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Reference tab les for the platinum-30 pe rcen t rhodium ve rsus platinum-6 pe rcent rhod ium the rmo­
co uple have been es tab lished for the range 0 to 1820 °C based upon the ca librations of the rmocoup les 
furni shed by th ree manufact urers in th e Unit ed S tates and by o ne European manufac ture r. The 
th e rmocouples we re ca lib ra ted by co mparison with s ta nd a rd ins trume nts s uc h as p latinum res ista nce 
th e rmom ete rs, platinum -10 percent rhodium versus platinum th ermuco upl es and opti ca l pyro me te rs. 
Th e tes t procedures and fac iliti es used {or the calibrations are desc ri bed and the acc uracy of the 
measu re me nts is di scussed. The platinum-rhodium e le ments of the th e rmocouples we re examin ed 
by a gene ral qua lit ative s pectroche mical method and th e res ult s of the ana lyses are given. Tabl es 
of emf of the indi vidua l e lement s of the th e rmocouple vers us Pt -27 for the ra nge 0 to 1500 °C are a lso 
present ed . In add ition , the effec t of variations in th e a lluy in g pe rce ntages of platinum an d rhud ium 
on the te mperature-e mf re lat ions hips of the element s a re show n. The resu lt s of ca li brat ions fur oth er 
Pt -30 pe rcent Rh ve rsus Pt-6 pe rce nt Rh the rm ocouples, whi ch we re received for routin e calibratiun 
at NBS durin g the period from May 1963 to March 1965, a re a lso s hown. 

Key Words : Accuracy, ca libratio n, emf, plat in um -rhodium e leme nts, pla tinum-30 pe rcent rh o­
dium ve rs us platinu m-6 pe rce nt rhodium , re fe re nce ta b les, spec truc he mical a nalyses, 
the rmocou ple. 

1. Introduction 
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Studies by Ehringe r [1] 1 and by Walke r, Ewi ng, and 
Miller [2 , 31, have demonstrated that thermocouples 
in whic h both legs are platinum-rhodium alloys are 
capable of re li able te mperature measurements at 
high temperatures. S uch thermocouples have been 
shown to offer the following distinct advan tages over 
the more familiar platinum-IO percent rhodium versus 
platinum and pla tinum-13 percent rhodium versus 
platinum thermocouples at high temperatures: (1) 
improved stability, (2) increased mechanical strength, 
and (3) highe r operating temperature. Th e three mos t 
common platinum-rhodium combinations in use today 
are the platinum-20 percent rhodium versus platin um-
5 percent rhodium , or 20-5 the rmocouple; the plat­
inum-30 percent rhodium versus platinum-6 percent 
rhodium , or 30- 6 the rmocouple; and the platinum-40 
percent rhodium versus platinum-20 percen t rhodium, 
or 40- 20 th e rmocouple. The te mpe rature-emf curves 
for these the rmocouples a nd the more fami li a r Pt-IO 
percent Rh vers us Pt and Pt-I3 percen t Rh versus Pt 
therm ocoupl es a re show n in figure 1. 
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FI GURE I . 
I FigUf,-° S in im.H'keI S indi (:Cl Il' Ih l' lil t'ra lurt.' n-fert .. ol H"t'S at tlt e e nd of thi s paper. 
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Temperature-emf curves for pLatinum-rhodium. thermo­
coupLes , reference junctions at 0 0c. 



Of the three platinum-rhodium combinations the 
30- 6 thermocouple offers th e most favorable overall 
characteristics_ Although the thermoelectric charac­
teristics of the 30-6 thermoco uple and the 20-5 ther­
mocouple are similar, the 30- 6 thermocouple does 
offer a slightly greater therm oelectri c power at the 
higher temperatures and it also has a somewhat 
higher tensile strength than the 20- 5 thermocouple. 
The 40- 20 thermocouple is a special combination 
intended primarily for use in the 1700 to 1850 °C range 
[4]. Even though the 40- 20 thermocouple may be 
used at slightly hi gher temperatures than the 30- 6 
thermocouple, its relatively low thermoelec tri c power 
limits its usefulness at lower te mperatures. 

Studies made with the 30-6 thermocouple have 
shown it can be used intermittently (for several hours) 
up to 1800 "C and continuously (for several hundred 
hours) at temperatures up to abo\lt 1750 °C with only 
small changes in calibration. The maximum te m­
perature limit for the thermocouple is governed, 
primarily, by the liquidus of the Pt-6 percent Rh 
element whic h is es timated to be about 1820 °C [5]. 
The thermocouple is most reliable whe n used in a 
clean oxidizing atmosphere (air) but has also been 
used with so me success in ne utral atmospheres [2] 
and vacuum [3, 6]. Th e stability of the thermocouple 
at high temperatures has been shown [2] to de pend, 
pri marily, upon the quality of the materials used for 
protecting and insulating the thermocouple. High 
purity alumina with low iron-content appears to be the 
most suitable material available today for the purpose. 

The 30- 6 thermocouple was firs t introduced in 
Europe by Degussa , Hanau, Germany. Recently a 
reference curve for the th e rmocoupl e was published 
by Obrows ki and Prinz [7] of the Degussa Labora­
tori es. Th e c urve, which is represented by a set of 
cubic equations, was developed by determining the 
emfs of nume rous Degussa thermoco uples at variou s 
thermometric fixed points. This c urve is often re­
ferred to as the new Degussa c urve since it replaces 
an older curve formerly used with the Degussa ther­
mocouples. The emfs of the old and new Degussa 
reference c urves [7] are given at 100 deg intervals 
in table 1 for the range 0 to 1800 0c. 

Because of its favorable characteri s ti cs, the 30- 6 
thermocouple has rapidly gained acceptance and be­
come more widely used in this country. Consequently, 
the National Bureau of Standards was requested by 
the American Society for Tes ting and Materials, Com­
mittee E-20, Subcommittee IV to prepare refere nce 
tables for the thermocouple to facilitate its use and 
calibration. A tes ting progra m was initiated by the 
T emperature Section at NBS for this purpose . In 
thi s program thermocouples were obtained from three 
manufacturers in the United States and from one 
European manufacturer and were calibrated by con­
ventional meth ods of test. The methods included 
calibration by co mpariso n with s tandard instruments, 
such as platinum -l0 percent rhodium vers us platinum 
thermocouples, platinum resis tance thermometers, 
and optical pyrometers, and the determination of the 
emfs of the individual elemen ts of the ther mocouples 

again st the platinum thermoelectric standard main­
tained at NBS known as Pt-27. These methods of 
test are di scussed in NBS Circular 590. Reference 
tables for the 30- 6 thermocouple were calculated 
from the results of the calibrations and the tables 
are presented in the appendix of this paper. The 
temperature-emf relationship given by the reference 
tables is believed to be representative of materials 
being produced by manufacturers in this country at 
the present time. 

TABLE 1. Emf of old and new Degussa reference curves for the 
30- 6 thermocouple 

90 

T empera ture Emf 

(lnl. 1948) Old curve New c urve 

°c III V mV 
0 0.000 0.000 

] 00 .056 .033 
200 . 162 .177 
300 .419 .430 
400 .790 .789 
500 1.245 1.247 
600 1.796 1.795 
700 2.442 2.433 
800 3.162 3. 159 
900 3.964 3.966 

1000 4.839 4.847 
1100 5.791 5.795 
1200 6.811 6.806 
1300 7.890 7.87 1 
1400 9.000 8.977 
1500 10.130 10.113 
1600 11.260 11.267 
1700 12.390 12.428 
1800 13.520 13.583 

Some of the preliminary work in the reference table 
program , concerned with the selec tion of thermo­
couple materials, was described in a previo us paper 
[8]. The tes ting procedures and methods used in 
the program were also disc ussed in the previous paper 
but are described again in this paper in more detail. 

2. Thermocouple Materials 

2.1 . Thermocouple Materials Used in the Preparation 
of the Reference Table 

Thermocouple materials were supplied by three 
American manufac turers : (1) Engelhard Industries, 
Inc. , (2) Sigmund Cohn Corporation, (3) J. Bishop 
and Company, and by one European manufacturer , 
Degussa, Hanau, Germany. A length of 0.020 in . 
(nominal) diameter wire, between 9 and 10 ft long, 
of both the Pt-6 percent Rh and the Pt-30 percent Rh 
alloy was furnished by each manufacturer. The alloy 
wires supplied hy the American manufacturers were 
fabricated to have compositions of Pt-6.12 percent Rh 
and Pt-29.60 percent Rh [8]. The alloy wires sub­
mitted by Degussa were taken from stock and were 
reported to have nominal compositions of Pt-6.15 
percent Rh and Pt-29.50 percent Rh.2 

2 For convenience in the e nsuing discuss ion and presentation of the tes t results the 
plati nu m-rhudium wires s ubmittf~ d by Degussa will be refe rred to as Pt-6.12 pe rcent Rh 
and Pt -:l9.60 pen·e nt Bh a lloys. 



Eleven thermoco uples were prepared from the alloy 
wires s upplied , three thermocouples from each of the 
American manufac turers a nd two thermoco uples 
from Degussa. For purposes of thi s report, letter 
designations A, B, a nd C are a s igned to th e three 
American manufac turers (in an arbitrary way), and D 
is assigned to Degussa. The thermocouples of the 
vanous manufacturers are identified as shown in 
table 2. 

TABL E 2. Description of thermocouples used '" preparation of 
reference table 

Manufac turer Thermocouple Ma teria l received 
des ig nat ion iden tification 

A AI. A2. A3 Jail . 1963 

B Bl. B2. B3 Dec. 1962 

C CI. C2. C3 Ja il . 1963 

D DI , D2 Oct. 1962 

Samples of the platinum.rhodium wires s ubmitted 
by manufacturers A, B, C, a nd D were examined by 
a general quali tative spec troc hemical method ~ and 
the results of the analyses are given in table 3. The 
res ults of an a nalys is for a thermoco uple quality (ref· 
erence grade) platinum wire are also shown for pur· 
poses of compariso n. 

gro ups of 0.020 in. diam platinum·rhodium WIres 
were supplied by ma nufac turer B for s tudy. The two 
groups co ns is ted of one group of wires with rhodium 
percentages of 5.90, 5.95, 6.00, 6.05, and 6.10 and a 
second group of wires wi th rhodium percentages of 
29.50, 29.75, 30.00, and 30.25. Also, during the pe· 
riod of test program, a number of 30- 6 thermocouples 
were s ubmitted by industrial users and thermocouple 
manufacturers for routine calibration. The results 
of the calibrations for some of the thermocouples 
submitted will be discussed in this paper. In most 
cases the manufactu rers of these thermocouples were 
known . Some descriptive information abo ut the 
therm ocouples to be discussed is given in table 4. 

TABLE 4. Description of other thermocouples 

Manufac ture r H Approximat e T hermocouple Mate rial 
wire diamet er ide nt ifi catio n received 

inches 
A 0.025 A ll Jan . 1964 
1\ .020 A22 Mar. 1965 
Il .020 Ilil Dec. 1963 
B .032 B22 May 1964 
C .020 C II Oct. 1963 
D .020 DII Oct. 1964 
D .020 D22 Oct. 1964 
E " .020 Ell May 1963 

Unknown .025 XII Oct. 1963 

11 In cases whe re two the rmocoupl es from the same manufa(,ture r are li s ted . the the rmo­
couples are from differe nt lots. 

h Manufact ure r: J ohnson Matt hey a nd Compan y. Lond on. Engla nd . 

TABLE 3. Results of spectrochemical analyses of platinum·rhodium th ermoelemellts 

Manufac ture r A Manufacturer B M anufac turer C Manufac turer 0 
Ele me nt s H('(erc nee 

det ected g rade 
P, ·6. 12% Rh P, ·29.60% Rh P, ·6.12% Rh P, ·29.60%Rh P, ·6. 12% Rh P, ·29.60% Rh P, ·6. 12% Rh P, ·29.60% Rh platinum 

clement ele me nt element ele me nt element cle me nt element e lement 

Ag -? - ? _ .? 
AI IV 
All -? VIV - ? -? VIV _'1 

B FT n 
Ca T T I'T 
Cli VI' T FT f-r FT FT FT T T 
Fe VIV IV 1''1' VIV T VW T W 
I, IV VW VW IV 
Mg T T VW T 
N; -? 
Pd IV IV VIV VW IV VW IV W 
p, VS VS VS VS VS VS VS VS VS 
Rh S VS S VS S VS S VS 
S; IV VW VIV VW VW -? 
'1'1 -? 

NOTE: In ge neral, VS, greater than 10%: S. )-10%: W. 0.01- 0.1 %: VW , 0.001 - 0.01 %: T . 0.000 1- 0.001 %: FT. less than 0.000 1%:- . 
nut detected: -? probably not detected. 

2.2. Other Thermocouples and Thermocouple Materials 

In addi tion to the materials suppli ed specifically 
for purposes of preparing the reference tables, other 
thermocouples and thermocouple materials were also 
obtained and various other tes ts performed. Two 

:1 S pcc trudwmi('al anal ys is performed IJY 111(' Spl'('\r()c l lt: m i ~ tr )' SN·tion of the Na tional 
Bureau of Standard s. 
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3. Apparatus 

Four stirred liquid baths were used for calibrations 
in the range 0 to 450 °C. Each of the baths employed 
a different liquid medium and each was used to cover 
a separate portion of the temperature range . Tem· 
peratures in the stirred liquid baths were determined 
with a calibrated platinum resis tance thermometer. 
The baths are described in more detail in sec tion 5.1 c 



of NBS Monograph 90. Also in the range 0 to 450°C 
and for temperatures up to llOO °C a horizontal tube 
type furnace was used. The furnace has a nickel 
(80)-chromium (20) tube whic h serves as a heating 
element. The tube has an inside diameter of 13hs in., 
an outside diameter of 15hs in. and is 24 in . long. The 
furnace is described in section 4.1 of NBS Circular 
590. Temperatures in the tube furnace were deter­
mined with standard Pt·lO percent Rh versus Pt 
thermocouples. The Pt·lO percent Rh versus Pt 
thermocouples were calibrated by the fixed point 
method (see sections 3 and 5.1 of NBS Circular 590) 
and met the requirements of the International Practical 
Temperature Scale of 1948 for standard thermocouples 
(see NBS Monograph 37). The calibrations of the 
standard thermocouples above 1063 °C were extrap­
olated by the method described in section 5.1 of 
Circular 590. 

Platinum reference wires were used in the calibra­
tions performed in the stirred liquid baths and the tube' 
furnace , and were also used in several other tests 
described in the paper. The emfs of the platinum ref· 
erence wires were known relative to the platinum 
thermoelectic standard maintained at NBS, known 
as Standard Pt-27 (see section 7 of NBS Circ. 590). 

The emf measurements for the calibrations in the 
stirred liquid bath s in the 0 to 450°C range were made 
with a six dial Rubicon thermal fr ee pote ntiomete r 
and the resistance measure ments of the platinum 
resistance thermometer were made with a Leeds and 
Northrup Type G-2 resis tance thermometer bridge. 
In all other tes ts, the emf meas ure ments were made 
with Leeds and Northup Type K -3 potentiometers. 
The K-3 potentiometers were calibrated by compari· 
son with a calibrated six dial precision potentiometer. 

In the range 1063 to 1790 °C blackbodies were used 
for calibrations by direct comparison with an optical 
pyrometer. Two blackbodies were fabricated from 
4 in. long, round , alumina rods, one with a diameter 
of 13/s in. and one with a diam eter of 1112 in. In one 
end of each rod a 1fs in . diam axial sight hole was 
drilled to a depth of 2 in. and a 1f4 in. diam axial hole 
was drilled in the opposite e nd of each rod to a depth 
of 115hs in. The lis in. diam axial sight holes approx· 
imate a blackbody very closely when the walls of 
the holes are at a uniform te mperature. The spectral 
e missivity of the sight holes at a wavelength of 0.65 J-t 
was assumed to be 1 for measurements described in 
this paper which involve temperature determinations 
with an optical pyrometer (see sec. 7 for a discussion 
of the errors associated with the use of the black· 
bodies) . For convenience, the alumina rods will 
henceforth , be referred to as the alumina " black. 
bodies." A cross section of the P/2 in. diam alumina 
" blackbody" is s hown in fi gure 2. 

The Pis in. diam alumina " blackbody" was heated 
in a high temperature tube furnace. The heating 
element of the furnace was a silicon carbide tube 
with an inside diameter of about Pis in., and outside 
diameter of 23/s in. and an overall length of 28 in. Th e 
alumina "blackbody" was located in the furnace at 
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F,GURE 2. Cross section of alumina "blackbody": (1) alumina rod; 
(2) blackbody camty or Hght hole; (3) alumina protecting tube. 

the center of the silicon carbide tube , and a series 
of alumina disks was positioned on either side of the 
rod. The disks served as radiation shields and re­
duced the power loses out th e ends of the furnace. 
An alumina protecting tube with an o.d. of about 1/ 4 in. 
was inserted through central holes in the series of 
alumina disks and into the 1f4 in. hole in one end of 
the alumina "blackbody." A cross section of the 
furnace is shown in figure 3. 

The 1112-in. diam alumina " blackbody" was heated 
in a horizontal wire wound tube furnace. The furnace 
had three sepa~ate. heater windings, two end windings, 
and a center wmdmg of platinum-40 percent rhodium 
wire. The windings were wound on an alumina tube 
which had an inside diameter of about 11/2 in. and was 
24 in. long. The inside of the alumina tube was lined 
with a Pt-l0 percent Rh tube which was rolled from a 
piece of sheet stock 0.005 in. thick. The alumina 
:'blackbody," alumina disks , and an alumina protect­
mg tube were arranged in the furnace similar to the 
arrangement used in the silicon carbide tube furnace. 
A cross section of the wire wound tube furnace is 
shown in figure 4. 

The temperatures of the alumina "blackbodies" 
were determine~ with a c.alibrated Leeds and Northrup 
Type 8636-C vls ~al optIcal pyrometer. The optical 
pyrometer was calIbrated by comparison with the NBS 
vls!-Ial standard optical pyrometer 4 using a tungsten 
s~np lamp as a transfer source. The calibration con­
sl~ted of determining the relationship between the 
bng?tness or blac kbody temperatures indicated by 
the. mst:ument and the pyrometer lamp current. The 
calIbratIOn procedure is described in section 5.1 of 
NBS Monograph 41. In use the current through the 
pyrometer lamp was controlled with a rheostat and 
determined by measuring the voltage drop across a 
1 fl standard resistor in series with the lamp. 

f ~ TI~s pyrom~ler is known as ~he ~airchild pyrometer and it is described in sec tion 2.2 
o N.B Monograph 41. The calibratIOn and accuracy of the instrume nt are di sc ussed in 
sec tion 4 of the Monograph. 



F IGURE 3 . Cross section of silicon carbide ltibe furna.ee: (I ) brass end plate; (2) brass shell; (8) incone/liner; (4) stainless steel support ring; 
(5) stainless steel retaining disk ; (6) transite insulator ring; (7) inconel tie rod; (8) refractory insulating liner; (9) refractory support ; (10) sUi­
con carbide heating tube; (11) terminal assembly; (1 2) copper tubing; (n ) allimina "blackbody"; (14) blackbody cavity or sight hole; (/ 5) 
alumina protecting tube; (1 6) alwnina disk. 
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F IGUHE 4. Cross section of Pt-Rh wire wound tube furnace: (1) alumina ltibe; (2) 
Pt-40 percent Rh winding; (3) alumina cement; (4) 0.005 inch thick Pt-JO percent 
Rh liner; (5) refractory brick support; (6) steel angle frame; (7) transite shell ; (8) 
a.lwnina " blackbody" ; (9) blackbody cavity or sight hole; (10) allirnina disk; (J 1) 
a.lumina protecting tube; (12) bubbled allimina insulation. 
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4. Experimental Procedure 

4 .1. Tests of Thermocouples in Table 2 

The platinum-rhodium wires s ubmitted by the four 
manufacturers were pre pared for test by annealing 
the m electrically in air for 1 hI' at abo ut 1450 °C. 
The annealing te mperature of the wires was deter­
mined with an optical pyrometer, assuming the spec­
tral e missivity of the wires was 0.3 at a wavelength 
of 0.65 fL. The wires were then cut and paired to 
form the 11 thermocouples listed in ta ble 2. The 
measuring junction s of the thermocouples were welded 
with an oxygen-gas torch and the thermocouples were 
assembled in double bore alumina insulating tubes . 
The thermocouples were then tes ted as described in 
the following sections. The tes ts are described in 
the following sections in chronological order and are 
also summarized in table 5. All the tests were per­
formed in air, and the reference junction s of the ther­
mocouples and thermoelements were maintained at 
o °C in ice baths. 

TABLE 5. Summary oJ tests on the thermocouples in table 2 

Section Thermocouple Desc ription of test T empe rature 
tested reference 

4.1a AI, A2, A3, BI , Calibrat ion of the rmoele ments by P I ve rsus PI· lQ 

B2, B3, C l , C2, comparison wi th plat inum ref- pe rcent Rh 
C3, 0 1 a nd 0 2 ere nt'e wires in ('hromel t ube thermocouple. 

furnace in 0 to 1100 °C ra nge. 

4.lb AI , B3 and C2 Cal ibra tion of the rmoclements by Plati num 
comparison wit h plat inu m ref· res is ta nce 
c rence wires in st irred liqu id the rmo mete r. 
bat hs in 0 to 450 °C range. 

