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THE LUMINIFEROUS ATHER.

Two properties of the luminiferous
sther appear to be known and measura-
ble with a high degree of accuracy. One
is its ability to transmit light at the rate
of 186,300 miles per second,* and the
other its ability to transmit from the sun
to the earth a definite amount of heat
energy.

In regard to the latter, Herschel found,
from a series of experiments, that the di-
rect heat of the sun, received on a body
at the earth capable of absorbing and re-
taining it, is competent to melt an inch
in thickness of ice every two hours and
thirteen minutes. This is equivalent to
nearly 71 foofrpounds of energy per sec-
ond.

* Professor Michelson found the velocity of light to
. be 289,740 mm.per second in air, and 209,826 meters
‘in a vacuuth, giving an fndex of refraction of 1,000,265
‘“Journal of Arts and Science,’” 1879, vol. xviil., p.
890.
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~



7"\' =t * Trans. Roy. Soc. of Edinburgh,” vol. xxi. part 1.

4

In 1838 M. Pouillet found that the
heat energy transmitted from the sun to
the earth would, if none were absorbed
by our atmosphere, raise 1.76 grammes
of water 1° C. in one minute on each
square centimeter of the earth normally
exposed to the rays of the sun.*®

This is equivalent to 83.5 foot-pounds

* of energy per second, and is the value

used by Sir William Thomson in deter-
mining the probable density of the
mther.t Later determinations of the
value of the solar constant by MM. Soret,
Crova, and Violle have made it as h.lgh as
2.2 to 2.5 calories. But the most recent,
as well as the most reliable, determina-
tion is by Professor S. P. Langley, who
brought to his service the most refined
apparatus yet used for this purpose, and
secured his data under favorable condi-
tions ; from which the value is found to
be 2.8+ calories} with some uncérta_inty
still remaining in regard to the first figure

* Comptes Rendus, 1888, tom. vil. pp. 24-26.

+ Am. Journ. of Arts and Sciéence, March, 1883, p. 195.
Also (omples Rendus.
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of the decimal. We will consider it as
exactly 2.8 in this analysis, according to
which, there being 7,000 grains in a pound
and 15.432 grains in a gramme, we have
for the equivalent energy

28x16432 9 TI2x144 _
7,000 <5X0.165x60
133 foot-pounds

per second for each square foot of surface
normally exposed to the sun’srays, which
value we will use. Beyond these facts,
no progress can be made without an as-
sumption. Computations have been made
of the density, and also of the elg.pgcity,x
of the sther founded on the most arbi-
trary, and in some cases the most ex-
travagant, hypotheses. Thus, Herschel
estimated the stress (elasticity) to ex-
ceed
17x10°=(17,000,000,000) pounds

per square inch ; *
and this high authority has doubtless
caused it to be widely accepted as ap-

* ‘ Familiar Lectures,’ p. 282
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proximately correct. But his analysis
was founded upon the assumption that
.. the density of the smther was the same as
that of air at sea-level, which is not only
arbitrary, but so contrary to what we
should expect from its non-resisting quali-
ties, as to leave his conclusion of no
value. That authoralso erred in assuming
that the tensions of gases were as the
wave-velocities in each, instead of the
mean square of the velocity of the mole-
cules of a self-agitated gas; but this is
unimportant, as it happens to be » matter
of quality rather than of quantity. Her-
schel adds, ¢ Considered according to
any hypothesis, it is impossible to escape
the conclusion that the aether is under
great stress.” We hope to show that this
conclusion is not warranted ; that a great
. stress necessitates a great density; but
that both may be exceedingly small. A
great density of the sther not only pre-
sents great physical difficulties, but, as
we hope to show, is inconsistent with the
uniform elasticity and density of the
mther which it is believed to possess;
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and every consideration would lead one
to accept the lowest density consistent
with those qualities which would enable
it to perform functions producing known
results.

In a work on the “Physics of Auther,”
by 8. Tolver Preston, it is estimated that
the probable inferior limit of the tension
of the wther is 500 tons per square inch,
a very small value compared with that of
Herschel's. But the hypothesis upon
which this author founded his analysis
was—The tension of the sther exceeds
the force necessary to separate the atoms
of oxygen and hydrogen in a molecule of
water; as if the atoms were forced to-
gether by the pressure of the sther, as
two Magdeburg hemispheres are forced
together by the external air when there
is a vacuum between them. This assump-
tion is also gratuitous, and is rejected for
want of a rational foundation.

Young remarks: *The luminiferous
mther pervading all space is not only high-'
ly elastic, but absolutely solid.”* We are

* “Young’'s Works,” vol. i. p. 415.



8

not certain in what sense this author con-
sidered it as solid; but if it be in the
sense that the particles retain their rela-
tive positions, and do not perform excur-
sions as they do in liquids, it is a mere
hypothesis, which may or may not have a
real existence. Ifitbein the sense that the
particles suffer less resistance to a trans-
verse than to a longitudinal movement,
there are some grounds for the state-
ment, as shown in circularly-polarized
light. Bars of solids are more easily
twisted than elongated, and, generally,
the shearing resistance is less than for a
direct stress. It certainly cannot be
claimed that the compressibility of the
sther (in case we could capture a quan-
tity of it)is less than that of solids.

Sir William Thomson made a more
plausible hypothesis, by assuming that
‘“the maximum displacement of the mole-
cules of the sther in the transmission
of heat energy was ; of a wave length of
light, the average of which may be taken
a8 yglovp of an inch.” Hence the dis-
placement was.assumed to be yyyiyyy of
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an inch ; by means of which he found the
weight of a cubic foot to be #x10—"°
of a pound.* We also notice that one
Belli estimated the density of the sther
to be $X10—" of a pound;t but M.
Herwitz, assuming this value to be too
spall and Thomson’s as too layge, arbi-
trarily assumed it as 10—° of a pound per
cubic foot; but arbitrary values are of
small account unless checked by actual
results.

We propose to treat the mther as if it
conformed to the Kinetic Theory of
Gases, and determine its several proper-
ties on the conditions that it shall trans-
mit a wave with the velocity of 186,300 '
miles per- second, and also transmit 133 |
foot-pounds of energy per second per."
square foot. This is equivalent to consid-
ering it as gaseous in its nature, and at
once compels us to consider it as molec-
ular; and, indeed, it is difficult to con-
ceive of a medium transmitting light and
energy without being molecular. The

* Phil. Mag., 1855 [4] ix. . 89.
t+ Cf. Fortschritte der Physik, 1859.

’mau
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Electromagnetic Theory of Light sug-
gested by Maxwell, as well as the views
of Newton, Thomson, Herschel, Preston,
and others, are all in keeping with the
molecular hypothesis. If the properties
which we find by this analysis are not
those of the sther, we shall at least have
determined the properties of a substance
which might be substituted for the sther,
and secure the two results already named.
It may;be asked, Can the Kinetic theory,
which is applicable to gases in which
waves are propagated by a to-and-fro
motion of the particles, be applicable to a
medium in which the particles have a
transverse movement, whether rectilinear,
circular, elliptical, or irregular? In favor
of such an application, it may be stated
that the gemeral formulse of analysis by
which wave motion in general, and re-
fraction, reflection, and polarization in
particular, are discussed, are fundament-
ally the same; and in the establishment
of the equations the only hypothesis in
regard to the path of a particle is—It will
move along the path of least resistance.
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The expression V'«ce+d i generally
true for all elastic media, regardless of
the path of the individual molecules. In-
deed, granting the molecular constitution
of the sether, is it not probable that the
Kinetic theory applies more rigidly to
it_than'to the most perfect of the known
gases?*

The 133 foot-pounds of energy per sec-
ond is the solar heat energy in a prism
whose base is 1 square foot and altitude
186,300 miles, the distance passed over
by a rayin one second ; hence the energy
in 1 cubic foot will be

1383 4
186,300% 5,280 3x 10°

foot-pounds. (1)

‘Where results are given in tenth-units
of high order, as in the last expression,
it seems an unnecessary refinement to
retain more than two or three figures to
the left hand of the tens, and we will
write such expressions as if they were
the exact results of the computations.

* See also remarks by G. J. Stoney, Phil. Mag., 1868
[4] xxxvi. pp. 182, 183.
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If V be the velocity of a wave in an
elastic medium whose coefficient of elas-
ticity, or in other words, its tension, is ¢
and dengity J, both for the same unit, we
have the well-known relation

v=4/%

as’
And for gases we have
e= 6‘7,

where y=1.4; and the differential of the
latter substituted in the former gives

V-_-@. I 5]

The tension of a gas varies directly as
the kinetic energy of its molecules per
unit of volume. If »* be the mean square
of the velocities of the molecules of a
self-agitated gas, we have

ecc dv’, or v':x(—(;, .. @3)

where 2 is a factor to be determined.
Equations (2) and (3) give

X
U'= _"VD’ s e e 4
5 (4)

"o
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Assuming, with Clausius, that the heat
energy of a molecule due to the action of
its constituent atoms, whether of rotation
or otherwise, is a multiple of its energy
of translation, we have for the energy in
a unit of volume producing heat,

3yov’,

where y is a factor to be determined. If
¢ be the specific heat of a gas, w its
weight per cubic foot at the place where
9=382.2, J. Joule's mechanical equivalent,
7 its absolute temperature; then the es-
sential energy of a cubic foot of the
medium will be cw7J ; and observing that
w=gdJ, we have

ydv*=cgd1d, . (®)
which, reduced by (4), gives

_2cgytd
==, L ®

the second member of which is constant
for a given gas. To find its value we
have
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Hydrogen, Air. Oxygen.
Specific heat* . . 3.4093 0.23756 0.2175
Velocity of sound,)

feet per second, - 4,163 1,030 1,040
at 7—493.2° . .)

and ¢=32.2, y=14, J =T72. These,
substituted in the second member of (6),
give

xy for hydrogen ........ 6.5699
T 7 6.706
“  oxygen. 6 696
3)19.901

Mean........ 6.63

This value, which is nearly constant for
the more perfect gases, we propose to
call the modulus of the gas, and represent
it by u; and for the purposes of this
paper we will use

Hn=6.6.

Thls relation of the product zy being
a constant, has, so far as we are informed,
been overlooked by physicists, and is

* Stewart on ‘ Heat,” p. 229.

PN
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worthy of special nolice, since it deter-
mines the value of one of the factors
when the other has been found. Kronig,
Clausius,* and Maxwell give for = the
constant number 3, but variable values
for .}

‘We are confident that the value of x is
not strictly constant; or if it is, it ex-
ceeds 3, since the effect of the viscosity
of a gas would necessitate a larger veloc-
ity to produce a given tension than if it
were perfectly free from internal friction.
For our purpose, it will be unnecessary to
find the separate values of = and y ; but
if we have occasion to use the former in
making general illustrations, we will call
it 3, as others have done heretofore. If
the correct value of a exceeds 3, it will
follow that the velocity of the molecules
exceeds the values heretofore computed.}

* Phil. Mag., 1857 4] xiv. p. 128.

1 *“ Theory of Heat,” pp. 314 and 317. Maxwell states
that the value for y is probably equal to 1.684 for air
and several of the perfect gases. This would make
Z=4 nearly.

$ Maxwell gives for the mean square of the veloci-
ties, or, in other words, the velocity whose square is
the mean of the squares of the actual velocities) of the
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According to Thomson, Stokes showed
that in the case of circularly polarized
light the energy was half potential and
half kinetic;* in which case y=2, and
therefore £=3.3.

The energy in a cubic foot of the ssther
at the earth being given by (1) and (5),
we have, by the aid of (4),

sy, Oy 4 .

’}.'/6” _él’l;V _3x101! L (8)
s 4x14X2 B
" T 3x10"% 6.6X(186,300 % 5280)*

2
) R C)

which is the mass of a cubic foot of the
sether at the earth, and which would
weigh at the place where g=32.2 about

2
w=g5w of a pound, . . (10)

molecnles, in feet per second at 498.2° F. above abso-
lute zero, hydrogen 6,282, oxygen 1,572, carbonic oxide
1,276 ca rbonic acid 1,570. Phil. Mag., 1878, p. 68. Our
equation (4) gives for air 1,593,

* Phil. Mag. 1855 [4] ix. p. 87.
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compared with which Thomson’s value is
less than 4,000 times this value. Thom-
son remarked that the demsity could
hardly be 100,000 times as small—a limit
sofgenerous as to include far within it
the value given in (9). According to
equation (10), a quantity of the sther
whose volume equals that of the earth,
would weigh about 4 of a pound. Ifa
particle describes the circumference of a
~ circle in the same time that a ray passes
over a wave-length A, the radius of the
circle will be, using equation (4),
=¥_Jz A
r_z_”: —’;.V.m:w,

or the displacement from its normal po-
sition will be about 1§ of a wave-length,
or about yyr¢yyy of an inch at the earth.

Eliminating V between (2) and (8)
gives
‘ 8 4

A JEv Wik T L (1n

for the tension of the sether per square
ot at the earth, and is equivalent to
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about 1.1 of a pound on a square mile.
‘The tension of the atmosphere at sea-
level is more than 30,000,000,000 times
this value. It somewhat exceeds the
‘tension of the most perfect vacuum yet
‘produced by artificial means, so far as
‘we are informed. Crookes produced a
~yacuum of .02 millionth of an atmos-
‘phere* without reaching the limit of the
capacity of the pumps; and Professor
Rood produced one of gyyydeors of an
atmospheret without passing the limit of
action of his apparatus. The latter
gives a pressure per square foot of
-———31;)253‘1)33 =1goooe of & pound. This,
-in round numbers, is 140 times the value
.given in equation (11). Even at this
.great rarity of the atmosphere, the quan-
tity of matter in a cubic foot of the air

* “On the Viscosity of Gases at High Exhaustions,”
by William Crookes, F. R. 8., *‘ Phil. Trans. Roy. 8oc.,"”
part ii. (1881), p.’400: * Going up to an exhaustion of
.02 millionth of an atmosphere, the highest point to
which I have carried the measurements, although by
no means the highest exhaustion of which the pump
is capable.” .

+ Journ. of Arts and Science, 1881, vol. xxii., p. 90.
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would be some 200 million million times
the quantity in a cubic foot of the mther
—such is the exceeding levity of the
sether.

Admitting that the sther is subject to
attraction according to the Newtonian
law, and of compression according to the
law of Mariotte, we propose to find the
relation between the density of the cether
at the surfuce of an attracting sphere
and that at any other point in space, pro-
viding that the sphere be cold and the
only attracting body, and the gas consid-
ered the only one involved.

Let 6, ¢,, w, be respectively the dens-
ity, elasticity and weight of a unit of the
medium, whether sether, air, or any other
gas at the surface of the sphere; 4, ¢, w,
the corresponding quantities at a dis-
tance z from the surface of the sphere;
7 the radius of the sphere, g, the acceler-
ation due to gravity at its surface, and g
that at distance »+2z from the center of
the sphere. Then

d e w w,

8, e g 4
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and
—g—
g'—go(r+z)z’
e:ﬁ-&’wzﬁ(—r—-—*_’—z\—’w. . (12)
w, g w, r
But
de=—wdz=—~gédz . . (13)
de _ 9.5, 1
e ¢ (r+2)

Integrating between ¢ and e, z and o
we have

960,72

e=e € 1z . . (14)
godo, 72
6=06," e r+z. . . . (16)

Neglecting the attraction of the earth
for the sther, and considering the sun
as the only attracting body, we have g,
at the sun 28.6 X 32.2, and at the earth, z
=210r, »=441,000 miles, the sun’s ra-
dius; d=#Xx10"", equation (9), and e
=44%X10"°; and these, in (14) and (15),
give
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28.6x32.2x2x33x 108, 210

e=eE | 4x35x]10%* 211 ¢
' x 441,000 X 5280
_1_
=eoe ooooonearly, .. (16)
and
—r
sznsl’m’mnearly, .. oaey

for the tension and density of the sther *
at the surface of the sun under the con-
ditions imposed. But the millionth root
of ¢ is practically unity ; hence the elas- |,
ticity and density at the sun is practically
the same as at the earth.

Now, starting at the sun with this re-
sult, and finding the density at a distance
z from it, then making z infinite, we shall
get about the 995,000 root of ¢, the value
of which is also sensibly equal to unity ;
hence the density at infinity would be
sensibly the same as at the surface of X
the sun, the difference in the densities at
the sun and at infinity being less than
1ovkooo part of that at the sun. In or-
der to make the density vary sensibly
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with the distance, the attraction of the
central body must be something like a
million times as great as that of the sun,
or have a diameter a million times as
large ; but there being no such known

_ body, therefore the density and tension
" of the ather may be considered uniform

throughout space. Such has been our
conception of it, and it is an agreeable
surprise to find it so fully confirmed by
analysis.

If the density were uniform, the weight
of a given volume of it would vary as the
force of gravity. At the surface of the
sun a cubic foot would weigh [equation
(10) multiplied by 28.6, or] 57x10~™;
hence, for a height 4 it would weigh

57 r? 657 rh

o™/ (r+z)’ ——dz= 1077 +h’ .1
which for A= becomes 0“ of a pound,
which is the pressure upon a square foot
of the sun of a column of infinite height
under the conditionsimposed. This would
compress the first foot of the column
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about 1y 5gy of its length, and would
cause a corresponding increase in the
density, the value of which, after this
compression, will be found by multiply-
ing the value given in equation (9) by
To'’o%s Which will leave the result sens-
. ibly the same as before. Hence, from
this standpoint, we again conclude that
the density of the sether may be consid-
ered as sensibly uniform throughout
space, providing its temperature be es-
sentially uniform.

