‘OCTOBER 29, 1897.]

PHYSIOS AT THE DETROIT MEETING OF
THE AMERICAN ASSOCIATION FOR THE
ADVANCEMENT OF SCIENCE.

SEectIoN B of the American Association for
the Advancement of Science met with Profes-
sor Carl Barus in the chair and Professor
Frederick Bedell as Secretary. ¢ LongRange
Temperature and Pressure Variables in
Physics’ was the subject of Professor Barus’s
vice-presidential address, which has been
published in full in ScieNcE. It was very in-
teresting'and was very well received. The
address dealt with the historical develop-
ment of pyrometry and piezometry, with a
view to the present state of progress in
these subjects, and with especial reference
to their application to problems on the
physics of the earth’s crust.

The first paper. on the list was by Pro-
fessor F. P. Whitman and Miss Mary C.
Noyes on the effect of heat on the elastic
limit of copper wire. Their work was a
continuation of a research on the effect of
heat on Young’s modulus (published in
the Physical Review, Vol. I1., p. 277). . The
yield-point was found to increase as the
wires were stretched, heated and cooled.
From a long series of tests made on the
same .wire it appeared that the wire was
approaching a permanent condition. If
the wire was heated to a red heat, or if it
‘was stretched considerably beyond its elas-
tic limit at the start, it maintained a nearly
constant state afterwards. There were
curves shown which graphically represented
the changes in the behavior of the wire.

Professor A. L. Foley next read a paper
on ¢ Arc Spectra.’
coming from the arc and found that it was
due to concentric layers of different color.
He wused a concave grating to throw
the spectra of different parts of the arc
upon photographic plates. The outer layér
was found to be strongest in the yellow.
The upper carbon, whether positive or nega-
tive, was covered to a greater depth with
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the yellow flame. = Inside the yellow was a
blue area stronger at the positive carbon,
and inside the blue and at the positive car-
bon violet was found.

Mr. Chas. F. Brush read a notable paper
on the transmission of radiant heat by gases
at varying pressures. Before describing his
own investigations he referred briefly to

- those of Dulong and Petit, who used a

large copper ¢balloon,” about three deci-
meters in diameter, coated with lamp-black
on the inside, in the center of which the
thermometer bulb was placed. In discuss-
ing the cooling of bodies in vacuo Dulong
and Petit fell into the grave error of deduc-
ing the behavior of the last few millimeters
of gas from that of the rest. In this way
they arrived at their ‘Sixth Law:’ The
cooling power of a fluid diminishes in a
geometrical progression when its tension
itself diminishes in a geometrical progres-
sion. If the ratio of this second progres-
gion is 2, that of the first is 1.366 for air,
etc. Mr. Brush said that his' own obser-
vations show that this law can be ap-
proximately true only in -the case of a
large balloon, and at pressures from a few
millimeters upward ; that there is no sug-
gestion of it where a small balloon is
used, and at small pressures it does not
obtain with either large or small bal-
loons; he found that in a -small balloon the
cooling effect of the last millimeter of air
is nearly ten times as great as that of all
the rest, up to atmospheric pressure,-com-
bined. It was through misplaced confi-
dence that Dulong and Petit were led to
place a value on the rate of cooling in
vacuo, something like a hundred per cent.
too high ; and as they derived the cooling
values . of gases by deducting the cooling
effect of a vacuum from the total, all their
values for gases are much too low. This
error vitiates much of their other work.
Mr. Brush carried his observations down to
those made at one-twentieth of a millionth
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of an atmosphere and found thast the rate of
cooling did not break down materially even
then. To measure pressures he constructed
two McLeod gauges. These gauges and their
use Mr. Brush described in another paper
on the measurements of small gaseous
pressures. He gave, as an example of the
delicacy with which small pressures were
measured, the measurement of about two
millionths of atmospheric pressure, with a
probable error of only one part in three
thousand of the quantity measured. From
this he concluded that, with the apparatus
described, small gaseous pressures might
be easily measured with a probable error of
less than a thousandth part of the millionth
of an atmosphere. Mr. Brush showed many
figures and curves to illustrate his work.

Professor W. A. Rogers read a paper on
a final determination of the relative lengths
of the imperial yard of Great Britain and
the meter of the archives.

Professor Nicholsread Mr. S. G. Barnett’s
paper on the influence of time and tempera-
ture upon the absolute rigidity of quartz
fibres. Mr. Barnett found no time effect
even after three months and an exceedingly
small positive temperature coefficient of
about three ten-millienths.