4.lc AI , A2, B2, B3, Calibration of thermocouples by Opt ical pyrome te r. 
C I, C2, OJ and direct comparison wit h optical 
02 pyrome te r in ra nge 1050 to 1600 

°C (the rmocouples heated in 
S iC tube furnace). 

4. ld AI , B2, C I and Cal ibrat ion of the rmoelements by The rmocouple B3. 
0 2 compariso n wi th pla tinum ref. 

e rence wires in range 1063 
to 1500 "C. 

4. le A I , A2, B2. B3, Calibration of the rmocoup les Pt ve rsus P I· ]Q 
CI, C2, OJ by compa rison with Pt ve rsus pe rcent Rh 
and 02 PI-lO perce nt Rh the rmo· thermocouple. 

couple in range 1063 to 1450 0c. 
4.lf A2, A3, BJ, B3, Calibration of the rmocouples by Optical pyromete r. 

C2, C3, 01 direc t comparison wi th optical 
and 0 2 p yrome ter in range 1063 to 

1750 °C a (the rmocouples 
hea ted in Pt-Rh wire wound 
tube furn ace). 

~ Thermocouples A3, B1 , and C3 cal ibra ted to 1790 0c. 

a . Tests in Nickel -Chromium Tu be Furnace in Range 0 to 1100 °C 

In these tes ts the emf of both thermoelements of 
each of the eleve n thermocouples was determined 
against plati num reference wires in the horizontal 
nickel-chromium tube furnace. De terminations 
were made with decreasing furnace temperature at 
50 deg intervals in the range 1100 to 50 °C, as well 
as at 1063 °C, 630. 5, and 419.5 0c. These measure­
ments were follo wed by a second set of determinations 
made with increasing furnace te mperature a t 50 deg in-
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tervals from 425 to 1075 °C and the dete rminations at 
400, 419.5, 630.5, and 1063 °C were re peated. For 
these tests the measuring junctions of several 30- 6 
thermocouples, a platinum-lO percent rhodium versus 
platinum thermocouple and a platinum reference 
wire were welded into a common junction. The 
thermocouples and refere nce wire were placed in a 
closed end alumina protecting tube and inserted into 
the tube furnace until the common measuring junc­
tion was at the center of the furnace . The tempera­
ture of the furnace was regulated by the manual 
control of the power with an adjustable transformer. 
The emf of the platinum-rhodium thermoelement 
against the platinum reference wire and the emf of 
the platinum-lO percent rhodium versus platinum 
thermocouple were determined simultaneously by the 
two-potentiometer method. The two-potentiometer 
method is described in section 4.1 of NBS Circular 
590. 

b. Tests in Stirred liquid Baths in Range 0 to 450 °C 

Thermocouples AI, B3 , and C2 were selec ted for 
testing in the stirred liquid baths in the range 0 to 
450 °C. For these tests the Pt-6.12 percent Rh ele­
ments of the three thermocouples and a platinum 
reference wire were assembled in a four bore alumina 
insulating tube and the measuring junction of the 
wires welded together. The Pt-29.60 pe rcent Rh 
elements and a platinum reference wire were as­
sembled in the same manner. Each of the alumina 
insulating tubes was inserted into a clos ed end Pyrex 
protecting tube. 

The assemblies were immersed in the s tirred liquid 
bath along with a platinum resis tance th ermometer. 
The temperature of the bath was regulated by manually 
controlling the power input to the bath with an ad­
justable transfor mer. With the temperature of the 
bath held nearly constant the emfs of the Pt-6. 12 per­
cent Rh and Pt-29.60 percent Rh wires against the 
platinum reference wires were meas ured . The meas­
urements were preceded and followed by determina­
tions of the bath temperature with the platinum 
resistance thermometer. In thi s manner , measure­
ments were made a t 25 deg intervals from 25 to 450 °C. 
Four different stirred liquid baths were required for 
this purpose . 

c. Cal ibration of Thermocouples by Direct Comparison With Optical 
Pyrometer in Range 1050 to 1600 °C (Thermocouples Heated in 
SiC Tube Furnace) 

T hermocouples AI , A2, B2, B3, Cl, C2 , Dl , and D2 
were calibrated one at a time in the range 1050 to 
1600 °C in the SiC tube furnace (see fi g. 3). The 
thermocouple to be calibrated was inserted into the 
alumina protecting tube so that the meas uring junc­
tion was in contact with the closed end of the tube. 
The temperature of the alumina " blackbody" was 
controlled near a desired calibration point by manually 
regulating the input power to the SiC tube with an 
adjus table transformer. An optical pyr ometer was 
optically alined with the axi s of the Vs in. diam sight 

j 



hole in the alumina "blackbody" and focused on the 
hole near the surface. Brightness matches were 
made with the optical pyrometer by two experie nced 
observers. With the temperature of the "alumina 
blackbody" held nearly constant (c hanging less than 
a few tenths of a deg per minute), a set of four inde· 
pend ent brightness matches was made with the optical 
pyrometer by each observer. F or every brightness 
match the pyrometer lamp c urrent was determined 
and the emf of the thermocouple was meas ured s imul­
taneously. A group of such readings was taken at 
about 1063 °C and then at approximately 50 deg in ­
tervals from 1050 to 1600 °C for each of the thermo­
couples. Some of the thermocouples were calibrated 
with increasing temperature, some with decreasi ng 
temperature, and others with both increas ing and 
decreasing te mperature. Approximately 6 to -8 hr 
was required to complete the calibration of each ther­
mocouple in the range 1050 to 1600 0c. 

Several problems were encountered with the meas­
urements in the S iC tube furnace at the higher tem­
peratures. Occasionally , the SiC tube would develop 
a "smoking condition" at the hi gher temperatures 
(usually above 1500 °C). When this occurred the fur­
nace was cooled and the smoke was blown from th e 
inside of the tube before attempting to make any 
further measurements with the optical pyrometer. 
Even so, a slight haze was sometimes noticeable 
inside the tube during the meas urements. The effect 
of the haze on the optical pyrometer measurements 
was not known. 

Also at te mperatures above about 1500 °C a problem 
was experienced with the emf measurements which 
was attributed to electrical leakage between the 
thermocouple wires and the SiC heating element, 
through the alumina insulating parts and " blackbody." 
When the furnac e power was turned off (brieAy) at 
temperatures 'above about 1500 °C a differe nce in 
the emf of the thermocouple was usually observed. 
The magnitud e and direction of the change in emf 
was unpred ictable and would vary from thermocouple 
to thermocouple and from run to run. However, 
the change in emf was never observed to be more than 
6 fLV. 

For measurements above 1500 °C the change in 
emf was determined after each set of readings and 
the appropriate correction was applied to the meas­
ured emfs. By this procedure it is estimated that 
the uncertainty in the e mf measurements, because 
of the electrical leakage, was reduced to about IfL V 
or less. 

Finally, a chemical reaction apparently occurred 
between the alumina "blackbody" and the SiC heat­
ing element at the higher temperatures. The elec­
trical properties or characteris ti cs of the SiC tube 
changed in the central region where the SiC tube 
and the alumina were in contact, and a "hot spot" 
developed in the tube. Consequently, the tempera­
ture distribution over the alumina "blackbody" be­
came progressively less uniform and some additional 
uncertainty was introduced in the measurements. 
However, the temperature gradients were not severe 

and the error introduced by the nonuniform tempera­
ture probably did not exceed more than 1 or 2 deg at 
1600°C. 

d . Calibration of Thermoelements by Comparison With Platinum 
Reference Wires in Range 1063 to 1500 °C 

The emfs of the thermoelements of thermocouples 
AI, B2, Cl, and D2 were de termined against platinum 
reference wires at 1063°C and then at 50 deg intervals 
with increasing temperature from 1100 to 1500 °C. 
The tests were made in the SiC tube furnace . For 
these tests another SiC heating tube was assembled 
in the furnace and a large diameter, closed end, 
alumina protecting tube (l8in. long with an inside 
diameter of 3f4 in.) was positioned inside the SiC heat­
ing tube. During the tests the thermocouples were 
located inside the alumina protecting tube and the 
tube was supported near the open end so as not to be 
in contac t with the SiC heating tube. The test pro­
cedures were similar to those described in section 
4.1a except that the temperature was de termined with 
a 30-6 thermocouple (thermocouple B3), instead of a 
Pt-l0 percent Rh versus Pt thermocouple. 

e . Calibration of Thermocouples by Comparison With Pt-l0 Percent 
Rh versus Pt Thermocouple in Range 1063 to 1450 °c 

Thermocouples AI, A2, B2, B3, Cl, C2, Dl, and D2 
were tested by comparing them directly with a Pt-1O 
percent Rh versus Pt thermocouple in the 1063 to 
1450 °C range. The thermocouples were heated in 
the SiC tube furnace. The e mf of each 30-6 thermo­
couple was determined at 1063 °C and the n at 50 deg 
intervals with increasing temperature from 1100 to 
1450 °C by using the two·pote ntiometer method. 
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f. Calibration of Thermocouples by Direct Comparison With Optical 
Pyrometer in Range 1063 to 1790 °c (Thermocouples Heated in 
Pt-Rh Wire Wound Tube Furnace) 

Thermoco uples A2, A3, BI , B3, C2, C3, Dl, and D2 
were calibrated by comparison with an optical py­
romete r and the thermocouples were hea ted in the 
Pt-Rh wire wound tube furnace shown in figure 4. 
During these tests the Pt-Rh shield in the furnace 
was electricall y grounded, and no difficulty was ex­
perienced with the emf meas urements due to elec­
trical leakage be tween th e thermocouples and heater 
windings. The temperature control of the furnace 
was cons iderably more difficult than for the SiC tube 
furnace and rather tedious adjustments of the power 
to the various heater windings were required. The 
temperature profile in the region of the alumina 
"blackbody" was checked frequently with the 30-6 
thermocouple being tested. The temperature was 
controlled and the temperature gradients minimized 
by manual regulation of the power to the various 
heater windings with variable transformers. 

The calibration procedures for the thermocouples 
were similar to the procedures described in sec tion 
4.1c. Sets of brightness matches were taken by two 
different observers with the optical pyrometer and the 
emfs of the thermocouples were determined at about 



1063 °C and then at approximately 50 deg intervals 
from 1100 to 1600 dc. 

After completing the tests in the 1063 to 1600 °C 
range, each of the thermocouples was reassembled 
in double bore beryllium oxide insulating tube. The 
thermocouples were then calibrated at about 1600, 
1650, 1700, and 1750 dc. Three of the thermocouples 
(A3, Bl, C3) were also calibrated at about 1790 dc. 

The calibrations described in this section were made 
with increasing furnace temperature. The thermo· 
couples were removed from the furnace after taking 
the measurements at each calibration point and then 
reinserted after the temperature of the furnace was 
increased to the next calibration point. In general, 
the time required for checking the temperature gradi­
ents in the central portion of the furnace, for allowing 
the temperature of the furnace to stabilize, and for 
the two observers to take a set of observations with 
the optical pyrometer seldom exceeded 20 min at a 
calibration point for each thermocouple. 

Several of the thermocouples were recalibrated 
at 1063 °C by the procedures described in sec tion 4.1a 
following completion of the test to 1600 °C and then 
again following the tests to 1750 and 1790 DC. 

4.2. Tests of Platinum-Rhodium Wires With Various 
Percentages of Rhodium 

The platinum-rhodium wires were prepared for 
test by annealing them electrically in air for 1 hr at 
about 1450 dc. The wires were then assembled in 
alumina insulating tubes. The emfs of the platinum­
rhodium wires with rhodium percentages of 5.90, 
5.95, 6.00, 6.05, and 6.10 were determined against a 
Pt-6.12 percent Rh wire (negative leg of thermo­
couple B2). Similarly, the emf of the platinum­
rhodium wires with rhodium percentages of 29.50, 
29.75, 30.00, and 30.25 were determined against a 
Pt-29.60 percent Rh wire (positive leg of thermo­
couple B2). In the first set of measurements the 
measuring junctions of the various Pt-6 percent Rh 
wires and a Pt-lO pe rcent Rh versus Pt thermocouple 
were welded into a common junction and the wires 
and the thermocouple were inserted into the nickel­
chromium tube furnace . The emf of the Pt-Rh wires 
against the Pt-6.12 percent Rh wire and the emf of 
the Pt-l0 percent Rh versus Pt thermocouple were 
measured simultaneously by the two-potentiometer 
method. Measurements were made at 100 deg inter­
vals with decreasing furnace temperature from 1100 
to 100 °C. The Pt-l0 percent Rh versus thermo­
couple was then replaced with a 30-6 thermocouple 
(thermocouple B3) and measurements were made 
by the same me thod at 100 deg intervals from 1100 
to 1600 °C in the SiC tube furnace. Measurements 
were also made at 100 deg intervals with the various 
Pt-30 percent Rh wires from 0 to l600 °C by the same 
procedure. 

4.3. Tests of Thermocouples in Table 4 

Each of the thermocouples in table 4 was elec­
trically annealed in air for 1 hr at about 1450 °C and 

then assembled in a double bore alumina insulating 
tube before testing. The thermocouples were cali­
brated by direct comparison with calibrated thermo­
couples using the two-potentiometer method. The 
thermocouples were heated in the nickel-chromium 
tube furnace and a Pt-lO percent Rh versus Pt ther­
mocouple was used to determine the temperature in 
the range up to 1063 DC. Above 1063 °C the thermo­
couples were heated in the SiC tube furnace and one 
of the 30-6 thermocouples in table 2 was used to 
determine the temperature. 

S. Computations 

From the results of the tests described in sections 
4.1a and 4.1b corresponding values of temperature 
and emf were calculated at 25 deg C intervals from 
o to 1050 °C and at 419.5, 630.5, and 1063 °C for each 
thermocouple. Similarly, from the tests described 
in section 4.lf corresponding values of temperature 
and emf were calculated at 1063 °C and at 50 deg 
intervals from 1100 to 1750 °C for each thermocouple. 
In the latter calculations the four readings of each 
observer with the optical pyrometer were averaged 
to obtain a single emf value for each thermocouple 
at about 1063 °C and at about 50 deg intervals from 
1100 to 1750 DC. These values were adjusted to ob­
tain values at exactly 1063 °C and at the nearest 
integral multiples of 50°C and then the values of 
each observer for each thermocouple were averaged 
to obtain a single value of emf at each temperature. 
Since the measured values were nearly always within 
the equivalent of 5 deg of integral multiples of 50 deg, 
the adjustment could be made without introducing any 
significant error by using an approximate value for the 

thermoelectric power (~:) of the thermocouple at each 
temperature. 
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With the use of an IBM 7094 digital computer cubic 
equations were fitted by the method of least squares 
to the sets of emf and temperature values obtained for 
each thermocouple. One of the cubic equations was 
selected arbitrarily to serve as a rough "standard 
curve" with which to compare all the individual 
thermocouples. The deviations of the measured emf 
values for each thermocouple from the "standard 
curve" were plotted graphically and an "average de­
viation curve" was drawn by visually estimating the 
best fit. From the "average deviation curve" cor­
responding values of emf and temperature were 
calculated at 25 deg C intervals from 0 to 1825 dc. 

This set of values was taken as the "principal points" 
upon which the reference table would be based. 
Several methods were considered for constructing an 
expanded set of temperature and emf values (the 
reference table) at 1 deg intervals from the "principal 
points." Hand calculation of the reference table using 
graphical interpolation and smoothing was a possible, 
but tedious solution. This method was not seriously 
considered, since a primary requirement was to adopt 
a method for representing the table that could be 



easily adapted to computer use. The me thod of sec­
ond degree Lagrange interpolation applied to the 
"principal points" was given serious consideration , 
but was rejected in favor of using a single equation 
or several smoothly jointing equations . 

The use of equations to represent the table instead 
of the Lagrange interpolation sche me seemed prefer­
able for two reasons. First, equations require less 
storage space in the computer and their use is pre­
ferred by most people. Second, a set of "key values" 
can be generated from the equations and then the 
Lagrange interpolation scheme can be used for rep­
senting the table, if it is preferred. From preliminary 
curve fitting it was determined that a single poly­
nomial equation of fairly low degree would not give 
an adequate representation of the temperature-emf 
relationship. Consequently, with the use of the IBM 
7094 computer a series of polynomial equations was 
fitted to the "principal points" by the method of least 
squares. By trial, it was found that a good fit was 
obtained with a series of three quartic equations of 
the form: E=a + bt+ct2 + dt3 +et4, where E is the 
emf in absolute millivolts and t is the temperature in 
degrees C (Int. 1948). The ranges of the three equa­
tions are 0 to 800°C, 800 to 1175 °C, and 1175 to 1820 
°C, and the coefficients of the equations were computed 
such that, at the crossover points of 800 and 1175 °C 
the emfs from each of the joining equations were equal 

and also the first derivatives (::) of e mf with respect 

to temperature were equal. The largest or maximum 
deviation of the equations from the "principal points" 
was 0.56 JL V below 1175 °C and 0.88 JL V in the region 
above 1175 °C, while the standard deviations for tbe 
fit of the three equations to the "principal points" 
were 0.31, 0.36, and 0.40 JL V for the ranges 0 to 800, 
800 to 1175, and 1175 to 1825, respectively. 

By sub stituting for t in the equations the relation­
ship 5/9 (tJ- 32), where tJ is the temperature in de­
grees Fahrenheit, a set of three equations was calcu­
lated with the temperature expressed in degrees 
Fahr~nheit. The coefficients and temperature ranges 
for the two sets of equations are given in table 6. 

A method of successive approximations was devel­
oped for obtaining values of temperature from the 
equations at exact integral values of the emf. Suf­
ficient accuracy was obtained with this inversion 
method by merely continuing the approximation until 
the required number of significant figures was 
achieved. 

U sing the results of the tes ts described in sec tions 
4.1a, 4.1b, and 4.1d and curve fitting techniques sim­
ilar to those described previously, smoothed emf values 
for Pt-6.12 perce nt Rh versus Pt-27 were determined 
at 50°C intervals from 0 to 1500 0c. A set of e mf 
values for Pt-29.60 percent Rh versus Pt-27 was 
then obtained by adding the se t of emf values for Pt-
6.12 percent Rh versus Pt-27 to the te mperature-emf 
values given by the reference table for the thermo­
couple . 

TABLE 6. Coefficients and temperature ranges of equations for 30- 6 thermocouple reference table 
Equations of the form (E = a + bt +ct2 + dt,3+ el't )* whe re E is given in abs. millivolt s. 

*t expressed in degrees Celsius * ( expressed in degrees Fahrenhe it 

~s 0- 800 "C 800- 1175 "C 11 75- 1820 "C 32- 1472 "F 1472- 2147 "r 2147-3308 "r 

a 0 - 1.5120133 6.5238699 0 .60419 X 10- ' - 1.6253233 6.8443222 

b - 2.3702 1 X 10- ' 6.286779 X 10- ' - 0.17621 535 X 10- ' ~ .24594442 X 10e' 0.35904493 X 10- ' - 0.10239859 X 10- ' 

c 0.5767866 X 10-' - 0.4764704 X 10- ' .2258695 X 10- ' . 17906004 X 10-' - . 15858965 X 10- ' .709507 13 X 10- ' 

d - .6332 156 X 10-" .6930475 X 10- ' - .7488765 X 10- ' - .10798282 X 10- ' . 12139161 X 10- ' - .12948876 X 10- ' 

e - .48653 X 10- " - .209649 X 10- " .8862 174 X 10- " - .46346781 X 10- " -. 1997 11 35 x 10- " .84420950 X 10- " 

6. Results 

6.1. Results of Tests on Thermocouple Materials 
Used in the Preparation of the Reference Table 

Reference tables (tables lA and 3A) for the 30-6 
thermocouple for a reference junction temperature 
of 0 °C (32 OF) were generated from the polynomial 
equations (see table 6 for coefficients of the poly­
nomial equations). In reference table lA values of 
emf are given in absolute millivolts at 1 deg C intervals 
for the range 0 to 1820 0c. Similarly, table 3A gives 
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values of emf at 1 degree F intervals for the range 32 
to 3308 OF. Reference tables 2A and 4A are an in­
version of tables lA and 3A, respectively, and were 
developed by the computer technique described in 
the computation section. Table 2A gives values of 
the temperature in degrees C at 0.01 m V intervals, 
while table 4A gives values of temperature in degrees 
Fat 0.01 m V intervals. 

The thermoelectric power (::) of the thermocouple 

was calculated from the polynomial equations and is 
plotted against temperature in figure 5. The thermo-
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electric power 5 of the more common Pt-lO percent 
Rh versus Pt thermocouple is also shown in figure 5 
for purposes of comparison. The difference between 
the average calibration of the thermocouples from 
each manufacturer and the temperature-emf relation­
ship given by the reference table are plotted in figure 
6 for the range 0 to 1750 0c. The values shown in the 
figure in the range 0 to 1063 °C were calculated from 
the results of the tests described in sections 4.1a and 
4.1b, and the values shown in the range 1063 to 1750 
°C were calculated from tests described in section 
4.1£. Since the elements of the thermocouples from 
each manufacturer were adjacent elements from the 
same wire lots, there was very little difference between 
the temperature-emf relationships of the thermo­
couples from the same manufacturer. For example, 
at 1063 °C the emf of each individual thermocouple 
from the same manufacturer (as determined in the 

FIGURE 5. Thermoelectric power (~~) of Pt -IO percent Rh versus Pt 

and Pt-30 percent Rh versus Pt-6 percent Rh thermocouples. 
5 Calculated from the PI-lO percent Rh versus PI thermocouple reference table given in 
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FIGURE 6. Emf difference between average calibration of thermocouples from each 
manufacturer (see table 2) and the reference table (table I A). 