If we assume that the law of the re-
sistance by which the sether opposes the
motion of a body varies as the square of
the velocity of the body, we are still un-
able to assign the coefficient which will
give the numerical value ; but it is safe
to assume that the entire mass of the
sther occupying the path of a body mov-
ing through it, will not have a velocity
imparted to it exceeding that of the body ;
but, to be on the safe side, we will as-
sume that it imparts a velocity equal
to itself. The energy thus imparted will
be lost to the body. To simplify the
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case, consider a planet moving in a cir-
cular orbit: » the radius of the planet,
d its distance from the sun, D its specific
gravity compared with water as unity, v,
the velocity in its orbit; then the mass
of wther occupying the place of the
planet. during one revolution about the
sun will be, using equation (9),

-55—>31 @;7{ 7 X 27rd,
which, multiplied by 4v%, will give the
energy imparted to it. The kinetic en-
ergy of a planet, neglecting its rotation,
will be

. "% 624D x 21
4mr’ X 624D X 29

Dividing the former, after multiplying it
by 4v$, by the latter, gives

1 ad
Tx10% D

for the fraction of the energy lost during
one revolution about the sun. Applying
this to the earth, we have

d+rD=93,000,000+3,912x 54 =43,000,

. (18)
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and (18) becomes

l—g,,— nearly, . . (19)
for the fraction of the energy lost in one
year; and hence at this rate would re-
quire more than 1,666,000 trillion (1,666,-
000,000,000,000,000,000) years to bring
it to rest.

Equation (18) is not applicable to the
resistance offered to a comet, on account
of the elongated orbit of the latter ; but
some idea of the effect of the resistance
of the sther to the movement of a comet
may be found by considering what it
would be if the orbit were circular, hav-
ing for its radius the perihelion distance.
According to Professor Morrison, the
perihelion distance of the great comet
(6), 1882,* was 716,200 miles, its aphe-
lion distance will be 5,000,000,000 miles,
the diameter of its nuclens shortly be-
fore disappearing on the solar disk was
7,600 miles, the velocity at perihelion

* ““Monthly Notices of the Royal Astronomical So-
clety,” vol. xliv. 2, p. 54.
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295 miles per second, and at aphelion 76
feet per second. But little is known in
regard to the density of comets; but, to
be on the safe side we will assume it as
1000 that of water. This data will re-
duce (18) to 18x10—® for the fraction of
energy lost during one of its revolutions
about the sun; and as it would make a
revolution in, say, 20 hours, it would lose
in one of our years about 57x10~"° of
its energy, at which rate it would go on
for 170 trillions of years. Similarly, at
its aphelion its rate of loss would be less
than }X 10~ of its energy in more than
2,000 years—the time of one revolution
in its orbit.

The most careful observations and cal-
culations have failed to detect any effect
due to the resistance of matter in space;
and the above analysis shows that, within
historic times, it has in any case searcely
amounted to an infinitesimal, certainly
not sufficientto be measured. And when
we consider that our assumptions have
been very largely on the unfavorable side,
and, further, that the energy imparted to
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the mther may partly, at least, be re-
stored to the body, we ass
resistance never can be measured. Lap-
Tace, when he found that the force of
gravitation, if propagated by an elastic
medium, must have a velocity exceeding
100 million times that of light, concluded
that astronomers might continue to con- ,
sider its action as instantaneous (Mécan-
tque Céleste, B. x., ch. viii,, p. 22, 9,035) ;
80 may we, with nearly as much confi-
dence, continue to consider the resist-
ance of the sther as nél.

Equation (6) gives

_ 6.6(186,300% 5,280)* "
= axBraxIdxTe —02X10" (20)

from which the specific heat of the
sother may be found if its temperature
were known. M. Fourier, the first to as-
sign a value to the temperature of space,
assumed it to be somewhat inferior to
the temperature at the poles of the earth
or about 50° C. to 60° C. below zero.*

* Ann. der Chemie, tome xvii , p. 165.
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M. Pouillet, considering the atmosphere
as a diathermanous medium, capable of
absorbing in different degrees the ra-
diant heat from the sun and the dark
heat from the earth, deduced for the
heat of space—or, as he and Fourier
called it, the stellar heat—approximate-
ly—142°C.* (— 287° F.), which is about
174° F. above absolute zero. It is well
known that Pouillet’s data were imper-
fect, several important elements being
neglected, notably that of the humidity
of the air; still, it is not only the first,
but, so far as we know, the only attempt
to formulate this relation. It served to
show what has since been indicated by
more direct experiments, that the tem-

* Comptes Rendus, 1838, vol. 7, p. 61. Pouillet's for-
mula is
v 2—b

a =1.2352_b,

in which &’=the absorptive power by the atmosphere,
of the sun’s heat,
b =the absorptive power of terrestrial heat,
t’=the temperature of the stellar heat,
a =1.0077.
If b=1, its maximum, ¥ =0.2, we find ¢'=-285° C.
(=391° F.), or 71° F. above absolute zero.

—0.489,
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perature of space is very low. The deli-
cate experiments of Professor Langley,
before referred to, show a great differ-
ence in the degree of absorption by our
atmosphere of different wave-lengths.
The mean of the values for nine differ-
ent wave-lengths, treated by M. Pouillet’s
formula, gives 139° F. above absolute
zero, and the smallest value of absorp-
tion, which was for the infra-red, gives
only 71° F. above absolute zero for the
heat of space.

The heat of space may be considered A

as composed of three parts: (1) stellar
heat, (2) the heat contained in the dark
matter of space, (3) the essential heat of
the smther.

1. By the stellar heat we mean the
heat received directly from the stars. It
is a matter of easy calculation that, if
the 50,000,000 of stars supposed to be
visible with the most powerful telescopes
were all at the distance of the nearest
fixed star (a Centauri), or 221,000 as-
tronomical units from the earth, and if
each radiated the same amount of heat
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as our sun, the intensity varying as the
inverse squares of the distances, the earth
would receive from them all less than
1o'sv 88 much heat as it now receives from
the sun. And when we consider that
only a very few stars are within measur-
able distances, and that the remote ones
may be, when compared with these, well-
nigh infinitely distant, it is evident that
the amount of heat received from the
stars is insignificant, and may be dis-
carded at the earth.

2. It is certain that there is.a large
amount of dark matter in space, since
the meteoric dust and meteorites must
come from beyond our atmosphere.
The zodiacal light is supposed to be an
evidence of meteoric matter between the
earth and sun. The tails of comets are
visible by some action of light upon
some kind of matter. Matter in space
not exposed to the rays of the sun will
be at about the same temperature as the
sther ; but if in the rays of the sun and
destitute of an atmosphere at the dis-
tance of the earth from the sun, its tem-
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perature would be very low. If present
laws can be extended so far, and the
earth were without an atmosphere, and
the heat received were not conducted
away, it has been computed that the
mean temperature at the equator would
be about —70° C. (—94°F.) ; and at the
poles—221° C.,* or 114° F. above abso-
lute zero. The last result is obtained on
the supposition that the poles receive
heat directly from the sun a part of the
year; it is further shown that if the
poles were never exposed to the rays of .
the sun, the temperature would fall to
that of the sther of space. But the
data is not uniform, and there is too
large an extension of empirical formulae
to satisfy one that the above numerical
results are reliable: still they point more
and more strongly to a temperature not
many degrees above absolute zero.

3. By the essential heat of the mther
we mean the temperature which would
be indicated by a thermometer graduated

+ “Professional Papers of the Signal Service
U. 8. A.,” Washington, D. C., 1884, No. xii., p. 54.
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from absolute zero in a room located in
space beyond our atmosphere, whose
walls were impervious to the passage of
external heat. It is the heat due -to the
self agitated sther, just as air has a tem-
perature when not exposed to the rays of
the sun. If the sther be perfectly dia-
thermanous to the sun’s rays, it will receive
no heat, on account of the heat of the
sun flowing through it, though it may be
heated from other sources. As direct
evidence of an extremely low temperature
of space, we cite the facts in regard to
the meteorite which fell at Dharmsalla,
India, July 14,1860.* « The most remark-
able thing about it was, while the mass
had been inflamed and melted at the sur-
face, the fragments gathered immediately
after the fall and held for an instant were
so cold that the fingers were chilled. This
extraordinary assertion, which is con-
tained in the report with no expression
of doubt, indicates that the mass of the
meteorite retained in its interior the in-*
tense cold of the interplanetary space,

* Comptes Rendus, 1861, tome lii., p. 1018.
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while the surfacelwas ignited in passing
through the | terrestrial atmosphere.”
Since this body had been exposed to the
rays of the .sunm, its temperature must
have exceeded that of the space through
which it passed, as well as been warmed
by the heat developed at its surface,
from which it may be inferred that it
had been intensely cold. Direct inves-
tigations, given above, indicate that this
temperature is less than 200° F. above
absolute zero; and we cannot assert that
it is not less than 100° F. above, or even
much less.

But, however low be the temperature
of the sether, it cannot be absolutely cold,
or, in other words, it must have a tem-
perature above absolute zero, for other-
wise it would be destitute of elasticity,
and hence incapable of transmitting a
wave. This is shown by eliminating V
between equations (2) and (6), giving

cr= (21)

M o
2963

* We note that this equation shows that the specific
heat for different gases under the same tension, ¢, and
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in which if 7==0. ¢ will be zero, all the
other factors being finite, and if e==0,
then V=0 in (2). Indeed, this principle
is so well recognized in physics, that a
proof in this place seems superfluous.
Being unable, in the present state of our
knowledge, to do more than assign the
probable superior limit of the tempera-
ture, we will, for the purposes of this
analysis, assume 7=20° F., absolute, be-
ing confident that the actual value is
between 44 of and 10 times this value.
This value in equation (20) gives

¢=46x10"=4,600,000,000,000 (22)

for the specific heat of the @ther, that of
water being unity. This number so
vastly—we might say infinitely—exceeds
" that for any known gas, as to justify one,
at first thought, in looking with suspicion
upon the applicability of the above analy-
sig to this medium. Assumptions in re-

temperature, T, varies inversely as the density; and
for the same temperature and density the specific
heats ¢ will be directly as the tension ¢. The more
perfect gases, as hydrogen, oxygen, and afr, conform
nearly to this law.
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gard to the absolute temperature will
scarcely improve the appearance of this
number. If it be assumed that the abso-
lute temperature be only one degree, the
number in equation (22) would be only
twenty times as large; and if the absolute
temperature be assumed at 1,000,000° F.,
the resulting specific heat would still be

" more than a million times as large as for

bhydrogen. A few considerations of other
properties of the sther may aid one in
being reconciled to this paradoxical re-
sult. Is the result any more incredible
than the fact, everywhere admitted, that
every particle of the eether, in transmit-
ting a wave of light, continually makes
590,000,000,000,000 (6 X 10** nearly) com-
plete cycles of movements every second,
for a wave-length of x;isy of an inch?
The number of such complete movements
in air for the fundamental ¢ is only 264 ;
and hence the ratio of the former to the
latter of these numbers is nearly 2 x 10",
The ratio of the specific heat given in
(22) to that of hydrogen is nearly 1}x
10**, which is not so different from that
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just given for the ratio of cyclical move-
ments in a second of the sether and air.
The velocity of sound in air at 493° F.
above absolute zero is abeut 1,090 feet
per second ; but if the temperature could
be reduced to 20° F., absolute, the law
being extended so far, the velocity would
be only

v=100¢ %:217 feet ;

but the velocity of light is 982,000,000
feet per second, a number about 4} mil-
lion times the former, and near a million
of times that of the velocity in air under
ordinary conditions. The ratio of the
mass of air in a cubic foot at sea-level to
that of a cubic foot of the sther as com-
puted, far exceeds any of these ratios.
The fact is, the known qualities of the
sether in transmitting light and heat so
fur transcend those of any known terres-
trial substance, that we might anticipate
the fact that, in regard to magnitude, all
its properties will be extremely excep-
tional when compared with such sub-
stances. We must accept substantially
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the number in equation (22), or subject
this medium to different laws than those
of gases.

We may deduce this result by another
process ; thus, since the specific heats of
different gases are as the squares of the
wave-velocities in the respective sub-
stances, the other elements being the
same, if the specific heat of air be 0.23,
we should have for the specific heat of
the smther

- o.(186300 % 5280

as before. The correct value of the spe-
cific heat of air, 0.2375, would give over
47x 10", and nearly 48X10"; but these
differences are quite immaterial in this
connection, the object being to check the
former result, and find chiefly qualitative
values.

On the other hand, in order that com-

):mxmm

. mon air might be able to transmit a wave

of the known velocity of light, its specific
heat being taken constantly at 0.23, its
temperature would be, according to equa-
tion (20),
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_92x10"
=023

(=400,000,000,000,000° F.).

=4x10" degrees F.

If the sun were composed of a sub-
stance having such specific heat, it could
radiate heat at its present rate for more
than a hundred millions of centuries
without its temperature being reduced
1° F., exclusive of any supply from exter-
nal sources, or from a contraction of its
volume. We know only such substances
in the sun as we are able to experiment
with in the laboratory; and if there be
an exceptional substance in if, we have
no means at present of determining its
physical properties. It is, moreover, a
question whether the sther constitutes
an essential part of bodies. We conceive
of it only as the great agent for trans-
mitting light and heat throughout the
universe.

Un account of the enormous value of .

the specific heat, it will require an incon-
ceivably large amount of heat (mechani-
cally measured) to increase the tempera-
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ture of one pound of it perceptibly.
Thus, if heat from the sun, by passing
through a pound of water at the earth,
would raise the temperature 100° F. and
maintain it at, say, 600° F., absolute, it

would, under similar conditions, raise the
temperature of one pound of the sther,
if its power of absorption be the same as

that of water, ;yyoolooooo Of 8 degree.

" The distance of the earth from the sun
being 210 times the radius of the latter,
the amount of heat passing a square foot
of spherical surface at the sun will be
about 45,000 times the heat received on
a square foot at the earth normally ex-
posed to its rays, so that, under the con-
ditions imposed, the temperature would
not’be a billionth of a degree F. higher
at the sun than at the earth. This, then,
is a condition favorable to a sensibly uni-
form temperature, even if heated by the
sun’s rays. We are now inclined to ad-
mit that the sether is not perfectly dia-
thermanous to the sun’s rays, but that its
temperature, however small, may be due
directly to the absorption of the heat of



40

central suns; for we begin to realize the
fact that the sether may possess many of
the qualities of gases,such as a molecular
constitution, and hence also mass, elasti-
city, specific heat, compressibility, and
expansibility, although the magnitude of
these properties is anomalous. We have
already considered its compressikility at
the surface of the sun, due to the weight
of an infinite column, and found it to be
exceedingly small ; now, it may be possi-
ble that the expansion due to the excess
of temperature of a small fraction of one

degree at the surface of the sun over that

at remote distances will diminish the
density as much, or about as much, as
pressure increased it, thereby;making the
density even more exactly uniform than
it otherwise would be. According to
what we know of refraction, it is impos-
sible for a ray of light to be refracted in
passing through the sether only—at least,
not by a measurable. amount; for not
only are the density and elasticity practi-
cally uniform, but their ratio is, if possi-
ble, even more constant as shown by
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equations (16) and (16’). But the free-
dom of the sether molecules may be con-
strained, or their velocity impeded, by
their entanglement with gross matter,
such as the gases and transparent solids;
in which case refraction may be produced
in a ray passing obliquely through strata
of varying densities. Neither is it be-

lieved that the sther does, or can, reflect

light; for if it did, the entire sky would
be more nearly luminous. The rays in
free space move in right lines.

The masses of the molecules in differ-
ent gases being inversely as their specific
heats, and as the specific heat of hydro-
gen is 3 4, and the computed mass of one
of its molecules 11X 10—29* of a pound,

* Stoney concludes that ‘it is therefore probable
that there are not fewer than something like a unit
eighteen (1018) of molecules in a cubic millimeter of a
gas at ordinary temperature and pressure ' (Phil. Mag.
1868 [4] xxxvi. p. 141). According to the Kinetic theory
the number of molecules in a given volume under the
same pressure and temperature is the same for all
gases. The weight of a cubic foot of hydrogen at the
temperature of melting ice and under constant press-

ure being 0.003592 of a pound, and as a cubic foot -

equals 28,815,000 cubic millimeters, the probable mass
of a molecule of hydrogen will be
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we have for the computed mass of a
molecule of the luminiferous aether,

11 3.4

M8 X 10° < 46X 10" 22x10'°

~___1b. (28)
The mass of a cubic foot of the sther,
equation (9), divided by the mass of a
molecule, gives the number of molecules
in a cubic foot, which will be

2 a2gx10®
=3Ex10" X T 1

which call 10'*. This number, though
large, is greatly exceeded by the estimat-
ed number of molecules in a cubic foot

=44 10", (24)

oo 1
82.2X28,315,000 X 10‘"“18x10" *

46
Maxwell gives —- 09 of a gra.mme—7 ~ 10” 1b., which is

about 3/5 the value given above (Phil. Mag. 1878 [4]
x1vi. p. 468).

The difference in these results arises chiefly from
the calculated number of molecules in a cubic foot of
gas under ordinary conditions. Thomson gives as the
approximate probable number 17X 10?5, which is about
3/5 the value given by Stoney. Thomson’s value
would make the mass of a molecule of sther about

lxlo*“ of a pound, which is not much different from
that found above.
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of air under standard conditions, which,
according to Thomson, does not exceed
17X 10%, a number nearly 17,000,000,000
times g8 large as that in equation (24);
and yet, at moderate heights, the number
of molecules in a given volume of air will
be less than that of the sether.

Asguming that air is compressed ac-
cording to Boyle's law, and is subjected
to the attraction of the earth, equation
(15) will give the law of the decrease of
the density. Taking the density of air at
sea-level at } of a pound per cubic foot,
¢,=14.7 lbs. per square inch, »=20,687,-
000 feet, equation (15) becomes

z
SX by x107¥75 . . (26)

If 2=, 6 =145 X 10—38, which would
be the limit of the density, and it is a
novel coincidence that thislimit is nearly
identical with the value found for the
density at the height of one radius of the
earth according to the ordinary exponen-
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tial law, wherein gravity is considered
uniform.*

If the number of the molecules in a
cubic foot follows the same law, then at
the height z there will be

17x10~ %55 +5 . . (26)

molecules per cubic foot. Similarly, the
value of the length of the mean free path
would bef

2% 10%57% ~® inches. . (27)

By means of these values, the table
which appears on the following page
may be formed.

