 2246.7 2250. 1 2253.5 2256.9 22DO.3 2263.7 6.500 
6.600 2263.7 2267.1 22, 0.4 2273. 8 22i1.2 2280.5 2283.9 2287. 2 2290.6 2293.9 2297.3 6.600 

6. 700 2297.3 2300.7 2304.0 2307.4 2310.8 2314. 1 2317.5 2320.9 2324.2 2327.6 2331.0 6. 700 
6.800 2331.0 2334.4 2337.7 2341. 1 2344.5 2347.9 2351. 2 2354.6 2358.0 2361.3 2364.7 6.800 
6.900 2364.7 2368.1 2371. 4 2374.8 2378.1 2381. 5 2384.9 2388.2 2391. 6 2394.9 2398.3 6.900 

---
7.000 239S.3 2401. 7 2405. 0 2408.4 2411.8 2415.2 2418.5 2421. 9 2425.3 2428.6 2432.0 7. 000 

----
7.100 2432.0 2435.3 2438.7 2442.0 244-'.3 2448.7 2452.0 2455.3 2458.6 2462.0 2465.3 7.100 
7.200 2465. 3 2468.6 2472.0 2475.3 2478.7 2482.0 2485.4 2488.7 2492. 0 2495. 4 2498.7 7.200 
7.300 2498.7 2502.0 2505.3 2508. 6 2511. 9 2515. 2 2518.5 2521.8 252.1.1 2528.4 2531. 7 7.300 

7.400 2531. 7 2535.0 2538.3 2541. 6 2544.9 2548.2 2551. 5 2554.8 2558.1 2561. 4 2564.7 7.400 
7.500 2564.7 2568. 0 2571. 3 2574.6 2577.9 2581. 2 2584.5 2587.8 2591.1 2594.4 2.197.7 7. 500 
7.600 2597.7 2601.0 2604.2 2607.5 2610.8 2614.0 2617.3 2620.5 2623.8 2627.0 2630.3 7.600 

7.700 2630.3 2633.6 2636.8 2640.0 2643.3 2646.6 2649.9 2653.1 2656. 4 2659.6 2662.9 7.700 
7.800 2662.9 2666.2 2669.4 2672.7 2676.0 2679.2 2682.5 2685.7 2689.0 2692.2 2695.5 7.800 
7.900 2695.5 2698.7 2702.0 2705.2 2708.4 2711. 6 2714.9 2718. 1 2721. 3 2724.5 2727. 7 7. 900 

---
8.000 2727. 7 2730.9 2734.1 2737.3 2740.5 2743. 7 2746.9 2750.1 2753. 3 2756.5 2759.7 8.000 

8. 100 2759.1 2762.9 2766.0 2769.2 2772.3 2775.5 2778.6 2781. 8 2784.9 2788.1 2791. 2 8.100 
8. 200 2791. 2 2794. 3 2797.5 2800.6 2803.7 2806.9 2810.0 2813. 1 2816.2 2819.4 2822.5 8.200 
8.300 2822. 5 2825.6 2828.8 2831. 9 2835. 0 2838.2 2841. 3 2844.5 284 7.6 2850.7 2853. 9 8.300 

8.400 2853.9 28.17.1 2860.2 2863.4 2866.6 2869.7 2872.9 2876. 1 2879.3 2882.4 2885.6 8. 400 
8. 500 2885.6 2888.7 289 1. 9 2895.0 2893.2 2901. 3 2904.5 2907.6 2910.8 2913.9 2917.1 8.500 
8. 600 2917. 1 2920.3 2923.5 2926.7 2929.9 2933.0 2936.2 2939.4 2942. 6 2945.8 2949. 0 8600 

8.700 2949.0 2952.2 2955. 3 2958.5 2961. 7 2964. 8 2968.0 2971.1 2974.3 2977.4 2980.6 8.700 
8.800 2980.6 2983.8 2986.9 2990. 1 2993.3 2996.4 2999.6 3002.7 3005.9 3009. 1 3012.2 8.800 
8.900 3012.2 3015.3 3018.5 3021. 6 3024.7 3027.8 3030. 9 3034.1 3037.2 3040.3 3043.4 8.900 

9.000 3043.4 3046.5 3049.7 3052.8 3055.9 3059.1 3062.2 3065.3 3068.5 3071. 6 3074. 7 9.000 