Emf differen('c equals e mf of thermocoupl e minu s emf of reference table. Open symbol s indicate temperature 
de te rmined wi lh standard the rmo('ouples and res istance thermometers as descrihed in sedions 4.1a and 4.lb. 
respec ti ve ly. Closed symbols indicat e te mperature de te rmined with optical pyromete r as described in sec tion 
4.1r. 
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test described in sec tion 4.1a), in no case differed 
by more than about 1 /.LV from the average emf of all 
the the rmocouples from the manufac turer. For this 
reaso n, the individual calibrations of eac h of the 
thermocouples in table 2 are not shown but only the 
average calibration of the thermocouples of eac h 
manufacturer. 

In table 7 the emf of the platinum-6.12 perce nt 
rhodium and the platinum 29.60 perce nt rhodium ele­
ments versus Pt-27 are given at 50 deg C intervals 
for the range 0 to 1500 0c. The difference between 
the temperature-emf values for the Pt-6.12 percent 
Rh elements of each manufacturer against Pt-27 and 
the temperature-emf values given in table 7 for the 
Pt-6.12 percent Rh versus Pt-27 are plotted in figure 7. 
Similarly, the difference between the temperature-emf 
values determined for the Pt-29.60 percent Rh ele­
ments against Pt-27 and the temperature-emf values 
given in table 7 for Pt-29.60 percent Rh versus Pt-27 
are plotted in figure 8. 

TABLE 7. Emf of platinun·-6.1 2 percent rhodium and platinum-
29.60 percent rhodium versus Pt-27 

T e mperature Emf (abs. mY) 
degrees C 
( I nt. 1948) 

PI-6. 12% Rh 1'1·29.60% Rh 

0 0.000 0.000 
50 .276 .278 

100 .586 .6 19 
150 .920 1.012 
200 1.272 1.450 

250 1.636 1.927 
300 2.007 2.438 
350 2.384 2.980 
100 2.765 3.551 
450 3. 148 4. 150 

500 3.534 4.775 
550 3.922 5.427 
600 4.3 13 6. 104 
650 4.708 6.808 
700 5. 106 7.537 

750 5.508 8.292 
800 5.9 14 9.072 
850 6.323 9.874 
900 6.737 10.700 
950 7.154 11.549 

1000 7.576 12.420 
1050 8.003 13.3 14 
1100 8.432 14.225 
11 50 8.863 15. 153 
1200 9.296 16.096 

1250 9.732 17.058 
1300 10.169 18.035 
1350 10.608 19.026 
1400 11.046 20.025 
1450 11.480 2 1.029 

1500 11.911 22.035 

6 .2. Results of Tests on Platinum-Rhodium Wires 
With Various Percentages of Rhodium 

The e mfs of the platinum-rhodium wires with com­
positions of Pt-5.90 percent Rh , Pt-5.95 percent Rh, 
Pt-6.00 percent Rh, Pt-6.05 percent Rh , Pt-6.1O percent 
Rh are shown versus a Pt-6.12 percent Rh wire (nega­
tive leg of thermocouple B2) in figure 9. In figure 10 
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FIG URE 7. Emf difference be/ween Pt -6.12 percent Rh elements of 
each manufacturer and corresponding values in table 7 for pmf 0/ 
Pt-6.1'2 percent Rh versus Pt -'l7. 
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the e mfs of th e platinum-rhodium wires with composi­
tions of Pt-29.50 percent Rh, Pt-29.75 percent Rh, 
Pt-30.00 percent Rh, Pt-30.25 percent Rh are shown 
versus a Pt-29.60 percent Rh wire (positive leg of 
thermocouple B2) for the 0 to 1600 °C range. 

6.3. Results of Testing for Other 30-6 Thermocouples 

The deviations (expressed in microvolts) of th e vari­
ous thermocouples in table 4 from the reference table 
are shown in figure 11. 



(j) 
I-
-1 
0 
> 
0 
0:: 
C> 
~ 
u. 
::;; 
w 

0 

-40 

-80 

-120 

-160 

-200 

-240 

-280 

0 

Pt-5.90% Rh 

400 800 1200 
TEMPERATURE, DEGREES CELSIUS 

1600 

120 

(j) 80 
~ 
o 
> o 
5 40 
~ 

-40 

o 

Pt - 30.25% Rh 

Pt -30.00% Rh 

Pt-29.50%Rh 

400 800 1200 1600 
TEMPERATURE, DEGREES CELSIUS 

FIG URE 10. Emfofplatinum.rhodium wires with various percentages 
of rhodium versus a Pt·29.60 percent Rh wire (positive element of 
thermocouple 82). 

FIG URE 9. Emf of platinum.rhodium wires with various percentages 
of rhodium versus a Pt·6. 12 percent Rh wire (negative eleinent of 
thermocouple 82). 
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7. Discussion 

As shown in figure 6 the differences between the 
average calibrations of the thermocouples from the 
differe nt manufacturers and the temperature-emf rela­
tionship given by the reference table are quite small. 
The larges t de viation for thermocouples from an Ameri­
can manufacturer occurs at 1750 °C for the thermo­
couples from manufacturer A and is only about 28 /LV 
(about 2.4 °C). The differences between the tempera­
ture -emf relationships of the individual thermoele­
ments of the thermocouples are somewhat larger than 
the difference between the temperature-emf relation­
ships of the thermocouples themselves , as shown in 
figures 7 and 8. The spread between the temperature­
emf relationships of the Pt-6.12 percent Rh thermoele­
ments (fig. 7) is about the same as for the Pt-29.60 
percent Rh thermoelements (fig. 8). The maximum 
spreads occur a t the highes t temperature meas ured, 
1500 °C, and are about 80 /LV and 75 /LV for the Pt-6.12 
percent Rh and Pt-29.60 pe rcent Rh thermoeleme nts, 
res pec tively . 

It is interes ting to note that the temperature-emf 
relationships of thermocouples from different manu­
facturers may agree quite closely, e ven though the 
temperature-e mf relationship for the corresponding 
thermoele me nts of the thermocouples diffe r co nsider­
ably. This is the case for the thermocouples from 
manufacturers Band C. It is also interes ting that the 
spread be tween the tempera ture ·e mf relationships of 
th e Pt-29.60 percent Rh elements from differe nt manu­
facturers is about as large as the spread between the 
temperature-e mf relationships of the Pt-6.12 percent 
Rh ele me nts . This is a little surpri sing, since a small 
variation in rhodium content has a more pronoun ced 
effect on the te mperature-emf rela tionship of the dilute 
alloy (pt-6.12 % Rhl. 

The differences betwee n th e te mperature-e mf rela­
tionships of the various thermoco uples and platinum­
rhodium thermoelements are attributed to slight 
variations in the chemical compositions of the wires. 
In general, two platinum-rhodium wires of the same 
nominal type will differ slightly in chemical composition 
because of a variation in purity combined with a slight 
variation in the rhodium content. 

It can be seen from the results of the spectrochemi­
cal analyses (table 3) that some significant differences 
in the purity of the platinum-rhodium thermoelements 
from the various manufacturers do exist. Appreciable 
amounts of Fe, Ir, Au, Pd, Si, and Al were detec ted in 
some of the platinum-rhodium wires as well as s mall 
traces of Ca, Mg, B, and Cu. A fairly large amount of 
aluminum was detected in the Pt-29.60 pe rcent Rh wire 
submitted by manufacturer B, while none was detected 
in any of the other wires. However , the aluminum is 
probably present in oxide form and would be expected 
to have little or no effec t on the thermoelectric charac­
teristi cs of the wire. Of more importance is that the 
concentrations of Fe, Ir, Au , and Pd detected in the 
wires of manufacturers A and D were, in general, some­
what higher than the concentrations detected in the 

208- 651 0 - 66--4 

wires of manufacturers Band C. Another int eres tin g 
point is that the wires of manufacture r D (Degussa) 
contained less Si than the wires s ubmitted by th e 
American manufacturers (A, B, a nd C). Also, the 
res ults of the analysis on the reference grade platinum 
wire shows that commercially available th e rmoco uple 
platinum is considerably more pure than platinum­
rhodium alloys. Consequently, the relative impurit y 
of th e platinum-rhodium alloys is attributed for th e 
most part to impurities in the rhodium cons titu e nt. 

Th e c urves in figures 9 and 10 show the effec t on the 
temperature-emf relationship of Pt-6 percent Rh and 
Pt-30 pe rce nt Rh thermoelements , respectively, caused 
by s mall variations in rhodium content. Th e differ­
e nces betwee n the c urves are assumed to a fir st 
approximati on to be e ntirely due to differences in 
rhodium. This ass umption seems reasonable since 
th e wires in each group were prepared by the same 
manufacture r from the sa me batch of platinum and 
rhodium. For exampl e, the Pt-30.25 percent Rh wire 
should co ntain the same inpurities as th e Pt·29.50 per­
cent Rh wire and the concentrations would be expected 

to differ by a factor of onl y about 39° .25 (ratio of the 
2 .50 

rhodium percentages). It ca n be calculated from the 
c urves that a 0.1 percent c han ge in the rhodium co ntent 
of a Pt-29.60 percent Rh wire will produ ce a corre­
spo nding change in the emf of a bout 15 /LV at 1500 °C, 
while a c ha nge in the rh odium cont ent of only about 
0.01 percent will produ ce the same chan ge in the e mf 
of a Pt-6.12 percent Rh wire. 

Efforts to de te rmine the perce ntage of rhodium in the 
Pt-Rh ele me nts from the differe nt manufacture rs to a 
few hundredths of a percent by che mi cal analysis were 
uns uccess ful. Co nseque ntly, it is diffi c ult , if not im­
possible, to es tabli sh whe th er the differences between 
the te mperature ·e mf relati onships of the th ermoele­
ments from different manufacturers are caused pri­
marily by var iation in purity or b y variation in rhodium 
content. Howe ver , the variati ons of the impurities 
and th eir conce ntration s between thermoele me nts 
undoubtedly are large e nou gh to be responsible for at 
leas t part of th e differences . Also, sli ght variations in 
the rhodium conte nt of thermoele ments from different 
manufacturers are unavoidable and these variations 
co mbined with the variations in purity can easily 
account for the differences in e mf shown in figures 7 
and 8. 
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It has been s ugges ted that s light diffe re nces in the 
alloying percentage of platinum and rhodium , and 
variations in purity can explain differences in the 
temperature-e mf relationships of thermoelements and 
thermocouples from different manufacturers. For 
these same reasons differences between the tempera­
ture-emf relationships of thermocouples from the same 
manufacturer, but from different lots, will also occur. 
Comparison of the deviation curves in figure 11 with the 
deviation curves in figure 6, shows that the differences 
between the temperature-emf relationships of thermo­
couples from the same manufacturer do exist and can 
be rather large. For example, the difference between 
the average calibration of thermocouples Cl, C2 , and 



C3 (shown by curve for manufacturer C in fig. 6) and 
the calibration of thermocouple Cll (see fig. 11) is 
about 130 JL V at 1600 0c. The difference is larger 
than the differences between the temperature-emf 
relationships of any of the other thermocouples and 
probably represents a rather extreme case. For ther· 
mocouples tested from the other manufacturers 
differences in emf at 1600 °C ranging from a few 
microvolts up to about 60 JL V were typical for lot to lot 
differences. 

If thermocouple Cll is disregarded. the variations 
among the temperature-emf relationships of all the 
other thermocouples in tables 2 and 4 are surprisingly 
small considering that five different manufacturers and 
about 12 different lots of wire are represented. The 
maximum difference between the temperature·emf re­
lationships of the various thermocouples at 1600 °C is 
about 70 JLV (about 6 deg C), and the largest deviation 
of any thermocouple from the reference table is only 
about 45 JL V (about 3.8 deg C). Consequently, it is 
estimated that nearly all the 30-6 thermocouples pro­
duced by manufacturers in this country will have 
temperature-emf relationships that agree with the 
temperature-emf relationship given by the reference 
table to within the equivalent of ± 0.5 percent of the 
temperature in the range 500 to 1800 °C and to within 
± 15 JL V for temperatures below 500°C. 

These values do not represent a standard manufac­
turing tolerance for the 30-6 thermocouple , nor are 
they a recommendation for one. The values are 
merely estimates, based upon the calibrations of a 
rather small sampling of thermocouples which have 
been tested at NBS. The values are intended to 
serve as a guide for prospective users of the thermo­
couple, since no standard manufacturing tolerances 
exist for the thermocouple at present. If the 30-6 
thermocouple comes into common use in this country, 
technical societies and manufacturers will most likely 
agree upon and adopt standard manufacturing 
tolerances. 

The difference between the Degussa reference 
curves (old and new) and the reference table presented 
with this paper are shown in figure 12. It can be seen 
that the differences between the new Degussa refer­
ence curve, established by Obrowski and Prinz [7], 
and the temperature-emf relationship given by the 
NBS table are less than the spread between the tem­
perature-emf relationships of the thermocouples tested 
in this investigation. The difference at 1600 °C is 19 
JL V or about 1.6 deg C while the maximum difference 
occurs at 1800 °e and is only 33 JL V or about 2.9 deg C. 
This indicates that the thermocouples used by Obrow­
ski and Prinz in establishing the new Degussa refer­
ence curve had essentially the same characteristics as 
the Pt-29.60 percent Rh versus Pt-6.12 percent Rh 
thermocouples produced by American manufacturers. 

The fact that the emf developed by the 30-6 thermo­
couple is relatively small (about two-thirds the emf of 
the Pt-lO percent Rh versus Pt thermocouple at 1700 
°C as shown in fig. 1) imposes no particular restric­
tions on the use of the thermocouple at high tempera­
tures. The thermoelectric power or sensitivity of the 
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FIGURE 12. Emf difference between Degussa reference curves (old 
and new) and NBS reference table for 30-6 thermocouple. 

Emf difference equals emf of Degussa curves minus emf of NBS reference table. 

thermocouple above 1100 °C , which is most important, 
is fairly high (> 9 JL V tC) and compares favorably with 
the thermoelectric power of the Pt-l0 percent Rh 
versus Pt thermocouple as shown in figure 5. One 
advantage of the 30-6 thermocouple over most other 
types of thermocouples, is that the thermoelectric 
power and emf of the thermocouple are almost negli­
gible in the normal room temperature range. Conse­
quently, in most applications the reference junction 
temperature of the thermocouple does not need to be 
controlled or even known as long as it is between 0 and 
50 °C. For example, as shown by the reference tables 
the emf developed by the thermocouple with the refer­
ence junctions at 0 °C undergoes a reversal in sign at 
about 41°C, and between 0 and 50 °C varies from a 
minimum of about - 2 JL V at about 20 °C to a maximum 
of about + 3 JL V at 50 °C. Therefore, in use , if the 
reference j unctions of the thermocouple are both at 
the same temperature and within the range 0 to 50 °e, 
then a 0 °C reference junction temperature can be 
assumed and the error introduced will not exceed 3 JL V. 
At high temperatures (above 1100 °C) an additional 
error of 3 JLV (about 0.3 deg) in the measurements 
would be insignificant in most instances. 
. Th~ arbitrary nature of the reference tables reported 
In thIS paper should be emphasized. The tables are 
intended only to accurately represent the general shape 
of the temperature-emf curve for the 30-6 thermocou­
ple, and should not be expected to represent the actual 
emf, even for a thermocouple having exactly the com­
position given (Pt-29.60 % Rh versus Pt-6.12 % Rh). 

In general, the temperature-emf relationship of a 
particular 30-6 thermocouple will deviate somewhat 
from the relationship given by the reference table. 
The deviation can be expected to be rather small and 
vary smoothly as shown by the curves in figures 6 and 
11. Consequently, a deviation curve from the refer-
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ence table can be constructed that will yield a calibra­
tion sufficiently accurate for most purposes, by cali­
brating a particular thermocouple a t relatively few 
temperatures. The uncertain ti es in interpolated emf 
values calc ulated for the thermocouple from the devia­
tion curve will then depend upon the number and 
spacing of the calibration points used in cons tructing 
the deviation curve, the uncertainty in the calibration 
points, and the quality or "accuracy" of the reference 
table. Obviously, the quality or "accuracy" of the 
reference table will depend to a certain extent on the 
accuracy of the measurements upon which the table is 
based and upon the method e mployed for cons truc ting 
the table from the measured data. 

The inaccuracies introduced in the reference table 
for the 30-6 thermocouple by the me thod employed 
for interpolating between the measured data are not 
believed to be significant. Almos t any interpolation 
scheme will give an adequate representation of the data 
since there is an abundance of data and the tempera­
ture intervals between the data points are small. 
Therefore, any inaccuracy in the shape of the tempera­
ture-emf relationship given by the table is attributed 
for the most part to uncertainties in the measure ments. 

At temperatures below 450°C the thermoelectric 
power of the 30-6 thermocouple becomes quite small. 
Hence, the accuracy of the measurements is limited , 
in this range by inhomogeneities in the thermocouple 
materials and by limitations in the t6sting facilities and 
measuring equipment, rather than by uncertainties in 
the calibration of the standard instrument (platinum 
resistance thermome ter) used for measuring the tem­
perature. - In the range 450 to 1063 °C the accuracy 
is limited primarily by uncertainties in the calibration 
of the platinum-10 percent rhodium versus platinum 
thermocouples used in the measurements for deter­
mining the te mperature. Similarly the accuracy of 
the measureme nts above 1063 °C is limited by uncer­
tainties in the calibration of the optical pyrometer. In 
addition , factors such as electrical leakage through the 
insulating parts and changes in the c he mical composi­
tion of the wires may contribute to the uncertainty in 
the measure ments above 1063 0c. Changes in the 
chemical composition of the wires may result from 
chemical contamination, preferential loss of platinum 
or rhodium by oxidation and volatilization, and rhodium 
migration. Considering the thermocouple wire sizes 
used, the quality and sizes of the alumina insulating 
tubes used, and the rather short exposure times in­
volved, none of the factors are believed to introduce 
any significant uncertainty in the measurements for 
temperature up to about 1600 °C. However, above 
about 1600 °C the factors become more serious. 
Tn' preliminary experiments, beryllia (BeO) in sulating 

tubes were found to have higher electrical r esistance 
in the 1600 to 1790 °C range than alumina tubes by a 
factor of two or more . Consequently, the thermo­
couples were in sulated with BeO insulating tubes for 
measureme nts in the range above 1600 0c. Eve n so, 
electrical conduction through the BeO insulating tubes 
is believed to have produced a small error in the meas­
urements. From determinations made on the ins ula-

tion resis tance of the BeO tubes, by measuring the 
resistance between the wires of thermocouples with 
their meas uring junctions open, the magnitude of the 
error is es timated not to exceed 0.5 deg C for tempera­
tures up to 1790 °C. 

So me signi fica nt shifts in the thermoelectri c charac­
teristics of the thermocouples occurred as a res ult of 
tes ting in the 1600 to 1790 °C range. The shifts were 
detected by measuring the emf of the thermocouples 
at a lower temperature (1063 0c) before and after the 
measurements in the 1600 to 1790 °C range and were 
attributed to changes in the chemical composi tion of 
the thermocouple wires. Chemical contamination 
by impurities transferred from the in sulating and pro­
tecting parts was believed to have been the principal 
cause of the compositional c hanges. The error intro­
duced in the measurements above 1600 °C because of 
the com positional changes in the thermocouple wires is 
es tim ated to be not more than about 1 deg C. 

Another source of error in the meas urements above 
1063 °C is introduced by the alumina "blackbodies." 
In all the measurements with the optical pyrometer the 
spectral emissivities of the alumina " blac kbodies" at 
a wavelength of 0.65 f..L were taken as 1. Conse­
quently, any departure in the spectral emissiv ities from 
1 will produce an error in the measure men ts. The 
spectral emissivi ty or quality of a blackbody depends 
upon the internal dimensions of the blackbody cavity, 
the nature of the internal reAections (diffuse or specu­
lar), the values of the reAection factor. and the te mpera­
ture distribution over the cavity walls [9]. Assum in rr 

uniform temperature of the cavity walls and using th~ 
calculations described by DeVos [9] wi th an experi­
mentally determined value for the partial re Aectivity 
of alumina, the spectral emissivities at a wavelength 
of 0.65 f..L of the alumina " blackbodies" are es timated 
to be abou t 0.999. A de parture of 0.001 in the spec­
tral emissivities of the alumina " blac kbodies" from 
the assu med value of 1 prod uces an uncertainty of less 
than 0.2 °C in the measurements in the range 1063 to 
1790 0c. However, the temperature distributions 
along the walls of the bl ackbody cavities or sight holes 
were not uniform during the measurements. The tem­
perature gradient along the alumina " blackbody" 
which was heated in the Pt-Rh wire wound tube fur­
nace seldom exceeded more than 1 deg per inc h. This 
would have a negligible effect upon the spectral emis­
sivity of the blackbody cavity , but would introdu ce an 
additional error in the measurements. When there 
was a temperature gradient along the alumina " blac k­
body" the measuring junction of the thermocouple 
being tested would not have been at the temperature of 
the back wall of the blackbody cavity, s ince it was 
located approximately 1/8 in. from the cavity wall. 
Errors introduced by temperature gradients in the 
alumina " blackbody" are estimated not to exceed more 
than 0.2 or 0.3 deg for measurements in the Pt-Rh wire 
wound tube furnace. 