The numbers in the third column mul-
tiplied by £} will give the density (or
mass per cubic foot) at the respective
altitudes; and the same numbers multi-

* The ordinary exponential law results from drop

ping ; compared with unity in equation (15), giving

z _ 2t _ zmiles

(5_—_608_ %221:6010 60387:;%-o-xl0 11,44 ’
in the last of which, if 2=-3956, the exponent becomes
345. :
1 Phil. Mag. 1678 [4] xlvi. p. 468.
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plied by 15 (or, more accurately, 14.7)
will give the temsion per square inch.
According to this law, at an elevation of
300 miles the density of the atmos-
phere will be somewhat less than the
density of the sther as given by equa-
tion (9).

To find the height at which the ten-
sion of the atmosphere, according to the
above law will be the same as that of the
sther, we have, by means of equations
(11) and (25), substituting in the latter
2116 for i,

2 4
2116 X 10~ *rtz= 155
which solved gives

r

*=31.24

so that at the height of 127 miles the
tension would be less than that of
the sether, the temperature being uni-
form.

The mean free path, according to the
above law, in which gravity varies as the
inverse squares is less, and for great

=126.6 miles,
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heights ‘'much less, than would be found
according to the ordinary exponential
law. Thus Crookes states that the mean
free path of a molecule at the height of
200 miles is about 10,000,000 miles*;
but according to the above law it be-
comes about 792,000 miles.

If a cubic inch of air at sea-level were
carried to the height of } the radius of
the earth, and then allowed to expand
freely, so as to become of the computed
density of the atmosphere at that point,
it would fill a space of 4X10%'* cubic
miles, or a sphere whose radius is 2,398,
000,000 miles, which is nearly equal to
the distance of the planet Neptune from
the sun; and there would be less than
one molecule to the mile. Such are some
of the results of extending a law to ex-
treme cases regardless of physical limita-
tions or of the imperfection of the data
on which it is founded. For instance, a
uniform temperature is assumed, and, im-
pliedly, an uniimited divisibility of the

* “Phil. Trans. Roy. Soc " London, 1881, Part II.
p. 889.
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molecules. The latter is necessary in or-
der to maintain a law of continuity.
But modern investigations show that not
only air, but all the gases, are composed
of molecules of definite magnitudes whose
dimensions can be approximately deter-
mined; and hence if there be only a few
molecules in a cubic foot, and much less
if there be but one molecule in a cubic
mile, it cannot be claimed that the gas
will be governed by the same laws as at
the surface of the earth.

To find the Height of the Atmos-
phere—The atmosphere will terminate
at that height where the vertical repul-
sive force equals the weight of the parti-
cles in the topmost layer. As a first ap-
proximation, conceive that the molecules
are arranged in horizontal layers and ver-
tical columns in a prism whose base is
one square foot, and whose height ex-
tends to the height of the atmosphere;
the base of each column of molecules be-
ing one of the molecules in the base of
the prism. Considering the number of
molecules in a cubic foot of air at stand-
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ard conditions as 17X 10%, and the
weight of the same as .08 of a pound,
we have for the weight of one molecule

of air

_ 8

T17x10”

The number of molecules along one

edge of the bottom layer will be
4/17X10* nearly; and the number in
the bottom layer the square of this
number or 170% X 10'%, which; accord-
ing to the hypothesis, will be the number
in the top layer; and this multiplied by
the weight of one molecule will give e,
the weight in the top layer; and equation
(14) will give (the temperature of the
column being considered uniform)

£ ... (2

-s5-2- 170510 X8
14.Tx 144 X 10 rt+2— ‘—‘17)(17 H
r .
z—'2—373—5 =169 miles. . (29)

* This may be used as a unit for measuring the mass’
of a cubic foot of the sether. Thus, dividing the value
in equation (10) by that in (28) gives 4250 ; or the mass
of ®ther in a cubic foot is 4250 times the mass of one
molecule of air.
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Baut the temperature is far from being
uniform. Inregard to a definite mass of
a gas, we have the well-known relation

% _ =2 ey
ke constant="", (29")
where p=e=the pressure on the base of
a prism, and v=the volume,

The value of & from this equation sub-
stituted in (13) gives

de s, 1,
—é__ge_ . ;dz. . e (30)

0

But with 7 an unknown variable this
cannot be integrated. If r=7, we at
once have equation(14). The relation be-
tween 7 and 2 is unknown, if indeed there
be any algebraic relation between them.
It is, however, known that, as a general
fact, the temperature decreases with the
elevation; although local causes and air-
currents often cause this law to be re-
reversed for moderate heights. The best
that can be done, in this case, is to find
an expression that will represent approxi-
mately, the mean values of the tempera-
ture. It is usually assumed that the
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average temperature at the earth is about
59° F. or 60 F., and that for latitudes of,
say, 40° N. to 40° S. the perpetual frost-
line is from 14,000 to 16,000 feet above
sea-level ; and observations indicate that
the rate of decrease of temperature de-
creases with the height. The last fact is
suggestive of an exponential law ; hence
assuming

1:106";, .. . (31

and making 7=493° F., absolute, at the
height 2=15,840 feet and 7,=520° F.,
absolute, we find @=296,000 (or 56 if 2
be in miles), and our equation becomes

2 miles

T=520e-5 . . . (32)

This gives
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Height, T Fahr. Glaisher's
miles. absolate. soale. |observations.*
0 520°F. 59° F. 59° F.
1-5 518 ‘57 ..
2-5 515 54
3-5 513 52
45 512 51 ..
1 510 49 | 4
2 501 40 ! 32
3 493 32 18
4 484 23 8
5 475 14 —2
6 467 6 X ..
7 458 — 3 ! —11.8
50 212 —249 | ..
75 136 —325 ! ..
100 87 —374
120 65 —396 I
150 36 —425
224 9 —452 !
I

The temperatures given in twenty-five
or more reports of balloon ascensions,
not only give values the mean of which
is fairly represented by the celebrated
seven-mile ascent of Mr. Glaisher, but his
figures, given in the fourth column of the
table, represent a more uniform law than’

‘I;(‘)vaels in the Air,” by James Glaisher, F. R. 8.,
p. 50.
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is common in such. reports. Our com-
puted values exceed his observed values
at all points except at the surface of the
earth, where they agree. In this ascent
he reached the point of freezing at the
height of two miles, which is lower than
the average, as determined by many ob-
servations; and, therefore, it appears
that equation (31) probably represents
the general law better than this single
set of observations. The effect, however,
of the exponential law is scarcely percep-
tible within the limits of observation ; for
the exponent of & is so small for eleva-
tions under seven miles, that it makes
the law of decrease of temperature nearly
uniform with equal increments of eleva-
tion. Thus, omitting fractions, the com-
puted decrease for the first mile is 10°,
and the average for seven miles is nearly
9°; but to assume a uniform decrease
throughout the column limits its height
independently of pressure or other con-
ditions, for it could not extend beyond
the point of absolute zero. There is no
objection to applying such a law, pro-
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vided it can be shown to be true—a
condition which, at present, is not ac-
cepted.

v Substituting 7 from (31) in (30), and
integrating between the limits of z and
2=0, gives

agde, —
e=e, g, LD (33)

which ultimately will equal the weight of
the molecules in the top layer. Hence,
substituting numbers, we have

8 x 170% x 10

Mb=—"17 307
2
296000%X.08 , =
*3ie Y,
which gives
e=86 miles. . . . (34)

It is evident that the hypothetical col-
umn of uniform temperature will be very
much shortened by the very low tem-
perature of the higher regions ; but there
are other conditions which will modify
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the preceding analysis. The assumptions
in regard to layers and columns would
not be realized even under statical con-
ditions, and much less for the conditions
in nature. Statically, the molecules
would arrange themselves more like shot
in a pile, each being over the space be-
tween the molecules in the layer below,
instead of being directly over a molecule.
This arrangement would give a less num-
ber in the horizontal layers than assumed
above. But the hypothesis of constancy
in the number of molecules iu the layers
i8 open to greater objections. For the
distance between them will increase
with the elevation on account of the
diminution of the pressure of that part
of the column above the point consid-
ered, and the elastic force will be cor-
respondingly diminished ; while, horizon-
tally, in the plane of a layer of the mole-
cules, the elsstic force would remain
constant. In other words, in the medium
arranged as assumed the tension would
not be the same in all directions, and
hence would be in unstable equilibrium.
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As a refinement, we notice that in every
heavy fluid the downward pressure at
every point exceeds the upward by the
weight of a molecule.

Considering, now, that the molecules
in the hypothetical layers are distributed
uniformly throughout the spaces immedi-
ately beneath them, the number in the
new top layer will be less than in the
former case, and the colamn will rise toa
greater height, and hence will exceed 86
miles; and, in turn, the new column
would need another correction, and so
on. Assuming that the number in the
top layer is 10", and that the vertical
component of the elastic forces follows
the law of equation (33), we find

2=95 miles ;

and if the number in the top layer be 10%,
we find 2=104 miles, and for one mole-
cule, 2=110 miles. In a similar manner
it would be legitimate to assume that the
column was capped by a fraction of a
molecule, for that would be equivalent to
one molecule at the top of a column hav-
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ing a base of several square feet. We
are unable to determine where this pro-
cess would end in nature ; and hence this
analysis fails to fix definitely the extreme
height of the atmosphere, even for stat-
ical conditions.

Assuming that the dlsta.nce between
the contiguous molecules would be in-
versely as the third root of the densities
of the medium, as they would be with
sufficient accuracy where the number of
molecules in a cubic foot is immense, we
have, after substituting e, equation (33),
and 7, equation (31), in (29’),

z
e,

where d, is the distance between contigu-
ous molecules at sea-level and d the cor-
responding distance at the height z.
Hence

(ea 1)__
d= d(e 3 . 35)
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It d 18 agd,

= = =11.19, we have
4/170)(10" €,

for z= 86 miles, d=q of an inch,
z= 95 « d= 4.5 inches, ’
“2=104 « d=114

These values of d are greatly in excess of
the distances between contiguous mole-
cules in the horizontal layers, according
to assumed conditions. Thus, at the
height of 104 miles, it was assumed that
there were 10° molecules on the side of a
square foot, in which case the distance
between contiguous molecules would be
about 4 of an inch instead of 11 inches
as above. These results ought not to
agree exactly, for one analysis assumes
that the atmosphere terminates with each
assumed number of molecules, while the
other assumes that the law is continuous
to any height. It is apparent that the
laws represented by equations (33) and
(35) both become practically discontinu-
ous at a height at or less than 95 miles.
For the sake of giving definiteness to
the following remarks, we will assume
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that the mean height for statical condi-
tions is 95 miles. But the conditions in
nature are not statical. The changes in
temperature in the column will be con-
tinually increasing or decreasing its
height: the air-currents also operate to
change it, first by increasing or decreas-
ing the temperature from the mean at
considerable heights, and, secondly, by
operating dynamically to push the top of
the column upward; the aerial tides may
operate to raise the column still higher;
and the molecules themselves are sup-
posed to be flying with great rapidity in
all directions. An increase of tempera-
ture of one-tenth the mean value, which,
at the earth’s surface would be about 49°
F., would elongate the column about ten
miles, and a corresponding decrease would
shorten it about the same amount, mak-
ing it 105 miles in the former case and
85 miles in the latter. The effect of air-
currents and aerial tides cannot be so
definitely calculated ; but it is safe to as-
sume that they may produce a much
greater increase of height above the mean
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than they will depression below the
mean ; just asin a highly agitated sea, the
depressions below the mean surface-level
may be small compared with the height
above the same level to which the spray
from the top of a wave may be thrown.
It seems possible, therefore, that when
the temperature, air-currents, and aerial
tides conspire to depress the column, the
extreme height of the atmosphere may be
reduced to less than 85 miles ; and when
they conspire to elevate it, it may
possibly rise to a height exceeding 120
miles.

If it be certain, as is assumed, that
meteors are rendered incandescent by at-
mospheric friction, and the extreme
height at which they are visible could be
determined by direct observation, it
would fix a height less than the extreme
height of the atmosphere, independent of
other physical considerations; but the
movement of these bodiesis so extremely
rapid that it is impossible to determine
their height with astronomical precision.
Still, computations by Professor Herschel
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give a height of about 118 miles,* and
Professor Newcomb estimates it to be
about 100 miles.t It is possible that a
meteor would sometimes become inflamed
by penetrating the atmosphere only a
few miles, for although the atmosphere in
the upper regions is extremely rare, yet
the actual number of molecules in a cubic
foot is large. Thus, according to our
analysis, for statical conditions, the top-
most cubic foot of the 104-mile column
would contain about 1,000,000 molecules ;
and at the height of 95 miles it would
contain about 1,000,000,000,000,000 mole-
cules ; so that if the relative velocities of
the meteor and air be 20 miles per sec-

* Professor A. S. Herschel gives the height of 20

meteors varying from 40 to 118 miles.—Nature, vol. iv.
p. 504.
+ Newcomb says: ‘‘ The lightning-like rapidity with
which the meteors darted through their course ren
dered it impossible to observe them with astronom-
fodl precision; but the genera) result was that they
were first seen at an average height of 75 miles and
disappeared at a height of 55 miles. There was no
positive evidence that any meteor commenced at a
height greater than 100 miles. These phenomena seem
to indicate that our atmosphere really extends to
a height of 100 and 110 miles.”—* Popular Astronomy,”
1878, p. 889.
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ond, the meteor would encounter an
enormous number in the twentieth or
even the hundredth part of a second,
after first entering the atmosphere.

The height of the auroral arch—sup-
posed to be within our atmosphere—has
been computed to be from 33 to 1,000
miles (see article Aurora, “ Encyclopoedia
Britannica”). Bat it has been shown by
experiment, that a vacuum may be pro-
duced through which an electrical dis-
charge cannot be passed, and yet the at-
mosphere at the height of 150 miles
under the most favorable condition, that
of uniform temperature, is vastly more
rare than the most perfect vacuum ever
produced by the most perfect Sprengel
pump; and at the height of 200 miles
under the same conditions the vacuum
would be some 10,000,000 times as great
as the most perfect vacuum yet made;
while, according to the probable law of
the decrease of temperature with the
elevation, and in accordance with the
probable mass of a molecule of air, the
extreme height falls far short of 150
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miles. It is evident, therefore, that the
assumed determination of the height of
the atmosphere by means of the auroral
arch is, to say the least, unreliable.*

We have pursued this digression in
regard to the atmosphere partly for its
own sake and partly to show, by way of
contrast and accumulative evidence, that
the sether is a substance entirely distinct
from that of the atmosphere,—that the
former cannot be considered as the latter
greatly rarefied, as some have supposed.
Admitting the validity of the preceding
discussion, some of the distinctive prop-
erties are:

1. The different modes of the move-
ments of the molecules in the two sub-
stances in the propagation of a wave; in
one the motion being a to-and-fro move-
ment and in the other a transverse move-
movement. These are distinctions rec-
ognized by the best writers upon the
subject, and are especially noticed by

* Some writers incline to the view that the aurora
is due to a cosmic rather than a terrestrial origin.
—ABcilence, 1885, p. 895.
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Maxwell in an article on Ether in the
“Encyclopedia Britannica.”

241t is impossible for a wave to be
transmitted in air with the known veloc-
ity of light, unless its temperature be
increased millions of millions of degrees
Fahrenheit above the standard tempera-
ture ; but such a wave is transmitted in
the =ther although its temperature is far
less than has ever been produced by arti-
ficial means.

3. The ratio of the elasticity to the
density in the sther is exceedingly large
compared with the same ratio in air. The
temperature of air being taken at 60° F.,
and the sther at 20° F., absolute, the
ratio is, with sufficient accuracy,

(980,000,000
1,090

4. The specific heat of the sther is,
at least, many million times that of air,
or of any other known gas.

5. The atmosphere is of variable dens-
ity, elasticity, and temperature, while the
sether is well-nigh isometric throughout

) =8x10".
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space in regard to each of these ele-
ments.

6. A molecule of sther is well-nigh»
infinitesimal compared with one of air.

7. Air is attracted to a planet with
such a relative force, that its extreme
height is only a few miles.

8. The ratio of the density to the elas-
ticity of the sther is constant; but in ‘
the atmosphere, on account of the de-
crease of temperature with the elevation,
the density decreases less rapidly than
the elasticity, as may be seen by compar-
ing the first part of equation (85) with
equation (33), we have

z

d as
—6—° =¢&. ?..
On this account a wave would be propa-
gated with less velocity in the higher re-
gions of the atmosphere than in the
lower, while a wave in the gether has a
sensibly uniform velocity throughout
space.

The question may arise, May not the
resistance of the sther drag away the re-
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mote molecules of the atmosphere, and 8o
scatter them in space along the path of
the earth’s orbit? Assuming that the
atmosphere is moving with the earth
through space at the rate of 20 miles per
second (which exceeds the actual veloc-
ity), and that the resistance of the sther
is measured in the same manner as for
fluids, we have for the resistance
3

v
R:kwa%,

where vis the velocity of a molecule of air
a its meridian section, w the weight of a
unit of volume of the sther, and % a co-
efficient depending upon the form of the
body. Making %#=-1, which is greater than

feet, which,

1
1011
again, is in excess of the true area, w the
value in equation (10), we find that

_ 2 1
B (e [

11
64T 107

its actual value, and a=

R X (20 5,280)*.

of a pound nearly.
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The attractive force of the earth for a
molecule of air is given in equation (28),
and hence the attraction of the earth for
a molecule of air will exceed 500,000
times the resistance of the sther; hence
the molecules of air accompany the
earth in its orbit as certainly as does the
moon, and are more rigidly bound to it
than is its satellite.

The kinetic energy of a molecule of
air at standard conditions is about
1 8 2

g 33.ax17x10" 00 =T1g=

foot-pound ;

and of the sther, according to our re-
sults, about

1 1 o 1
3 10" “o— s (273,000 X 5,280)*= =3%10%
foot-pound ;

which results are nearly the same; but
in a pound of the sether there is some
100,000,000,000 times the kinetic energy
of a pound of air.

