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«CALIBRATION TABLES FOR COPPER-CONSTANTAN AND PLATI-
NUM-PLATINRHODIUM THERMOELEMENTS.
By L. H, Apams.
Received November 1, 1913.

In view of the fact that chemists are making more and more extensive
use of thermoelements as a means of measuring high temperatures, it
seemed desirable to present two tables which save much trouble in con-
verting microvolts into degrees. Nothing will be said here as to the pre-
<cautions to be observed in the use of thermoelements,! further than that
experience has shown the necessity of frequent recalibration in order to
insure trustworthy results. The experimental work required for such
a calibration involves comparatively little time or labor, but interpolation
between the fixed points can be accomplished accurately only by means
of an empirical equation expressing the relation between electromotive
force and temperature, and repeated recalculation of such an equation

1 These precautions have been discussed by W. P. White, Physic. Rev., 23, 449
{1906); Am. J. Sci., (4] 28, 479 (1909).
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may prove a somewhat tiresome task. This may be avoided by the use:
of a table representing a standard curve in conjunction with an appro-
priate “‘deviation curve’’; the advantages of this procedure have already
been pointed out by Sosman.! Such standard curves are arbitrary, but
it is always advisable, for the sake of accuracy, that they represent closely
the actual form of curve characteristic of the thermoelement, so that the
deviations may be as small as possible.

Standard curves for use with platinum-platinrhodium? and copper-
constantan?® elements have been given in previous publications; but they
now require amendment. Certain changes in the accepted temperature
scale below 650° have necessitated a recalculation for the curve for the
Pt-PtRh couple; and the superior qualities of the kind of constantan wire,
which we have lately succeeded in obtaining, made it desirable to construct
for copper-constantan elements a new table which should conform more
closely to the actual observations with that kind of wire.

The Copper-constantan Curve—(Table 1.) The curve given in Table
I represents very closely the observations for a sample of ‘“Ideal”’ wire.*
This wire is of such uniformity—a characteristic which is very desirable—
that three lengths cut from the same spool did not differ in electromotive-
force against copper by as much as 1 part in 15,000.

The table was calculated from the equation

E = 74.6721 — 13892 (1 — ¢ 2002614,

E being the electromotive force in microvolts, ¢ the temperature (Centigrade)
and ¢ the base of the natural logarithms. The advantages of this form of’
equation, as compared with the ordinary power series, have been indicated
in another paper;® that it is capable of reproducing the observations
with high precision is evident from the following:

E (obs) E (cale.) Difference.
Temp. Microvolts. Microvolts. Microvaolts.$
24.30 961.1 960.9 0.2
49.59 2010.9 2010.8 0.1
78.75 2391.7 3291.4 0.3
100.0 4276. ( 4276) * R
217.95 10248. (10248) *
305.9 15203, (15203) *

1 R. B. Sosman, 4Am. J. Sci., 4] 30, 7 (1910).

2 Ibid., (4] 30, 9 (1910).

31,. H. Adams and J. Johnston, Am. J. Sci., (4] 32, 534 (1912).

¢ Practically identical with constantan. Obtainable from the Electrical Alloys
Co., Morristown, N: J.; size No. 30 B. & S., double silk-covered, is perhaps the most
convenient.

51, H. Adams, J. Wash. Acad., 3, 469 (1913).

6 1 microvolt corresponds in this case to about 0.02°.

* Used in computing the equation.
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The Pt-PtRh Curve.—(Table 11.) For this element it proved impossible
to find a single equation, with a reasonable number of constants, which
would adequately express the relation between temperature and electro-
motive force over the whole range between 0° and 1755 °, the melting point
«of platinum; a circumstance which is hardly surprising, in view of the magni-
tude of the range. Accordingly, the curve given in Table II was calculated
in three overlapping sections: 0-400°, 300-1200° 1100-1755°. ‘The first
section was computed from an exponential equation of the form,

E = At + B(1 — ¢%);
‘the second from the equation,®
E = —308 + 8.2294f + 0.001649%%;

and the third by inverting the table of Sosman? so that the argument is
in microvolts and not degrees. That this procedure introduced in this
case no discontinuities in the slope of the curve at the points of transition
from one section to another, was established by the identity of the results
<alculated in both ways for the overlapping portions. Any slight inequali-
ties were evened out by adjustment of the successive differences.