9. 100 3074.7 3071. 8 3080.9 3084.0 3087. 1 3090.2 3093.3 3096.3 3099. " 3102.5 3105.6 9. 100 
9.200 3105.6 3108.7 3111. 8 3114.9 3118.0 3121. 1 3124.2 3127.3 3130.4 3133.5 3136.6 9.200 
9. 300 3136.6 3139.7 3142.7 3145.8 3148.9 315t. 9 3155.0 31.18.0 3161. 1 3164.2 3167. 2 9.300 

9.400 3167.2 3170.2 3173.3 3176.3 3179.4 3182.4 3185.5 3188. 5 3191. 5 3194.6 3197. 6 9. 400 
9. 500 3197. 6 3200.6 3203.7 3206.7 3209.7 3212.8 321 5.8 3218.8 3221. 8 3224.9 3227.9 9.500 
9.600 3227.9 3230.9 3234.0 3237.0 3240. 0 3243.0 3246. 1 3249.1 3252.1 3255.2 3258. 2 9.600 

9.700 3258.2 3261. 2 3264.3 3267. 3 3270.4 3273.4 3276.4 3279.4 3282.5 3285.5 3288.5 8. 700 
9. 800 3288. 5 3291.5 3294.5 3297.4 3300. 4 3303.4 3306.4 3309.3 3312.3 3315.2 3318.2 9.800 
9.900 3318.2 3321. 2 3324. 1 3327.1 3330.1 3333.0 3330.0 3339.0 3342.0 3344.9 3347. 9 9.900 

Millivolts .000 .010 .020 .030 .040 .050 . 060 .070 .080 .090 . 100 Millivolts 
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TAB],], III-A. F01·ty percent iridimn-60 percent r'hodiu7n Ve1'SllS i r'idiwn thermocouples - Co nt inu ed 

Electromotive force ill absolut e millivolts. Temperature ill degrees l' (I n t. 1948) . Referencc junction at 32 °F . 

Millivolts .000 .0 10 .020 .030 .040 .050 . 000 . 070 .080 .090 . 100 Millivol ts 

lO. OOO 

10. 100 
10. 200 
10.300 

10.400 
10.500 
10.000 

10. 700 
10. 800 
10.900 
---

1I. 000 

1l.l00 
11. 200 
11. 300 

11. 400 
11. 500 
11. 600 

M illivolis 

OF 
--

0 
100 
200 
300 
400 

500 
000 
700 
800 
900 

1000 
1100 
1200 
l:l00 
1400 

1500 
1600 
1700 
1800 
1900 

2000 
2100 
2200 
2300 
2400 

2500 
2600 
2700 
2800 
2900 

3000 
3100 
3200 
3300 
3400 

3500 
3600 
3700 
3800 

---
°F 

3347. 9 3350.9 3353.8 3356.8 3359.8 33628 3365.7 3368.7 3371. 7 3374.6 3377. 6 10.000 

3377.6 3380.6 3383.5 3386.5 3389. <I 3392.4 3395.3 3398.3 3401. 2 3404.2 3407.1 10. 100 
3407.1 3410.0 3413.0 3415.9 3418.8 3421. 7 3424.7 3427.6 3430.5 3433.4 3436.3 10.200 
3436.3 3439.2 3442.1 3'144 .9 3447.8 3450.7 3453.5 3456.4 3459.3 3462. 1 3465.0 10. 300 

3465. 0 3467.9 3470. 7 3473.6 3476.5 3479.4 3482.2 3485.1 3488.0 3490.8 3493. 7 10. 400 
3493. 7 3496.6 3499.4 3502.3 3.105.1 3508.0 3510.8 3513. 7 3516.5 3519.4 3522.2 10. 500 
3522.2 3525.0 3527.8 3530.7 3533.5 3536.3 3539. 1 3541. 9 3544.7 3547.5 3550. 3 10.600 

3550.3 3553. 1 3555.9 355R. 7 356 1. 4 35M. 2 3567.0 3569.8 3572. 6 3575.3 3578. 1 10.700 
3578. 1 3580.9 3583.7 3586.4 3589. 2 3592.0 3594.7 3597. 5 3600. 3 3603.0 3005.8 10. POO 
3005. 8 3608. (; 3611. 3 3(;14.1 3616.8 3619.6 3622.3 3625. 1 3627.8 3630.6 3633.3 10.900 