Considering the terrestrial atmosphere
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as equivalent to one of uniform density
and 5§ miles high, each of whose mole-
cules has a mean square velocity of 1,600
feet per second, and the sther of uni-
form density, each of whose molecules
has the mean square velocity of 286,000
miles per second, a rough approximation
shows that the kinetic energy of the
sther in a sphere whose radius is 92,-
000,000 miles (nearly the distance of the
earth from the sun) will be only about
100,000 times that in our atmosphere.

The mean free path of a molecule of
gas, as given by Loschmidt, is

__ combined volume of the molecules
" volume of the gasx 3} the diam-

eter of a molecule,

and by Maxwell,

ul u z
=—-.- =3 .- H

pv pyv
(the last member of which we have add-
ed), in which p is the density of the gas,
u the coefficient of internal friction, and
v the velocity whose square is the mean
of the squares of the actual velocities of
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the molecules. In regard to the sether,
these equations contain at least three
unknown quantities, /, ,and the diameter
of a molecule, and hence they cannot be
completely solved. Comparative results,
however, may be found by assuming that
the density of the molecules of sther
equals those of hydrogen, or is any mul-
tiple thereof ; for then the diameter of a
molecule of the sther might be found
(that of hydrogen being 5.6 X10—"° of a
meter) ; and the combined volume in a
cubic foot will equal the number of mole-
cules in a cubic foot multiplied by the
volume of one molecule, and hence will
be found the length of the mean free
path and the coefficient of internal fric-
tion.

We conclude, then, that a medinm
whose denmty is guch that a volume of
it equal to o about twenty volumes of the
earth would weigh one pound, and whose
tengion is such that the pressure on a
square mile would be about one pound.
and whose specific heat is such that it
would require as s much heat to raise the
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temperature of one pound of it 1° F. as
it would to raise about 2,300,000,000
tons of water the same amount, will sat-
isfy the requirements of nature in being
able to transmit a wave of light or heat
186,300 miles per second, and transmit
133 foot-pounds of heat-energy from the
sun to the earth, each second per square
foot of surface normally exposed, and also
be everywhere practically non-resisting
and sensibly uniform in temperature, den-
sity and elasticity. This medium we
call the Luminiferous ZAther.



ADDENDA.

Granting that the temperature of the
sether, however low, is produced by the
heat of central sun’s passing through it,
we may determine the effect upon it of a
change of temperature of the source of
heat.

The law for perfect gases is—continu-
ing our notation—

ev=R7 (36)

where R is e, 7, these values being
initial. Since v will necessarily be con-
stant we see that ¢ will vary as 7, where
7 is the temperature of the sther, and
equation (21) becomes

6=2g—lf]¢—: . %:constant,

ag it should, since the mean density can-
not change, the volume being constant.
This equation reveals no new truth, but
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is consistent with the conditions which
we anticipate in nature. The only way
in which the density can change by a
diminution of elasticity of the sther, is
to cause it to be more dense near the
attractive bodies, and more rare in space
more remote from them; or, in other
words, the sther would not be so nearly
uniform as at present.

Assuming the density as uniform while
the elasticity changes, it appears from
equation (2) that the velocity of light
through it will vary as the square root of
the elasticity. Thus, if the heat of our
sun diminishes so as to become one-
fourth as intense as at present, and if the
elasticity of the sether also becomes one-
fourth as much as at present, then will
the velocity of light be one-half as great
as at present.

We may find the conditions which
would cause a gas of the pressure of our
atmosphere at sea level and of the same
specific heat, to be as nearly uniform
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throughout space as is the sther. This
will be found with sufficient accuracy for
our purpose by finding such a value for
¢ as will make the numerator in equation
1

(15), 1,000,000’
(16), where ¢,=2116 the tension of the-
air per square foot. We will find

1
T()Tbo

The volumes being inversely as the
densities, the last result combined with
equation (36) shows that the required
rarity (or density) may be secured by a
temperature 10" times that of the pres-
ent temperature. If the absolute tem-
perature be 500° when the pressure of
the air per square foot is 2,000 pounds,
then if it be heated to something like

500,000,000,000,000° F.,

the tension would be nearly uniform
throughout space. A volume of such air
of the size of the earth would weigh less
than ; of a pound at a place where
g=32.2.

the same as given in

6,=
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Newron Closes His Principia as fol-
lows :

*“And now we might add something
concerning a most subtle spirit which
pervades and lies hid in all gross bodies ;
by the force and action of which spirit
the particles of bodies mutually attract
one another at near distances, and cohere
if contiguous; and electric bodies oper-
ate to greater distances, as well repelling
as attracting the neighboring corpuscles,
and light is emitted, reflected, inflected,
and heats bodies ; and all sensation is ex-
cited, and the members of animal bodies
move at the command of the will, namely,
by the vibrations of this spirit, mutually
propagated along the solid filaments of
the nerves, from the outward organs of
gsense to the brain, and from the brain
into the muscles. But these are things
that cannot be explained in few words,
nor are we furnished with that sufficiency
of experiments which 4is required to an
accurate determination and demonstra-
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tion of the laws by which this electric
and elastic. spirit operates.”

The following is a quotation from
his “ Optics”:

“Is not heat conveyed through a vacu-
um by the vibrations of a much more
subtle medium than air? Is not this
medium the same by which light is re-
fracted and reflected, and communicates
heat to bodies, and is put into fits of
easy reflexion and transmission? Do not
hot bodies communicate their heat to
cold ones by the vibrations of this medi-
um? Andis it not exceedingly more rare
and subtle than air, and exceedingly more
elastic and active? And does it not read-
ily pervade all bodies? And is it not, by
its elastic force, expanded through all the
heavens ?”

Ezxtracts from the Celebrated Lecture of
CrLERk MaxweLL on Molecules.—
Phil. Mag., 1873, p. 453.

“An atom is & body which cannot be
cut in two.- A molecule is the smallest
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possible portion of a particular substance.
No one has ever seen or handled a single
molecule. Molecular science, therefore,
is one of those branches of study which
deal with things invisible and impercepti-
ble by our senses, and which cannot be
subjected to direct experiment.

“The mind of man has perplexed itself
with many hard questions. Is space in-
finite; and if so, in what sense? Is the
material world infinite in extent, and are
all places within that extent equally full
of matter? Do atoms exist, or is matter
infinitely divisible?

“The discussion of questions of this
kind has been going on ever since man
began to reason; and to each of us, as
soon as we obtain the use of our faculties,
the same old questions arise as fresh as
ever. They form as essential a part of
the science of the nineteenth century of
our era as of that of the fifth century be-
fore it.

“We do not know much about the sci- -
ence organization of Thrace, twenty-two
centuries ago, or of the machinery then
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employed for diffusing an interest in
physical research. There were men,
however, in those days who devoted their
lives to the pursuit of knowledge with
an ardor worthy of the most distin-
guished members of the British Associa-
tion; and the lectures in which De-
mocritus explained the atomic theory to
bis fellow-citizens of Abdera realized,
not in golden opinions only, but in gold-
en talents, a sum hardly equaled, even in
America.

“To another very eminent philosopher,
Anaxagoras, best known to the world as
the teacher of Socrates, we are indebted
for the most important service to the
atomic theory, which after its statement
by Democritus, remained to be done,
Anaxagoras, in fact, stated a theory which
so exactly contradicts the atomic theory
of Democritus, that the truth or false-
hood of the one theory implies the false-
hood or truth of the other. The ques-
tion of the existence or non-existence of
atoms cannot be presented with greater
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clearness than in the alternative theories
of these two philosophers.

“Take any portion of matter, say a
drop of water, and observe its properties.
Like every other portion of matter we
have ever seen, it is divisible. Divide it
in two, each portion appears to retain all
the properties of the original drop, and
among others that of being divisible.
The parts are similar to the whole in
every respect except in absolute size.

Now, go on repeating the process of
division till the separate portions of water
are so small that we can no longer per-
ceive or handle them. Still we have no
doubt that the subdivision might be car-
ried further if our senses were more acute
and our instruments more delicate. Thus
far all are agreed ; but now the question
arises, can this subdivision be repeated
for ever? According to Democritus and
the atomic school, we must answer in the
negative. After a certain number of sub-
divisions the drop would be divided into
a number of parts, each of which is in-
capable of further subdivision. We
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should thus in imagination arrive at the
atom, which, as its name literally signi-
fies, cannot be cut in two. L'his is the
atomic doctrine of Democritus, Epicurus
and Lucretius.

“According to Anaxagoras, on the
other hand, the parts into which the drop
is divided are in all respects similar to
the whole drop, the mere size of a body
counting for nothing as regards the na-
ture of the substance. Hence, if the
whole drop is divisible, so are its parts
down to the minutest subdivisions and
that without an end.

“The essence of the doctrine of An-
axagoras is that the parts of a body are
in all respects similar to the whole. It
was therefore called the doctrine of
Hornoismeseia. Auaxagoras did not, of
course, assert this of the parts of organ-
ized bodies such as men and animals ; but
he maintained that those inorganic sub-
stances which appear to us homogene-
ous are really so, and that the universal
experience of mankind testifies that every
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material body without exception is divis-
ible.

“The doctrine of atoms and that of
homogeneity are thus in direct contra-
diction.

“ But we must now go on to molecules.
Molecule is a modern word. It does not
occur in Jobnson’s Dictionary. The idea
it embodies are those belonging to modern
chemistry.

“A drop of water (to return to our
former example) may be divided into a
certain number, and no more, of portions
similar to each other.

“Each of these the chemist calls a
molecule of water. But it is by no means
an atom, for it countains two different
substances, oxygen and hydrogen; and
by a certain process the molecule may be
actually divided into two parts; one con-
sisting of oxygen and the other of hydro-
gen. According to the received doctrine,
in each molecule of water there are two
molecules of hydrogen and one of oxy-
gen. Whether these are not ultimate
atoms I shall not attempt to decide.
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“We now see what a molecule is, as
distinguished from an atom.

“ A molecule of a substance is a small
body, such that if, on the one hand, a
& number of similar molecules were as-
sembled together, they would form a
mass of that substance; while, on the
other hand, if any portion of this mole-
cule were removed, it would no longer be
able, along with an assemblage of other
molecules similarly treated, to make up a
mass of the original substance. Every
substance, simple or compound, has its
own molecule. If this molecule be di-
vided, its parts are molecules of a differ-
ent substance or substances from that of
- which the whole is a molecule. An atom,
if there is such a thing, must be a molec-
ule of an elementary substance. Since,
therefore, every molecule is not an atom,
but every atom is a molecule, I shall use
the word molecule as a more general
term.

“We find that now, as in the days of
the earliest physical speculations, all
pbysical researches appear to converge
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towards the same point, and every in-
quirer, as he looks forward into the dim
region towards which the path of discov-
ery is leading him, sees, each according
to his sight, the vision of the same quest.

“One may see the atom as a material
point, invested and surrounded by poten-
tial forces. Another sees no garment of
force, but only the bare and utter hard-
ness of mere imnpenetrability.

“ But though many a speculator, as he
has seen the vision recede before him
into the innermost sanctuary of the in-
conceivable little, has had to confess that
the quest was not for him; and, though
philosophers in every age have been ex-
horting each other to direct their minds
to some more useful and attainable aim,
each generation, from the earliest dawn
of science to the present time, has con-
tributed a due proportion of its ablest
intellects to the quest of the ultimate
atom. .

“The great resistance of liquids to
compression makes it probable that their
molecules must be about the same distance
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from each other as that at which two
molecules of the same substance in the
gaseous form act on each other during
an encounter.

“This conjecture has been put to the
test by Torenz Meyer, who has compared
the densities of different liquids with the
calculated relative densities of the mole-
cules of their vapors, and has found a
remarkable correspondence between
them. .

“Now Loschmidt has deduced from the
dynamical theory the following remark-
able proportion: As the volume of a gas
is to the combined volume of all the
molecules contained in it, so is the mean
path of a molecule to one-eighth of the
diameter of a molecule.

« Assuming that the volume of the
substance, when reduced to the liquid
form, is not much greater than the com-
bined volume of the molecules, we obtain
from this proportion the diameter of a
molecule. In this way Loschmidt, in
1865, made the first estimate of the di-
ameter of a molecule. Independently of
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him and of each other, Mr. Stoney in
1868, and Sir W. Thomson in 1870, pub-
lished results of a similar kind, those of
Thomson being deduced not only in this
way, but from considerations derived
the thickness of soap bubbles and from
the electric properties of metals. Ac-
cording to this table, which I have cal-
culated from Loschmidt’s data, the size
of the molecules of hydrogen is such
that about two millions of them in a row
would occupy a millimeter, and a million
million million millions of them would
weigh between four and five grammes.
“In a cubic centimeter of any gas at
standard pressure and temperature there
are about nineteen million million million
molecules. All these numbers of the
third rank, I need not tell you, to be re-
garded as at present conjectural. In
order to warrant us in putting any confi-
dence in numbers obtained in this way,
we should have to compare together a
greater number of independent data than
we have as yet obtained, and to show
that they lead to consistent results. But
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in the heavens we discover by their light,
and by their light alone, stars so distant
from each other that no material thing
can ever have passed from one to an-
other; and yet this light, which is to us
the sole evidence of the existence of
these distant worlds, tells us also that
each of them is built up of molecules of
the same kinds as those we find on earth.
A molecule of hydrogen, for example,
whether of Sirius or in Arcturus, exe-
cutes its vibrations in precisely the same
time.

“Each molecule, therefore, throughout
the universe bears impressed on it the
stamp of a metric system as distinctly as
does the meter of the archives at Paris,
or the double royal cubic of the Temple
of Karnac.

“No theory of evolution can be formed
to account for the similarity of molecules;
for evolution necessarily implies continu-
ous change, and the molecule is incapable
of growth or decay. of generation or de-
struction.

“None of the process of nuture, since
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the time when nature began, have pro-
duced the slightest difference in the
properties of any molecule. We are
therefore unable to ascribe either the ex-
istence of the molecules or the identity
of their properties to the operation of
any of the causes which we call natural.
“On the other hand, the exact equality
of each molecule to all others of the same
kind gives it, as Sir John Herschel has
well said, the essential character of a
manufactured article, and precludes the
idea of its being eternal and self-existent.
* * * * - *
“ Thus we have been led along a strict-
ly scientific path, very near to the point
at which science must stop. Not that
science is debarred from studying the in-
ternal mechanism of a molecule which
she cannot take to pieces, any more than
from investigating an organism which
she cannot put together. But in tracing
back the history of matter, science is ar-
rested when she assumes herself, on the
one hand, that the molecule has been
made, and on the other, that it has not
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been made by any of the processes we
call natural.

“Science is incompetent to reason upon
the creation of matter itself out of
nothing. We have reached the utmost
limit of our thinking faculties when we
have admitted that, because matter can-
not be eternal and self-existent, it must
have been created.

“It is only when we contemplate, not
matter in itself; but the form in which it
actually exists, that our mind finds
something on which it can lay hold.

“That matter, as such, should bave
certain fundamental properties—that it
should exist in space and be capable of
motion, that its motion should be per-
sistent, and so on, are truths which may,
for anything we know, be of the kind
which metaphysicians call necessary. We
may use our knowledge of such truths
for purposes of deduction; but we have
no data for speculating as to their
origin.

“ But that there should be exactly so
much matter and no more in every mole-
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cule of hydrogen is a fact of a very dif-
ferent order.

“We have here a particular distribu-
tion of matter—a collocation—to use the
expression of Dr. Chambers, of things,
which we have no difficulty in imagining
to have been arranged otherwise.

“The form and dimensions of the or-
bits of the planets, for instance, are not
determined by any law of nature, but de-
pend upon a particular collocation of mat-
ter. The same is the case with respect to
the size of the earth, from which the
standard of what is called the metrical
system has been derived. But these as-
tronomical and terrestrial magnitudes are
far inferior in scientific importance to the
the most fundamental of all standards
which form the base of the molecular
system. Natural causes, as we know, are
at work which tend to modify, if they do
not at length destroy, all the arrange-
ments and dimensions of the earth and
the whole solar system. But, though in
course of ages catastrophes have occurred
and may yet occur in the heavens, though _
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ancient systems may be dissolved and
new systems evolved out of their ruins,
the molecules out of which these systems
are built—the foundation stones of the
material universe—remain unbroken and
unworn. They continue this day as they
were created—perfect in number and
. measure and weight; and from the inef-
faceable characters impressed on them
we may learn that those aspirations after
accuracy in measurement, truth in state-
ment, and justice of action, which we
reckon among our noblest attributes as
men, are ours because they are essential
constituents of the image of Him who in
the beginning created, not only the
heaven and the earth, but the materials
of which heaven and earth consist.
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Crere MaxweLL on the Dynamical The-
ory of Gases.—Phil. Mag., 1866,
(2), p. 390.

‘“Gtages in this theory are supposed to
consist of molecules in motion, acting on
one another with forces which are insens-
ible, except at distances which are small
in comparison with the average distance
of the molecules. The path of each
molecule is therefore sensibly rectilinear,
except when two molecules come within
a certain distance of each other, in which
case the direction of motion is rapidly
changed, and the path becomes again
sensibly rectilinear as soon as the mole-
cules have separated beyond the distance
of mutual action.

“ Each molecule is supposed to be a
a small body, consisting in general of
parts capable of being set into various
kinds of motion relative to each other,
such as rotation, oscillation, or vibration,
the amount of energy existing in this
form bearing a certain relation to that
which exists in the form of the agitation
of the molecules among each other.
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“The mass of a molecule is different
in different gases, but in the same gas all
the molecules are equal.

“The pressure of the gas is on this
theory due to the impact of the molecules
on the sides of the vessel, and the tem-
perature of the gas depends on the ve-
locity of the molecules.

“The theory, as thus stated, is that
which has been conceived with various
degrees of clearness, by D. Bernoulli, Le
Sage and Prevost, Herapath, Joule, and
Kronig, and which owes its principal
developments to Professor Clausius.”

.