The discharge of electrified bodies by X-
rays, by Dr. C. D. Child, was a subject
which has been interesting scientific circles
of late. The air, and in fact almost every
gas, isan excellent insulator under ordinary
conditions ; but when acted upon by X-
rays it becomes for the time a conductor.
The resistance offered to the passage of elec-
tricity under these circumstances depends
upon the pressure, temperature and kind
of gas, as well as upon other more obscure
causes. Dr. Child’s paper deals especially
with the influence of the pressure of the gas.
He finds that, when the pressure of the air
is increased from a few millimeters of mer-
cury up to atmospheric pressure, the rate
at which electricity can be conducted by
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the air in general increases to a maximum
and then decreases again. The pressure at
which the conductivity of the air is greatest
depends upon the E. M. F. tending to send
current through it. If the E. M. F. is high
the pressure for maximum conductivity
seems to be greatly in excess of atmospheric
pressure and lies beyond the range of Dr.
Child’s measurements.

In addition to a careful study of the effect
of pressure upon the phenomena, Dr.
Child has also investigated several other
points, some of which have heretofore been
in dispute. For instance, he finds that
electricity can be continuously discharged
from a charged body under the influence of
X-rays, even when the body is covered
with a solid insulator, such as a thin layer
of paraffin. This result agrees with the
observations of Professor J. J. Thomson
and contradicts in part the conclusions of
Lord Kelvin. Dr. Child has also studied
the effect of X-rays developed by an indue-
tion coil when the rate of interruption is
varied. Many parts of Dr. Child’s work
which cannot even be referred to here will
go far toward explaining ‘the irregular and
contradictory results which most observers
in this line have heretofore obtained.

Professor F. P. Whitman described some
investigations which he had made on the
brightness of pigmented surfaces under
various sources of illumination. The colors
of the surfaces were ten in number, rang-
ing through the spectrum. The flicker
photometer was used for the comparisons,
and some very interesting information was
obtained.

Professor H. S. Carhart read a paper on
the design, construction and test of a 1,250
watt transformer which had been made un-
der his directions by two of his students.
The core type was chosen instead of the
shell, for reasons of convenience, as the iron
for the core could be cut at the tinsmith’s
without a die. From the data obtained in
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its test it appeared that the transformer
agreed in resistance, regulation and effi-
ciency almost exactly with the values com-
puted in advance. The fall in E. M. F. be-
tweenno load and full load was 2.3 per cent.,
and the efficiency at full load was 95.4 per
cent. This paper is published in the Elec-
trical World for September 18, 1897. Dr.
Karl E. Guthe described some experi-
ments on the electrolytic action of con-
densers. He used commercial condensers,
and found polarization and recovery much
-as in an electrolytic cell. He showed sev-

eral curves illustrating the results obtained.

The graphical treatment of alternating
currents in branch circuits in cases of vari-
able frequency, by Professor H. T. Eddy,
was a very full exposition of the subject.
Many diagrams were shown, in which a
whole series of assumptions as to the ca-
pacity and self-induction gave a correspond-
ing series of curves. It would not be possi-
ble to give a proper notice of Professor
Eddy’s paper without reproducing many of
his diagrams.

Professor Alexander Macfarlane read an
instructive paper on simple non-alternating
currents. Professor A. . Greenhill, of
‘Woolwich, England, exhibited stereoscopic
views of spherical catanaries and gyroscopic
curves which were very interesting. The
mathematics of each curve were given on the
back of the card on which the stereoscopic
projections of the curve were drawn. Pro-
fessor Ernest Merritt read Dr. L. A. Bauer’s
paper on the magnetic survey of Maryland.

Professors G. S. Moler and Frederick
Bedell exhibited apparatus adapted to deter-

mining the frequency of an alternating .

carrent. The instruments here included
are two in number. The first one, which
has already been described by George S.
Moler (Physical Review, March—April, 1897),
consists of a small synchronous motor
‘brought to speed by a crank handle con-
nected with the motor by a suitable train of
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gears. The apparatus contains an electric
ally operated speed counter, so arranged
that its reading gives the exact value of the
frequency of the alternating current with
which the synchronous motor is supplieds
The whole apparatus does not weigh over
nine pounds. The reading is correct to
within .05 of an alternation. The second
instrument consists of a sonometer .or
monochord.. The alternating current flows
through'a piano wire mounted upon a sound-
ing board. The wire passes between the
poles of a permanent magnet. By means of

a sliding bridge the period of the wire may

be made equal to -that of the alternating
current. This is indicated by the vibration
of the wire. A scale is arranged so that
the position of the bridge indicates the
frequency directly.