The quality of the alumina "blackbodies" is verified 
experimentally by the good agreement (about 0.5 deg) 
achieved at 1063 °C between the calibrations of the 
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various 3(}--6 thermocouples determined by comparison 
with the standard thermocouple (sec. 4.la and 4.le) 
and by comparison with the optical pyrometer (sec. 
4.1f). The agreement achieved between the two 
methods of calibration really reflects the accuracy of 
the entire system since the quality of the furnace, 
thermocouples, optical pyrometer calibration and 
blackbody influence the agreement. 

The results of other tests described in this paper also 
give some experimental verification to the accuracy 
of the measurements above 1063°C. The calibrations 
of thermocouples by direct comparison with the optical 
pyrometer which were performed in both the silicon 
carbide tube furnace (sec. 4.1c) and the Pt-Rh wire 
wound tube furnace (sec. 4.1f) were in agreement to 
within about 0.5 deg C at 1063 °C and to within about 
2 deg C at temperatures up to 1600 °C. In general, 
the calibrations in the Pt-Rh wire wound tube furnace 
yielded slightly · higher emfs for the thermocouples 
than the calibrations performed in the SiC tube fur­
nace. The calibrations in the Pt-Rh wire wound tube 
furnace were considered more reliable since problems 
with electrical leakage, hazing and nonuniformity of 
temperature were experienced in the SiC tube furnace. 
For this reason, the data obtained in the calibrations 
performed in the SiC tube furnace were not used in the 
calculation of the reference table. Even though the 
measurements made in the SiC tube furnace may be 
questionable, the agreement between the calibrations 
made in the two different furnaces does give added con­
fidence in the measurements. Further confidence in 
the measurements above 1063 °C is gained by the 
agreement achieved between calibrations of thermo­
couples determined by direct comparison with stand­
ard Pt-l0 percent Rh versus Pt thermocouples (sec. 
4_1e) and by direct comparison with the optical pyrome­
ter (sec. 4.1f). Calibrations of the same thermocouples 
by the two different methods agree to within 1 deg C in 
the range 1063 to 1350 °C and to within about 2 deg C 
up to 1450 0C. This agreement is quite satisfactory, 
since the calibrations of the standard Pt-l0 percent 
Rh versus Pt thermocouples were obtained by extrapo­
lation above 1063 °C and are estimated to be uncertain 
by 2 deg C at 1450 °C. 

Since the 3(}--6 thermocouple is primarily intended 
for use in the range above 1063 °C, particular emphasis 
is placed upon the accuracy of the measurements in 
this range. Other tests, which are not described in 
this paper, were performed in hope of gaining more 
insight into the accuracy of the measurements. For 
example several 3(}--6 thermocouples were calibrated 
at the melting points of palladium (1552 °C) and plati­
num (1769 0c) by the wire method [10], and these 
calibrations differed from calibrations based upon com­
parison with an optical pyrometer by no more than about 
1 deg C at the melting point of palladium and by no 
more than 2 deg C at the melting point of platinum. 
These differences were not considered unreasonable 
since the measurements by the wire method were 
estimated to be uncertain by about 1.5 deg C at the 
melting point of palladium and 2 or 3 deg C at the melt­
ing point of platinum. Several 3(}--6 thermocouples 

were also calibrated in a vertical "blackbody" furnace 
[11] at temperatures up to 1600 °C in an helium atmos­
phere and a different calibrated optical pyrometer was 
used to determine the temperature. These calibra­
tions were in agreement with calibrations of the ther­
mocouples performed in air in the Pt-Rh wire wound 
tube furnace to within about 2 deg C up to 1600 °C. 
In another test, a 3(}--6 thermocouple was calibrated by 
direct comparison with a calibrated Leeds and North­
rup type 8640 photoelectric pyrometer in the range 
1063 to 1555 °C. The thermocouple was heated in the 
Pt-Rh wire wound furnace. The difference between 
this calibration and a calibration of the thermocouple 
in the same furnace, but using the visual optical py­
rometer to determine the temperature, varied from 
about 0.5 deg C at 1063 °C to about 1.5 deg C at 1555 0C. 

After considering the capabilities of the standard 
instruments and test facilities used, the quality and 
stability of the thermocouples tested, and the results 
of the various tests performed, the uncertainties in the 
measurements that were used in calculating the refer­
ence table are estimated not to exceed ± 2 fJ-V in the 
range 0 to 450°C and about ± 3 fJ-V in the range 450 to 
1063 0C. The uncertainties in the measurements 
increased above 1063 °C and are estimated not to 
exceed the equivalent of about ± 2 deg C at 1400 °C, 
and about ± 3 or 4 deg C at 1750 °C. Furthermore, it 
is estimated that determinations of the emf of a particu­
lar 3(}--6 thermocouple at about 600, 1063, and 1300 °C 
by comparison with a standard Pt-lO percent Rh versus 
Pt thermocouple and at the melting point of palladium 
(1552 0c) by the melting wire method will be sufficient 
to construct a deviation curve from the reference table 
such that the resulting calibration will be accurate to 
within ± 6 fJ-V up to 1063 °C, the equivalent of about I 

± 3 deg C up to 1550 °C, and the equivalent of about 
± 5 deg C above. 

Calibration of other 3(}--6 thermocouples can then be 
determined rather easily by directly comparing them 
with a calibrated 3(}--6 thermocouple. In any event, 
calibration of 3(}--6 thermocouples by direct comparison 
with an optical pyrometer will generally prove undesir­
able, since the method is tedious, time consuming, and 
requires rather elaborate facilities and techniques. 
Also, actual calibration of the thermocouples above 
about 1600 °C seems undesirable in most instances, 
since it is likely to introduce some instability in the 
thermocouple and render it less reliable in use. Cali­
bration values above 1600 °C can be obtained accu­
rately by extrapolating the deviation curve. 

Based upon the experience gained at NBS with the 
3(}--6 thermocouple during the present studies, the 
following information is summarized for the thermo­
couple. 

(1) Nearly all 3(}--6 thermocouples produced by 
manufacturers in this country will have temperature­
emf relationships that agree with the temperature-emf 
relationship given by the reference table to within the 
equivalent of ± 0.5 percent of the temperature in the 
range 500 to 1800 °C and to within ± 15 fJ-V for tempera­
tures below 500 °C. 
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(2) Calibration of a particular 30-6 thermocouple at 
four points (about 600, 1063, 1300, and 1552 0c) will be 
sufficient to construct a deviation curve from the refer­
ence table such that the resulting calibration will be 
accurate to within ± 6 MY up to 1063 DC, the equivalent 
of about ± 3 °C up to 1552 DC, and the equivalent of 
about ± 5 °C above . 

(3) Actual calibration of the thermocouple above about 
1600 DC is not recommended, since some instability 
may result in the thermocouple. Yalues above 1600 
°C may be accurately determined by extrapolation. 

(4) High purity alumina is recommended fo r insula-

tion and protection of the thermocouple but caution 
should be exercised at temperatures above about 1600 
°C for errors introduced by the electri cal co nduc tan ce 
of the insulators. 

(5) The use oflarge diameter wires (at leas t 0.020 in. ) 
and larger size insulating tubes is r ecomme nded for 
operating temperatures above 1500 or 1600 DC, so as to 
give the thermocouple added strength and to minimize 
errors due to electrical leakage. 

(6) In most in stances the reference junction te m­
perature need not be controlled since the emf and 
thermoelec tric power of the thermocouple at normal 
room te mpe ratures are very small. 

8. Appendix 

T ABLE: IA . Platinum·30 percent Rhodium versns P[al illlLln·6 Percent Rh odin", Th ermoconples 
~ Tt' nlJJt 'ra lllrI'S in Oegr{'cs C(lnl. ]948). EIl'clrollloli w Fort'f-' in Ahsulute Milli vlJll s. Bdl"l"l'llc," J U Il C lilH1 ~ a1 0 0(: . ) 

°C 0 1 2 3 4 5 (, 7 8 9 

Milli vo lt s 

0 - 0. - 0.000 - 0.000 - 0.001 - 0.001 - 0.001 - 0.001 - 0.001 - 0.002 - 0.002 

10 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 
20 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 
30 - 0.002 - 0.002 - 0.002 - 0.002 - 0.001 - 0.00] - 0.00] - 0.00] - 0.001 - 0.00] 

40 - 0.000 - 0.000 0.000 0.000 0.001 0.001 0.001 0.002 0.002 0.002 
50 0.002 0.003 0.003 0.004 0.004 0.004 0.005 0.005 0.006 0.006 
60 0.006 0.007 0.007 0.008 0.008 0.009 0.009 0.010 0.010 0.01l 

70 O.Oll 0.012 0.01 3 0.013 0.01 4 0.014 0.015 0.016 0.016 0.017 
80 0.018 0.018 0.019 0.020 0.020 0.021 0.022 0.023 0.023 0.024 
90 0.025 0.026 0.027 0.027 0.028 0.029 0.030 0.031 0.032 0.032 

100 0.033 0.034 0.035 0.036 0.037 0.038 0.039 0.040 0.04] 0.042 

110 0.043 0.044 0.045 0.046 0.047 0.048 0.049 0.050 0.051 0.052 
i20 0.054 0.055 0.056 0.057 0.058 0.059 0.060 0.062 0.063 0.064 
130 0.065 0.066 0.068 0.069 0.070 0.072 0.073 0.074 0.075 0.077 

140 0.078 0.079 0.08] 0.082 0.084 0.085 0.086 0.088 0.089 0.091 
150 0.092 0.094 0.09,5 0.096 0.098 0.099 0.101 0.102 0. LD4 0.106 
160 0.107 0.109 0.110 0.112 0.113 0.11 5 0.11 7 0.118 0.120 0.122 

170 0.123 0.125 0.127 0.128 0.130 0.132 0.133 0.13,5 0.137 0.139 
180 0.140 0.142 0.144 0.146 0.148 0.149 0.151 0.153 0.15,5 0.157 
190 0.159 0.161 0.163 0.164 0.166 0.168 0.170 0.172 0.174 0.176 

200 0.178 0.180 0.182 0.1 84 0.186 0.188 0.190 0.192 0.194 0.197 

210 0.199 0.201 0.203 0.20,5 0.207 0.209 0.211 0.214 0.216 0.218 
220 0.220 0.222 0.225 0.227 0.229 0.231 0.234 0.236 0.238 0.240 
230 0.243 0.245 0.247 0.2,50 0.252 0.254 0.257 0.2,59 0.262 0.264 

240 0. 266 0.269 0.271 0.274 0.276 0.279 0.281 0.284 0.286 0.289 
250 0. 29 1 0.294 0.296 0.299 0.301 0.304 0.306 0.309 0.312 0.314 
260 0.317 0.320 0.322 0.325 0.328 0.330 0. 333 0.336 0.338 0. 341 

270 0.344 0.347 0.349 0.352 0.35,5 0.3,58 0. 360 0.363 0.366 0.369 
280 0.372 0.374 0.377 0.380 0.383- 0.386 0.389 0.392 0.395 0.398 
290 0.401 0.404 0.406 0.409 0.412 0.415 0.418 0.421 0.424 0.427 
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TABLE lA. Platinum·30 percent Rhodium versus Platinum-6 Percent Rhodium Thermocouples - Continued 
(Temperatures in Degrees C(lnl. 1948). Electromotive Force in Absolut e Millivolts. Reference Junctions at ooe.) 

°C 0 1 2 3 4 5 6 7 8 9 

Millivolts 

300 0.431 0.434 0.437 0.440 0.443 0.446 0.449 0.452 0.455 0.458 

310 0.462 0.465 0.468 0.471 0.474 0.477 0.481 0.484 0.487 0.490 
320 0.494 0.497 0.500 0.503 0.507 0.510 0.513 0.517 0.520 0.523 
330 0.527 0.530 0.533 0.537 0.540 0.543 0.547 0.550 0.554 0.557 

340 0.561 0.564 0.568 0.571 0.575 0.578 0.582 0.585 0.589 0.592 
350 0.596 0.599 0.603 0.606 0.610 0.614 0.617 0.621 0.625 0.628 
360 0.632 0.635 0.639 0.643 0.647 0.650 0.654 0.658 0.661 0.665 

370 0.669 0.673 0.676 0.680 0.684 0.688 0 .692 0.696 0.699 0.703 
380 0.707 0.711 0.715 0.719 0.723 0.726 0.730 0.734 0.738 0.742 
390 0.746 0.750 0.754 0.758 0.762 0.766 0.770 0.774 0.778 0.782 

400 0.786 0.790 0.794 0.799 0.803 0.807 0 .811 0.815 0.819 0.823 

410 0.827 0.832 0.836 0.840 0.844 0.848 0_853 0.857 0.861 0.865 
420 0.869 0.874 0.878 0.882 0.887 0.891 0_895 0.900 0.904 0.908 
430 0.913 0.917 0.921 0.926 0.930 0.934 0_939 0.943 0.948 0.952 

440 0.957 0.961 0.966 0.970 0.975 0.979 0_984 0.988 0.993 0.997 
450 1.002 1.006 1.011 1.015 1.020 1.025 1.029 1.034 1.038 1.043 
460 1.048 1.052 1.057 1.062 1.066 1.071 1.076 1.080 1.085 1.090 

470 1.095 1.099 1.104 1.109 1.114 1.118 Ll23 1.128 1.133 1.138 
480 1.143 1.147 1.152 1.157 1.162 1.167 Ll72 1.177 1.182 1.186 
490 1.191 1.196 1.201 1.206 1.211 1.216 1.221 1.226 1.231 1.236 

500 1.241 1.246 1.251 1.256 1.261 1.267 1.272 1.277 1.282 1.287 

510 1.292 1.297 1.302 1.307 1.313 1.318 1.323 1.328 1.333 1.339 
520 1.344 1.349 1.354 1.359 1.365 1.370 1.375 1.381 1.386 1.391 
530 1.396 1.402 1.407 1.412 1.418 1.423 1.429 1.434 1.439 1.445 

540 1.450 1.455 1.461 1.466 1.472 1.477 1.483 1.488 1.494 1.499 
550 1.505 1.510 1.516 1.521 1.527 1.532 1.538 1.543 1.549 1.554 
560 1.560 1.566 1.571 1.577 1.583 1.588 1.594 1.599 1.605 1.611 

570 1.616 1.622 1.628 1.634 1.639 1.645 1.651 1.656 1.662 1.668 
580 1.674 1.680 1.685 1.691 1.697 1.703 1. 709 1.714 1.720 1.726 
590 1.732 1.738 1.744 1.750 1.756 1.761 1.767 1.773 1.779 1.785 

600 1.791 1.797 1.803 1.809 1.815 1.821 1.827 1.833 1.839 1.845 

610 1.851 1.857 1.863 1.869 1.875 1.882 1.888 1.894 1.900 1.906 
620 1.912 1.918 1.924 1.931 1.937 1.943 1.949 1.955 1.962 1.968 
630 1.974 1.980 1.986 1.993 1.999 2.005 2.011 2.018 2.024 2.030 

640 2.037 2.043 2.049 2.056 2.062 2.068 2.075 2.081 2.087 2.094 
650 2.100 2.107 2.113 2.120 2.126 2.132 2.139 2.145 2.152 2.158 
660 2.165 2.171 2.178 2.184 2.191 2.197 2.204 2.210 2.217 2.224 

670 2.230 2.237 2.243 2.250 2.257 2.263 2.270 2.276 2.283 2.290 
680 2.296 2.303 2.310 2.316 i.323 2.330 2.337 2.343 2.350 2.357 
690 2.363 2.370 2.377 2.384 2.391 2.397 2.404 2.411 2.418 2.425 
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TABLE IA. PLatinUln-30 percent Rhodium versus Platinum-6 Percent Rhodium Thermocouples-Co nti nued 
(T emperat ures in Degrees C(l nl. 1948). E leClrolllot ivt' Force in Absolut e Millivolt s. Reference Junctiuns at 0 0C.) 

°C 0 1 2 3 4 5 6 7 8 9 

Milli vo lts 

700 2.431 2.438 2.445 2.452 2.459 2.466 2.473 2.480 2.486 2.493 

710 2.500 2.507 2.514 2.521 2.528 2.535 2.542 2.549 2.556 2.563 
720 2.570 2.577 2.584 2.591 2.598 2.605 2.612 2.619 2.626 2_633 
730 2.641 2.648 2.655 2.662 2.669 2.676 2.683 2.690 2.698 2.705 

740 2.712 2.719 2.726 2.733 2.741 2.748 2.755 2.762 2.770 2-777 
750 2.784 2.791 2.799 2.806 2.813 2.821 2.828 2.835 2.843 2_850 
760 2.857 2.865 2.872 2.879 2.887 2.894 2.901 2.909 2.916 2.924 

770 2.931 2.939 2.946 2.953 2.961 2.968 2.976 2.983 2.991 2.998 
780 3.006 3.013 3.021 3.028 3.036 3.043 :3.051 3.059 3.066 3.074 
790 3.081 3.089 3.097 3.104 3.112 3.119 3. 127 3.135 3.142 3.150 

800 3 .1 58 3.165 3. 173 3.1 81 3.188 3.196 3.204 3.212 3.219 3.227 

810 3.235 3.243 3.250 3.258 3.266 3.274 3.281 3.289 3.297 3.305 
820 3.313 3.321 3.328 3.336 3.344 3.352 3.360 3.368 3.376 3.384 
830 3.391 3.399 3.407 3.415 3.423 3.431 3.439 3.447 3.455 3.463 

840 3.471 3.479 3.487 3.495 3.503 3.511 3.519 3.527 3.535 3.543 
850 3.551 3.559 3.567 3.575 3.583 3.591 3.600 3.608 3.616 3.624 
860 3.632 3.640 3.648 3.656 3.665 3.673 3.681 3.689 3.697 3.706 

870 3.714 3.722 3.730 3.738 3.747 3.755 3.763 3.771 3.780 3.788 
880 3.796 3.805 3.813 3.821 3.829 3.838 3.846 3.854 3.863 3.87 1 
890 3.879 3.888 3.896 3.905 3.913 3.921 3.930 3.938 3.947 3.955 

900 3.963 3.972 3.980 3.989 3.997 4.006 4.014 4.023 4.031 4.040 

910 4.048 4.057 4.065 4.074 4.082 4.091 4.099 4.108 4.1 17 4.125 
920 4.134 4. 142 4.151 4.160 4. 168 4. 177 4.185 4.194 4.203 4.211 
930 4.220 4.229 4.237 4.246 4.255 4.263 4.272 4.281 4.290 4.298 

940 4.307 4.316 4.324 4.333 4.342 4.351 4.360 4.368 4.377 4.386 
950 4.395 4.404 4.412 4.421 4.430 4.439 4.448 4.457 4.465 4.474 
960 4.483 4.492 4.501 4.510 4.519 4.528 4.537 4.545 4.554 4.563 

970 4.572 4.581 4.590 4.599 4.608 4.617 4.626 4.635 4.644 4.653 
980 4.662 4.671 4.680 4.689 4.698 4.707 4.716 4.726 4.735 4.744 
990 4.753 4.762 4.771 4.780 4.789 4.798 4.807 4.817 4.826 4.835 

1000 4.844 4.853 4.862 4.872 4.881 4.890 4.899 4.908 4.918 4.927 

1010 4.936 4.945 4.954 4.964 4.973 4.982 4.992 5.001 5.010 5.019 
1020 5.029 5.038 5.047 5.057 5.066 5.075 5.085 5.094 5. 103 5.113 
1030 5.122 5. 131 5. 141 5.150 5.160 5.169 5. 178 5.188 5.197 5.207 

1040 5.216 5.225 5.235 5.244 5.254 5.263 5.273 5.282 5.292 5.301 
1050 5.311 5.320 5.330 5.339 5.349 5.358 5.368 5.377 5.387 5.396 
1060 5.406 5.415 5.425 5.435 5.444 5.454 5.463 5.473 5.483 5.492 

1070 5.502 5.511 5.521 5.531 5.540 5.550 5.560 5.569 5.579 5.589 
1080 5.598 5.608 5.618 5.627 5.637 5.647 5.657 5.666 5-676 5.686 
1090 5.695 5.705 5.715 5.725 5.734 5.744 5.754 5.764 5.774 5.783 
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TABLE lA. Platinum-3D percent Rhodium versus Platinum·6 Percent Rhodium Thermocouples - Continued 
(Tempe ratures in Degrees O lnl. ]948). Electromotive Force in Absolute Millivolt s. Reference Junctions at 0 "C.) 