Cravusius, by a neat application of the
theory of probabilities, finds the mean
length of the paths described by the
separate molecules of gaseous bodies on
the occurrence of molecular motions as
follows :

Suppose, then, there is a space contain-
ing a great number of molecules, and
that these are are not regularly arranged,
the only condition being that the density
is the same throughout, 4. ¢. in equal
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parts of the space there are the same
numbers of molecules. The determina-
tion of the density may be performed
conveniently for our investigation by
knowing how far apart two neighboring
molecules would be’ separated from one
another if the molecules were arranged
cubically, that is, so arranged that the
whole space might be supposed divided
into a number of equal very small cubic
spaces, in whose corners the centers of
the molecules were situated. We shall
denote this distance, that is, the side of
one of these little cubes, by A, and shall
call it the mean distance of neighboring
molecules,

If, now, a point moves through this
space in a straight line, let us suppose
the space to be divided into parallel lay-
ers perpendicular to the motion of the
point, and let us determine how great is
the probability that the point will pass
freely through a layer of the thickness wx,
without encountering the sphere of ac-
tion of a molecule.

Let us first take a layer of the thick-
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ness 1, and let us denote by the fraction
of unity a the probability of the point
passing through this layer without meet-
ing with any sphere of action; then the
corresponding probability for a thickness
2 is a'; for if such a layer be supposed
divided into two layers of the thickness
1, the probability of the points passing
free through the first layer, and thereby
arriving at the second, must be multi-
plied by the probability of its passing
through the latter one. Similarly, for a
layer of the thickness 3, we have a°, &c.,
and for a layer of any thickness x we
may accordingly write «®. Let us trans-
form this expression by putting ¢* for a,
in which e is the base of the natural log-
arithms, and —a=Ilog. & a, which logar-
ithm must be negative, because a is less
than 1. If now we denote the probabil-
ity of the free passage through a layer of
the thickness 2 by W, we have the equation
W=¢g—2* . @
and we have only to determine here the
constant a.
“ Again, let us consider a layer of such



96

thinness that the higher powers of the
thickness may be neglected in comparison
with the first. Calling this thickness d,
and the corresponding probability W,
the former equation becomes

Wi=e-=1—ad” . . (2

Continuing this investigation, Clausius
finally concludes that: “tie mean length
of the path of a molecule i3 in the same
proportion to the radius of the sphere of
action as the entire space occupied by the
gas, to that portion of the space which is
actually filled up by the spheres of action
of the molecules.”—Phil. Mug. 1859 (1),
p. 81.

Zllustrations of the Dynamical Theory
of Gases. By CLERK MAXWELL.—
Phil. Mug., 1860, January and
July.

On the Dynamical Theory of Gases.
By CLerk MaxweLL.—Phil. Mag.,

1868 (1), pp. 129, 185.
¢ It is to Professor Clausius, of Zurich,
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that we owe the most complete dynami-
cal theory of gases,” p. 132. The latter
part of the article contains an abstruse
mathematical investigation in regard to
the motions of molecules.



Extract from the Physics of the Ather,

By S. TOLVER PRESTON.

“ The Impalpable Natureof the Ather.
—An intimate connection may be shown
to exist between the normal speed of the
particles of an sriform medium and the
disturbance produced by the passage of
masses of matter through the medium.
By the movement of translation of a
mass through an seriform medium, the
resistance encountered depends (as pre-
viously treated of in connection with the
vibrations of masses and molecules) on
the amount of condensation of the medi-
um produced in front, and of rarification
produced in the rear of a moving mass,
since this is one of the conditions upon
which the amount of energy is imparted
to the medium. If there were no con-
densation and no rarefaction of the medi-
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um produced by the passage of the mass,
then the number of impinging particles
which receive motion in front of the mov-
ing mass would equal those which lose mo-
tion in the rear; but on account of the ex-
istence of condensation and rarefaction,
the number of particles which receive
motion in front is greater than the num-
ber which lose motion in the rear, the
excess in the number of particles which
receive an increment of velocity for which
there is no corresponding decrement be-
ing represented by the difference between
the condensation and the rarefaction, this
difference increasing with the velocity of
translation of the mass.

“Further, by the passage of a mass
through an eriform medium, there is a
second physical condition by which en-
ergy is imparted to the medium. Al-
though by the passage of the mass the
impinging particles of the medium in
front and rear experience equal incre-
ments and decrements of velocity, the
mean value of the velocity therefore re-
maining unchanged; yet this, as previ-
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ously referred to, is necessarily attended
on the whole by an increase in the sum
total of the energy of the particles; so
that this forms the second physical cause
of the resistance encountered by the pas-
sage of a mass through an sriform me-
dium, and this would constitute a cause
for a certain resistance, even if there
were no condensation whatever of the
medium formed in front of the moving
mass,

« It is, of course, clear that if the den-
sity of the medium were extremely small,
the resistance offered under the action of
both these causes might be extremely
small.

“It is now an important point to
observe that the amount of condensation
of the medium formed in front, and the
amount of rarefaction in the rear, of the
moving mass will depend on the normal
speed of the component particles of the
medium, for the speed with which the
condensed wave is carried forward and
dissipated depends directly on the speed
with which an interchange of motion can
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take place between the particles, 7. e. on
the normal speed of the particles.

“The actual rate of transmission of the
wave, though dependent on and propor-
tional to the normal speed of the parti-
cles; will necessarily be to a certain ex-
tent slower than the normal speed of the
particles, from the fact of the interchange
of motion between the particles taking
place so obliquely to the line transmis-
sion of the wave. In the case of air, for
example, the speed of whose component
molecules may be taken at 1,600 feet per
second, the condensed wave of displace-
ment due to the passage of a mass would
be carried forward on a somewhat less
speed than this, or at the velocity of a
wave of sound. It is evident, therefore,
that even if the air had as low a density
as the mther, it would, on account of the
slow normal speed of its molecules, be
completely unfitted to afford passage to
masses at planetary rates, for its equili-
brium would be totally upset.

«In the case of the sther, on the other
hand, the wave of displacement is carried
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forward at the speed of a wave of light,
so that speeds of hundreds of miles per
second are actually attained by cosmical
masses, without disturbing the equili-
brium of the smther, the wave being car-
ried forward and dissipated so rapidly
that there is no time for an appreciable
condensation to accumulate in front of
the moving mass. The motion of the
sther particles is so rapid that equili-
brium is almost immediately readjusted
on the slightest disturbance, and there
is not time for any disturbing effect
to accumulate. The high normal speed
of the particles of the sther is therefore
one of the essential physical conditions
to adapt this agent to afford free passage
to cosmical masses (the planets, &c.) at
high speeds, without disturbance of its
equilibrinm.

“ Hence the general conclusion may be
drawn that the higher the normal speed
of the particles of an seriform medium,
the less is the equilibrium of the medium
disturbed by the passage of masses
through it, or the more impalpable does
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the medium become. The higher, there-
fore, the normal speed of the particles of
an sriform medium, the more does ihe
presence of the medium elude detection,
or the more impalpable the medium be-
comes, and the less probability is there
for its existence to be detected by en-
deavoring, as it were, to probe it with
masses, i.e., to disturb its equilibrium by
moving masses of matter through it.
This deduction has its direct application
in the case of the sther, the known im-
palpable nature of which is another phys-
ical indication of the high normal speed
of the particles of this agent.

“The Physical Quulities Essential toa
Powerful Dynamic Agent.—It might be
cosidered at the first thought that, be-
cause the sther is so impalpable and its
density is so low it would not be an agent
suited to produce forcible mechanical
effect, or it might be inferred, on the first
consideration of the subject, that the
thin, impalpable @ther would not be suit-
ed to act forcibly upon the masses and
molecules of matter and produce power-
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ful dynamic effect, such as those exhibit-
ed in the case of explosives, &c. Now,
this, like many other first impressions,
will become totally altered after a due
consideration of the subject. There is,
unquestionably, & natural tendency to as-
sociate ideas of energy with large visible
masses of matter in motion. This is not
to be wondered at, since these forms of
energy appeal directly to the senses,
whereas, the movements of molecules or
particles of matter do not. If mislead-
ing inferences are to be avoided, it is well
that this natural tendency should be
guarded against; for the motions of
molecules and particles of matter might
have an intensity of energy far surpassing
that of any motions of visible masses;
indeed, energy in this form might almost
attain any value, however high, and yet
‘would necessarily be wholly incapable of
appearing directly to the senses. There
is a certain tendency, for example, to ig-
nore, or at least, not adequately to real-
ize the high intensity of the concealed
molecular motion which is termed “heat.”

\J
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Thus, for instance, the energy of a pass-
ing shot is fully realized, and yet_it may
be shown that the energy of the mole-
cular motion (“heat”) possessed by the
shot at normal temperature, and while at
rest, represents about double of energy
of the translatory motion of the shot at
the distance of discharge. The normal
rate of motion (1,600 feet per second) of
the molecules of air is almost expositive
to its energy; yet, from the fact that
these moving molecules are too small to
affect the senses directly, there is a na-
tural tendency to overlook the existence
of this energy.

The space occupied by the molecules
being very small compared with the
space unoccupied ; if, therefore, we were
to imagine the component molecules of
a cubic foot of air suddenly to loose their
motion, a practical vacuum would be
found, and the sudden restoration of
equilibrium would produce a dynamic ef-
fect resembling an explosion. The stop-
page of the motion of the component
particles of a cubic foot of zther would
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be followed by a dynamic effect, the
high intensity of which could only be
realized by an adequate appreciation of
the energy enclosed by this agent.

“In turning to the consideration of the
physical qualities essential to a powerful
dynamic agent, we may first observe that
the existence of a high velocity in the
particles of the agent in their normal
state is an indispensable condition, for
unless this be the fact, an intense devel-
opment of motion, or an intense dynamic
effort could not be produced by the
agent ; in fact, unless the particles of the
agent had a high velocity they would be
incapable even of following up the mo-
tions in the masses of which they develop
motion. Again, this high normal veloc-
ity of the particles is the sole condition
on which the motion expended by the
agent in the production of a forcible
dynamic effect can be replenished with
speed, and the loss of motion be subdi-
vided or spread over an extensive volume
of the agent, or over a large number of-
the particles of the agent in a short
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space of time. Secondly, minuteness in
the moving particles being the necessary
condition to render a high speed practi-
cably to the particles, it follows, there-
fore, minuteness in the particles, or an
extremely subdivided state of the matter
forming the agent is a second essential
condition to a powerful dynamic agent.
It is important to note that this condi-
tion is necessarily followed by an abso-
lute concealment of the existence of the
motion from the senses, so that for an
ingense store of motion or energy to ex-
ist, the concealment of its existence is a
necessary condition. Thirdly, & low den-
sity in the agent or the existence of but
a small quantity of matter in the unit
volume of space may be shown to be an
essential condition of a powerful dynam-
ic agent. This will be clear when it is
considered that if space were encumbered
with a quantity of matter, ¢. e. if the
agent were dense, the agent would itself
obstruct the very motions it develops,
* or, in other words, a high velocity could
not be imparted without the motion of
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the moving masses being greatly inter-
fered with and obstructed by the agent;
so that, in fact, for the attainment of en-
ergy, the agent must rely upon speed
rather than upon mass; it being also a
noteworthy fact the energy rises as the
square of the speed. Moreover, it is an
important mechanical point to observe
that by the absence of mass the energy
becomes more concentrated, or by a re-
liance upon speed rather than upon mass,
a greater quantity of energy admits of
being concentrated upon a given spot,-
whereas the attainment of the same abso-
lute amount of energy by means of large
masses, and slow speed would render it
impossible for the energy to be concen-
trated upon a small area (such as against
a molecule of matter, for example), which
concentration of energy is absolutely es-
sential for the production of intense dy-
namic effect. The above considerations,
therefore, lead to the general deduction
that to constitute a powerful dynamic
agent the essential physical conditions
are: firstly, a high normal speed for the
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component particles of the agent; sec-
ondly, that the particles should be min-
ute, or that the matter forming the
agent should be in an extremely subdi-
vided state; the thirdly, that the quan-
tity of matter relatively to the unit vol-
ume of space should be small, or that
the agent should possess a low density.
This deduction has its direct practical
application in the case of the sther,
where we find precisely these physical
quantities developed to an extreme de-
gree.
~ This is the use of minute masses en-
dued with a high velocity is the proper
mechanical proceeding, when an intense
dynamic effect is required, is illustrated
in practice in many ways. Thus, when
for any engineering purpose a powerful
mechanical effect is required, recourse
is had to gunpowder. The effect ob-
served at the explosion of gunpowder
is simply produced by the action of small
masses of matter (“ molecules ”), indued
with a high speed. If, therefore, gun-
powder, by means of the motion trans-
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ferred to its molecules by the sther, rep-
resent in the act of the explosion the
true ideal of & powerful dynamic agent,
how much more must this be the case
with the sether itself ?

Since, therefore, we observe that a high
velocity of the component particles and
a low density are the qualities essential
to a powerful dynamic agent, and since
this high velocity of the component par-
ticles is precisely the quality which nec-
essarily renders the agent impalpable, it
follows, therefore, that the known impal-
pable nature and low density of the
sther, instead of indicating that this
agent is unfitted to produce powerful
dynamic effect, should then, justly viewed,
lead directly to the opposite conclusion.

To illustrate somewhat further the
connection which exists between the
speed of the component particles of an
soriform medium and its impalpability,
we may imagine the case of a confined
mass of air cooled down to such a degree
that the translatory motion of the air
would become quite palpable, or by a
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mere motion of a mass of matter through
it, the air might be completely displaced,
vacua formed in parts, and the density
increased in other parts; indeed, the
molecules of air, if almost without trans-
latory motion, might be collected in
groups. The air would, in fact, by the
almost complete loss of the normal speed
of its molecules, have lost its elasticity
and the power of eluding the grasp,
which the translatory motion of its mole-
cules at normal temperature enable it to
do.

It is important, therefore, to observe
that the more palpable the mass of air
becomes, the less is the store of energy
enclosed, or the less would the air be
qualified to produce a dynamiceffect ; and
to apply, therefore, this principle gener-
ally, the fact of a medium being palpable
would indicate that it was totally unfitted
a8 & dynamic agent, and conversely, the
fact of a medium being impalpable, by
which the distance of the medium eludes
direct detection by the senses, would, by
pointing clearly to the high normal speed
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of thejparticles of the medium, directly
indicate that the medium was well quali-
fied as a dynamic agent.

If we imagine, conversely, the confined
mass of air to be heated so as to increase
the translatory motion of its molecules,
then the air would become more and
more impalpable, it would elude the
grasp, and it would be more difficult to
disturb its equilibrium by moving masses
of matter through it, and therefore the
presence of the air would be more diffi-
cult to detect by this means. At the
same time, it is well to know that the
more impalpable the mass of air becomes
(due to the increase of speed of its mole-
cules), the more Jintense is the store of
energy enclosed, the greater is the press-
ure exerted, and the more fitted does the
air become as a dynamic agent.

“ These considerations have their direct
application in the case of the wmther, the
remarkable impalpability of which could
not be better illastrated than by the fact
that no ordinary rate of motion of masses
of matter has been found capable of ef-
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fecting the transmission of the waves of
light by the particles of the sther; in
fact, the density of this agent cannot be
changed by ordinary means, the readjust-
ment of equilibrium being 8o rapid, and
the agent completely eludes the grasps,
or its existence escapes the detection of
the senses.

«“ Tt is, therefore, a remarkable and note-
worthy fact that the very qualities which
serve to conceal the existence of the en-
ergy and the existence of the pressure,
and, indeed, existence of the agent itself
for the direct perception of the senses,
are precisely the qualities which are ab-
solutely essential to the existence of this
energy and pressure, or the existence of
an intense magazine of motion. It may,
in fact, be observed that the existence of
an intense store of energy, and the ex-
istence of an intense pressure, are not
only consistent with the fact that the
sther is impalpable, but they are the
necessary consequences of this fact, for
the impalpable quality of an seeriform
medium is dependent on the rapid motion
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of its component particles, and this rapid
motion cannot exist without the existence
of an intense pressure, the pressure,
moreover, rising in the high ratio of the
square of the sheet,

“The existence of an extensive state of
subdivision of the matter forming the
agent being the essential condition to a
high normal speed of the component
particles of the agent, this very condi-
tion renders the concealment of the mo-
tion complete; for the very multiplicity
of particles, the mean length of path, or
the limits within which the particles can
move before being intercepted by other
particles, is rendered so small and the
pressure thereby rendered uniform and
perfectly balanced, that the extent of this
energy and pressure must necessarily
elude direct detection by the senses.

“The greatest length of pathof an sther
particle might well, under the simple
condition of subdivision of the matter
forming the @ether, be continued many
times within the limits of space that a
molecule of matter would occupy, so
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that as far as any power of detecting
the motion by the sense is concern _d,
the particles might as well be at rest.

“ Concealed Motion.—Since the con-
cealment of the existence of the physical
agent for the senses is the necessary re-
sult of the enclosure of a store of motion
of a high intensity by the agent, and
since, as a fact, having a general applica-
tion, the concealment of motion is the
necessary condition to render possible a
high intensity of motion, or the enclos-
ure of a store of energy of a high inten-
sity ; and, moreover, since the higher the
intensity of the energy the more proba-
bility is there that its existence should
have an important influence on physical
phenomena; the investigation of con-
cealed motion, as a general physical
problem, should, therefore, have a special
interest.