Dr. W. J. Humphreys gave an interest-
ing account of some experiments on the ef-
fect of pressure on the wave-lengths of the
lines of the emission spectra of the ele-
ments. He found a shift of the lines to-
ward the red about proportional to the
pressure and to the wave-length. The
shift appeared to be independent of the
temperature. Professor C. L. Norton de-
scribed a new form of coal calorimeter. An
abstract of his paper is in the FElectrical
Engineer of September 9, 1897. The coal
is burned with oxygen inside the calori-
meter in a platinum- crucible, on a very
thin dish of platinum perforated with a
large number of holes near the edge. The
lightness and good conducting power of the
platinum crucible and plate assure their
being at a high temperature during com-
bustion, and to this is due the completeness
of combustion. No trace of carbon monox-
ide and no indication of soot is to be found
in the resulting gases. Professor E. B.
Rosa read Dr. F. A. Laws’ paper on a new
form of harmonic analyzer.- An electro-
dynamometer was used. ~ A current sinu-
soidal in character, and of frequency vari-
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able in multiples of the main current, was
sent through the fixed coil, and the main
current through the other coil. The deflec-
tion of the electro-dynamometer gave
means of computing the magnitude and
phase of the different components.

Very interesting papers were read by Dr.
N. E. Dorsey, on the determination of sur-
face tension of water and of certain aque-
ous solutions by the method of ripples ; by
Professor Frank E. Bigelow, on the series
of international. cloud observations made
by the United States Weather Bureau; by
Professor C. F. Marvin, on kites and their
use by the Weather Bureau in the explora-
tion of the upper air, and by Mr. B. B.
Brackett, on the effects of tension and
quality of the metal upon the changes in
length produced in iron wire by magnetiza-
tion.

Professors E. W. Morley and D. C. Miller
presented a joint paper on the coefficient of
expansion of certain gases. As the coeffi-
cient of expansion of hydrogen has been
determined by the International Bureau of
‘Weights and Measures at Paris, with a very
high degree of precision, that of other gases
may be determined by comparison. The
method used in these experiments is a dif-
ferential one, in which the difference in the
expansion of oxygen and hydrogen, for ex-
ample, can be determined with accuracy.
Hydrogen is placed in one globe of five
liters capacity and oxygen in a similar
globe. These globes are connected to a
manometer. . They are first surrounded
with melting ice, and then with steam.
The differential expansions are readily ob-
served. In this way the coefficients of ex-
pansion of four gases have so far been deter-
mined as follows:

Carbon Dioxide....ceccvuveurecranriennn. 0.0037122
Nitrogen. ....ivveiiuereerinerenreenennnn. 0.0036718
AL eiiniiiiiiiiiiiieiineeeceniieneeenns 0.0036719
(03.977:15 | DT PP U RN 0.0036729

A Note on the Construction of a Sensitive
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Radiometer was read by Professor Ernst
Fox Nichols. In this paper the construc-
tion of a new form of compensating torsion
radiometer, used recently in a number of
researches in the remote infra-red spectrum,
was described in detail. The instrument
is capable of a higher degree of sensitive-
ness than either the spectro-bolometer or
linear thermopile. A steadiness of action
and freedom from extraneous disturbances,
when working at high sensitiveness, are
secured by means of the compensating ac-

‘tion of two precisely equal vanes sym-

metrically mounted on either side of the
axis of a quartz fibre suspension. The
system, in consequence, is acted upon dif-
ferentially by all accidental disturbances,
while rays to be measured are concentrated
upon one of the vanes. The degree of sen-
sitiveness actually attained in one instance
was 80 great that the influence of rays from
a single candle at a distance of one-third of
a mile could be detected and roughly meas-

~ured. With an instrument of this kind

Professors Rubens and Nichols have recently
discovered heat wavesg one-fortieth milli-
meter in length, and have demonstrated
their electro-magnetic character.

Professors E. L. Nichols and E. Merritt
presented a paper on the photograph of
manometric flames. The photographs were
taken on a revolving drum of sensitized film,
and showed in a striking way the effects of
various sounds. Words and short phrases
were spoken before the receiver. It was of
interest to note that the effects of nearly
like sounds could bz distinguished in the
photographs. The paper was illustrated
with many lantern slides.

Professor Carl Barus read papers on the
rate at which hot glass absorbs superheated
water, and on a method of obtaining capil-
lary canals of specified diameters. In the
former he computed from experiment that
there is an absorption per hour of 0.025
em.® of liquid water per cm.’ of glass sur-
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face at 180°C. The importance of the ob-
served increase in compressibility and in
volume contraction in the lapse of time was
-especially dwelt upon. In the latter paper
he said that elastic tubing punctured with

-6,000 to 10,000 extremely small holes was -

subjected to external and internal pressure.
The mean diameter of the pores in any
given case is computed from the pressure-
difference just necessary to cause a flow of
gas against the capillary reaction of the
.wet porous septum. The author points out
various applications of such tubes. Among
-other points, the cyclic character of the
flows of liquid through the pores, when
pressure increases and decreases consecu-
tively, is exhibited.