----
3633.3 3636.0 3638. 8 36·11. 5 3644.3 3ew7.0 3649. 8 3652 . 5 3655.3 3658. 0 3660. 8 11. 000 

3660.8 3663.6 366(;.3 30li9. 1 3671. 8 3674 .6 3677. 3 3680. 1 3682.8 3685.6 368~. 3 ] 1.100 
368~. ;{ 3691.0 3093.7 3696.4 3n99. I 3701. 8 3704.5 3707.3 3710.0 371 2.7 37 15. 4 I I. 200 
3715. 4 3718.2 3720.9 3723.7 3726.4 3729.2 3732.0 3734.7 3737 . . \ 3740. 2 3743.0 11.300 

37'13.0 3745.7 374R. 5 375 1. 2 a7M.O 375fi.7 3759.4 3762. 1 37M.9 3767.6 3770.3 11. 400 
3770.3 3773.0 377.5.7 377R 4 3781.1 3783. 3786. 5 3789.2 3791. 9 379'1. 6 3797. 3 I!. 500 
3797. a 3S00.0 

---
. 000 .010 .020 .030 .040 .050 .060 .070 .080 .090 .100 ]I'[illivoli s 

T ABLE I V- A. ]i'm·tv peTCent iTidiU11l-60 percentrhodill ln veTS US iridium thermocou ples 

E lectromolh'o force in nbsolute milli volts. T emperature in. degrees F (In t. 1948) . Reference jUilcLion at 32 0 1<' . 

0 10 20 30 40 50 60 70 80 90 100 OF 
- ---

0.0 15 0. 032 0.050 0.068 0.087 0. 106 0. 126 0 
0.12(; 0. 146 0. 166 0.186 .206 .277 .249 . 27 I . 293 .315 .337 100 
.337 . 360 .383 .406 . 430 . 454 . 478 .502 .526 .55 1 . 576 200 
.57(i . (m2 . G:l7 . 653 .679 .706 . 732 .759 .78G .813 . 840 300 
.840 . 868 .895 .923 . 951 .979 1. 007 1. 036 I. 064 1. 093 1. 122 400 

1.122 I. 151 1. 180 1.209 1. 239 1. 268 I. 298 1. 328 \. 358 1. 388 1. 418 500 
I. 418 I. 449 I. 480 I. 510 1. 541 1. 571 1. 602 1. 633 I. 664 I. 695 I. 720 600 
J. 7~6 1. 757 I. 788 1.820 1. 851 I. 883 1. 915 I. 946 I. 978 2.010 2.041 700 
2.0H 2.073 2. 105 2.137 2. 169 2.201 2.233 2. 205 2.297 :2.329 2.361 800 
2.36L 2.393 2. 425 2.458 2.490 2.52'2 2.554 2.587 2.6 19 2.652 2.684 900 

2.68-\ 2.7 17 2.749 2.781 2.814 2.846 2.878 2. 011 2.9,n 2. 976 3.009 1000 
3.009 3. 041. 3.073 3. 106 3.138 3.170 3.203 3.235 3.267 3.299 3.332 HOD 
3.332 3.365 3.397 3429 3. 461 3. 494 3. 526 3. 558 ~. 590 3. (;22 3.654 1200 
3.654 3.686 3.718 3.750 3.782 3.814 3.840 3. 878 3.9 10 3.91[ 3.973 1300 
3.973 4.004 4. 036 4.067 4.098 4. 130 4. 162 '1. 193 4.225 4.256 4.287 1400 

4.287 'I. 318 4.3'19 4.381 4.412 4.443 'I. 474 4.506 4.537 4.508 4.599 1500 
'1.599 4.629 4.600 4.69 1 4. 722 4. 75:{ 4.7H4 4. 815 4. 46 4.876 '1.907 1600 
4.907 4.937 4.968 4. 998 5. 029 5.060 5.090 5. 120 5. 150 5. 181 5.211 1700 
5.211 5. ~42 5.272 5.302 5.332 5.362 5.392 5.423 5. '153 5. 483 5.513 1800 
5.513 5. 543 a.574 5. 60·1 5. 6M 5.6M 5.69-1 5. 724 5.7M 5. 78·l 5.8 1<1 1900 