“As a known and instructive example of
concealed motion, which has a consider-
able intensity, and a most important
bearing on physical phenomena, the con-
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cealed motion termed ¢heat” may be re-
ferred to. ‘

“As a known illustration of a physical
agent enclosing a considerable store of
motion, and exerting thereby a consider-
able pressure, both of which elude the
direct perception of the senses, the at-
mosphere may be cited. The normal
speed of the air molecules producing the
pressure of fifteen lbs. per square inch,
being 1,600 feet per second, the energy
enclosed, therefore, is such as if a mass
of air next to the earth’s surface were
surely freed from confinement, the mass
would explode in every direction, or its
molecules would fly apart with the speed
of the bullet. " The air, therefore, con-
stitutes an instructive example of con-
cealed motion and may form, as it were,
a sort of stepping-stone toward the
realization of the sther. If the motion
of the air molecules and the attendant
pressure be concealed, how much more
cause is there for vhe complete conceal-
ment of the existence of the store of
motion and the attendant pressure in the
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case of the sether, the cause for conceal-
ment being greater as the moving part-
icles are more minute, and by their mul-
tiplicity the motion is confined within
narrower limits and the pressure more
evenly balanced? In the case of the air,
the moving portions of matter (molecules)
are sufficiently small, or the state of sub-
division of the matter forming the air is
sufficiently extensive, to conceal the mo-
tion completely from the senses, and to
render the pressure of the air upon
masses of matter so perfectly balanced
on all sides that the pressure is also nec-
essarily concealed. It may serve to con-
trast the state of subdivision in the two
cases to note the fact of the sther being
mechanically suited to exert a uniform
pressure about an air molecule (as about
molecules generally), while the air can
only exert a uniform pressure about a
mass (collection of molecules), and would
be wholly incompetent to control the
equilibrium of a molecule of matter, on
account of the absence of an adequate
degree of subdivision.
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When from any cause the motion of
the air molecules becomes abnormal, <. e,
takes place in any one direction in pref-
erence to another, and the equilibrium is
thus disturbed, and masses of matter are
influenced on one side, then the motion
and pressure becomes very palpable.
Such an abnormal motion of the air
molecules occurs in the case of a strong
wind or hurricane for example. It may,
however, be computed that the energy
represented by the translatory motion of
the air molecules in the normal state of
the air represents an energy about 120
times greater than the energy of the air
would possess if moving with the speed
of a hurricane (taken at 100 miles an
hour), and yet the energy and pressure
of the air in its normal state remain con-
cealed on account of the perfect state of
equilibrium which exists.

“Summary of the Physical Qualities of
the Zther.—We may here give a short
summary of the special physical qualities
of the sther, as serving to show their
mutual connections.
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“ I Low Density.—The low density of
the sether, or the small quantity of matter
contained in the unit volume of space in
the case of the mther, is that quality by
which the sther is adapted to afford free
passage to masses (such as planets, &c.),
the molecules of matter, at high speed,
without impediment. Secondly, this
quality renders the smther mechanically
well adapted as a means for the general
interchange of motion between masses of
molecules of matter at a distance from
each other, it being an admitted principle
of mechanics that for the free inter-
change of motion, or for the production
of any distant effect, lightness in the in-
tervening mechanism is the essential
point. :

«II. Extreme Minutenessof the Zther
Particles.—This physical quantity is ab-
solutely necessary to enable the gether to
penetrate with freedom the molecular in-
terstices of matter. Secondly, -this mi-
nuteness of the component particles, or
extreme state of subdivision of the mat-
ter forming the sther, by multiplying
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the number of the particles, and thereby
bringing them into close proximity, is the
necessary quality to render the pressure
exerted by the sther upon the molecules
of matter steady and uniform. Third,
this minuteness of the component par-
ticles, or extremely subdivided state, is
the necessary condition to render a high
normal speed for the particles practicable,
without disturbing effect.

“ High Normal Speed of Component
Particles. —The physical quality is ab-
solutely essential to constitute a pow-
erful dynamic effect of a high intens-
ity. Secondly, this high normal speed
of the particles in the sole condition
on which the loss of ‘motion sustained
by the sether in producing a given dy-
namic effect can be subdivided or dis-
tributed over a large volume of the sther,
whereby a notable local disturbance of
the equilibrinm of the sther is prevent-
ed. Fourth, this quality is essential for
the rapid interchange of motion between
masses and molecules of matter at a dis-
tance from each other, the rapidity of in-
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tercommunication or exchange of motion
being strictly limited by the normal
speed of the particles of the intervening
agent. Fifth, this high speed of the
component particles is necessary to ren-
der possible the existence of a store of
energy of a high value, without the en-
cumbrance of a large quantity of matter
in space. Sixth, the high normal veloci-
ty of the sether particles is the necessary
mechanical condition to enable an intense
pressure to be exerted by the sether upon
the molecules of matter, without the
movements (obstructed by these mole-
cules and masses being the agent), exert-
ing the pressure for, in the first place, by
this high speed of the component parti-
cles an intense pressure is attainable
. (more especially as the pressure rises as
the square of the speed) without the nec-
essity for the agent being dense, by
which the free passage of masses of mat-
ter through the agent would be obstruct-
ed. In the second place, the high speed
of the component particles enables
masses of matter to pass through the
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agent with the least disturbance of its
equilibrium, or with a minimum of resist-
ance from this cause, the agent becoming
almost impalpable; the exertion of an
intense pressure by the agent being it-
self the necessary condition to render
the agent adapted to control forcibly the
molecules of matter in stable equilibrium,
as exhibited in the general phenomena of
“cohesion,” or the aggregation of the
molecules of matter generally.”
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BOW (R. H)) A Treatise on Bracing, with |ts appﬁcnlon to
Bridges and other Structures ol’ ood or nm. 156 illultn-
tions. 8vo,cloth..... .....vieenennnniiiinanen ceteses.. T8O

BOWSER (Prof E A) %EEIc‘rgcmary Trutése on Anaytic

Yy
uan toGeometry of three Dimensions. 'lzmo cloth....... 1 7§

—~ An Elementary Treatise on the Differential and Integral
With 12mo, cloth......... 2 2§

vesees 2

BURGH (N. P.) Modern Marine Engineering, Ipﬂll:d to Pad-
dle and Screw Propulsion. Consisting of d plates,

259 practical wood-cut illustrations, and” 403 pa es of de-
scriptive matter, the whole being an exposition the ﬁe-
sent practice ofJamcs ‘Watt & Co. % G. annie, R. Na-

rms. Thick 410 vol.,

plierh Sons, and other celebrat
ot

Cl
Half morocco..vovveee cerreverennnnn. TP

BURT sW A) Key tothe Solar Compass, and Surveyor” nCom-
comprising all the rules necessary for use in the
eld a‘lm description of the Linear Surveys and
Land System of the United States, Notes on the Barome-
ter, suggestions for an outfit for a_survey ol' four months,
ccond edition. Pocket-book form, tuck............ .2%

BUTLER (Capt, J. S., U. S. A.) Projectiles and Rifled Cannon.

Critical Discussion of the Principal Systems of Rifling

llld Projectiles, with Practical Suggestions for their Ime

provement, as embraced in a Report to the Chief of Ord-
nance, U. [ . 36 plates. 4t0, Cloth.....ceccevvaeccescaces 600
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CAIN . WM.) A Practical Treatise on Voussoir and Solid
and Braced Arches. 16mo, clothextra.... ... .81 78

CALDWELL (Prof. GEO. C.) and BRENEMAN (Prof. A. A.
Manual of Introductory Chemical Practice, for the use of
Students in Colleges and Normal and High Schools. Third
edition, revised and corrected. 8vo, cloth, illustrated. New

and cnfarged edition. .. ... eerereee aieeeeiae ceecseccnon 1%
CAMPIN *FRANC]S) Onthe Construction of Iron Roofs. 8vo,

with plates, cloth .........ooiivee ciiiiiinis eoeeceonan 200
CHAUVENE[‘(me w.) New method of correcting Lunar
an of findin® the error and

ratc ofa chronometer, by equal altitudes. 8vo, cloth...... 2 00
CHURCH (JOHN AL Notes of a Metallurzlcal Journey in

Europe. 8vo, cloth......... €esisetasstens soassusscsrees . 200

CLARK (D. KINNEAR, C.E.) Fuel: Its Combustion and
Economy, consisting of Al Abridgments of Treatise on the
Combustion of Coal ‘and the Prevention of Smoke, by C.

‘W. Williams ; and the Economy of Fuel, by T.'S. Pri-

deaux. With extensive additions on recent practice in the

Combustion and Economy of Fuel: Coal, Cokc, Wood,
Peat, Petroleum, etc. 12mo, cloth... cceveveeiernrecraeese I 50

A Manual of Rulesl: Tables, and Data for Mechamcal

Engieers. Based on the most recent investigations. Illus-
trated with numerous diagrams. ,olz pages. 8vo, cloth... 7 50
Half morocco......... eecesncte socecctanens cesescescansas .10 &0

CLARK (Lt. LEWIS U.S. N) Theoretical Navngauon and

cloth

CLARKE (T. C.) Description of the Iron Railway Bridge over
the M[SSBSIKPI River at Quincy, Illinois. Illnstuted with
21 lithographed plans. 4to, cloth ..ev.ivisnecenecieeencenss 750

CLEVENGER (S. R.) A Treatise on the Method of Govem-
ment Surveying, as prescribed by the U. S. Congress and
Commissioner of the General Land Oﬂic with complete
Mathematical, Pr: nstr
the use of the Unitcd Sntu Surveyon in the field. xSmo,

MOTOCCO. ...ecavsescnnnss teeseseceassesacenes teseeees 350
COFFIN f J. L Navizatlon and Nautical Astrono-
my. cpared for e use of the U. S, Naval Academy. -

Sixth edition. 52 wood-cut illustrations. 12mo, cloth..
COII;EURN (ZERAH) The Gas-Works of London. 12mo,

eeeson: sesssacacevesantiaasecas ceescessacasiacncnne .« 6o

COLLINS (JAS. E.) The Private Book of Useful AlloYs
Memoranda for Goldsmiths, Jewellers, etc. th,
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CORNWALL (Prof. H. B,) Manual of Blow-Pipe Analys
Qualitative and Quantitative, with a Complete System o
Descriptive Mineralogy. 8vo, cloth, with many illustra-
tions. N.Y.,1882.... 0000 ceuunnns eeotstsiee srsssen . .825

CRAIG (B.F ) Weights and Measures. An account of the
Decimal System, with Tabies of Conversion for Commer-

cial and tific Uses. Square 32me, limp cloth......... . 5
CRAIG (Prof. THOS.) Elements of the Mathematical Theory
of Fluid Motion. 16mo, cloth,.cccuvvireen iivesivinea .. 125

DAVIS(C. B.)and RAE (F. B.} Hand-Book of Electrical Dia-
grams and Copnections. Illustrated with 32 full-page illus-
trations. Secdnd edition. Oblong 8vo, cloth extra........ 200

DIEDRICH 1IOHN). The Theory of Strains : a Compendium
tor the Calculation and Construction of Bridges, Roofs, an
Cranes. Illustrated by numerous plates and diagrams.
8v0, Cloth..ceeeraerieiiiiniaseccoianes to assracseceons veeess 500

DIXON (D. B,) The Machinist's and Steam-Engineer’s Prac-
tical Calculator. A Compilation of useful Rules, and Prob-
lems Arithmetically Solved, together with General Informa-
tion_applicable to” Shop-Tools, Mill-Gearing, Pulleys and
Shafts, Steam-Boilers and Engines. Embracing Valuable
‘Tables, and Instruction in Screw-cutting, Valve and Link
Motion, etc. 16mo, full morocco, pocket form +.«(In press)

DODD (GEO.) Dictionary of , Mining, Ma-
chinery, and the Industrial Arts. 12mo, cloth.............. 1 50

DOUGLASS (Prof 8. H.)and PRESCOTT (Prof. A.B.} Qual-
itative Chemical AnaI{sxs. A Guide in the Practical Study
of Chemistry, and in the Work of Analysis, Third edition.
8vo, cloth. . .eeveiuiiiiiiiiiiiiiiins J O 1)

DUBOIS (A. {o)n The New Method of Graphical Statics. With
6o illustrations. 8vo, cloth ........... cesereeieees coasrvace 150

EASSIE (P. B.) Woodand its Uses. A Hand-Book for theuse
of Contractors, Builders, Architects, ineers, and Tim-
ber Merchants, Upwanin of 250 illustrations, 8vo, cloth. 1 50

EDDY (Prof. H. T.) Researches in Graphical Statics, embrac-
ing New Constructionsin Graphical Statics, a New General
Method in Graphical Statics, and the Theory of Internal
Stress in Graphical Statics. 8vo, cloth............ cescanens 150

ELIOT (Prof. C. W.) and STORER (Prof. F. H)) A Compen-
dious Manual of Qualtative Chemical Analysis. Revised
with the co-operation of the authors. By Prof. William R.~
Nichols. Illustrated. 12mo, cloth........... . 150

ELLIOT (Maj. GEO. H., U.S. E.) European Light-House

Systems. Being a Report of a Tour of Inspection made in
xg;-; 51 -mg‘ and 21 d-cuts. BVoF:e:Ioth..‘......soo

M. ¢ M,
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ENGINEERING FACTS AND FIGURES.  An Annual

Register of in Mechanical E: eenn d Con-
struction for t fully illus-
trated. 6 vols. l&mo, cloth ( volume lold separately),
pervol........ ceeceeans tesscccesecccnns seetsrctnetncnans ... $250

FANNING (J. T.) A Practical Treatise of \Valer-Supply En-
ineering. Relating to the Hydrology, ynamics, and
ractical Construction of Water-W orf(s in North America.

Third edition. With numervus tables and 180 :llustm-

tions. 650 pages. 8vo,cloth.....ceeer wevnnnnn.. .. .. 500
FISKE (BRADL EYA U.S. N ) Eleetrlcxty ln 'l‘heory nnd

Practice. 8vo,cloth.................. ceseiiesivsvaes 2 50
FOSTER (Gen. J. G, U.S. A}{ Submanne Blastmg in Boston

Harbor, Massach usetts. Removal of Tower and Corwin

Rocks. Illustrated with seven plates. 4to, cloth.......... 35
FOYE (Prof . C. ) Chelmcal Problems th brief State-

ments of the Pri N uwn, i

and enlarged. 16mo, boards....... eees ceieeesecaseses veee 50

FRANCIS (JAS. B, CE.) Lowell Hydraulic Experiments:

Being a selection from Experiments on Hydraulic Motors,

on the Flow of Water over Weirs, in Open Canals of Uni-

Rectangular Section, and through submerged Orifices

and diverging Tubes. Made at Lowell, Massachusetts.

Fourth edition, revised and enlarged, with many new ex-

peniments, an -llustrated with twenty-three copperplate
engravings. 4to, cloth.. sacescseedIf 00

FREE-HAND DRAWING. A Guide to Ornamental Fi

and Llnd-cape anmx By an Art Student.

boards....c..ee.iviennnnnns sececssenctrecnccasancsns creececes 50
GILLMORE J A.I, 'l‘mtise on Limu rauhc Ce-

ments, an Monarl. 'apers on Pracucal ec

S. Engmeer P , No. g, ports of

i d d’in NewYoﬂ( thdurln‘

the years 1855 to 186:, lusive. With

tions. 8vo, cloth.. vecesseiiiee 400
——— Practical 'l‘reatueon the Construction of Roads‘I

and Pavements. With 7o illustrations. 1amo, <loth....... 200

———— Report on Stren, flh of the Buﬂdlng Stones in the United
States, etc. 8vo, illustrated, cloth .................. . cees TS0

— Coij Beton and other Arﬂﬁclal Stone. g plates, v!ew-,
etc. 8vo,clothecceiennnninnniiiiiiiiiiiniiiiaiie, cecene

GOODEVE (T. M.) ATen-Bookon the Ste-m-Engine 43
illustrations, 12mo, cloth........ccoeeeee cuen iilll, vee 200

GORDON (J. E. H.) Four Lecture-onStauc Induction. 1amo,

P

eree cee sesacenen oee




6 D. VAN NOSTRAND’S PUBLICATIONS.

GRUNER (M. L) The Manufacture of Steel. Translated
from the French, by Lenox Smith, with an appendix on the
Buwnc:dpmeu the United States, by the translator,
Illustrated. 8vo, cl

0, cloth................ seseeenseraiiaieriinn 3

HALF-HOURS WITH MODERN SCIENTISTS. Lectures
and Essays. By Professors Huxley, Barker, Stirling, Cope,
Tyndall, " Wallace, Roscoe, H:Eim. Lockyer, Young,

ayer, and Reed. Being the University Series bound up.
With a feneral introduction by Noah goﬂer, President of
Yale College. 2 vols. 12mo, cloth, illustrated ..............

HAMILTON (W. G.) Useful Information for Railway Men.
Sixth edition, revised and enlarged. 562 pages, pocket form.
Morocco, gilt......ovvnnns eeessescnen <o cervenas veseeans

HARRISON (W, B.L The Mechanic’s Tool Book, with Prac-
tical Rules and Suggestions for Use of Machinists, Iron-
orkers, and others. lllustrated with 44 engravings.
12mo, cloth. ... veee .
HASKINS LC. H.) The Galvanometer and its Uses. A Man-
ual for El i and Stud Sy d edition. 12mo,
OTOCCO. . veerens senereennsnncens esasseasescse (S

HENRICI (OLAUS). Skeleton Structures, especially in their
application to the Building of Steel and Tron Bridges. With
folding plates and diagrams. 8vo, cloth........ccvvuuuneees

HEWSON (WM.) Principles and Practice of Embanking
Lands from River Floods, as applied to the Levees of the
Mississippi. 8vo, cloth......ciiiieeiiiiiiiiiiviicnennnnns

HOLLEY (ALEX. L) A Treatiseon Ordnance and Armor, em-
bracing descriptions, di , and professional opini
concerning the materials, fabrication, requirements, capa-
bilities, and endurance of European and American Guns,
for Naval, Sea-Coast, and Iron-Clad Warfare, and their
Rifling, Projectiles, and Breech-Loading; also, results of
experiments against armor, from official reco with an
grg)cndix referring to_Gun-Cotton, Hcoped Guns, etc., etc.
vo,

, 493 engravings, and 147 Tables of Results, etc

15

150

15

2 00

half roan. ... ... . ceiiiiiiiiiiiiis ceiiies e el 10 0O

—— Railway Practicc American and European Railway
Practice in the economical Generation of Steam, including
the Materials and Construction of Coal-bumi?:g Boilers,
Combustion, the Variable Blast, Vaporization, Circulation,
Superheating, Supplymg and Heating Feed-water, etc.,
and the Adaptation of Wood and Coke-burning Engines to
Coal-burning ; and in Perma Way, incloding y
Sleepers, Rails, foint-f: Railways, etc., etc.