Professor Frederick Bedell read a paper
written by himself, Professor R. E. Chand-
ler and Mr. R. H. Sherwood, Jr., on the
predetermination of transformer regula-
tion. To determine the regulation by this
method a wattmeter, ammeter and volt-
meter are located in the primary circuit.
‘One set of readings is taken with the sec-
ondary short-circuited by a stout copper
wire, the primary voltage being adjusted
until the normal full-load current or any de-
sired fraction of it flows in the transformer.
No other data for obtaining a complete reg-
ulation curveis required except the one set
of readings above mentioned and the mag-
netizing current. If a wattmeter reading
is taken when the magnetizing current is
measured, the data is sufficient to plot a
complete efficiency curve as well as a curve
for the regulation of the transformer. The
two sets of measurements then consist of
the reading of a wattmeter, voltmeter and
ammeter, first on short-circuit with normal
current, and second on open-circuit at nor-
mal voltage. The wattmeter reading in
the first case gives the copper losses; in
the second case, the core losses. - It is com-
monly convenient to use the high-potential
€oil as primary in the short-circuit meas-
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urements, and the low-potential coil as pri-
mary in the open-circuit measurements. A
high-potential supply is not then needed,
and as no power is required except to sup-
ply the losses, the complete test of a trans-
former may be made with an incandescent
lighting circuit for the source of supply, a
50 light transformer being tested from one
16 c¢. p. lamp socket. The total drop is
found by laying off in the proper manner
the inductive drop, the magnetic leakage
drop and the drop due to ohmiec resistance.
The method is theoretically an almost ex-
act one. Practically it is an exact method
and less likely to error than the ordinary
method of determining the regulation of a
transformer by loading it. The results
given in this paper (given in full in The
Electrical World), from a long series of tests
on seven transformers of various makes,
shows the reliability of the method, the
secondary voltage at full load determined
by it varying usually less than one or
two-tenths of a volt from the voltage as
found by measurement on the transformer
when actually loaded. An approximate
method (by Xapp) wused by one of
our large electrical companies gives less
accurate results. The reader is referred to
the data given in the full paper. ,

An electrical thermostat, by Dr. W. R
‘Whitney, consisted of mercury in a U tube.
One arm of the tube contained ether, and
the other air, at reduced pressure. One
platinum wire was fused into the bottom
of the tube and another above the mercury
in the leg of the tube containing the ether.
On the rise of the temperature the ether
gas expanded much more rapidly than the
air and forced down the mercury below

the ether; a control electrical ecircuit

through the platinum wires and the mer-
cury is thus broken, and through it the
heating circuit. Professor W. O. Atwater
and E. B. Rosa described their apparatus
for testing the law of conservation of energy
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in the human body. The subject was con-
fined in a room whose walls consisted of a
layer of copper, outside of which were one
layer of zinc and three layers of wood, with
air spaces between. The temperature of

the air spaces was kept the same as that of .

the inclosed room, by means of currents of
air. The condition of uniformity of tem-
perature was tested by many thermo-elec-
tric junctions in series, which were distri-
buted ever the surface as uniformly as
possible. The average position of the gal-
vanometer mirror was kept zero. A de-
flection of one millimeter on the scale cor-
responded to one one-hundredth of a de-
gree Centigrade. The amount of heat
evolved in the room was calculated from
the corresponding mass and change of tem-
perature of the air which was forced to
enter and leave the room through pipes.
Frequent analyses of the air were made to
determine carbon-dioxide and water vapor.
The average of the results indicated that
the law of conservation of energy was true.

Professor E. B. Rosa read a paper by him-
self and Mr. A. W. Smith, on electrical res-
onance and dielectric hysteresis. The
dielectric experimented on was used_in the
form of a condenser, which was placed in
an electric circuit, in series with a coil
whose self-inductance was just sufficient to
bring the alternating current used into
phase with the E. M. F. The power ex-
pended in the circuit was made up of two
parts, one proportional to the resistance of
the coil, and the other proportional to the
equivalent resistance of the condenser.
These quantities multiplied by the square of
the current (virtual) gave the power ex-
pended. ' -

