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The Relation Between the Thermal and Electrical Con-
ductivities of Copper Alloys

Since 1929 an investigation has been in progress in the
research laboratory of The American Brass Company to
determine the thermal and electrical conductivities of all
copper alloys of industrial importance or scientific interest.
Some of the results have already been published!' 2 and
others are soon to appear.?

The conductivities of over one hundred alloys were
determined, including binary series of alloys of copper
with up to 50 weight percent of zinc, <10 percent Sn,
<1 percent P, <4 percent Si, <12 percent Al, <20
percent Mn, <30 percent Ni, and a large number of
ternary and more complex alloys. Some of these were in
the cast state, and others were given special precipitation
hardening heat treatments; but most of them were care-
fully homogeneized by extensive working and annealing
before the conductivities were measured. The majority
of the alloys were homogeneous a-phases (face-centered
cubic in structure), although g8 brass (body-centered cubic)
and several complex alloys were .included. The thermal
conductivity was assumed to be a linear function of
temperature, and values at 20 and 200°C were read from
the mean straight line through six or more experimental
points for each alloy. The electrical conductivity was
determined at 20 and 200°C on the identical specimens
used for the thermal measurements. Full experimental
details and complete analyses of the alloys are given in
the papers referred to above.

When the thermal conductivity is plotted against the
electrical conductivity at the same temperature, as in
Fig. 1, the results for @/l the different alloys fall closely
together and can be represented by a single curve, regard-
less of composition (within the limits named above),
structure or heat treatment. The spread around the mean
curve is rather greater than the supposed experimental
error, and certain series of alloys lie uniformly below and
others uniformly above the curve. Much more accurate
determinations would be necessary, however, before the
various series could be represented by separate lines. The
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curve at 200°C differs from that at 20°C in slope, but
intersects the thermal conductivity axis at approximately
the same value. All the results, representing all alloys at
both 20 and 200°C, fall on a single curve if the thermal
conductivity is plotted against the product of electrical
conductivity and absolute temperature, as in Fig. 2.
Much of the curve is straight, in agreement with the simple
theory that thermal conductivity is composed of a metallic
(electronic) and a nonmetallic part, i.e., '
K=Fk+c\T,

K being the total thermal conductivity, £ the nonmetallic
part, X the electrical conductivity and ¢ a constant which
may be regarded as a true Lorenz ratio for the metallic
part of conductivity. In Fig. 2, £=0.018 and ¢=5.71 X107°
c.g.s. units. The deviation from this linear function be-
comes considerable for the alloys of high conductivity.
The ordinary Lorenz ratio is obviously not a constant on
account of the increasing importance of the factor & at
low values of the conductivity. Alloys are represented in
Fig. 2 in which the Lorenz ratio varies between 5.35 and
8.6.

The results of Schofield* for pure copper from room
temperature up to 625°C fall closely on this K wvs. AT
curve, and those of Lees® at temperatures down to —170°C
provide a smooth extrapolation of the curve with ever
decreasing slope.

It is to be expected that curves of a similar type could
be drawn for the alloys of other metals which form solid
solutions, were a sufficient number of determinations
available. The published figures for the conductivities for
most of the other metallic elements fall more closely on
the K vs. AT curve of Fig. 2 than on'any curve of constant
Lorenz ratio, and the alloy curves would be practically
indistinguishable. Alloys -between metals which do not
form solid solutions would not lie on the curve unless the
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two elements did, but would lie on a line directly joining
the points for the elements. The thermal conductivity of
aluminum is definitely abnormal in its temperature
variation, but the conductivities of all its usual alloys
except those containing silicon are capable of close repre-
sentation by a single curve at a given temperature.
CYRIL STANLEY SMITH
Copper Alloys Research Laboratory,
The American Brass Company,
Waterbury, Connecticut,
June 5, 1935.
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Statistical Fluctuations of Cosmic-Ray Ionization in New
Recording Meter