°C 0 1 2 3 4 5 6 7 8 9 

Millivolts 

1100 5.793 5.803 S.813 5.823 5.832 5.842 5.852 5.862 5.872 5.882 

1110 5.891 5.901 5.911 5.921 5.931 5.941 5.951 5.96 1 5.970 5.980 

1120 5.990 6.000 6.010 6.020 6.030 6.040 6.050 6.060 6.070 6.080 

1130 6.090 6.100 6.110 6.120 6.130 6.140 6.150 6.160 6.170 6.180 

1140 6.190 6.200 6.210 6.220 6.230 6.240 6.250 6.260 6.270 6.280 

1150 6.290 6.300 6.310 6.320 6.330 6.340 6.351 6.361 6.371 6.381 

1160 6.391 6.401 6.411 6.421 6.432 6.442 6.452 6.462 6.472 6.482 

1170 6.492 6.503 6.513 6.523 6.533 6.543 6.554 6.564 6.574 6.584 
1180 6.594 6.605 6.615 6.625 6.635 6.646 6.656 6.666 6.676 6.687 
1190 6.697 6.707 6.718 6.728 6.738 6.749 6.759 6.769 6.780 6.790 

1200 6.800 6.811 6.821 6.831 6.842 6.852 6.863 6.873 6.883 6.894 

1210 6.904 6.91 5 6.925 6.936 6.946 6.956 6.967 6.977 6.988 6.998 
1220 7.009 7.0J9 7.030 7.040 7.051 7.061 7.072 7.082 7.093 7.103 
1230 7.114 7.125 7.135 7.146 7.156 7.167 7. 177 7. 188 7.199 7.209 

1240 7.220 7.230 7.241 7.252 7.262 7.273 7.284 7.294 7.305 7.316 
1250 7.326 7.337 7.348 7.358 7.369 7.380 7.390 7.401 7.412 7.422 
1260 7.433 7.444 7.455 7.465 7.476 7.487 7.498 7.508 7.519 7.530 

1270 7.541 7.551 7.562 7.573 7.584 7.595 7.605 7.616 7.627 7.638 
1280 7.649 7.659 7.670 7.681 7.692 7.703 7.714 7.725 7.735 7.746 
1290 7.757 7.768 7.779 7.790 7.801 7.812 7.822 7.833 7.844 7.855 

1300 7.866 7.877 7.888 7.899 7.910 7.921 7.932 7.943 7.954 7.965 

1310 7.976 7.987 7.998 8.009 8.020 8.031 8.042 8.053 8.064 8.075 
1320 8.086 8.097 8.l08 8.119 8.130 8.141 8.152 8.163 8.174 8.185 
1330 8.196 8.207 8.218 8.229 8.240 8.251 8.262 8.273 8.285 8.296 

1340 8.307 8.318 8.329 8.340 8.351 8.362 8.373 8.385 8.396 8.407 
1350 8.418 8.429 8.440 8.451 8.463 8.474 8.485 8.496 8.507 8.518 
1360 8.530 8.541 8.552 8.563 8.574 8.585 8.597 8.608 8.619 8.630 

1370 8.641 8.653 8.664 8.675 8.686 8.698 8.709 8.720 8.731 8.743 
1380 8.754 8.765 8.776 8.788 8.799 8.810 8.821 8.833 8.844 8.855 
1390 8.866 8.878 8.889 8.900 8.912 8.923 8.934 8.946 8.957 8.968 

1400 8.979 8.991 9.002 9.013 9.025 9.036 9.047 9.059 9.070 9.081 

1410 9.093 9.104 9.115 9.127 9.138 9.150 9.161 9.172 9.184 9.195 
1420 9.206 9.218 9.229 9.241 9.252 9.263 9.275 9.286 9.297 9.309 
1430 9.320 9.332 9.343 9.354 9.366 9.377 9.389 9.400 9.412 9.423 

1440 9.434 9.446 9.457 9.469 9.480 9.492 9.503 9.514 9.526 9.537 
1450 9.549 9.560 9.572 9.583 9.595 9.606 9.618 9.629 9.640 9.652 
1460 9.663 9.675 9.686 9.698 9.709 9.721 9.732 9.744 9.755 9.767 

1470 9.778 9.790 9.801 9.813 9.824 9.836 9.847 9.859 9.870 9.882 
1480 9.893 9.905 9.916 9.928 9.939 9.951 9.963 9.974 9.986 9.997 
1490 10.009 10.020 10.032 10.043 10.055 10.066 10.078 10.089 10.101 10.113 
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T 'lllL E lA. Plntinllm ·,j() perant Rhodium l'erSIIS PI0Iin1l/1) ·6 Percenl Rhodiwn Therm.oco llples-Con tinu ed 
(T c'rn peraltll"f'': in Df'gn'l'''' {. lllli. 1948). ElcctrollWli ve Ft.rc(' in Ahsolult- Milli vnTt s. Refe rence Jundions at 0 0C.) 

°C 0 1 2 3 4 5 6 7 8 9 

Millivolt s 

1500 1.0.1 24 10.136 10.147 10.1 59 10. 170 /0. 182 10.193 10.205 10.217 10.228 

1510 10.240 10.251 10.263 10.274 10.286 10. 298 10.309 1.0.321 10.332 10.344 

1520 10.356 10.367 10.379 10.390 10.402 I /0.4 13 10.425 10.437 1.0.448 10.460 

1530 10.4 71 10.483 10.495 10.506 /0.518 10.529 10.54 1 10.553 10.564 10.576 

1540 10.587 10.599 10.611 10.622 1.0.634 10.646 10.657 10.669 10.680 10.692 

1550 10.704 1.0.715 10.727 10.739 10.750 1.0. 762 10.773 10.785 10.797 10.808 

1560 10.820 10.832 10.843 10.855 10.866 lO.878 10.890 10.901 /0.913 10.925 

1570 10.936 10.948 10.960 10.971 lO.983 10.995 11.006 11.01 8 11 .029 11.041 

1580 11.053 11.064 11.076 11.088 11.099 /1./11 11 . 123 11.1 34 11.146 11.158 

1590 11.1 69 11.1 81 11 .193 /1 .204 11.216 11.228 11.239 11.25 l ll .263 11.274 

1600 /1 .286 11.298 11 .309 11.32 1 11 .333 I U44 11.356 11.368 11.379 11.391 

1610 11 .403 11.414 11.426 11.438 11.449 11.461 11.473 11.484 11.496 11.508 
1620 11.519 /1.531 11 .543 11 .554 11 .566 11 .578 11 .589 11.601 11.613 11.624 
1630 11.636 11.648 11 .659 11.67] 11 .683 11 .694 1 J.706 11.718 11 .729 11.741 

1640 11.753 11.764 11.776 11.788 /1. 799 lUll 11 .823 ll.834 ll.846 11.858 
1650 11 .869 11.88 1 11.893 11.90.5 11.916 11.928 11.940 11.951 11.963 11.975 
1660 11.986 ll .998 12.010 12.021 12.033 12.045 12.0.56 12.068 12.080 12.091 

1670 12. 103 12. 115 12. 126 12. 138 12. 150 12.161 l2.1 73 12.185 12.1 96 12.208 
1680 12.220 12.231 12.243 12.255 12.266 12.278 12.290 12.301 12.3 13 12.325 
1690 12.336 12.348 12.360 12.371 12.383 12.395 12.406 12.4 18 12.430 12.441 

1700 12.453 12.465 12.476 12.488 12.500 12.5 11 12.523 l2.535 12.546 12 . .558 

1710 12.570 12.58 1 12.593 12.605 12.6 l6 12.628 l2.640 12.651 12.663 12.675 
1720 12.686 l2.698 12.709 12.72 1 12.733 l2.744 12.756 12.768 12.779 12.791 
1730 12.803 12.814 12.826 12.838 12.849 12.861 12.872 12.884 l2.896 12.907 

1740 12.919 12.931 12.942 l2.954 12.966 12.977 12.989 13.000 13.012 13.024 
1750 13.035 13.047 13.059 l3.070 1.3.082 13.093 13.105 13. 117 13.1 28 13. 140 
1760 13. 152 13.163 13. l75 13.186 13. 198 13.210 13.221 13.233 13.245 13.256 

1770 13.268 13.279 13.291 13.303 13.314 l3.326 13.337 13.349 13.36l 13.372 
1780 13.384 13.395 13.407 13.419 13.430 l3.442 13.453 13.465 13.477 13.488 
1790 l3.500 l3.511 13.523 13.534 13.546 13.558 13.569 13.581 13.592 13.604 

1800 13.616 13.627 13.639 13.650 13.662 13.673 l3.685 13.696 13.708 13.720 

1810 13.731 . 13.743 13.754 13.766 13.777 13.789 l3.801 13.812 13.824 13.83.5 

1820 13.847 
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TABLE 2A. Platinum·30 percent Rhodium versus Platinum·6 Percent Rhodium Thermocouples 
(Electromot ive Force in Absolute Millivolt s. Temperatures in Degrees C(lnl. 1948). Reference Junc tions at 0 0C.) 

Millivolts 0.000 0.010 0.020 0.030 0.040 0.050 0.060 0.070 0.080 0.090 

Degrees C 

O. O. 67.3 83.4 96.2 107.1 116.8 125.6 133.8 141.4 148.6 

0.100 155.4 161.8 168.0 174.0 179.7 185.3 190.6 195.9 200.9 205.8 

0.200 210.7 215.3 219.9 224.4 228.8 233.1 237.3 241.5 245.5 249.5 
0.300 253.5 257.4 261.2 264.9 268.6 272.3 275.9 279.4 282.9 286.4 
0.400 289.8 293.2 296.5 299.8 303.1 306.3 309.5 312.7 315.8 318.9 

0.500 322.0 325.0 328.0 331.0 334.0 336.9 339.8 342.7 345.6 348.4 
0.600 351.2 354.0 356.8 359.5 362.2 364.9 367.6 370.3 372.9 375.6 
0.700 378.2 380.8 383.3 385.9 388.4 391.0 393.5 396.0 398.5 400.9 

0.800 403.4 405.8 408.2 410.6 413.0 415.4 417.8 420.1 422.5 424.8 
0.900 427 .1 429.4 431.7 434.0 436.3 438.5 440.8 443.0 445.2 447.4 

1.000 449.6 451.8 454·0 456.2 458.4 460.5 462.7 464.8 466.9 469.0 

1.100 47l.l 473.2 475.3 477.4 479.5 481.5 483.6 485.6 487.7 489.7 
1.200 491.7 493.7 495.8 497.8 499.7 501.7 503.7 505.7 507.6 509.6 
1.300 511.5 513.5 515.4 517.4 519.3 521.2 523.1 525.0 526.9 528.8 

1.400 530.7 532.5 534.4 536.3 538.1 540.0 541.8 543.7 545.5 547.3 
1.500 549.2 551.0 552.8 554.6 556.4 558.2 560.0 561.8 563.6 565.3 
1.600 567. 1 568.9 570.6 572.4 574.1 575.9 577.6 579.3 58Ll 582.8 

1.700 584.5 586.2 588.0 589.7 591.4 593.1 594.8 596.4 598.1 599.8 
1.800 601.5 603.2 604.8 606.5 608.1 609.8 611.5 613.1 614.7 616.4 
1.900 618.0 619.7 621.3 622.9 624.5 626.1 627.8 629.4 631.0 632.6 

2.000 634.2 635.8 637.4 638.9 640.5 642.1 643.7 645.3 646.8 648.4 

2.100 650.0 651.5 653.1 654.6 656.2 657.7 659.3 660.8 662.3 663.9 
2.200 665.4 666.9 668.5 670.0 671.5 673.0 674.5 676.0 677.5 679.0 
2.300 680.5 682.0 683.5 685.0 686.5 688.0 689.5 691.0 692.4 693.9 

2.400 695.4 696.9 698.3 699.8 701.2 702.7 704.2 705.6 707. 1 708.5 
2.500 710.0 711.4 712.8 714.3 715.7 717.1 718.6 720.0 721.4 722.8 
2 .600 724.3 725.7 727.1 728.5 729.9 731.3 732.7 734.1 735.5 736.9 

2.700 738.3 739.7 741.1 742.5 743.9 745.3 746.7 748.1 749.4 750.8 
2.800 752.2 753.6 754.9 756.3 757.7 759.0 760.4 761.7 763.1 764.5 
2.900 765.8 767.2 768.5 769.9 771.2 772.5 773.9 775.2 776.6 777.9 

3.000 779.2 780.6 781.9 783.2 784.5 785.9 787.2 788.5 789.8 791.1 

3.100 792.5 793.8 795.1 796.4 797.7 799.0 800.3 801.6 802.9 804.2 
3.200 805.5 806.8 808.1 809.4 810.7 812.0 813.2 814.5 815.8 817.1 
3.300 818.4 819.7 820.9 822.2 823.5 824.7 826.0 827.3 828.6 829.8 

3.400 83Ll 832.3 833.6 834.9 836.1 837.4 838.6 839.9 841.1 842.4 
3.500 843.6 8.44.9 846.1 847.4 848.6 849.9 85Ll 852.3 853.6 854.8 
3.600 856.1 857.3 858.5 859.8 861.0 862.2 863.4 864.7 865.9 867.1 

3.700 868.3 869.5 870.8 872.0 873.2 874.4 875.6 876.8 878.0 879.2 
3.800 880.5 881.7 882.9 884.1 885.3 886.5 887.7 888.9 890.1 891.3 
3.900 892.5 893.6 894.8 896.0 897.2 898.4 899.6 900.8 902.0 903..1 

110 



TABLE 2A. Platinum-30 percent Rhodium versus Platinum-6 Percent Rhodium Thermocouples - Continued 
(Elec tromotive Force in Absolute Milli vo lts. T emperatures in Dcv;recs C(ln t. 1948). Reference Junctions at O °C.) 

Millivolts 0.000 0.010 0.0 2 0 0 .0 30 0.040 0 .050 0 .060 0.0 70 0.080 0.090 

Degrees C 

4.000 904.3 905.5 906.7 907.9 909.0 910.2 911.4 912.6 913.7 914.9 

4.1 00 916.1 917.2 918.4 919.6 920.7 92 1.9 923.1 924.2 925.4 926.5 
4.200 927.7 928.8 930.0 931.2 932.3 933.5 934.6 935.8 936.9 938. 1 
4.300 939.2 940.3 941.5 942.6 943.8 944.9 946.1 947.2 948.3 949.5 

4 .4 00 950.6 951.7 952.9 954.0 955.1 956.3 957.4 958.5 959.6 960.8 
4.500 961.9 963.0 964.1 965.3 966.4 967.5 968.6 969.7 970.9 972.0 
4 .600 973.1 974.2 975.3 976.4 977.5 978.6 979.8 980.9 982.0 983.1 

4.700 984.2 985.3 986.4 987.5 988.6 989.7 990.8 991.9 993.0 994.1 
4 .800 99S.2 996.3 997.4 998.5 999.6 1000.6 1001.7 1002.8 1003.9 100S.0 
4 .90 0 1006.1 1007.2 1008.3 1009.3 1010.4 1011.5 1012.6 1013.7 1014.8 101S.8 

5.000 1016.9 1018.0 1019.1 1020.1 1021.2 1022.3 1023.4 1024.4 1025.5 1026.6 

5.100 1027.6 1028.7 1029.8 1030.9 1031.9 1033.0 1034. 1 1035. 1 1036.2 1037.2 
5.200 1038.3 1039.4 1040.4 1041.5 1042.S 1043.6 1044.7 1045.7 1046.8 1047.8 
5.300 1048.9 1049.9 1051.0 1052.0 1053.1 1054.1 105S.2 1056.2 1057.3 IOS8.3 

5.400 1059.4 1060.4 1061.S 1062.5 1063.6 1064.6 106S.7 1066.7 1067.7 1068.8 
5.500 1069.8 1070.9 1071.9 1072.9 1074.0 107S.0 1076.0 1077.1 1078. 1 1079. 1 
5.600 1080.2 1081.2 1082.2 1083.3 1084.3 108S.3 1086.4 1087.4 1088.4 1089.4 

5.700 1090.5 1091 .5 1092.S 1093.5 1094.6 109S.6 1096.6 1097.6 1098.7 1099.7 
5.800 llOO.7 1101.7 1102.7 1103.8 1104.8 IIOS.8 1106.8 1107.8 ll08.8 1109.9 
5 .900 1110.9 1111.9 1I12.9 1113.9 1114.9 111S.9 1116.9 1118.0 1119.0 1120.0 

6.000 1121.0 1122.0 1123.0 1124.0 1125.0 11 26.0 11 27.0 11 28.0 1129.0 1130.0 

6 .100 11 31.0 1132.0 11 33.0 1134.0 1135.0 11 36.0 1137.0 11 38.0 11 39.0 1140.0 
6.200 ll4l.0 1142.0 1143.0 1144.0 1145.0 1146.0 1147.0 1148.0 1149.0 I ISO.O 
6.30 0 1151.0 1152.0 1153.0 1154.0 115S.0 115S.9 1156.9 II S7.9 11S8.9 1159.9 

6.40 0 1160.9 1161.9 1162.9 1163.8 1164.8 116S.8 1166.8 1167.8 1168.8 1169.8 
6.500 1170.7 1171.7 1172.7 1173.7 11 74.7 117S.6 1176.6 1177.6 1178.6 1179.6 
6.600 1180.S 1181.5 1182.S 1183.5 1184.4 118S.4 1186.4 1187.4 1188.3 1189.3 

6.70 0 1190.3 1191.3 1192.2 1193.2 1194.2 119S.1 1196. 1 1197. 1 ll98.0 1199.0 
6 .800 1200.0 1200.9 1201. 9 1202.9 1203.8 1204.8 120S.8 1206.7 1207.7 1208.6 
6.900 1209.6 1210.6 12 11.S 121 2.5 1213.4 1214.4 121S.3 1216.3 1217.2 1218.2 

7.00 0 1219.2 1220. 1 122 1.1 1222.0 1223.0 1223 .9 1224.9 122S.8 1226.8 1227.7 

7.100 1228.7 1229.6 1230.6 1231.5 1232.5 1233.4 1234.4 1235.3 1236.2 1237.2 
7.200 1238. 1 1239. 1 1240.0 1241.0 1241.9 1242.8 1243.8 1244.7 1245.7 1246.6 
7.300 1247.5 1248.S 1249.4 12S0.4 1251.3 1252.2 1253.2 12S4. 1 125S.0 1256.0 

7.400 1256.9 1257.8 12S8.8 12S9.7 1260.6 1261.6 1262.5 1263.4 1264.4 126S.3 
7.500 1266.2 1267.2 1268.1 1269.0 1269.9 1270.9 127 1.8 1272 .7 1273.7 1274.6 
7.600 127S.5 1276.4 1277.4 1278.3 1279.2 1280.1 1281.1 1282.0 1282.9 1283.8 

7.700 1284.7 1285.7 1286.6 1287.5 1288.4 1289.3 1290.3 1291.2 1292.1 1293.0 
7.800 1293.9 1294.9 129S.8 1296.7 1297.6 1298.5 1299.4 1300.4 1301.3 1302.2 
7.900 1303. 1 1304.0 1304.9 130S.8 1306.8 1307.7 1308.6 1309.S 1310.4 13 ll .3 
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TABLE 2A. Platinum·30 percent Rhodium versus Platinum·6 Percent Rhodium Thermocouples-Continued 
(Ele('tromotive Fo r(' (~ ill A bsolute Milli volts. Te mperatures in Degrees C(Inl. 1(48). Rcferenee Junctions al o oe.) 

Millivolts 0.000 0.010 0.020 0.030 0.040 0.050 0.060 0.070 0.080 0.090 

Degrees C 

8.000 1312.2 1313. 1 1314.0 1315.0 1315.9 1316.8 1317.7 1318.6 1319.5 1320.4 

8.100 1321.3 1322.2 1323.1 1324.0 1324.9 1325.8 1326.7 1327.7 1328.6 1329.5 
8.200 1330.4 1331.3 1332.2 1333.1 1334.0 1334.9 1335.8 1336.7 1337.6 1338.5 
8.300 1339.4 1340.3 1341.2 1342.1 1343.0 1343.9 1344.8 1345.7 1346.6 1347.5 

8.400 1348.4 1349.3 1350.2 1351.1 1352.0 1352.9 1353.8 1354.7 1355.6 1356.5 
8.500 1357.4 1358.3 1359.1 1360.0 1360.9 1361.8 1362.7 1363.6 1364.5 1365.4 
8.600 1366.3 1367.2 1368.1 1369.0 1369.9 1370.8 1371.7 1372.5 1373.4 1374.3 

8.700 1375.2 1376.1 1377.0 1377.9 1378.8 1379.7 1380.6 1381.4 1382.3 1383.2 
8.800 1384.1 1385.0 1385.9 1386.8 1387.7 1388.5 1389.4 1390.3 1391.2 1392.1 
8.900 1393.0 1393.9 1394.7 1395.6 1396.5 1397.4 1398.3 1399.2 1400.0 1400.9 

9.000 1401.8 1402.7 1403.6 1404.5 1405.3 1406.2 1407.1 1408.0 1408.9 1409.8 

9.100 1410.6 1411.5 1412.4 1413.3 1414.2 1415.0 1415.9 1416.8 1417.7 1418.6 
9.200 1419.4 1420.3 1421.2 ]422.1 1423.0 1423.8 1424.7 1425.6 1426.5 1427.3 
9.300 1428.2 1429.1 1430.0 1430.9 1431.7 1432.6 1433.5 1434.4 1435.2 1436.1 

9.400 1437.0 1437.9 ]438.7 1439.6 1440.5 1441.4 1442.2 1443.1 1444.0 1444.9 
9.500 1445.7 1446.6 1447.5 1448.4 1449.2 1450.1 1451.0 1451.9 1452.7 1453.6 
9.600 1454.5 1455.3 1456.2 1457.1 1458.0 1458.8 1459.7 1460.6 1461.4 1462.3 

9.700 1463.2 1464.1 1464.9 1465.8 1466.7 1467.5 1468.4 1469.3 1470.1 1471.0 
9.800 1471.9 1472.8 1473.6 1474.5 1475.4 1476.2 1477.1 1478.0 1478.8 1479.7 
9.900 1480.6 1481.4 1482.3 1483.2 1484.0 1484.9 1485.8 1486.6 1487.5 1488.4 

10.000 1489.3 1490.1 1491.0 1491.9 1492.7 1493.6 1494.4 1495.3 1496.2 1497.0 

10.100 1497.9 1498.8 1499.6 1500.5 1501.4 1502.2 1503.1 1504.0 1504.8 1505.7 
10.200 1506.6 1507.4 1508.3 1509.2 1510.0 1510.9 1511.8 1512.6 1513.5 1514.3 
10.300 1515.2 1516.1 1516.9 1517.8 1518.7 1519.5 1520.4 1521.3 1522.1 1523.0 

10.400 1523.8 1524.7 1525.6 1526.4 1527.3 1528.2 1529.0 1529.9 1530.7 1531.6 
10.500 1532.5 1533.3 1534.2 1535.0 1535.9 1536.8 1537.6 1538.5 1539.4 1540.2 
10.600 1541.1 1541.9 1542.8 1543.7 1544.5 1545.4 1546.2 1547.1 1548.0 1548.8 

10.700 1549.7 1550.5 1551.4 1552.3 1553.1 1554.0 1554.8 1555.7 1556.6 1557.4 
10.800 1558.3 1559.] 1560.0 156~, 9 1561.7 1562.6 1563.4 1564.3 1565.2 1566.0 
10.900 1566.9 1567.7 1568.6 1569.5 1570.3 1571.2 1572.0 1572.9 1573.8 1574.6 

11.000 1575.5 1576.3 1577.2 1578.0 1578.9 1579.8 1580.6 1581.5 1582.3 1583.2 

11.100 1584.1 1584.9 1585.8 1586.6 1587.5 1588.3 1589.2 1590.1 1590.9 1591.8 
11.200 1592.6 1593.5 1594.3 1595.2 1596.1 1596.9 1597.8 1598.6 1599.5 1600.3 
11.300 1601.2 1602.1 1602.9 1603.8 1604.6 1605.5 1606.3 1607.2 1608.1 1608.9 

11.400 1609.8 1610.6 1611.5 1612.3 1613.2 1614.1 1614.9 1615.8 1616.6 1617.5 
11.500 1618.3 1619.2 1620.1 1620.9 1621.8 1622.6 1623.5 1624.3 1625.2 1626.1 
11.600 1626.9 1627.8 1628.6 1629.5 1630.3 1631.2 1632.1 1632.9 1633.8 1634.6 

II. 700 1635.5 1636.3 1637.2 1638.1 1638.9 1639.8 1640.6 1641.5 1642.3 1643.2 
11.800 1644.0 1644.9 1645.8 1646.6 1647.5 1648.3 1649.2 1650.0 1650.9 1651.8 
11.900 1652.6 1653.5 1654.3 1655.2 1656.0 1656.9 1657.8 1658.6 1659.5 1660.3 
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TABLE: 2A. P/atiruun·30 percen.t Rhodium versus P/atinwl/.·6 Percent Rhodium Thermocouples - Continu ed 
(E1ecl l"fltlHlri v(' F"rn' in Abslllul'~ Millivoll s. '1't-'111IH' ra l llrt'S in Ol'~ rct'!' (l lnl. 1948), Reference Junclions at O °C.) 