Dr. Margaret E. Maltby presented an in-
teresting paper on a method for the deter-
mination of the period of electrical oscilla-
tions and some applications of the same,
which was based upon a new application of
the Wheatstone bridge principle. The two
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halves of the measuring instrument—an
electrometer—serve as two arms of the
bridge, and the other two contain a con-
denser joined to the electrometer needle
and the two pairs of quadrants respec-
tively. The relation that exists between
these two, when there is no deflection,
is a function of the rate of alternations in
the current that passes through the sys-
tem, viz: T'=== CR, when 7'is the period
of a single alternation, C the capacity
and R the resistance. If C is known in
electrostatic units and R in electromagnetic
units, /v’ should be substituted for Cabove,
and it is then possible to solve for v. Other
applications of the method are evident.
See Wiedemann’s Annalen, B. 61, H. 3,
8. 553.

In a joint session of Sections A and B
Professor G. W. Patterson, Jr., read a pa-
per on the electro-static capacity of a two-
wire cable, in which he deduced the formula

0.01206 K
Og~/4RD+ D*+ D
VAED+ D' —D
when Cis the capacity in microfarads per
kilometer, K the dielectric constant of the
medium, R the radius of each conductor
and D the least distance between them..
Common logarithms are used. Professor
W. F. Durand explained an approximate
method of treating differential equations,
in which he integrated by summing up
areas considered as trapezoids. By making
the intervals small enough any degree of
accuracy might be obtained. Professor
Alexander Macfarlane explained a new
method of solving certain differential equa-
tions that occur in mathematical physics.
The method was applied to equations whose
solutions involved exponential and sine
functions. Mr. C. P. Steinmetz was on the
program to.read a paper on the screening
effect of induced currents in solid magnetic
bodies in an alternating field ; but, much to
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the regret of the Section, he was unable to
be present.
GeorGgE W. PATTERSON, JR.
UNIVERSITY OF MICHIGAN. ’

A NEW METHOD OF SYNCHRONIZING
STRATA.* ’

For nearly a century it has taxed strati-
graphical geologists to the utmost to devise
some rational and practical method by
which the strata of the globe, the exposed
sections of which are not visibly connected,
can be brought into synchronous juxtapo-
sition. Various schemes have from time
to time been proposed, tried and aban-
doned. While it is a simple matter to
correlate two rock outcrops which are not
far away from each other, the difficulties
rapidly increase with distance and by ex-
isting standards the determination of the
exact equivalents finally become almost
impossible.

It is the special province of geological
correlation to establish a general chrono-
- logic sequence for rock successions more or
less widely separated geographically. The
main features of some of the more impor-
tant standards of comparison that have
been adopted or are being used may be
briefly considered, their scope defined and
their limitations noted. These methods
fall into two main categories: (1) the
strictly physical, and (2) the biological.
Of these the latter have, for many years,
been most widely followed. At the present
time the former are beginning to assume
much greater prominence than ever before.

8o profound an influence have the or-
ganic remains entombed in the rocks had
on correlation problems that it has only
been very recently that the inherent weak-
nesses of this criterion has begun to be ap-
preciated. The advantage of the physical

* Abstracted from a paper read before the Academy
of Sciences of St. Louis.
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method over the biological is indicated by
the remark made lately by McGee that
“Nearly as much information concerning

" the geological history of the Atlantic slope

has been obtained from the topographic .
configuration of the region within two years
as was gathered from the sediments of the
coastal plain and their contained fossils in
two generations.” ’

Indeed, for more than a score of years
that branch of geology called stratigraphy
has been practically at a standstill. Its
methods are the same that were used 50 to
75 years ago. However, the science of ge-
ology as a whole has made gigantic strides.
‘Within the last two decades several entirely
new branches have sprung into existence.
New and refined methods of working have
been formulated. With all this activity.
going on about it, stratigraphy itself has
been at last provided with new weapons
of offense and defence, and is beginning to
experience a revival that is surely destined
to restore its old time prestige.

The scope of the purely physical criteria
of correlation and of geological classifica~
tion as set forth in late years appears to
have been generally overlooked. Attention
needs to be called only to a few of these.
Irving and Van Hise have formulated ad-
mirable methods of correlation, in which
organic remains are left entirely out of con-
sideration. McGee and his colleagues have,
by purely physical methods, attacked the
unfossiliferous deposits of the coastal plain
and then have applied the same methods
successfully to the fossiliferous terranes.
Davis and others have vejuvenated the old
methods of stratigraphical continuity and
lithological similarity, by making possible
a system of correlation by geographic forms,.
and broad areas are now being geologically
mapped by this method alone. All of these
methods are more or less complex and not
simple, but they demonstrate that newer
and more natural ways are rapidly replac-