The statistical fluctuations of the ionization due to
cosmic rays inside a spherical chamber are related to the
number of ionizing particles entering the chamber by the
expression ¢ = FI(N)~%, where o is the standard deviation
of a set of observations each extending over a time ¢,
I is the total ionization and N the number of ionizing
particles traversing the chamber during the time of one
observation. The factor F is given by

- Ztn Z0y
F2=(9/8) —————(Emn)z )
where 7, is the ratio of multiple to single rays and # is the
number of associated shower particles.! If F were known
accurately then it would be possible to determine N by
measurements of ¢. Actually F can only be approximated
from drop track observations and the resulting value is
certainly smaller than that which applies to shielded
ionization chambers where the number of effective showers
is undoubtedly larger than for the usual cloud chamber
arrangement.

. Recent analyses of records obtained from two precision
recording cosmic-ray meters? running simultaneously side
by side gave for the hourly statistical variation after
elimination of bursts larger than 107 ions

or=233.4(10)% ions (meter No. 1)
=34.4(10)¢ ““ (meter No. 2).

Since the collecting systems were insulated for 57.5
minutes out of each hour, the standard deviation for one
minute was o, =33.9(10)6X (57.5)~ =4.41(10)¢ ions.

The observed total ionization was I=94.8(10)¢ ions/
minute.

The value of F as estimated from Anderson’s cloud
chamber observations? is 1.32 but in our case where we
have a 35.6 cm diameter ionization chamber surrounded by
12 cm of lead, this factor would be considerably larger.
If we take F=1.5 then the calculated value of N comes
out to be 1035 particles per minute or 1.04 per cm? per
minute.
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The total ionization is
I=(4/3)RsfNZnr,/Zrn,

where R is the radius of the ionization chamber, s the
number of ions per particle per cm in air at one atmosphere
and f is the factor of proportionality between the ionization
in one atmosphere of air and 50 atmospheres of argon
(f=67.0). Taking Znr,/Zr,=1.42 which is again an
estimate from cloud chamber observations, the calculated
value of s is 47 ions/cm.

The smallest burst which can be detected with reasonable
certainty with this apparatus is about 107 ions, which
corresponds to 132 ionizing particles on the basis of the
above value of specific ionization. Obviously there are
smaller bursts which occur but are not detectable as such
and presumably this still holds true for apparatus capable
of detecting bursts involving considerably fewer particles.
This suggests that some of the bursts at least are simply
large scale showers.*

RicHArD L. DoaN

Ryerson Physical Laboratory,

University of Chicago,
June 29, 1935.
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On the Shape of the Distribution Curves of Electrons
Emitted from Artificially Produced Radioactive
Substances

No reliable method of finding the upper limit of the
(momentum)-distribution curves of the electrons emitted
from the nuclei of radioactive substances has as yet been
devised. In the hope of finding a good statistical method
of treating the histograms obtained from measurements of
the curvatures of B-tracks in a cloud chamber we have
been examining some experimental data in terms of the
theory of Fermi! and also the modification of Fermi's
theory introduced by Uhlenbeck and Konopinski2 We
desire to give a brief account here of the ability of these
theories to account for the shape of these distribution
curves and to discuss their usefulness as methods of com-
putation in getting the upper limits of such distributions
without the arbitrariness usually involved in such work.

It appeared some time ago that the original Fermi
theory gave a fairly good fit to our experimental curves
and by using the theory in a form which will be indicated
below we deduced the upper limits of several elements
which were reported in April.® The tracks on which these
results were based were photographed in a cloud chamber
filled with oxygen. Feeling that our criterion of selection
(that any track with a. noticeable deflection was not
measured) was discriminating against low energy tracks,
we have repeated nearly all our previous work in a
hydrogen-filled chamber which greatly reduces the scatter-
ing of the electrons. The new distribution curves have
their peaks at a lower Hp and cannot be fitted by the old
Fermi theory. At the suggestion of Dr. Arnold Nordsieck