Millivolts 0 .000 0.010 0.020 0.030 0.040 0.050 0.060 0.070 0.080 0.090 

Degrees C 

12.000 1661.2 1662.0 1662.9 1663.7 1664.6 1665.5 1666.3 1667.2 1668.0 1668.9 

12.100 1669.7 1670.6 l671.5 1672.3 1673.2 1674.0 1674.9 1675.7 1676.6 1677.5 
12.200 1678.3 1679.2 1680.0 1680.9 1681.7 1682.6 1683.5 1684.3 1685.2 1686.0 
12.300 1686.9 1687.7 1688.6 1689.5 1690.3 1691.2 1692.0 1692.9 1693.7 1694.6 

12.400 1695.5 1696.3 1697.2 1698.0 1698.9 1699.7 1700.6 1701.5 1702.3 1703.2 
12.500 1704.0 1704.9 1705.7 1706.6 1707.5 1708.3 1709.2 1710.0 1710.9 1111.7 
12.600 1712.6 J 713.5 1714.3 1715.2 1716.0 1716.9 1717.8 1718.6 1719.5 1720.3 

12.700 1721.2 1722.0 1722.9 1723.8 1724.6 1725.5 1726.3 1727.2 1728.1 1728.9 
12.800 1729.8 1730.6 1731.5 1732.3 1733.2 1734. 1 1734.9 1735.8 1736.6 1737.5 
12.900 1738.4 1739.2 1740.1 1740.9 1741.8 1742.7 1743.5 1744.4 1745.2 1746.1 

13.000 1747.0 1747.8 1748.7 1749.5 1750.4 1751..'3 1752. 1 1753.0 l753.8 1754.7 

13. 100 1755.6 1756.4 1757.3 1758.1 1759.0 l759.9 1760.7 1761.6 1762.4 1'163.3 
13.200 1764.2 1765.0 1765.9 1766.7 1767.6 1768.5 1769.3 1770.2 1771.1 1771. 9 
13.300 1772.8 1773.6 1774.5 1775.4 1776.2 1777. 1 1778.0 1778.8 1779.7 1780.5 

13.400 178l.4 1782.3 1783. 1 1784.0 1784.8 1785.7 1786.6 1787.4 1788.3 1789.2 
13.500 1790.0 1790.9 1791.8 1792.6 1793.5 1794.:3 1795.2 1796.1 1796.9 1797.8 
13.600 1798.7 1799.5 1800.4 1801.3 1802 .1 180:3.0 180:3.8 1804.7 1805 .6 1806.4 

13.700 l807.3 1808.2 1809.0 1809.9 1810.8 1811.6 1812.5 lR13.4 1814.2 1815.1 
13.800 1816.0 1816.8 181 7.7 1818.6 1819.4 
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TABLE 3A Platinnm-30 percent Rhodinm versns Platinnm-6 Percent Rhodinm Thermocouples 
(Temperatures in Degrees F. Electromotive Force in Absolute Millivolts. Reference JUllctions at 32 of. ) 

OF 0 I 2 3 4 5 6 7 8 9 

Millivolts 

30 0.000 - 0.000 - 0.000 - 0.000 - 0.000 - 0.001 - 0.001 - 0.001 

40 - 0.001 - 0.001 - 0.001 - 0.001 - 0.001 - 0.001 - 0.001 - 0.002 - 0.002 - 0.002 
50 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 
60 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 

70 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 
80 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 - 0.002 
90 - 0.002 - 0.002 - 0.002 - 0.001 - 0.001 - 0.001 - 0.001 - 0.001 - 0.001 - 0.001 

100 - 0.001 - 0.001 - 0.001 - 0.000 - 0.000 - 0.000 - 0.000 0.000 0.000 0.000 

110 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.002 0.002 
120 0.002 0.002 0.002 0.003 0.003 0.003 0.003 0.003 0.004 0.004 
130 0.004 0.004 0.005 0.005 0.005 0.005 0.005 0.006 0.006 0.006 

140 0.006 0.007 0.007 0.007 0.007 0.008 0.008 0.008 0.009 0.009 
150 0.009 0.009 0.010 0.010 0.010 O.Oll O.Oll 0.011 0.01l 0.012 
160 0.012 0.012 0.013 0.013 0.013 0.014 0.014 0.014 0.015 0.015 

170 0.015 0.016 0.016 0.017 0.017 0.017 0.018 0.018 O.oI8 0.019 
180 0.019 0.020 0.020 0.020 0.021 0.021 0.022 0.022 0.022 0.023 
190 0.023 0.024 0.024 0.024 0.025 0.025 0.026 0.026 0.027 0.027 

200 0.028 0.028 0.029 0.029 0.029 0.030 0.030 0.031 0.031 0.032 

210 0.032 0.033 0.033 0.034 0.034 0.035 0.035 0.036 0.036 0.037 
220 0.037 0.038 0.038 0.039 0.040 0.040 0.041 0.041 0.042 0.042 
230 0.043 0.043 0.044 0.045 0.045 0.046 0.046 0.047 0.047 0.048 

240 0.049 0.049 0.050 0.050 0.051 0.052 0.052 0.053 0.054 0.054 
250 0.055 0.055 0.056 0.057 0.057 0.058 0.059 0.059 0.060 0.061 
260 0.061 0.062 0.063 0.063 0.064 0.065 0.065 0.066 0.067 0.067 

270 0.068 0.069 0.069 0.070 0.071 0.072 0.072 0.073 0.074 0.074 
280 0.075 0.076 0.077 0.077 0.078 0.079 0.080 0.080 0.081 0.082 
290 0.083 0.083 0.084 0.085 0.086 0.087 0.087 0.088 0.089 0.090 

300 0.090 0.091 0.092 0.093 0.094 0.094 0.095 0.096 0.097 0.098 

310 0.099 0.099 0.100 0.101 0.102 0.103 0.104 0.105 0.105 0.106 
320 0.107 0.108 0.109 0.110 0.111 0.111 0.112 0.113 0.114 0.115 
330 0.116 0.117 0.118 0.119 0.120 0.120 0.121 0.122 0.123 0.124 

340 0.125 0.126 0.127 0.128 0.129 0.130 0.131 0.132 0.133 0.134 
350 0.135 0.136 0.137 0.138 0.139 0.139 0.140 0.141 0.142 0.143 
360 0.144 0.145 0.146 0.147 0.148 0.149 0.151 0.152 0.153 0.154 

370 0.155 0.156 0.157 0.158 0.159 0.160 0.161 0.162 0.163 0.164 
380 0.165 0.166 0.167 0.168 0.169 0.170 0.172 0.173 0.174 0.175 
390 0.176 0.177 0.178 0.179 0.180 0.182 0.183 0.184 0.185 0.186 

400 0.187 0.188 0.189 0.191 0.192 0.193 0.194 0. 195 0.196 0.197 

410 0.199 0.200 0.201 0.202 0.203 0.205 0.206 0.207 0.208 0.209 
420 0.210 0.212 0.213 0.214 0.215 0.217 0.218 0.219 0.220 0.221 
430 0.223 0.224 0.225 0. 226 0.228 0.229 0.230 0.231 0.233 0.234 

440 0.235 0.236 0.238 0.239 0.240 0.241 0.243 0.244 0.245 0.247 
450 0.248 0.249 0.251 0.252 0.253 0.254 0.256 0.257 0.258 0.260 
460 0.261 0.262 0.264 0.265 0.266 0.268 0.269 0.270 0.272 0.273 

470 0.275 0.276 0.277 0.279 0.280 0.281 0.283 0.284 0.286 0.287 
480 0.288 0.290 0.291 0.293 0.294 0.295 0.297 0.298 0.300 0.301 
490 0.302 0.304 0.305 0.307 0.308 0.310 0.311 0.313 0.314 0.315 
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T A BLE 3A Platinwn-30 percent Rhodium versus Platinwn-6 Percent Rhodium Thermocouples-.Co ntinued 

(T e mpera ture s in Degrees r. Electro motive Force ill Absolut e Milli vo lt s. Reference Junctions at 32 of .) 

OF 0 1 2 3 4 5 6 7 8 9 

Milli volts 

500 0.317 0.318 0.320 0.321 0.323 0.324 0.326 0.327 0.329 0.330 

510 0.332 .0.333 0.335 0.336 0.338 0.339 0.341 0.342 0.344 0.345 
520 0.347 0.348 0.350 0.351 0.353 0.354 0.356 0.358 0.359 0.361 
530 0.362 0.364 0.365 0.367 0.368 0.370 0.372 0.373 0.375 0.376 

540 0.378 0.380 0.381 0.383 0.384 0.386 0.388 0.389 0.391 0.392 
550 0.394 0.396 0.397 0.399 0.401 0.402 0.404 0.405 0.407 0.409 
560 0.410 0.412 0.414 0.415 0.417 0.419 0.420 0.422 0.424 0.425 

570 0.427 0.429 0.431 0.432 0.434 0.436 0.437 0.439 0.441 0.442 
580 0.444 0.446 0.448 0.449 0.451 0.453 0.455 0.456 0.458 0.460 
590 0.462 0.463 0.465 0.467 0.469 0.470 0.472 0.474 0.476 0.477 

600 0.479 0.481 0.483 0.485 0.486 0.488 0.490 0.492 0.494 0.495 

610 0.497 0.499 0.501 0.503 0.504 0.506 0.508 0.510 0.512 0.514 
620 0.515 0.517 0.519 0.521 0.523 0.525 0.527 0.528 0.530 0.532 
6 3 0 0.534 0.536 0.538 0.540 0.542 0.543 0.545 0.547 0.549 0.55 1 

640 0.553 0.555 0.557 0.559 0.561 0.563 0.564 0.566 0.568 0.570 
650 0.572 0.574 0.576 0.578 0.580 0.582 0.584 0.586 0.588 0.590 
660 0.592 0.594 0.596 0.598 0.600 0.602 0.604 0.606 0.608 0.610 

670 0.612 0.614 0.6 16 0.618 0.620 0.622 0.624 0.626 0.628 0.630 
680 0.632 0.634 0.636 0.638 0.640 0.642 0.644 0.646 0.648 0.650 
690 0.652 0.654 0.656 0.659 0.661 0.663 0.665 0.667 0.669 0.671 

700 0.673 0.675 0.677 0.679 0.682 0.684 0.686 0.688 0.690 0.692 

710 0.694 0.696 0.698 0.701 0.703 0.705 0.707 0.709 0.7 11 0.714 
720 0.7l6 0.718 0.720 0.722 0.724 0.726 0.729 0.731 0.733 0.735 
730 0.737 0.740 0.742 0.744 0.746 0.748 0.75 t 0.753 0.755 0.757 

740 0.759 0.762 0.764 0.766 0.768 0.771 0.773 0.755 0.777 0.780 
750 0.782 0.784 0.786 0.789 0.791 0.793 0.795 0.798 0.800 0.802 
760 0.804 0.807 0.809 0.811 0.814 0.816 0.8 18 0.820 0.823 0.825 

770 0.827 0.830 0.832 0.834 0.837 0.839 0.841 0.844 0.846 0.848 
780 0.85 1 0.853 0.855 0.858 0.860 0.862 0.865 0.867 0.869 0. 872 
790 0.874 0.877 0.879 0.881 0.884 0.886 0.888 0.891 0.893 0.896 

800 0.898 0.900 0.903 0.905 0.908 0.910 0.913 0.915 0.917 0.920 

810 0.922 0.925 0.927 0.9;)0 0.932 0.934 0.937 0.939 0.942 0.944 
820 0.947 0.949 0.952 0.954 0.957 0.959 0.962 0.964 0.967 0.969 
830 0.972 0.974 0.976 0.979 0.982 0.984 0.987 0.989 0.992 0.994 

840 0.997 0.999 1.002 1.004 1.007 1.009 1.012 1.014 1.01 7 1.019 
850 1.022 1.025 1.027 1.030 1.032 1.035 1.037 1.040 1.042 1.045 
860 1.048 1.050 1.053 1.055 1.058 1.061 1.063 1.066 1.068 1.071 

870 1.074 1.076 1.079 1.081 1.084 1.087 l.089 1.092 1.095 1.097 
880 1.100 1.103 1.105 1.108 1.110 1.113 1.116 1.118 1.121 1.124 
890 1.1 26 1.129 1.132 1.134 1.137 1.140 1.143 1.145 1.148 1.151 
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TABLE 3A Platinum ·30 percent Rhodium versus Platinum·6 Percent Rhodium Thermocouples -Continued 
(Te mperatures in D,~~ree s F. Elccll'ornoli ve Force in Absolul e Millivohs. Referel1ce Jun ctions af 32 of .) 

OF 0 I 2 3 4 5 6 7 8 9 

Millivolts 
- -'-' 

900 1.153 1.156 J.l59 1.161 1.164 1.167 1.170 1.172 1.175 1.178 

910 1.180 1.183 1.186 1.189 1.191 1.194 1.197 1.200 1.202 1.205 
920 1.208 1.211 1.213 1.216 1.219 1.222 1.255 1.227 1.230 1.233 
930 1.236 1.238 1.241 1.244 1.247 1.250 1.252 1.255 1.258 1.261 

940 1.264 1.267 1.269 1.272 1.275 1.278 1.281 1.284 1.286 1.289 
950 1.292 1.295 1.298 1.301 1.303 1.306 1.309 1.312 1.315 1.318 
960 1.321 1.324 1.326 1.329 1.332 1.335 1.338 1.341 1.344 1.347 

970 1.350 1.353 1.355 1.358 1.361 1.364 1.367 1.370 1.373 1.376 
980 1.379 1.382 1.385 1.388 1.391 1.394 1.396 1.399 1.402 1.405 
990 1.408 1.411 1.414 1.417 1.420 1.423 1.426 1.429 1.4.32 1.435 

1000 1.438 1.441 1.444 1.447 1.450 1.453 1.456 1.459 1.462 1.465 

1010 1.468 1.471 1.474 1.477 1.480 1.483 1.486 1.489 1.492 1.495 
1020 1.499 1.502 1.505 1.508 1.511 1.514 1.517 1.520 1.523 1.526 
1030 1.529 1.532 1.535 1.538 1.541 1.545 1.548 1.551 1.554 1.557 

1040 1.560 1.563 1.566 1.569 1.573 1.576 1.579 1. 582 1.585 1.588 
1050 1.591 1.594 1.598 1.601 1.604 1.607 1.610 1.613 1.616 1.620 
1060 1.623 1.626 1.629 1.632 1.635 1.639 1.642 1.645 I 1.648 1.651 

1070 1.655 1.658 1.661 1.664 1.667 1.671 1.674 1.677 1.680 1.683 
1080 1.687 1.690 1.693 1.696 1.700 1.703 1.706 1.709 1.712 1.716 
1090 1.719 1.722 1.1·25 1.729 1.732 1.735 1.739 1.742 1.745 1.748 

1100 1.752 1.755 1.758 1.761 1.765 1.768 1.771 1.775 1.778 1.781 

1110 1.785 1.788 1.791 1.794 1.798 1.801 1.804 1.808 1.8ll 1.814 
1120 1.818 1.821 1.824 1.828 1.831 1.834 1.838 1.841 1.844 1.848 
1130 1.851 1.855 1.858 1.861 1.865 1.868 1.871 1.875 1.878 1.882 

1140 1.885 1.888 1.892 1.895 1.898 1.902 1.905 1.909 1.912 1.916 
1150 1.919 1.922 1.926 1.929 1.933 1.936 1.939 1.943 1.946 1.950 
1160 1.953 1.957 1.960 1.964 1.967 1.970 1.974 1.977 1.981 1.984 

1170 1.988 1.991 1.995 1.998 2.002 2.005 2.009 2.012 2.016 2.019 
1180 2.023 2.026 2.030 2.033 2.037 2.040 2.044 2.047 2.051 2.054 
1190 2.058 2.061 2.065 2.068 2.072 2.075 2.079 2.083 2.086 2.090 

1200 2.093 2.097 2.100 2.104 2.107 2.111 2.115 2.118 2.122 2.125 

1210 2.129 2.132 2.136 2.140 2.143 2.147 2.150 2.154 2.158 2.161 
1220 2.165 2.168 2.172 2.176 2.179 2.183 2.186 2.190 2.194 2.197 
1230 2.201 2.205 2.208 2.212 2.216 2.219 2.223 2.226 2.230 2.234 

1240 2.237 2.241 2.245 2.248 2.252 2.256 2.259 2.263 2.267 2.271 
1250 2.274 2.278 2.282 2.285 2.289 2.293 2.296 2.300 2.304 2.308 
1260 2 .. 311 2.315 2.319 2.322 2.:J26 2.330 2.334 2 .. 337 2.341 2.345 

1270 2.349 2.352 2.356 2.360 2.363 2.367 2.371 2.3 75 2.379 2.382 
1280 2.386 2.390 2.394 2.397 2.401 2.405 2.409 2.412 2.416 2.420 
1290 2.424 2.428 2.431 2.435 2.439 2.443 2.447 2.450 2.454 2.458 
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TABLE 3A Platinum-30 percent Rhodium versus Platinum-6 Percent Rhodium Thermocouples - Con tinued 
(Tem perat ures in Degrees F. Electromoti ve Force in Absolut e Millivol! s. Reference Junctions at 32 of .) 