Remarks.—It is understood, of course, that the cold junction is main-
tained at o°, which is most conveniently done by means of a mixture of
ice and water contained in a vacuum-jacketed flask; if the cold junction
is not at 0°, corrections similar to those given in the table by Foote must
be applied.?

The standard temperatures employed are based mainly upon the series
of gas thermometer determinations made by Day and Sosman;? this
scale does not differ materially from that advocated by the Bureau of
Standards® or from that now in use at the Reichsanstalt up to 1100°8
and it is little likely to undergo any marked change for some time to come.
The tables give temperatures (on the thermodynamic scale) and tempera-
ture differences for each 1oo microvolts up to the limit of usefulness of
each thermoelement; this form of table is more troublesome to calculate
but is much more convenient to use. The last digit in each temperature
value is given mainly for purposes of interpolation; otherwise it is meaning-

1 A. L. Day and R. B. Sosman, 4dm. J. Sci., [4] 33, 528 (1912); Amnn. Physik, 38,
863 (1912).

2 R. B. Sosman, Am. J. Sci., 4] 30, 9 (1910); Carnegie Inst. Wash., Pub. 157, 118.

3 P. D. Foote, Met. Chem. Eng., 11 329 (1913).

¢ Arthur L. Day and R. B. Sosman, 4m. J. Scs., (4] 29, 93-161 (1910); 33, 517—
533 (1912); “High Temperature Gas Thermometry,” Carnegie Inst. Wash., Pub. 157;
Jour. Physigue, [5] 2, 727, 831, 899 (1912).

5 See G. K. Burgess, Report 8th Intern. Congr. Appl. Chem., 22, 53—63; J. chim.
bhys., 11, 529 (1913).

6 It should be remarked, however, that the official calibrations issued by the
Reichsanstalt are, so far as we know, still based on their old temperature scale, which
at 1000° leads to temperature values about 1.5° higher than tHose given here.
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72 NOTE.

less except at the lower end of the scale. Similarly, in the list of fixed
points given at the foot of Table II, the magnitude of the uncertainty in
the temperature scale is such that the temperatures above 1000° may be
rounded off to the nearest degree.

The reference curves given in Tables I and II are intended {for use in
conjunction with the appropriate deviation curve. This correction curve
is determined for each element by calibration at several of the fixed points
—preferably three or more-—given at the foot of each table; whence it is
simply constructed by plotting!'AE as ordinate (AE = E observed — E
standard) against E,,¢ as abscissa, and joining up the various points.
Then in order to obtain the temperatures corresponding to the electro-
motive force reading indicated by the element, the appropriate value of
AE (as obtained from its deviation curve by inspection) is subtracted
algebraically from the observed value of E before the latter is converted
into degrees by means of the table., There need be no apprehension of
error in the use of this method even with deviations of as much as 100
microvolts; especially if sufficient calibration points be taken within the
specific temperature range, and if the deviation curve so obtained does
not depart too far from a straight line.

It should be borne in mind that neither of these tables has an absolute
significance; it represents merely an arbitrary reference curve which is
substantially the mean of the three elements (E, F, G) used by Day and
Sosman as standards; for the curve does not differ from the average reading
of these elements by more than 1 mmicrovolt, except at the somewhat less

certain nickel point, where the divergence amounts to 3 microvolts.

(GEOPHYSICAL LABORATORY,
CARNEGIE INSTITUTION OF WASHINGTON,
WasmiNgTON, D. C.

NOTE.

An Electrical Contact Vapor-Pressure Thermoregulator.— The change
in the pressure of a saturated vapor with change in temperature
has been made use of by various investigators as a means of
automatic temperature control. Andreae®? devised a thermoregulator
in which a small quantity of some volatile liquid, such as ether, alcohol,
or water, was utilized to increase the change of pressure per degree of a
suitably enclosed volume of air or other gas. Lothar Meyer® made use
of the same principle. Benoit! described a thermoregulator similar
to the foregoing, with certain mechanical improvements. Kahlbaum?®

i It is obvious that the required accuracy is secured by plotting on a small scale;
a sheet of codrdinate paper 20 X 20 cm. is ample.

* Wied. Annalen, 4, 614.

¢ Ber., 16, 1088 (1883).

+ Wied. Beibl., 4, 296.

5 Ber., 19, 2860 (1886).