Street
With 77 lithographed plates. Folio, cloth.......c......\...12 80

HOWARD (C. R.) Earthwork Mensuration on the Basis of
the Prismoid lee. Containing simple and labor-
saving hod of obtai Prismoidal C: directly
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from End Areas. Illustrated by Examples, and accom-
panied by Plain Rules for Practical Uses. Ill d. 8vo,

cloth ............ P o cecesoncsecnss $1 so

INDUCTION-COILS. How Made and How Used. 63 illus-
trations. 16mo, boards ..... .

ISHERWOOD (B. F.) Engineering Precedents for Steam Ma-
chinery. Arranged in the most practical and useful manner
for Engineers. With illustrations, Two volumes in one.
8vo, cloth... .. ......... seseasesies soccsesaivarcosn oo sens

JANNETTAZ (EDWARD). A Guide to the Determination of
Rocks: being an Introduction to Lithology. Translated
from the French by G. W. Plympton, Professor of Physical
Science at Brooklyn Polytechnic Institute. 12mo, cloth....

JEFFERS (Capt. W. N., U. S. N.) Nautical Survci/ing. Illus-
trztedl wﬂth 9 copperplates and 31 wood-cut illustrations.

) ClOBR ... teenrarrnarnernennsnnenarnceasas ceenasneen [

JONES (H. CHAPMAN). Text-Book of Experimental Or-

25

150

ganic Chemistry for Students. 18mo, cloth.. ..... cevoene 1 00

JOYNSON (F. H.)) The Metals used in Construction: Iron,
Steel, Bessemer Metal, etc., etc. Illustrated. 1amo, cloth.
—— Designing and Construction of Machine Geanng. Ilus-
trated. 8vo, cloth......... .......c... ecesescssecoraesereas

KANSAS CITY BRIDGE (THE). Withan account of the
Regimen of the Missouri River, and a description of the
methods used for Founding in that River. By O. Chanute,
Chief-Engineer, and George Morrison, Assistant-Eliginear,
Illustrated with five lithographic views and twelve pl
plans. 4to, cloth

KING (W. H.) Lessons and Practical Notes on Steam, the
Steam-Engine, Propellers, etc., etc, for young Marine En-

neers, Students, and otfnm. Revised by ief-Engineer
I;o'w. oﬁmg. U. S. Navy. Nineteenth edition, enlarged.

75

ates of
6

cloth.......oo oiiiiiiiis e e 2 00

KIRKWOOD (JAS. P.) Report on the Filtration of River
Waters for the supply of Cities, as practised in Europe,
made to the Board oF &Jater Commissioners of the City of
g:. Louis. Illustrated by 30 double-plate engravings. 4to,

L 15 00

LARRABEE (C. S.) Cipher and Secret Letter and Telﬁrs—
phic Code, with Hogg's Improvements. The most re ccé
4 or di d." Impossible to rea.

secret code ever
without the key. 18mo, cloth..c.ooveveiiieiiinnnnniiinas 100

LOCK (C. G.), WIGNER (G. W.), and HARLAND (R. H.}
Sugar Growing _and Refining. Treatise on the Culture of
Sugar-Yielding Plants, and the Manufacture and Refining of

Cane, Beet, and other sugars. 8vo, cloth, illustrated ......12 co
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LOCKWOOD (THOS. D.) Electricity, Magnetism, and Elec-
tro-’l‘elegng\y. A Pnz:tical Guideyfor Studenu,'Operawn.

and Inspectors. 8vo, cloth........ ..... ....... cscese a2 50
LORING (A. E)) A Hand-Book on the Electro-Magnetic Tele-
] ph.( Pap)er boards .
ot .

MACCORD (Prof. C. W.) A Practical Treatise on the Slide-
Valve by Eccentrics, examining by methods the action of
the Eccentricupon the Slide-Valve, and explaining the prac-
tical processes of laying out the movements, adapting the
valve for its various duties in the steam-engine, nd edi-
tion. Illustrated. 4to, Cloth .....ucuiiiiiirecaricronseeees 280

McCULLOCH (Prof. R_S.) Elementary Treatise on the Me-
chanical Theory of Heat, and its application to Air and
Steam Engines.” 8vo, cloth................ cecsccrcastacece .35

MERRILL (Col. WM. E, U.S. A) Iron Truss Brl.t{ges for
Railroads. The method of calculating strains in Trusses,
with a careful comparison of the most prominent Trusses, in

fe to in bination, etc., etc. Il d
4to, cloth............ eosscncocnnace cesacesraccsans eeses. 500

MICHAELIS (Capt. O, E, U. S. A) The Le Boulenge
Chronograph, with three lithograph folding plates of illus-
trations. g4to,cloth........... .... eties seccae teeeeecesees 300

MICHIE (Prof. P.S.) Elements ot Wave Motion relating to
Sound and Li hti.l Texte-dBook forthe U.S. Military Acade-

my. 8vo, cloti cesesiiiienes 500
MINIFIE (IV%M.) Mechanical Drawing. A Text-Book of Geo~

metrical Drawing for the use of Mechanics and Schools, in
which the Definitions and Rules of Geometryare. f};ﬁliaily

explained ; the Pr 3 are 3 g m the
most simple to the more complex, and in their description
technicalities are avoided as much as possible. With illus-
trations for Drawing Plans, Sections, and Elevations of
Railways and Machinery; an Introduction to Isometrical
Drawing, and an Essayon Linear Perspective and Shadows.
Illustrated with over 200diagrams enﬂaved on steel. Ninth
edition. With an Appendix on the Theory and Application
of Colors, 8vo, cloth . .. 400
“It is the best work on Drawi e have e and is
especially a_text-book of Geometrical Drawing for the use of Me-
chanics and Schools. No Joung Mechanic, such as a Machinist,
Engineer, Cabinet-maker, Millwright, or Carpenter, should be with-
out it.""—Scientific American.
Geometrical Drawing. Abrideed from the octavo edi-
tion, for the use of schools. Illustrated with forty-eight
steel plates. Fifth edition. 12mo, ClOth ....c.ev.ss vovne. 2 00
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MODERN METEOROLOGY. A Seriesof Six Lecmm. de-
liv under the of the 1 Society
lnxs7& Illustrated. 12mo,cloth.... .cceeue -- sees ....$1 80

MORRIS ‘,y) Easy Rules for the Measurement of Earth.
works, by Mean: of the Pnsmoxdal Formula. 78 illustra.
ﬁona avo,clot teete sesecssesensiiien .15

MOTT (H. A, gr) A Practical 'htatlse on Chemistry (Quali-

tative and Quantitative Analysu), Stmchnmctry, Blow-pipe
Analyus, meralogy, s:nvm Pharmaceutical Prepara-
tions, H Secretions, ﬁecl c Gravities, Weighls and
Measuru, etc., etc., etc. edmon. x 650 pages.
8v0,Cloth.cecerneeiiininieniniren ces tececcerssrecaans 400

NAQUET (A) LegalChemistry. AGuidetotheDetecuon of
alsification of Writings, Adulteration of Alimene
lz Pharmaceutical Substances, Anal Jsis of Ashes,
cxamlnmion of Hair, Coins, Arms an Stains, as ap~
g Chemical Jurisprudence, for the use of Chemists,
hymcx , Lawyers, Pharmacists, and Experts. Translate

ed, with additions, mcludmg a list of books and Memgqirs on
Toxicology, etc., from the French. By J.P. Battershall,
Ph.D. with a preface by C. F. Chandlér, Ph.D., M.D.,
LL.D. 12mo, chnth........ vees oo sesesieceene .

NOBLE (W, H.) Useful Tables. Pocket form, cloth

NUGENT (E.) Treatise on Optics; or, Light and Sight, theo-
Ntically and Yracucall treated, with ‘the application to
Fine Acrlz thnd mY Pursuits.  With 103 il lustrauon-
12mo0, cloth..... eeeeene

PEIRCE (B.) System of Analytic Mechanics. 4to, cloth.....10 00

PLANE . ABLE (THE). Its Uses in To, hical Surve
3 F\'omt e Papu; of the U.S. Coas‘tognpey. Illultrca}t':
o 00y Clothen s ceen i e e eee s
‘This work gives a description of tlie Plane Tableem loyed at
dle U.S. Coastxgt’ﬂvey oﬁce,‘;nnd the manner of using it. P

PLATTNER. Manual of Qualitative and ntitative Ane
alysis with the Blow-Pxpe. From the last German edition,
revised and enlarged. By Prot. Th. Richter, of the Roya'
Saxon Minm Academ Tran.lated by Prof. H. B. Corn-
wall, ansted ohn H.Caswell. Illustrated with 87 wood-
cuts and onen ovra.phlc plate. Fourth edition, revised,
860 pages. 8vo, cloth....

PLYMPTON (Prof. GEO, W.) The Blow-Pine. A Guide to its
use in the Determination of Salts and Minerals. Compiled
from various sources, 12mo, cloth,.icveveaennnss cosncnee e 150

== The Aneroid Barometer: Its Construction and Use.
Compiled from several sources, 16mo, boards, illustrated, S0
MOrOCCO .. veiiuuevass coeverscssccssesscavensstcccccereses 100
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PLYMPTON (Prof. GEO. W.) The Star-Finder, or Plani-
sphere, with Movable Horizon _ Printed in colors on fine
card-board, and in accordance with Proctor’s Star Atlas.. .§1 00

POCKET LOGARITHMS, to Four Pla?cs of Decimals, includ-
!F Logarithms of N ines and
langents to Slqgle Minutes. To whlcﬁ'ls added a Tabl: of

I Sines, , and Co-T; 16mo, boards, so

MOrOCCO.. ..ttt et ees e eiieeiiiiaees I 00
POOK (S. M) Method of Comparing the Lines and -
‘I L #elled by Sailor Steam Including a p-
w on Laymx-o on the Mould-Loft Floor. 1 vol. §vo, with

illustrations, cloth.............. esececancacanans ceer eiees . 500

POPE (F. L) Modem Practice of the Electric Telegraph. A
Hand-Book for Llectricians and Operatoss. Eleventh edi-
tion, revised and enlarged, and fully iliustrated. 8vo, cloth. 2 0o

PRESCOTT (Prot. A. B) Outlines of Prnxlmale Organu: An-
alysis, for the ldennﬁcauon S
Determination of the more commonly oecurnng Organic
Compounds. 12mo, cloth .............................. 175

«——— Chemical Exami of Alcoholi Iallors. A Manual
of the Constitucnts of the Distilled Splnls and Fermented
Liquors of Commerce, and their Qualitative and Quantita-

tive Determinations. 12mo, cloth......ccevvniiininniiiias 15
First Book in Qualitative Chemutry. Second edition,
12mo, cloth............. cetatettieaianitecrietiansanees oe 150

PYNCHON (Prof. T. R.) Introduction to Chemical Physics,
designed for the use of Academies, Colleges, and High-
Schools. Illustrated with numerous engravings, and con-
taining copious experiments with directions for preparin,
them. New edition, revised and enlarged, ar-d illustrate
by 269 illustrations on wood. Crown8vo, cloth.... ........ 300

RAMMELSBERG (C. F,) Guide to a Course of Quantitative
Chenucal Avnlysns, c:g_ecially_of M’il-l‘xcrale and F u-l]'nate

ducts. y J. Towler,
M.D. 8vo,cloth............. ceneens eteescecencen o coneenn .22

RANDALL ('P M ) Quartz Opemor'n Hand Book. New edi-
tion, 12mo, cloth... 2 00

RANKINE M A lied Mechanics comprising Prin-

ciples of‘“:a'l'lcs, Toitr and Dy 4 p %’ heory

ot Structurcs, o and M Ctown 8vo,
cloth. Temh edition, London © eeess seessenne. eese 500

~—— A Manual of the Steam-Engine lnd other Prime Movers,
with numerous tables and illustrations. Crown 8vo, cloth.
Tenth edition. London, 1882..
——— A Selection from the M Scien f
wnth Memoir by P. G. Tait, and edited by W J Mlllar, C.E
8vo, cloth. London, 188a............. eosenaas ,.............xooo




D. VAN NOSTRAND’S PUBLICATIONS. 11

RANKINE (W. J. M.) A Manual of Machinery and Mill-work.
Founhedhioi’l. rown 8vo. London, 1881  ......... .....8500
Civil Engineering, comprising Engineering Surveys,
Earthwork, oundal‘l:ms. asonry, ntry, Metals
works, Roads, Railways, Canals, ﬁiven. ‘Water-works,
H. rs, etc., with numerous tables and illustrations,
Fourteenth e({ition, revised by E. F. Bamber, C.E. 8vo.
London, 1883.... . ......ee.. e reeeennrenaeieane cavnnee .65
—— Useful Rules and Tables for Architects, Builders, Car-
penters, Coachbuilders, Engineers, Founders, Mechan-
1cs, Shipbuilders, Surveyors, Typefounders, Wheelwrights,
etc. Sixth edition. Crown 8vo, cloth. London, 1883...... 4 00
and BAMBER (E. F,) A Mechanical Text-Book; or,
Introduction to the Study of Mechanics and Engineering.
8vo, cloth. London, 1875 ........ccocunvneenn vetsssecences 3%

RICE (Prof. g M.) and JOHNSON (Prof. W. W.) OnaNew
Method of Obtaining "the Differentials of Functions, with
especial refe tothe N ian C ption of Rates or

Velocities. 12mo, paper . 50

ROGERS (Prof. H, D.) The Geology of Pennsylvania. A Gov-
ernment Survey, with a General View of the Geology of the
United States, Essays on the Coal Formation and jts Fos-
sils, and a description of the Coal Fields of North America
and Great Britain. Illustrated with Plates and Engravings
in the text. 3 vols. 4to, cloth, with Portfolio of Maps. ....30 oo

ROEBLING (J. A) Long and Short Span Railway Bridges.
Illustrated with large copperplate engravings of plans and
views. Imperial folio, cloth..........0......0 ... . ... 25 00

ROSE (JOSHUA, M.E.) The Pattern-Maker's Assistant, em-
bracing Lathe Work, Branch Work, Core Work,Sweep Work,
and Practical Gear Constructions, the Preparation and Use
of Tools, together with a large collection of useful and val-
glabl.’l‘aﬁles. Third edition.” Illustrated with 250 engrav-
ings. 8vo,cloth . ........... ....... St eeseenne 250

SABINE LROFERI‘). History and Progress of the Electric Tel-
:gay , with descriptions of some of theapparatus. Second
ition, with additions, 12mo, cloth ......... eessrsesscae . 128

SAELTZER(ALEX ) Treatiseon Acoustics in connection with
Ventilation 12mo, €loth ccovueeiuiivine it iiirieieenesess 100

SCHUMANNJP) A Manual of Heating and Ventilation in
its Practical Application for theuse of Engineers and Archi-
tects, embracing a series of Tables and Formule for dimen-
sions of heatinﬁ, flow and return pipes for steam and hot-
water boilers, flues, etc., etc. 12mo. Illustrated. Full
roan ... . ....... coee cesvas cereeieiriennasas

Formulas and Tables for Architects and Engineers in

calculating the strains and capacity of structures in Iron
and Woocl. 12mo, morocco, tucks ... ......ciiiiiiiee.. 250
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SAWYER (W.E.) Electric-Lighting by Incandescence, and
its Applicati lolmmﬂlumnaﬁon.Ahnﬁ.l
Treatise, With gbillustrations. Third edition. 8vo, $2 50
SCRIBNER (J. M.) Engineers’ and M lnniu'Co?nnlon,
eompnsmg United States Weights ar:: Measures, Mensura-
tion of Superfices and Solids, Tables of Squares and Cubes,

Square and Cube Roots, Circumference and Areas of Cir-
cles, the Mechanical Powers, Centres of Gravity, Gravita-

tion of Bodi Pendulums, Ereuﬁt Gravity ot Bodies,
Strength, Weight, and Crush of Materials, Water-Wheels,
Hydrostatics, di H Suatics, Centres of Percussion
and Gyration, Friction Heat, Tables of the Weight of
Metals, Scantling, etc., Steam and the S:eam-Engine.
Nin h edition, revised, 16mo, full [ ]

«=——— Fngineers’, Contractors’, and Surveyors® Pocket Table-
Book.  Comprising bogarn‘mn of Numbers, Logarithmic
Sines and Tangents, Natural Sines and Natural Tangents,
the Traverse Table, and a full and complete set of Excava-
tion and Embankment Tables, together with numerous
other valuable tables for Engineers, etc. Eleventh edition,
revised, 16mo, full morocco ............ cacees soatas seeens I

SHELLEN (Dr. H) Dynamo-Electric Machines. Translated,
with much new matter on American ice, and many il-
lustrations which now appear for the first time in print.
8vo, cloth, New York.........c.oeuiuen vecvssosscsl (In press)

SHOCK (Chief-Eng. W. H.) Steam-Boilers: their Design,
Construction, and Management. 450 pagestext. Illustrated
with 150 wood-cuts and }?6 full-page plates (several double).
Quarto. lllustrated. Half morocco...... eeenaieniaees ve..15 00

SHUNK (W. F.) The Field Engineer, A handy book of prac-
tice in the Survey, Location, and Track-w of Ralll:ogd
containing a large collection of Rules and Tables,
and selected, applicable to both the Standard and N&row
Gauge. and prepared with special reference to the wants of
thek young Engineer. Third edition. 12mo, morocco,
BUCKS. ..ttt it iiiiiiceiaenee e PETTRT TN 25

SHIELDS (J. E) Notes on Engineering Construction. Em-
bracing Discussions of the Principles involved, and Descrip-
tions of the Material employed in Tunnelfing, Bridging,
Canal and Road Building, etc., etc. 12mo, cloth....... veee 150

SHREVE (S. H) A Treatise on the Strength of Bridges and
Roofs. Comprising the determination of Algebraic formu-
las for strains in Horizontal, Inclined or Rafter, Triangular,
Bowstring, Lenticular,and other Trusses, from fixe: nnd
moving loads, with practical applications and examples, for
the use of Students and Engineers, 87 wood-cut illustra-
tions. Third edition. 8vo, cloth....... weee 350
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SIMMS (F. W.) A Treatise on the Principles and Practice of
Levelling, showing its application to &urposel of Kailway
Engineerng and the Construction of Roads, etc. Revi:
and corrected, with the addition of Mr. Laws’s Practical
Examples for setting out Railway Curves. Illustrated. 8vo,
cloth....oooe viv ciiinnennnn se ensseanse sseesssanseas ceeen$250

STILLMAN (PAUL)  Steam-Engine Indicator, and the Im-
proved Manometer Steam and Vacuum Gauges—their Utilit
and Application. New edition. 12mo, flexible cloth....... 1 00

STONEY (B. D.) The Theory of Strains in Girders and similar
structures, with observations on the application of Theory
to Practice, and Tables of Strength and other properties of
Materials. New and tevised edition, enlarged. Koyal 8vo,
664 pages. Completein one volume. 8vo, cloth...... .. ...12 50

STUART (CHAS. B, U.S. N;; The Naval Drv Docks of the
United States. lllustrated with 24 engravings on steel.
Fourth edition, cloth ........ N .