OF 0 1 2 3 4 5 6 7 8 9 

Mi lli vo lts 

1300 2.462 2.466 2 .470 2.473 2.477 2.481 2.485 2.489 2.493 2.496 

1310 2.500 2.504 2.508 2.512 2.516 2.520 2.523 2.527 2.531 2.535 
1320 2.539 2.543 2.547 2.551 2.554 2.558 2.562 2.566 2.570 2.574 
1330 2.578 2.582 2.586 2.589 2.593 2.597 2.601 2.605 2.609 2.613 

1340 2.617 2.621 2.625 2.629 2.633 2.637 2.641 2.644 2.648 2.652 
1350 2.656 2.660 2.664 2.668 2.672 2.676 2.680 2.684 2.688 2.692 
1360 2.696 2.700 2_704 2.708 2.712 2.716 2.720 2.724 2.728 2.732 

1370 2.736 2.740 2.744 2.748 2.752 2.756 2.760 2.764 2.768 2.772 
1380 2.776 2.780 2.784 2.788 2.792 2.796 2.800 2.804 2.808 2.812 
1390 2.816 2.821 2.825 2.829 2.833 2.837 2.841 2.845 2.849 2.853 

1400 2.857 2.861 2.865 2.869 2.874 2.878 2.882 2.886 2.890 2.894 

1410 2.898 2.902 2.906 2.910 2.915 2.919 2_923 2.927 2.931 2.935 
1420 2.939 2.943 2.948 2.952 2_956 2.960 2.964 2.968 2.972 2.977 
1430 2.981 2.985 2_989 2.993 2.997 3.002 3.006 3.010 3.014 3.018 

1440 3.023 3.027 3.031 3.035 3.039 3.043 3.048 3.052 3.056 3.060 
1450 3.064 3.069 3.073 3.077 3.081 3.086 3.090 3.094 3.098 3. 102 
1460 3. 107 3.11l 3. 115 3.119 3.124 3.128 3.l32 3.136 3.141 3. 145 

1470 3.1 49 3.153 3.158 3. 162 3. 166 3.1 70 3.1 75 3. l 79 3.183 3.188 
1480 3. 192 3.196 3.200 3.205 3.209 3.213 3.218 3.222 3.226 3.231 
1490 : .235 3.239 3.243 3.248 3.252 3.256 3.26l 3.265 3.269 3.274 

1500 3.278 3.282 3.287 3.291 3_295 3.300 3.304 3.308 3.313 3.317 

1510 3.321 3.326 3.330 3.335 3.339 3.343 3.348 3.352 3.356 3.361 
1520 3.365 3.369 3.374 3.378 3.383 3.387 3.391 3.396 3.400 3.405 
1530 3.409 3.413 3.418 3.422 3.427 3.431 3.435 3.440 3.444 3.449 

1540 3.453 3.458 3.462 3.466 3.471 3.475 3.480 3.484 3.489 3.493 
1550 3.497 3.502 3.506 3.511 3.515 3.520 3.524 3.529 3.533 3.538 
1560 3.542 3.547 3.551 3.556 3.560 3.564 3.569 3.573 3.578 3.582 

1570 3.587 3.591 3.596 3.600 3.605 3.609 3.614 3.618 3.623 3.627 
1580 3.632 3.637 3.641 3.646 3.650 3.655 3.659 3.664 3.668 3.673 
1590 3.677 3.682 3.686 3.691 3.696 3.700 3.705 3.709 3.714 3.718 

1600 3.723 3.727 3.732 3.737 3.741 3.746 3.750 3.755 3.759 3.764 

1610 3.769 3.773 3.778 3.782 3.787 3.792 3.796 3.801 3.805 3.810 
1620 3.8l5 3.819 3.824 3.829 3.833 3.838 3.842 3.847 3.852 3.856 
1630 3_861 3.866 3.870 3.875 3.879 3.884 3.889 3.893 3.898 3.903 

1640 .3_907 3.912 3.917 3.921 3.926 3.931 3.935 3.940 3.945 3.949 
1650 3.954 3.959 3.963 3.968 3.973 3.978 3.982 3.987 3.992 3.996 
1660 4.001 4.006 4.010 4.015 4.020 4.025 4.029 4.034 4.039 4.044 

1670 4.048 4_053 4.058 4.062 4.067 4.072 4.077 4.081 4.086 4.091 
1680 4.096 4.100 4_105 4.110 4.115 4.119 4. 124 4_129 4.1 34 4.l39 
1690 4_143 4.148 4.153 4.158 4.162 4. 167 4. 172 4.177 4. 182 4.186 
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TABLE 3A Platinum-30 percent Rhodium versus Platinum-6 Percent Rhodium Thermocouples-Continued 
(Temperatures in Degrees F. Electromotive Force in Absolute Millivolts. Reference Junctions at 32 of.) 

OF 0 1 2 3 4 5 6 7 8 9 

Millivolts 

1700 4.191 4.196 4.201 4.206 4.210 4.215 4.220 4.225 4.230 4.234 

1710 4.239 4.244 4.249 4.254 4.259 4.263 4.268 4.273 4.278 4.283 
1720 4.288 4.292 4.297 4.302 4.307 4.312 4.317 4.322 4.326 4.331 
1730 4.336 4.341 4.346 4.351 4.356 4.360 4.365 4.370 4.375 4.380 

1740 4.385 4.390 4.395 4.400 4.404 4.409 4.414 4.419 4.424 4.429 
1750 4.434 4.439 4.444 4.449 4.454 4.458 4.463 4.468 4.473 4.478 
1760 4.483 4.488 4.493 4.498 4.503 4.508 4.513 4.518 4.523 4.528 

1770 4.533 4.538 4.543 4.547 4.552 4.557 4.562 4.567 4.572 4.577 
1780 4.582 4.587 4.592 4.597 4.602 4.607 4.612 4.617 4.622 4.627 
1790 4.632 4.637 4.642 4.647 4.652 4.657 4.662 4.667 4.672 4.677 

1800 4.682 4.687 4.692 4.697 4.702' 4.707 4.712 4.717 4.722 4.728 

1810 4.733 4.738 4.743 4.748 4.753 4.758 4.763 4.768 4.773 4.778 
1820 4.783 4.788 4.793 4.798 4.803 4.808 4.814 4.819 4.824 4.829 
1830 4.834 4.839 4.844 4.849 4.854 4.859 4.864 4.870 4.875 4.880 

1840 4.885 4.890 4.895 4.900 4.905 4.910 4.916 4.921 4.926 4.931 
1850 4.936 4.941 4.946 4.951 4;957 4.962 4.967 4.972 4.977 4.982 
1860 4.987 4.993 4.998 5.003 5.008 5.013 5.018 5.024 5.029 5.034 

1870 5.039 5.044 5.049 5.055 5.060 5.065 5.070 5.075 5.080 5.086 
1880 5.091 5.096 5.101 5.106 5. 112 5.117 5.122 5.127 5.132 5.138 
1890 5.143 5.148 5.153 5.1 58 5.164 5.169 5.174 5.179 5.185 5.190 

1900 5.195 5.200 5.206 5.211 5.216 5.221 5.226 5.232 5.237 5.242 

1910 5.247 5.253 5.258 5.263 5.268 5.274 5.279 5.284 5.290 5.295 
1920 5.300 5.305 5.311 5.316 5.321 5.326 5.332 5.337 5.342 5.348 
1930 5.353 5.358 5.363 5.369 5.374 5.379 5.385 5.390 5.395 5.401 

1940 5.406 5.411 5.417 5.422 5.427 5.432 5.438 5.443 5.448 5.454 
1950 5.459 5.464 5.470 5.475 5.480 5.486 5.491 5.496 5.502 5.507 
1960 5.512 5.518 5.523 5.529 5.534 5.539 5.545 5.550 5.555 5.561 

1970 5.566 5.571 5.577 5.582 5.588 5.593 5.598 5.604 5.609 5.614 
1980 5.620 5.625 6.631 5.636 5.641 5.647 5.652 5.658 5.663 5.668 
1990 .5.674 5.679 5.685 5.690 5.695 5.701 5.706 5.712 5.717 5.723 

2000 5,728 5.733 5.739 5.744 5.750 5.755 5.761 5.766 5.771 5.777 

2010 5.782 5.788 5.793 5.799 5.804 5.809 5.815 5.820 5.826 5.831 
2020 5.837 5.842 5.848 5.853 5.859 5.864 5.870 5.875 5.880 5.886 
2030 5.891 5.897 5.902 5.908 5.913 5.919 5.924 5.930 5.935 5.941 

2040 5.946 5.952 5.957 5.963 5.968 5.974 5.979 5.985 5.990 5.996 
2050 6.001 6.007 6.012 6.018 6.023 6.029 6.034 6.040 6.045 6.051 
2060 6.056 6.062 6.068 6.073 6.079 6.084 6.090 6.095 6.101 6.106 

2070 6.112 6.117 6.123 6.128 6.134 6.140 6.145 6.151 6.156 6.162 
2080 6.167 6.173 6.178 6.184 6.190 6.195 6.201 6.206 6.212 6.217 
2090 6.223 6.229 6.234 6.240 6.245 6.251 6.257 6.262 6.268 6.273 
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OF 

2100 

2110 
2120 
2130 

2140 
2150 
2160 

2170 
2180 
2190 

2200 

2210 
2220 
2230 

2240 
2250 
2260 

2270 
2280 
2290 

2300 

2310 
2320 
2330 

2340 
2350 
2360 

2370 
2380 
2390 

2400 

2410 
2420 
2430 

2440 
2450 
2460 

2470 
2480 
2490 

TABLE 3A Platinum·30 percent Rhodium versus Platinwn·6 Percent Rhodium Thermocouples - Continued 

(T emperatures in Dt:grces F . Elec tromotive Force in Absolu te Millivolt s. Reference JUllctions at 32 of.) 

0 1 2 3 4 5 6 7 8 9 

Mi ll ivolts 

6.279 6.284 6.290 6.296 6.301 6.307 6.312 6.318 6.324 6.329 

6.335 6.340 6.346 6.352 6.357 6.363 6.369 6.374 6.380 6.385 
6.391 6.397 6.402 6.408 6.414 6.419 6.425 6.430 6.436 6.442 
6.447 6.453 6.459 6.464 6.470 6.476 6.481 6.487 6.492 6.498 

6.504 6.509 6.515 6.521 6.526 6.532 6.538 6.543 6.549 6.555 
6.560 6.566 6.572 6.577 6.583 6.589 6.594 6.600 6.606 6.611 
6.6 17 6.623 6.629 6.634 6.640 6.646 6.651 6.657 6.663 6.668 

6.674 6.680 6.686 6.691 6.697 6.703 6.708 6.714 6.720 6.726 
6.731 6.737 6.743 6.749 6.754 6.760 6.766 6.772 6.777 6.783 
6.789 6.795 6.800 6.806 6.812 6.818 6.823 6.829 6.835 6.841 

6.846 6.852 6.858 6.864 6.870 6.875 6.881 6.887 6.893 6.898 

6.904 6.910 6.916 6.922 6 .927 6.933 6.939 6.945 6.951 6.956 
6.962 6.968 6.974 6.980 6.986 6.991 6.997 7.003 7.009 7.015 
7.020 7.026 7.032 7.038 7.044 7.050 7.055 7.061 7.067 7.073 

7.079 7.085 7.091 7.096 7.102 7.108 7.114 7.120 7.126 7.132 
7.137 7.143 7.149 7.155 7.161 7.167 7.173 7.179 7. 184 7.190 
7.196 7.202 7.208 7.214 7.220 7.226 7.232 7.237 7.243 7.249 

7.255 7.261 7.267 7.273 7.279 7.285 7.291 7.297 7.302 7.308 
7.314 7.320 7.326 7.332 7.338 7.344 7.350 7.356 7.362 7.368 
7.371 7.380 7.386 7.391 7.397 7.403 7.409 7.415 7.421 7.427 

7.433 7.439 7.445 7.451 7.457 7.463 7.469 7.475 7.481 7.487 

7.493 7.499 7.505 7.511 7.517 7.523 7.529 7.535 7.5~ 1 7.547 
7.553 7.559 7.565 7.571 7.577 7.583 7.589 7.595 7.601 7.607 
7.613 7.619 7.625 7.631 7.637 7.643 7.649 7.655 7.661 7.667 

7.673 7.679 7.685 7.691 7.697 7.703 7.709 7.715 7.721 7.727 
7.733 7.739 7.745 7.751 7.757 7.763 7.769 7.775 7.781 7.787 
7.793 7.799 7.806 7.812 7.818 7.824 7.830 7.836 7.842 7.848 

7.854 7.860 7.866 7.872 7.878 7.884 7.890 7.896 7.903 7.909 
7.915 7.921 7.927 7.933 7.939 7.945 7.951 7.957 7.963 7.970 
7.976 7.982 7.988 7.994 8.000 8.006 8.012 8.018 8.024 8.031 

8.037 8.043 8.049 8.055 8.061 8.067 8.073 8.079 8.086 8.092 

8.098 8. 104 8.110 8.116 8.122 8.128 8.135 8.141 8.147 8.153 
8.159 8.165 8.171 8.177 8.184 8.190 8.196 8.202 8.208 8.214 
8.221 8.227 8.233 8.239 8.245 8.251 8.257 8.264 8.270 8.276 

8.282 8.288 8.294 8.301 8.307 8.313 8.319 8.325 8.331 8.338 
8.344 8.350 8.356 8.362 8.368 8.375 8.381 8.387 8.393 8.399 
8.406 8.412 8.418 8.424 8.430 8.436 8.443 8.449 8.455 8.461 

8.467 8.474 8.480 8.486 8.492 8.498 8.505 8.511 8.517 8.523 
8.530 8.536 8.542 8.548 8.554 8.561 8.567 8.573 8.579 8.585 
8.592 8.598 8.604 8.610 8.617 8.623 8.629 8.635 8.641 8.648 
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TABLE 3A Platinum·30 percent Rhodium versns Platinum·6 Percent Rhodium Thermocouples- Continued 

(Temperatures in Degrees F. Electromotive Force in Absolut e Millivolt s . Referenec Jun ctions al 32 of. ) 

OF 0 1 2 3 4 5 6 7 8 

Millivolts 

2500 8.654 8.660 8.666 8.673 8.679 8.685 8.691 8.698 8.704 

2510 8.716 8.723 8.729 8.735 8.741 8.748 8.754 8 .760 8.766 
2520 8.779 8.785 8.791 8.798 8.804 8.810 8.816 8.823 8.829 
2530 8.841 8.848 8.854 8.860 8.866 8.873 8.879 8.885 8.892 

2540 8.904 8.910 8.917 8.923 8.929 8.935 8.942 8.948 8.954 
2550 8.967 8.973 8.979 8.986 8.992 8.998 9.005 9.011 9.017 
2560 9.030 9.036 9.042 9.049 9.055 9.061 9.068 9.074 9.080 

2570 9.093 9.099 9.105 9.112 9.118 9.124 9.131 9.137 9.143 
2580 9.156 9.162 9.168 9.175 9.181 9.187 9.194 9.200 9.206 
2590 9.219 9.225 9.232 9.238 9.244 9.251 9.257 9.263 9.270 

2600 9.282 9.289 9.295 9 .. 301 9.308 9.314 9.320 9.327 9.333 

2610 9.346 9.352 9.358 9.365 9.371 9.377 9.384 9.390 9.396 
2620 9.409 9.4J5 9.422 9.428 9.434 9.441 9.447 9.453 9.460 
2630 9.473 9.479 9.485 9.492 9.498 9.504 9.511 9.517 9.523 

2640 9.536 9.542 9.549 9 . .55.5 9 . .562 9.568 9.574 9.581 9.587 
2650 9.600 9.606 9.612 9.619 9.625 9.632 9.638 9.644 9.6.51 
2660 9.663 9.670 9.676 9.683 9.689 9.695 9.702 9.708 9.714 

2670 9.727 9.734 9.740 9.746 9.753 9.759 9.766 9.772 9.778 
2680 9.791 9.797 9.804 9.810 9.817 9.823 9.829 9.836 9.842 
2690 9.8.5.5 9.861 9.868 9.874 9.881 9.887 9.893 9.900 9.906 

2700 9.9]<) 9.925 9.932 9.938 9.945 9.951 9.957 9.964 9.970 

2710 9.983 9.989 9.996 10.002 10.009 10.015 10.021 10.028 10.034 
2720 lO.047 10.0.54 10.060 JO.066 10.073 10.079 10.086 10.092 10.098 
2730 10.111 10.118 10.124 10.131 10.137 10.143 10.150 10.156 10.163 

2740 10.175 10.182 10.188 10.l95 10.201 10.208 10.214 10.220 10.227 
2750 10.240 10.246 10.253 10.259 10.265 10.272 10.278 10.285 10.291 
2760 10.304 10.310 10.317 10.323 10.330 10.336 10.343 10.349 10.355 

2770 10.368 10.375 10.381 10.388 10.394 10.401 10.407 10.413 10.420 
2780 10.433 10.439 10.446 10.452 10.4.59 10.465 10.471 10.478 10.484 
2790 10.497 10.504 10.510 10.517 10 . .523 10.529 10 . .536 10.542 10.549 

2800 10.562 10.568 10.575 10.581 10.587 10.594 10.600 10.607 10.613 

2810 10.626 10.633 10.639 10.646 10.652 10.658 10.665 10.671 10.678 
2820 10.691 10.697 10.704 10.710 10.717 10.723 10.729 10.736 10.742 
2830 10. 7.55 10.762 10.768 10.775 10.781 10.788 10.794 10.801 10.807 

2840 10.820 10.826 10.833 10.839 10.846 10.8.52 10.8.59 10.865 10.872 
2850 10.885 10.891 10.898 10.904 10.910 10.917 10.923 10.930 10.936 
2860 10.949 10.956 10.962 10.969 10.975 10.982 10.988 10.99.5 11.001 

2870 11.014 11.020 11.027 11.033 11.040 11.046 11.053 ll.059 11.066 
2880 11.079 11.085 11.092 11.098 11.10.5 l1.1ll 11.118 11.124 11.130 
2890 11.143 11.150 11.156 11.163 11.169 11.176 11.182 lLl89 11.195 
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8.710 

8.773 
8.835 
8.898 

8.961 
9.023 
9.086 

9.150 
9.213 
9.276 

9.339 

9.403 
9.466 
9.530 

9.593 
9.6.57 
9.721 

9.78.5 
9.849 
9.913 

9.977 

10.041 
10.105 
1.0.169 

10.233 
10.298 
10.362 

10.426 
10.491 
10.55.5 

10.620 

10.684 
10.749 
10.8l3 

10.878 
10.943 
1l.007 

11.072 
1l.137 
1l.202 
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TABLE 3A Platinum-30 percent Rhodium versus Platinwn-6 Percent Rhodium Thermocouples-Continued 
(Temperatures in Degrees F. Electromotive Force in Absolut e Millivolt s. Reference Junctions at 32 T.) 

OF 0 1 2 3 4 5 6 7 8 9 

Millivolts 

2900 11.208 11.215 11.221 11.228 11.234 11.241 11.247 11.254 11.260 11.266 

2910 11.273 11.279 11.286 11.292 11.299 11.305 11-312 11.318 11.325 11.331 
2920 11.338 11.344 11.351 11.357 11.364 11.370 11.377 11.383 11.390 11.396 
2930 11.403 11.409 11.416 11.422 11.429 11.435 11.441 11.448 11.454 11.461 

2940 11.467 11.474 11.480 11.487 11.493 11.500 11.506 11.513 11.519 11.526 
2950 11.532 11.539 11.545 11.552 11.558 11.565 11.571 11.578 11.584 11.591 
2960 11.597 11.604 11.610 11.617 11.623 11.530 11.636 11.642 11.649 11.655 

2970 11.662 11.668 11.675 11.681 11.688 11.694 11.701 11.707 11.714 11.720 
2980 11. 727 11.733 11.740 11.746 11.753 11.759 11.766 11.772 11.779 11.785 
2990 11.792 11.798 11.805 11.811 11.818 11.824 11.831 11.837 11.844 11.85Q 

3000 11.857 11.863 11.869 11.876 11.882 11.889 11.895 11.902 11.908 11.915 

3010 11. 921 11.928 11.934 11.941 11.947 11.954 11.960 11.967 11.973 11.980 
3020 11.986 11.993 11.999 12.006 12.012 12.019 12.025 12.032 12.038 12.045 
3030 12.051 12.058 12.064 12.071 12.077 12.084 12.090 12.096 12.103 12.109 

3040 12.116 12.122 12.129 12.135 12.142 12.148 12.155 12.J 61 12. 168 12.174 
3050 12.181 12.187 12.194 12.200 12.207 12.213 12.220 12.226 12.233 12.239 
3060 12.246 12.252 12.259 12.265 12.272 12.278 12.285 12.291 12.297 12.304 

3070 12.310 12.317 12.323 12.330 12.336 12.343 12.349 12.356 12.362 12.369 
3080 12-375 12.382 12.388 12.395 12.401 12.408 12.414 12.421 12.427 12.434 
3090 12.440 12.447 12.453 12.4,59 12.466 12.472 12.479 12.485 12.492 12.498 

3100 12.505 12.511 12.518 12.524 12.531 12.537 12.544 12.550 12.557 12.563 

3110 12.570 12.576 12.583 12.589 12.596 12.602 12.608 12.615 12.621 12.628 
3120 12.634 12.641 12.647 12.654 12.660 12.667 12.673 12.680 12.686 12.693 
3130 12.699 12.706 12.712 12.719 12.725 12.731 12.738 12.744 12.751 12.757 

3140 12.764 12.770 12.777 12.783 12.790 12.796 12.803 12.809 12.816 12.822 
3150 12.829 12.835 12.841 12.848 12.854 12.861 12.867 12.874 12.880 12.887 
3160 12.893 12.900 12.906 12.913 12.919 12.926 12.932 12.938 12.945 12.95] 

3170 12.958 12.964 12.971 12.977 12.984 12.990 12.997 13.003 13.010 13.016 
3180 13.022 13.029 13.035 13.042 13.048 13.055 13.061 13.068 13.074 13.081 
3190 13.087 13.093 13.100 13.106 13.113 13.119 13.1 26 13.132 13.139 13.145 

3200 13.152 13.158 13.165 13.171 13.177 13.184 13.190 13.197 13.203 13.210 

3210 13.216 13.223 13.229 13.235 13.242 13.248 13.255 13.261 13.268 13.274 
3220 13.281 13.287 13.294 13.300 13.306 13.313 13.319 13.326 13.332 13.339 
3230 13.345 13.352 13.358 13.364 13.371 13.377 13.384 13.390 13.397 13.403 

3240 13.410 13.416 13.422 13.429 13.435 13.442 13.448 13.455 13.461 13.468 
3250 13.474 13.480 13.487 13.493 13.500 13.506 13.513 13.519 13.525 13.532 
3260 13.538 13.545 13.551 13.558 13.564 13.570 13.577 13.583 13.590 13.596 

3270 13.603 13.609 13.615 13.622 13.628 13.635 13.641 13.648 13.654 13.660 
3280 13.667 13.673 13.680 13.686 13.693 13.699 13.705 13.712 13.718 13.725 
3290 13.731 13.738 13.744 13.750 13.7,57 13.763 13.770 13.776 13.783 13.789 

3300 13.795 13.802 13.808 13.815 13.821 13.827 13.834 13.840 13.847 
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TABLE 4A. Platinum·30 percent Rhodium versus Platinum-6 Percent Rhodium Thermocouples 

(Elec tromotive Force in Absolute Millivolt s. Temperatures in Degrees F. Reference Junctiuns at 32 of .) 