5.81<l .5.844 5.874 5.904 5.934 5.9M 5.99-1 6.021 6.054 6.lI84 6. 11 4 2000 
6. 11 4 (i. 14:3 G. I 73 1i.2n (i. 233 0.263 6.292 fi.322 o. as'J (;.382 (i.411 2100 
6.41 1 (i.441 6. 471 6.50 1 6.530 6.560 6.589 6.619 6.6-18 6.678 6.708 2200 
6. 708 6. 738 6. 767 6.797 6.827 6. 857 6.886 6.91G 6.9,16 6.976 7.005 2300 
7. 00 5 7.035 7.064 7.094 7.124 7. 154 7.184 7.2 11 7.24'1 7.2H 7.30<l 2400 

7.304 7.334 7.364 7.395 7.425 7.455 7. 486 7.5 1G 7. 547 7.577 7.607 2500 
7.607 7.638 7.669 7.699 7.730 7. 760 7.791 7.822 7. 85:l 7.883 7.914 2600 
7.914 7.945 7.976 8.007 8.039 8. 070 8. lO l 8. 133 8. 161 8. 196 8.228 2700 
8.2'28 8.260 8.292 8.324 8.356 8. 388 8.4 19 8. 451 8.482 8.514 S. 545 2800 
8. 545 8.577 8.008 8.640 8.672 8.703 8. 735 8.767 8. 798 8.830 8.862 2900 

8. 862 8. 893 8.925 8.957 8.989 9.021 9.053 9. 085 9. 117 9.149 9.182 3000 
9. 182 9.214 9.246 9.279 9.311 9.34<1 9.377 9.409 9.442 9. 475 9.508 3100 
9.508 9.541 9.574 9.607 9.640 9.673 9.706 9.739 9.772 9.805 9.839 3200 
9.839 9.873 9.906 9.940 9.973 10. 007 10.041 10.075 10.108 10. 142 10. 176 3300 

10.176 10.210 10. 244 10.278 10.313 10.348 10.383 1O. H 7 10. 452 10.487 10.522 3400 

10.522 10.557 10.592 10.628 10.663 10.699 .10. 735 10.77L 10. 807 10.843 10.879 3500 
10.879 10. 915 10.951 ]0.988 11. 024 11. 061 J l. 097 11.133 11.170 11. 206 11. 243 3600 
11. 243 11. 280 11. 317 11.353 11.389 11. 426 11.462 11. 499 11. 536 11. 573 11.6lO 3700 
11. 61 0 3800 

0 10 20 30 40 50 60 70 80 90 100 OF 
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TABLE V- A. Thermal emf of i1'idiwn verS1tS platinum 27 

Uefcrcnce junction at 32 of . 

op '1nV op 7nV 
---------

32 0 1300 7.729 
100 0.227 1350 8. 158 
150 .413 1400 8. 596 
200 . GIG 1450 9.043 
250 .834 1500 9.499 

300 1. 066 1550 9.904 
350 1. 310 1600 10.437 
400 1. 565 1650 10.919 
450 1. 830 1700 11. 410 
500 2.105 1750 11.910 

550 2.390 1800 12. 419 
000 2.685 1850 12.936 
650 2.988 1900 13.460 
700 3.299 1950 13.992 
750 3.619 ZOOO 14.532 

800 3.947 2050 15. 079 
850 4.284 2100 15.632 
900 4. R30 2150 16. 190 
950 4. 985 2200 16. 753 

1000 5. ;l49 2250 Ii. 32 1 

1050 5. 723 2300 17. 893 
1100 6.106 2350 18. 469 
1150 6.498 2400 19.048 
1200 6.899 2'150 19.629 

1250 7.309 2500 ZO.2 l1 

12 

T ABLE VI- A. Thermal emf of 1,.0 percent il'idum-60 percent 
1'hodiwn versus copper and copper venus iridimn thermo
cou ples 

Reference junction at 32 OF. 

OF 40% Ir-60% Cu \"S lr 
Uh \'s ClI 

m v mv 
32 0. 000 0.000 
50 .026 .006 
75 .064 .014 

100 . 103 .023 
125 . 141 .035 

150 . 178 .049 
175 .217 .065 
ZOO . 253 .084 
225 . 289 . 10.1 
250 . 325 . 129 

275 .359 . 155 
300 .392 . 184 
350 . 459 .247 
400 .525 . 3l5 
450 . 584 .395 

500 .637 . 485 

(Paper 6601-81) 
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