The Civil and Military Engineers of America. With ¢

finely executed portraits of eminent engineers, and illus-

trated by engravings of some of the most importart works

constructed in America. 8vo, cloth.........ccoivviiinianns 5 00

STUART (B.) How to B a$ ful Engi Bein
Hints to Youths intending to adopt the Profession. Sixt
edition. 12mo, boards .

SWEET (S. H.) Special Report on Coal, showing its Distri-
bution, Classification, and Cost delivered over different
routes to various points in the State of New York and the

6 0o

TEXT-BOOK (A) ON SURVEYING, Projections, and Por:-
able Instruments, for the Use of the Cadet Midshipmen at
the U. S.-Naval Acad Nine iithographed plates and
several wood-cuts, 8vo,cloth ...........cc.iiiiiee o 2 00

TONER (J. M.) Dictionary of Elevations and Climatic Reg-
ister of the United States. Containing, in addition to Ele-
vations, the Latitude, Mean Annual Temperature, and the
total Annual Rain-fall of many localities ; with a brief in-
troduction on the Orographic and Physical Peculiarities of
North Amenca. 8vo, cloth ........ cciiieiiiiiiieninnns 375

TUCKER (Dr. J. H) A M 1 of Sugar Analysis, includ-
ing the Applications in General ot Analyticaf Methods to
the Sugar Industry, With an Introduction on the Chemis-
try of Cane Sugar, Dextrose, Levulose, and Milk >ugar.
8vo, cloth, illustrated.........covveeiiiiiniiinnninerninninn. 3 50

TUNNER (P.) A Treatise on Roll-Turning for the Manufac-
ture of Iron Translated and adapted by John B. Pearse,
of the Pennsylvania Steel-Works, with numerous engrav-
ings, wood-cuts, and folio atlas of plates......oouunn Lo L 10 00
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VAN WAGENEN (T. F.) Manual of Hydraulic Mlnmx, for

the use of the Practical Miner. 12mo, cloth...............! $1 oo
WALKER (W.H.) Screw Propulsion. Notes on Screw Pro-
pulsion : Its Rise and History. 8vo, cloth................. 75

WANKLYN (J. A.) A Practical Treatise on the Examination

of Milk and its Dunvauvel, Cream, Butter, and Cheese.
12mo, cloth.. .o teit e e 1 00

WATT (ALEX.) Electro-Metallurgy, Practically Treated.
Sixth edition, with considerabic additions. 12mo, cloth.... 1 0o

WEISBACH (JULIUS). A Manualof Theoretical Mechanics.
Translated from the fourth augmented and nmpmvcd Ger-

man_edition, with an ion to the Cal by Eck-
ley B. Coxe, A.M., Mining Engineer. 1,100 pages, and ga2
wood-cut lllustranons vo, cloth........cciiiviinnnnnnns 10 00

WEYRAUCH (J.].) Strength and Calculations of Dimen-
sions of lron and Steel Construction, with reference to
the Latest Expenments 12mo, cloth, plates............. 1 00

WILLIAMSON (R.S ) On the use of the Barometer on Sur-
veys and Reconnoissances. Part 1. Mateorology inits Con-
nection with Hyp: somctr* Part II. Barometric Hypsom-
etry. With Illusuanve ‘ables and Engravings. 4to, cloth 15 oo

——— Practical Tables in Meteorology and Hypsome!ry, incon-
nection with the use of the Barometer. 4to, cloth......... 25

Complete 112-page Catalogue of works in
every department of science sent postpaid to
any address on receipt of ten cents in postage
stamps.
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THE UNIVERSITY SERIES.

No.1. ON THE PHYSICAL BASISOFLIFE. By Prof. T.H.
Huxley, LL.D., F.R.S. With an introduction by a Professor
in Yale Collcge 12mo, pp. 36. Papercover................. 25

No. 2. THE CORRELATION OF VITAL AND PHYSICAL
FORCES. By Prof. George F. Barker, M.D., of Yale Col-
lege. 36 pp. PapercoVvers......ccoceeiverieteiiennnnnnns i us 25

No. l3 AS REGARDS PROTOPLASM, in relation to Prof. Hux-
ey’s *¢ Physical Basis of Life.” By J. Hutchinson Surlmz,
FRC.S. "72PP.vvs cvr cemrernrasonnnncece nenneien o canen 25

No. 4. ON THE HYPOTHESIS OF EVOLUTION, Physical
and Metaphysical. By Prof. Edward D, Cope. 12mo, 72 pp.
Paper COVETS. ... ieaeiteriennareoiesssonstnsionee saeoeencnnne 25

No. % SCIENTIFIC ADDRESSES—1, On the Methods and

endencies of Ph gslcal Investigation. 2. On Haze and

Dust. %1 On the Scientific Use of the Imagination. By
Prof. Jo n Tyndall F.R.S. umo, 74 pp. Paper covers..... 25
Flex.Cloth...v. eiee ciiiiinunaenene ceineenninnnne connonns 50

No.6. NATURAL SELECTION AS APPLIED TO MAN. By
Alfred Russell Wallace. This pamphlet treats (1) of the De-
velogmcnt of Human Races under the Law of Selection;
(3) the Limits of Natural Selection as applied to Man. s4 pp a5

No. 7. SPECTRUM ANALYSIS. Three lectures ({ Profs.
oscoc, Huggins, and Lockyer. Finely illustrated. 88 pp.
Paper COVEIS .....co.eee o eoverasssnes ssnsses socsesanons .25

No. 8. THE SUN. A skelch of the present state of scientific
opinion as regards this body. By Prof. C. A. Young, h >
of Dartmouth College. 58 pp. Paper covers.........

No. ghTHE EARTH A GREAT MAGNET. By A. M. Mayer,
2

D., of Stevens Institute. 72 pp. Paper covers.
Flexible cloth .......... coiveieeiiieiiiiiaiiinns

No. 10. MYSTERIES OF THE VOICE AND EAR. By Prof,
0. N. Rood, Columbia Coliege, New York. Bea\mfully il-
lustrated. 38pp Paper covers .. .35

Or together, 2 vols,, cloth
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VAN NOSTRAND’S SCIENCE SERIES.

(18mo, green boards. Amp\y ﬂlu:tmed where the sybject

No. 1. CHIMNEYS FOR FURNACES, FIRE-PL.ACES, AND
STEAM-BOILERS. By R. Annstmng, C.E. Second edi-
tion, enlarged........ ... ... ceeeiiiiiieieiiiiieie. 50

No. 2. STEAM-BOILER EXPLOSIONS. By Zerah Colburn.. g0

No.ﬁ PRACTICAL DESIGNING OF RETAINING WALLS.

y Arthur Jacob, A.B. ... . 50

No. 4. PROPORTIONS OF PINS USED IN BRIDGES. By
éhaxles Bender C.E...cvoivtiiiiiiiiiiiiiieiiiiiciiienaeens 50

No.s. VENTILATION OF BUILDINGS. By W. F. Butler... so

No.6 ON THE DESIGNING AND CONSTRUCTION OF
STORAGE RESERVOIRS. By Arthur Jacob, A.B........ 50

No 7. SURCHARGED AND DIFFERENT FORMS OF RE—

'AINING WALLS. By JamesS. Tate, C.E

No.8. A TREATISE ON THE COMPOUND ENGI

ohn Turnbull, Jr. Second edition, revised by Prof. S. “’
obinsSon. ...cove it iiiiiiiis ciiieas

No. 9. FUEL. By C. William Siemens, D owhnch isa

- nded the VALUE OF ARTIRICIAL FURL AS'CO
BARED WITH COAL. By John Wormald, C.E .......... 50

No. 10. COMPOUND ENGINES. Translated from the French
of AL Mallet .... ......oeeh ciieer tiiininiiieiaa.

No. 11. THEORY OF ARCHES. By Prof. W. Allan. ..

No. 'l'l'ZZCA THEORY OF VOUSSOIR ARCHES By Prof w

No. u FRICTION OF AIR IN MINES By J. J. Atkinson... so
No. 1; chKEW ARCHES. By Prof. E. W. Hyde.C E. l“nl-
........................................ . 50
No. 16. A GRAPHIC METHOD FOR SOLVING CERTAIN
ALGEBRAIC EQUATIONS. By Prof. George L. Vose... 50
No. 17- WATER AND WATER SUPPLY. By Prof. W. H
Corfield, of the University College, London ............ ..... 50
No. 18. SEWERAGE AND SEWAGE_UTILIZATION. By
Prof. W. H.Corfield, M.A,, of the University College, Lon-

No. x STRENGTH OF BEAMS UNDER TRANSVERSE
LOADS. By Prof. W. Allan, author of “Theoryof Arches” so
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No.20. BRIDGE AND TUNNEL CENTRES. By John B Mc-
aster, C.E.....cooiieuiiieiiiiiniiiiiniieninies cannns . 50
No. 21. SAFETY VALVES By Richard H. Buel, C.E
No. ézE HIGH MASONRY DAMS, By John B. McMaster,
...... ee eee mareceseiceseeens seeesiees ae saieeen 60
No. THE FATIGUE OF METALS UNDER REPEATED
Sz"i'RAlN S, with Vunous Tables of Results and Experiments.
From the German of Prof. Ludmz Spangenburgh with a
Preface by S. H. Shreve, AM .. .
No. A PRACTICAL TREA'IISE ON THE TEFT OF
W LS. By Prof. S. W. Robinson.........ccouuvenrannn. 50
No. 2 ON THE THEORY AND CALCULATION OF COX\-
TiNUOUS BRIDGES. By Mansfield Merriman, Ph.u..... 50
No. 26. PRACTICAL TREATISE ON THE PROPERTIES
OF CONTINUOUS BRIDGES. By Charles Bender, C.E. 50
No 27. ON BOILER INCRUSTATION AND CORROSION
-By F. J. Rowan .
No 28. TRANSMISSION OF PO
By Albert W. Stahl, U.S. N....ooiiien tiiiiiinniennennn 5o
No. }2 STEA\( INJECTORS Tmnslated from the French of
Leon Pochet ... ..........coiviih 0 eieiiieiin caieen 50
No. ﬁo TERRESTRIAL MAGNETISM AND THE MAG-
TISM OF IRON VESSELS. By Prof. Fairman Ro-

50
No. l?ll THE SANITARY CONDITION OF DWELLING-
S IN TOWN AND COUNTRY. By George E.

Waring, L T . 50
No. ev CABLEAMAKING OF SUSPENSION BR]DGES By

Hildenbrand, C.E. ....... ... ........ . .....% 50

Noa FOUNDA’I‘]ONS By Prof. Jules Gaudard, éE Trans-
fromthe French, ...... . 0.... ............. ... 50

No,}i. THE ANEROID BAROMETER: ITS CONSTRUC-

AND USE. Compiled by George Plympmn
Secondednwn......... .................................. 50
No. 36. MATTER AND MOTION. By]. Clerk Maxwell M.A. 50

No. 37. GEOGRAPHICAL SURVEYING: Its Uses, Meth-
s, and Results. By Frank De Yeaux Carpenter, CE, 50

No. MAXIMUM STRESSES IN FRAMED BRIDGES.
y Prof. Wm. Cain, AM,,C.E... .........0vvve vuvinnnnnn... 50

No. ﬁ A HAND—BOOK OF THE ELECTRO-MAGNETIC
GRAPH. By A.E. Loring................... . 50

No.xo TRANSMISSION OF POWER BY COMPRESSED
By Robert Zahner, M.E . 50
No 41. STRENGTH OF MATERIALS, By Wm.
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No. 42. VOUSSOIR ARCHES APPLIED TO STONE
BRIDGES, TUNNELS, CULVEKTS, AND DOMES. By
Prof. Wm. Cain...c.ciiiiiiiiiniiiiiariiteieniaecncsenennes 50

No. 43. WAVE AND VORTEX MOTION. By Dr. Thomas
raig, of Johns Hopkins University... ceee

No. 44. TURBINE WHEELS. By. Prof. W. P. Trowbndge.

Columbia College ............... [ITTTTN cessenccesns o ee eenn 50
No, 45. THERMODYNAMICS, By Prof. H. T. Eddy, Univer-
sity of Cincinnati. ....coiviiiiiis tiiiiiiiiies eieienianaa.
No. ﬂﬁ' ICE-MAKING MACHINES. From the French of M.
€ DOUX.. ... ot seeerecceiaei nereasicnsenssossssseniannnnn .

No. 67 LINKAGES: THE DIFFERENT FORMS AND
ES OF ARTICULATED LINKS. By J. D. C. De

THEORY OF SOLID AND BRACED AR(,HES By
m. Cain, C.E.

No. 49. ON THE MOTION OF A SOLID IN A FL UID
By Thomas Craig, Ph.D......ccocoiiiiis viveiiiienns covenn 50
No. so. DWELLING HOUSES : Their Sanitary Construction
and Arrangements. By Prof. W, H. Corfield................ 50
No. ﬁl THE TELESCOPE : Its Construction, etc. By Thos.
olan

No. IMAGINARY QUANTITIES Translated from lhe
rench of M. Argana. By Prof. Hardy............

No. 53. INDUCTION COILS: How Made and How Used . 50

No.& KINEMATICS OF MACHINERY. By Prof l\cnnedy.
ith an introduction by Prof. R. H. Thurston.... . . 50

No. 55. SEWER GASES : Their Nature and Ongm By A De

No. 6. THE ACTUAL LATERAL PRESSURE OF EARTH-
ORK. By Benj. Baker, M. Inst. C e

No. ‘H INCANDEbCENT FLECTRIC LIGHTS WITH PAR-
CULAR REFERE TO THE EDISON LAMPS AT

THE PARIS EXHI IT ON. By Comte Th. Du Moncel,
Wm. Henry Preece, J. W. Howell, and others Second edi-

LT T

No. THE VENTILATION OF COAL—MINES By W.
airley, MLE., F.S.S....ciiiiiiiiiiiiiioiiiianneniinii. o 50

No. 59. RAILROAD ECONOMICS ; or, Notes, with Com-
ments. By S, W, Robinson, C.E............cooo il taananis 50

No. 60. STRENGTH OF WROUGHT-IRON BRIDGE MEM-
S. By S. W.Robinson, CE.....ccoviiieinennnnins vunn 50

No. 61 PO'I‘ABLE WATER AND_ THE DIFFERENT
METHODS OF DETECTING IMPURITIES. By Chas.
W. Folkard.. ............. coes cecene o eessresecsrctirtaaans 50
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No. 6: THE THEORY OF THE GAS ENGINE, ByDugald

No. HOUSE DRAIVAGE AND SANITARY PLU‘\(B-
y W. P. Gerhard.. 50

No.6¢ ELECTRO—MAGNETS By Th. Du Moncel.. 50
THMS TO FOUR PLACES DE-

No.66. DYNAMO-ELECTRIC MACH NERY. By S. P.
Thompson. With notes by F. L. Pope .............. ....

50
67 HYDRAUL%C];D}BI{‘IES BASED ON ¢ KUTTER‘S

MULA.”

No. 68 STEAM-HEATING. By Robert Briggs.
No. 69. CHEMICAL PROBLEMS, By Prof. J.C. Foye Sec-

ond edition, revised and enlarged ........... ciiiiiiiiiiieee 50

No. Lu EXPLOSIVES AND EXPLOSIVE COMPOUNDS.

Bertholet....cveierecenssonccesoncioacsones

No. 71. DYNAMIC ELECTRICITY. By John Hopkmlon,_)

A. Schoolbred,and R. E. Day ..coeuvieernecnnnsessracnnans

No. TOPOGRAPHICAL SURVEY!\G By Geo. ht,
;ro S. Hardy, John B. McMaster, and l{ “}la"pec

N SYV[BOL]C ALGEBRA ; or, The Algcbra of Algebraic
oﬁxm bers. By Prof. W. Cain! ,g .......... lgcmsc

No. 73. TESTING-MACHINES, Their History, "Construction,
and Use. By Arthur V. Ab bott.....

No. 7§{RECENT PROGRESS IN DYNAMO-ELECTRIC MA-
INES. Being a Supplement to Dynamo-l-_lectru: Ma-

chinery. By Prot. Sylvanus P, Thompson ..... . %
No. éﬁ MODERN REPROD['CTIVE GRAPHAC PRO-

ESSES, BylLt, Jas, S, Pettit, US.A...........cocvvvnnnnn. 50
No. 77. STADIA SURVEYING. The Theory of Stadia Measure-
ments. By Arthur Winslow .. .........0 ...,
No. 78. THE STEAM-ENGINE INDICATOR, and Its Use.
y W. B. Le Van..
Noﬁq THE FIGLRE OF THE EARTH. By .
oberts, C.E.... ...uiiiiieiiiaiiniiaiiniieerarriiee en os 50
Noé«i lIEALTHY FOUNDATIO]\S FOR HOUSFS By
............ eereceierieteeiiasenaes teveeees 50

No. 81, \\ATER METERS Comparative Tests of Aocu cy,
Delivery, etc. Distinctive features of the Wonbmzton,
nedy, Siemens, and Hesse Meters. By Ross E. Browne . 50
No. 82. THE PRESERVATION OF TIMBER by the use of
Antiseptics. By Samuel Bagster Boulton, C.E...............

ga MECHA\ICAL INTEGRATORS, By Prof. HenryS I'L
aw, C
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