Millivolts 0.000 0.010 0.020 0.030 0.040 0.050 0 .060 0.070 0 .080 0.090 

Degrees F 

O. 32.0 153.2 182.2 205.1 224.8 242.3 258.2 272.8 286.5 299.4 

0.100 311.7 323.3 334.5 345.2 355.5 365.5 375.2 384.5 393.7 402.5 

0.200 411.2 419.6 427.9 435.9 443.8 451.6 459.2 466.6 474.0 481.2 
0.300 488.3 495.2 502.1 508.9 515.5 522.1 528.6 535.0 541.3 547.5 
0.400 553.7 559.7 565,8 571.7 577.6 583.4 589_1 594.8 600.5 606.0 

0.500 611.6 617.0 622.5 627.8 633.2 638.4 643.7 648.9 654.0 659.1 
0.600 664.2 669.2 674_2 679.1 684.0 688.9 693.7 698.5 703.3 708.0 
0.700 712.7 717.4 722.0 726.6 731.2 735.7 740.3 744.7 749.2 753.6 

0.800 758.1 762.4 766.8 771.1 775.4 779.7 784.0 788.2 792.4 796.6 
0.900 800.8 804.9 809.1 813.2 817.3 821.3 825.4 829.4 833.4 837.4 

1.000 841.4 845.3 849.2 853.1 857.0 860.9 864.8 868.6 872.4 876.3 

1.100 880.0 883.8 887.6 891.3 895.1 898.8 902.5 906.2 909.8 913.5 
1.200 917.1 920.7 924.4 928.0 931.5 935.1 938.7 942.2 945.8 949.3 
1.300 952.8 956.3 959.8 963.2 966.7 970.1 973.6 977.0 980.4 983.8 

1.400 987.2 990.6 993.9 997.3 1000.6 1004.0 1007.3 1010.6 1013.9 1017.2 
1.500 1020.5 1023.8 1027.0 1030.3 1033.5 1036.7 1040.0 1043.2 1046.4 1049.6 
1.600 1052.8 1055.9 1059.1 1062.3 1065.4 1068.6 1071.7 1074.8 1077.9 1081.0 

1.700 1084.1 1087.2 1090.3 1093.4 1096.4 1099.5 1102.6 1105.6 1108.6 1111.7 
1.800 1114.7 1117.7 1120.7 1123.7 1126.7 1129.6 1132.6 1135.6 1138.5 1141.5 
1.900 1144.4 1147.4 1150.3 1153.2 1156.2 1159.1 1162.0 1164.9 1167.7 1170.6 

2.000 1173.5 1176.4 1179.2 1182.1 1184.9 1187.8 1190.6 1193.5 1196.3 1199.1 

2.100 1201.9 1204.7 1207.5 1210.3 1213.1 1215.9 1218.7 1221.4 1224.2 1227.0 
2.200 1229.7 1232.5 1235.2 1238.0 1240.7 1243.4 1246.1 1248.9 1251.6 1254.3 
2.300 1257.0 1259.7 1262.4 1265.0 1267.7 1270.4 1273.1 1275.7 1278.4 1281.0 

2.400 1283.7 1286.3 1289.0 1291.6 1294.2 1296.9 1299.5 1302.1 1304.7 1307.3 
2.500 1309.9 1312.5 1315.1 1317.7 1320.3 1322.9 1325.4 1328.0 1330.6 1333.1 
2.600 1335.7 1338.2 1340.8 1343.3 1345.9 1348.4 1350.9 1353.5 1356.0 1358.5 

2.700 1361.0 1363.5 1366.0 1368.5 1371.0 1373.5 1376.0 1378.5 1381.0 1383.5 
2.800 1385.9 1388.4 1390.9 1393.3 1395.8 1398.2 1400.7 1403.1 1405.6 1408.0 
2.900 1410.5 1412.9 1415.3 1417.7 1420.2 1422.6 1425.0 1427.4 1429.8 1432.2 

3.000 1434.6 1437.0 1439.4 1441.8 1444.2 1446.6 1448.9 1451.3 1453.7 1456.1 

3.100 1458.4 1460.8 1463.1 1465.5 1467.8 1470.2 1472.5 1474.9 1477.2 1479.6 
3 .200 1481.9 1484.2 1486.6 1488.9 1491.2 1493.5 1495.8 1498.1 1500.5 1502.8 
3.300 1505.1 1507.4 1509.7 1512.0 1514.3 1516.5 1518.8 1521.1 1523.4 1525.7 

3.400 1528.0 1530.2 1532.5 1534.8 1537.0 1539.3 1541.6 1543.8 1546.1 1548.3 
3.500 1550.6 1552.8 1555.1 1557.3 1559.5 1561.8 1564.0 1566.2 1568.5 1570.7 
3.600 1572.9 1575.1 1577.3 1579.6 1581.8 1584.0 1586.2 1588.4 1590.6 1592.8 

3.700 1595.0 1597.2 1599.4 1601.6 1603.7 1605.9 1608.1 1610.3 1612.5 1614.6 
3.800 1616.8 1619.0 1621.2 1623.3 1625.5 1627.6 1629.8 1632.0 1634.1 1636.3 
3.900 1638.4 1640.6 1642.7 1644.8 1647.0 1649.1 1651.3 1653.4 1655.5 1657.6 
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TABLE 4A. Platinum-30 percent Rhodium versus Platinum-6 Percent Rhodium Thermocouples- Co ntinued 

(Elec tromo ti ve Fun'c in Absulute Milli vo lt s. Temperatures in Degrees F . Referell ce Junctions' at 32 of. ) 

Millivolts 0 .000 0.010 0.020 0 .030 0.04 0 0 .050 0 .060 0.070 0.080 0.090 

Degrees F 

4.000 1659.8 1661.9 1664.0 1666.1 1668.3 1670.4 1672.5 1674.6 1676.7 1678.8 

4.100 1680.9 1683.0 1685.1 1687.2 1689.3 1691.4 1693.5 1695.6 1697.7 1699.8 
4.200 1701.8 1703.9 1706.0 1708.1 1710.2 1712.2 1714.3 1716.4 1718.4 1720.5 
4.300 1722.6 1724.6 1726.7 1728.7 1730.8 1732.8 1734.9 1736.9 1739.0 1741.0 

4.400 1743.1 1745.1 1747.2 1749.2 1751.2 1753.3 1755.3 1757.3 1759.4 1761.4 
4.500 1763.4 1765.4 1767.5 1769.5 1771.5 1773.5 1775.5 1777.5 1779.5 1781.6 
4.600 1783.6 1785.6 1787.6 1789.6 1791.6 1793.6 1795.6 1797.6 1799.6 1801.5 

4.700 1803.5 ]805.5 1807.5 1809.5 1811.5 1813.5 1815.4 1817.4 1819.4 1821.4 
4.800 1823.3 1825.3 1827.3 1829.2 1831.2 1833.2 1835.1 1837.1 1839.1 1841.0 
4.900 1843.0 1844.9 1846.9 1848.8 1850.8 1852.7 1854.7 1856.6 1858.6 1860.5 

5 .000 1862.4 1864.4 1866.3 1868.3 1870.2 1872.1 1874.1 1876.0 1877.9 1879.8 

5.100 1881.8 1883.7 1885.6 1887.5 1889.5 1891.4 1893.3 1895.2 1897.1 1899.0 
5.200 1900.9 1902.9 1904.8 1906.7 1908.6 1910.5 1912.4 1914.3 1916.2 1918.1 
5 .300 1920.0 1921.9 1923.8 1925.7 1927.6 1929.5 1931.3 1933.2 1935.1 1937.0 

5.400 1938.9 1940.8 1942.7 1944.5 1946.4 1948.3 1950.2 "1952.0 1953.9 1955.8 
5.500 1957.7 1959.5 1961.4 1963.3 1965.1 1967.0 1968.9 1970.7 1972.6 1974.5 
5.600 1976.3 1978.2 1980.0 1981.9 1983.7 1985.6 1987.4 1989.3 1991.1 1993.0 

5.700 1994.8 1996.7 1998.5 2000.4 2002.2 2004.1 2005.9 2007 .7 2009.6 2011.4 
5.800 2013.3 2015.1 2016.9 2018.8 2020.6 2022.4 2024.3 2026.1 2027.9 2029.7 
5.900 2031.6 2033.4 2035 .2 2037.0 2038.9 2040.7 2042.5 2044.3 2046.1 2047.9 

6.000 2049.8 2051.6 2053.4 2055.2 2057.0 2058.8 2060.6 2062.4 2064.2 2066.1 

6.100 2067.9 2069.7 2071.5 2073.3 2075.1 2076.9 2078.7 2080.5 2082.3 2084.1 
6 .200 2085.9 2087.7 2089.5 2091.2 2093.0 2094.8 2096.6 2098.4 2100.2 2102.0 
6 .300 2103.8 2105.6 2107.3 2109.1 2110.9 2112.7 2114.5 2116.3 2118.0 2119.8 

6 .400 2121.6 2123.4 2125.1 2126.9 2128.7 2130.5 2132.2 2134.0 2135.8 2137.6 
6.500 2139.3 2141.1 2142.9 2144.6 2146.4 2148.2 2149.9 2151.7 2153.5 2155.2 
6 .600 2157.0 2158.7 2160.5 2162.3 2164.0 2165.8 2167.5 2169.3 2171.0 2172.8 

6.700 2174.5 2176.3 2178.0 2179.8 2181.5 2183.2 2185.0 2186.7 2188.5 2190.2 
6 .800 2191.9 2193.7 2195.4 2197.2 2198.9 2200.6 2202.4 2204.1 2205.8 2207.5 
6.90Q 2209.3 2211.0 2212.7 2214.4 2216.2 2217.9 2219.6 2221.3 2223.0 2224.8 

7.000 2226.5 2228.2 2229.9 2231.6 2233.3 2235.1 2236.8 2238.5 2240.2 2241.9 

7.100 2243.6 2245.3 2247.0 2248.7 2250.4 2252.1 2253.8 2255.5 2257.2 2258.9 
7.200 2260.6 2262.3 2264.0 2265.7 2267.4 2269.1 2270.8 2272.5 2274.2 2275.9 
7.300 2277.6 2279.3 2281.0 2282.6 2284.3 2286.0 2287.7 2289.4 2291.1 2292.8 

7.400 2294.4 2296.1 2297.8 2299.5 2301.2 2302.8 2304.5 2306.2 2307.9 2309.5 
7.500 2311.2 2312.9 2314.6 2316.2 2317.9 2319.6 2321.2 2322.9 2324.6 2326.2 
7.600 2327.9 2329.6 2331.2 2332.9 2334.6 2336.2 2337.9 2339.6 2341.2 2342.9 

7.700 2344.5 2346.2 2347.9 2349.5 2351.2 2352.8 2354.5 2356.1 2357.8 ,. 2359.4 
7.800 2361.1 2362.7 2364.4 2366.0 2367.7 2369.3 2371.0 2372.6 2374.3 2375.9 
7.900 2377.6 2379.2 2380.9 2382.5 2384.2 2385.8 2387.4 2389. 1 2390.7 2392.4 
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TABLE 4A. Platinum·30 percent Rhodium versus Platinum-6 Percent Rhodium Thermocouples - Continued 
(Electromoti ve Force in Absolute Millivolt s . Temperatures in Degrees F. Refe rence Junctions at 32 of .) 

Millivolts 0.000 0.010 0.020 0.030 0.040 0.050 0.060 0.070 0.080 0.090 

Degrees F 

8.000 2394.0 2395.6 2397.3 2398.9 2400.6 2402.2 2403.8 2405.5 2407.1 2408.7 

8.100 2410.4 2412.0 2413.6 2415.3 2416.9 2418.5 2420.2 2421.8 2423.4 2425.0 
8.200 2426.7 2428.3 2429.9 2431.5 2433.2 2434.8 2436.4 2438.0 2439.7 2441.3 
8.300 2442.9 2444.5 2446.2 2447.8 2449.4 2451.0 2452.6 2454.3 2455.9 2457.5 

8.400 2459.1 2460.7 2462.3 2464.0 2465.6 2467.2 2468.8 2470.4 2472.0 2473.6 
8.500 2475.2 2476.9 2478.5 2480.1 2481.7 2483.3 2484.9 2486.5 2488.1 2489.7 
8.600 2491.3 2492.9 2494.6 2496.2 2497.8 2499.4 2501.0 2502.6 2504.2 2505.8 

8.700 2507.4 2509.0 2510.6 2512.2 2513.8 2515.4 2517.0 2518.6 2520.2 2521.8 
8.800 2523.4 2525.0 2526.6 2528.2 2529.8 2531.4 2533.0 2534.6 2536.2 2537.8 
8.900 2539.3 2540.9 2542.5 2544.1 2545.7 2547.3 2548.9 2550.5 2552.1 2553.7 

9.000 2555.3 2556.9 2558.4 2560.0 2561.6 2563.2 2564.8 2566.4 2568.0 2569.6 

9.100 2571.1 2572.7 2574.3 2575.9 2577.5 2579.1 2580.7 2582.2 2583.8 2585.4 
9.200 2587.0 2588.6 2590.2 2591.7 2593.3 2594.9 2596.5 2598.1 2599.6 2601.2 
9.300 2602.8 2604.4 2606.0 2607.5 2609.1 2610.7 2612.3 2613.9 2615.4 2617.0 

9.400 2618.6 2620.2 2621.7 2623.3 2624.9 2626.5 2628.0 2629.6 2631.2 2632.8 
9.500 2634.3 2635.9 2637.5 2639.0 2640.6 2642.2 2643.8 2645.3 2646.9 2648.5 
9.600 2650.0 2651.6 2653.2 2654.8 2656.3 2657.9 2659.5 2661.0 2662.6 2664.2 

9.700 2665.7 2667.3 2668.9 2670.4 2672.0 2673.6 2675.1 2676.7 2678.3 2679.8 
9.800 2681.4 2683.0 2684.5 2686.1 2687.7 2689.2 2690.8 2692.3 2693.9 2695.5 
9.900 2697.0 2698.6 2700.2 2701.7 2703.3 2704.8 2706.4 2708.0 2709.5 2711.1 

10.000 2712.7 2714.2 2715.8 2717.3 2718.9 2720.5 2722.0 2723.6 2725.1 2726.7 

10.100 2728.2 2729.8 2731.4 2732.9 2734.5 2736.0 2737.6 2739.1 2740.7 2742.3 
10.200 2743.8 2745.4 2746.9 2748.5 2750.0 2751.6 2753.2 2754.7 2756.3 2757.8 
10.300 2759.4 2760.9 2762.5 2764.0 2765.6 2767 .1 2768.7 2770.3 277l.8 2773.4 

10.400 2774.9 2776.5 2778.0 2779.6 2781.1 2782.7 2784.2 2785.8 2787.3 2788.9 
10.500 2790.4 2792.0 2793.5 2795.1 2796.6 2798.2 2799.7 2801.3 2802.8 2804.4 
10.600 2805.9 2807.5 2809.0 2810.6 2812.1 2813.7 2815.2 2816.8 2818.3 2819.9 

10.700 2821.4 2823.0 2824.5 2826.1 2827.6 2829.2 2830.7 2832.3 2833.8 2835.4 
10.800 2836.9 2838.5 2840.0 2841.6 2843.1 2844.6 2846.2 2847.7 2849.3 2850.8 
10.900 2852.4 2853.9 2855.5 2857.0 2858.6 2860.1 1861.7 2863.2 2864.8 2866.3 

11.000 2867.8 2869.4 2870.9 2872.5 2874.0 2875.6 2877.1 2878.7 2880.2 2881.7 

11.100 2883.3 2884.8 2886.4 2887.9 2889.5 2891.0 2892.6 2894.1 2895.6 2897.2 
11.200 2898.7 2900.3 2901.8 2903.4 2904.9 2906.5 2908.0 2909.5 2911.1 2912.6 
11.300 2914.2 2915.7 2917.3 2918.8 2920.3 2921.9 2923.4 2925.0 2926.5 2928.1 

11.400 2929.6 2931.1 2932.7 2934.2 2935.8 2937.3 2938.9 2940.4 2941.9 2943.5 
11.500 2945.0 2946.6 2948.1 2949.7 2951.2 2952.7 2954.3 2955.8 2957.4 2958.9 
11.600 2960.4 2962.0 2963.5 2965.1 2966.6 2968.2 2969.7 2971.2 2972.8 2974.3 

11.700 2975.9 2977.4 2979.0 2980.5 2982.0 2983.6 2985.1 2986.7 2988.2 2989.7 
11.800 2991.3 2992.8 2994.4 2995.9 2997.5 2999.0 3000.5 3002.1 3003.6 3005.2 
11.900 3006.7 3008.2 3009.8 3011.3 3012.9 3014.4 3016.0 3017.5 3019.0 3020.6 
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TABLE 4A. Platinum-30 percent Rhodium VPI'S LI S Plutinwn-6 Percent Rhodium Thennocouples-Cu ntinu cd 
(Elc('lrnmoti v(' Foree in Absulut e ~ 'lill ivIl1l 5. T e mpera tures. in ne~rees F . Heferc ll cl' JlIIwlio n:; at 32 of 

Millivolts 0 .000 0.010 0.020 0.030 

----

12.000 3022. 1 3023.7 3025.2 3026.7 

12.100 3037.5 3039.1 3040.6 3042.2 
12.200 3053.0 3054.5 3056.0 3057.6 
12.300 3068.4 3069 .9 3071.5 3073.0 

12.400 .3083.8 3085.4 3086.9 3088.4 
12.500 3099. :~ 3100.8 3102.3 .3lO3.9 
12.600 311 4.7 3 11 6.2 3lJ7.8 3 ll 9.3 

12.700 3130.] 3131.7 31.33 .2 .1 134.8 
12.800 3145.6 3147. 1 .3 148.7 .3150.2 
12.900 3161.1 3162.6 3 164. 1 3165.7 

13.000 3 176.:; :n78.1 3 179.6 3 181.2 

13 .100 3 192.0 3]93.6 31'15. 1 3 196.7 
13.200 3207.5 3209.0 3210.6 32 12. 1 
13 .300 3223.0 3224.6 3226. 1 3227. 7 

13 .400 3238.5 3240. 1 324 1.6 3243.2 
13 .500 3254.0 3255.6 3257.2 3258.7 
13 .600 3269.6 327 1.1 3272.7 3274.3 

13.700 3285. 1 3286.7 3281:1 .3 3289.8 
13.800 3300.7 3302.3 3303.8 3305.4 
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0.040 0.050 0 .060 0.()70 0 .080 0 .090 

-- ---

Degrees F 
r------

3028.3 3029.8 3031.4 3032.9 3034.5 3036.0 

:~043 . 7 3045.3 3046.8 3048.3 3049.9 3051.4 
3059.1 3060.7 3062.2 3063.8 3065.3 3066.8 
3074.6 3076.1 3077.6 3079.2 3080.7 3082 .. 3 

3090.0 3091.5 3093.1 3094.6 3096.2 3097.7 
3105.4 :~ 107.0 3108.5 3110.1 3 111.6 3 1l3.1 
3120.9 3122.4 3124.0 3125.5 3127.0 3128.6 

3136.3 3137.9 3139.4 3]4 1.0 3142.5 3 144.0 
3151.8 3 153.3 3154.9 3156.4 3 158.0 3159.5 
3167.2 3 168.8 3170.3 3 171.9 3173.4 3 175.0 

3 182.7 3 184.3 3185.8 3187.4 3188.9 3 190.5 

3 198.2 3 199.8 320 1.3 3202.9 :3204.4 3206.0 
3213.7 3215.3 32 16.8 32 18.4 3219.9 322 1.5 
3229.2 3230.8 323:U 3233.9 323').4 3237.0 

3244.7 3246.3 3247.1l :)249.4 3250.9 3252 .5 
3260.3 326 1.8 3263.4 :~264.9 :3266 . .) 3268.0 
3275.8 3'277.4 3278.9 321l0.5 :3282 .0 3283.6 

.329 1.4 3292.9 :3294.5 .3296.0 ;\297.6 3299.2 
:n07.0 

17 1 W. Ohrowski and W. Prin z. eu bes timmte !!r ll lldwcrt c fiir d ie 
therrnopaa rkomhination pI 30% rh-pt 6% rho An·h. Ei se n­
hii tten w(' sl'n 33, I (1962). 

181 C. W. Bllrn s. S tudies at NBS of the plat inum-6% rhodium ve r­
S li S platinllm -30% rhod ium tllP rrno('ou])ie -a pre lim inary re­
port. present ed a t SAE mee ting SC])\. :23- 27. 1%:3. Los 
An!!e les. Calif. , paper 750 B. 

19 1.1 . C. De Vos. Evalu a tion of th e qll alit v "I'" hl a(' kimd y. Ph ys iea 
20,660 11954). 

1101 Sec tion .3.2 lll' NBS Cire . 590. Methods .. I' tes t in !! th,>rm.,coup les 
and t he rm ol''' "ple mat erial S . 

11 11 D. B. Thumas. A furna( 'c for thermo('o llpl e (,a lib rat ions to 2.200 
0c. J. Res .. NBS 66C, No. 3. :255- 260 i.Il1 l y - S~ pt .. 1962). 
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