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xx, adding to this counted number the fractions of a fringe-width
at ss and xx, and prefixing algebraic signs according to the following
rule:

+, if the center of curvature lies on the side xx.

—, if the center of curvature lies on the side ss.

The fractional parts may generally be estimated with an uncer-
tainty of o.1 to 0.2 by direct inspection; but more accurate meas-
urements require suitable micrometric observation. The essential
requirement for such micrometric observation may be met by an
optical system forming a real image of the fringes and reference
lines in a focal plane over which a filar micrometer observed by a
low power ocular can be moved. Such apparatus can be readily
improvised in any optical laboratory; but by far the best and most
convenient method of measuring these fractions and observing the
whole number of fringes is by means of the Pulfrich interferometer,
exattly as constructed for use with the Fizeau method.** This
instrument also provides means for monochromatic illumination.
It was with this instrument that all measurements at the Bureau
of Standards have been made.

If a value of L, is required as in the computation of the expan-
sion coefficient, it may be obtained by a mechanical contact mi-
crometer. L, may be obtained from L. by equation (4).

V. SENSITIVENESS, ACCURACY, AND RANGE
SENSITIVENESS

By means of the Pulfrich instrument, én,—d&n, may be deter-
mined as the mean of a small number of observations (say five)
with an uncertainty, due to observational error, not greater than
0.01 or 0.02. The instrument constant K has the dimension of
length. In the dilatometer which has actually been made
K —o.6 micron. (D =28.71 mm. d =14.00 mm. A\ =0.5876 micron.)
The sensitiveness is, therefore, about 0.006 to 0.012 micron. It is
possible to design an instrument of the same general type with a
slightly but not much greater sensitiveness.

ACCURACY

Besides the error of observation above noted, the accuracy is
limited only by unavoidable variation in contacts during the
course of measurements. The consistency of Mr. Peters’ extensive

1 Pulfrich, Zeit. fiir Instk., p. 261; Sept., 18¢8.
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meastirements of thermal expansion of crystal quartz parallel and
perpendicular to the axis, by this method and the Fizeau method,
over an interval from about 26° C to 55° C, shows that the
determinations of AL, are actually reliable to about o.01 or 0.02
micron. In these particular circumstances, therefore, the accuracy
is nearly as good as the sensitiveness. Within the limits of its
applicability, this method is found to be at least as accurate as the
Fizeau method, and is probably more reliable. The contact errors
must be separately considered under the particular circumstances
of each investigation.

The determination of K with sufficient accuracy to obtain in
the computed result the full value of lthe accuracy attained in
the measurement of &n,—d&n, presents no difficulty. For small
values of én,—&n,, it is evident that only a roughly approximate
value of K is required. In practical work as contemplated,
dn,—don, will never be greater than 40 and will be determined
with an uncertainty of about 0.02 or one part in 2000. With
the traveling microscope, D and d may be determined with about
the same relative accuracy by careful observation. A\ is, of course,
already known with far greater accuracy than required.

L, may be obtained by a mechanical contact micrometer with
the same relative accuracy with which AL, is determined by the
interferential measurements. L, may usually be taken as equal
to L. with sufficient accuracy.

RANGE

With the apparatus here described, the largest value of AL, —
AL, which can well be measured is about 20 microns, in which
case én, and én, are each about 20 and of opposite sign. It
would be possible to increase the range slightly, but not very much.

VI. APPLICATIONS AND ADVANTAGES

The application of this dilatometer to the determination of
relative thermal expansivity, particularly in case the differential
expansion is small, is obvious, and, as has been mentioned, it is
already being used for this purpose. . The base plate may be
made of any material of standard expansivity and the various
samples determined relative to it.

It appears that the instrument might also be adapted to the
measurement of small increments in length, due to other causes,
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