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ously. Changes in temperature occurring on a lal
scale in our atmos‘)here, occurring in these gas jets, ih
our fires, in the axles of machinery, and in thousands of
other places, are so familiar that we have ceased to
wonder at them.

If we rub these two bodies together, the potential of
the two is no longer the same. We do not know which

one has become greater, and in this respect our know- ' which magnetized bodies are surrounded. The lines|or pu

ledge of electricity is less complete than of heat. We
assume that the gut{)&;j)ercha. become negative. If
we now leave these ies in contact, the potential of

of some interest if we here recapitulate some of the
more gtriking of these analogies.

(1.) In the first ﬁlwe the vibrating or pulsatin,
bodies, by setting the water or other mediumn in whic
they are immersed into vibration, set up in their im-
mediate neighborhood a field of mechanical force ver
closely analogous to the fleld of magnetic force with |

the cat’s skin will diminish and that of thggutta percha

will increase until they have again reached a common

potential—that of the earth. "As in the case of heat'

and cold. we may say either that this has come about
by a flow of positive electricity from the cat’s skin to
the gutta percha, or by a flow of negative electricity in
the Ioppostte direction, for these statements are iden-
tical.

In case of our gas cylinderx, the gas tends to leak out
of the vessel where the pressure is great ‘into the vessel
where it is small. The geat tends to leak out of a body
of high temperature into the colder one, or the cold
tends to go in the opposite direction. Similarly, the
Klus electricity tends to flow from the body having a

igh potential, to the body having a low potential, or
:he winus electricity tends to go in the opposite direc-

ion.

(ENGINEERING.]
THE - HYDRODYNAMIC RESEARCHES OF PRO-
FESSOR BJERKNES.

BY CoNRAD W. COOKE.

WE have in former articles described the highl.\" in-!

teresting series of experimental researches of Dr. C.

Bjerknes, Professor of Mathematics in the University

Fia. 1.

of Christiania, which formed ro attractive a feature in

the Electrical Exhibition of Paris in 1881, and which’
constituted the practical development of a theoretical |

research which had extended over a previous period of
more than twenty years. The experiments which we
described in those articles were, as our readers will re-
meiber. upon the influence of pulsating and rectilin-
early vibrating bodies upon one another and upon
bodies in their neighborhood. as well as upon the me-
dium in which they are immersed. Thix medium, in
the majority of Profexsor Bjerknes' earlier experiments,
was water, although he demonstrated mathematical-
ly, and to a swmall extent experimentally, that the phe-
nomena, which bear so striking an analogy to those of
mz}\gnetimn; may l{(: prod'u('ed i‘x_x air.
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of vibration have precisely the same directions and
form the same figures, while at the rame time the
decrease of the intensity of vibration by an increase of
distance obeys precisely the same law as does that of
! magnetic intensity at increasing distances from a mag-
netic body.

(2.) When two or more vibrating bodies are immersed
in a fluid, they set up around them fields of vibration,
and act and react upon one another in a manner closely
analogous to the action and reaction of magnets upon
one another, producing the phenomena of attraction
and repulsion. In this respect, however, the analogy
appears to be inverse, repulsion being produced where,
from the magnetic analogy, one would expect to find
:attraction, and eice versa.
I (3.) If a neutral body, that is to say a body having,
no vibration of its own, be immersed in the fluid and |
within the field of vibration, phenomenaare produced |
exactly analogous to the magnetic and diamagnetic
' phendmena produced by the action of a magnet

upon soft iron or bismuth, its apparently magnetic or ’

diamagnetic properties being determined by the spe-

- cific gravity of the neutral body ax compared to that of
the medium in which it is immersed. If the neutral
body be lighter than the medium, it exhibits the mag-
netic induetion of iron with respect to polarity, but is
nevertheless repelled; while if it be heavier than the
medium, its direction is similar to that of diammagnetic
bodies such as bismuth, but on the other hand exhibits
the phenomena of attraction.

In this way Professor Bjerknes has been able to re-
produce analogues of all the phenomena of magnetism
(and diamagnetisin, those phenomena which may be|
classed as effects of induction being directly repro-
duced, while those which may be classed as effects of
mechanical action, and resulting in change of place, are
analogous inversely. This fact has been so much mis-

understood both in this country and on the Coutinent .

|

pieces of bismnuth into diamagnets, and we will speak
of magnetic action as the property of a magnet b
which it attracts or repels another magnet, or by whic
it attacks or repels a piece of iron or bismuth magnet-
ized by magnetic induction.

The corresponding hydrodynamic phenomena may
be regarded in a similar manner; thus, when a vibrating
ting body immersed in a liquid surrounds itself

with a field of vibrations, or communicates vibrations
to other immersed bodies within that vibratory field,
the phenomena &0 produced may be looked upon as
phenomena of hydrodynamic induetion, while on the
other hand, when a vibrating or pulsating body at-
tracts or repels another pulsating or vibratory body
(whether such vibrations be produced by outside me-
chanical agency or by hydrodynamical induction), then
the phenomena so produced are those of hydrodynam-
ical action, and it ir in this way that we shall treat the
phenomena throughout this article, using the words
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indncetion and direct action in these sommewhat restricted
meanings. :

In the hydrodynamical experimentsx of Professor
Bjerknex all the phenomena of magnetic induction can
be reproduced directly and perfectly, but the phe-
nomena of magnetic action are not so exactly repro-
duced, that is tosay. they are subject to a sort of in-
version. Thus when two ies are pulsating together
and in the same phase (i. ., both expanding and both
contracting at the rame time), they mutually attract
each other; but if they are %}llmtin in opposite phases,
repulsion is the result. rom this one experiment
taken by itself we might be led to infer that bodies
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plaited manner. This arrangement makes a porous
carbon of high resistance, although each separate
strand is extremely dense and homogeneous. Fromm this
results the fact that they burn away entirely, not dis-
integrating in the customary way with pressed and
moulded carbons, thus avoiding a considerable annoy-
ance from the dust. The heated part of these cords is
eontined within narrow limits, and embraced withinthe
flaine, thereby aiding total consumption and dissipa-
tion of the elements. The resistance of this carbon per
foot is about 10 ohms cold; this necessitates the con-
tacts being very near the extremitier and close to the
arc, which is also of high resistance, approximating
from 15 to 20 ohms.

The lamps can be run either in series or in parallel
circuit; as an instance of parallel running, they have
been worked in seven parallels with three in series.

Those exhibited were working with a current of 2:27
amperes, measured by a Siemens electro-dynamometer
with a potential of, it was said, 37 to 40 volts; the
candle-power was considerably over 100, and it had
been measured with a larger current to produce 250
candles per lamp.

The light was good, with a slight but not disagree-
a?&e tint, and the steadiness was up to the usual stand-
ard.

A few mechanical improvements that are about to be
made in various details of the construction should ren-
der this lamp an electrical and commercial success.
For street lighting alone there should be a large de-
mand, the carbon costing very little relatively to
moulded ones, and the ainounts of each lamp in candle-
power being highly suitable for that purpose, while
they can run for some days without attention.—Elec-
trical Review.

[Continued from SurpLEMENT No. 488, page 7792.]
THE HYDRODYNAMIC RESEARCHES OF
PROFESSOR BJERKNES.

By CoNrAD W. COOKE.

WE shall now refer to the three classes of phenoiena
itllxl detail, and in the order in which we have classified

em :

1. The effect of the vibrating cylinder upon the fluid
in which it is immersed may be investigated by the ap-
paratus which we figured and desecribed in connection
with Professor Bjerknes' earlier experiments,* and

‘tical in form with the arrangewment of magnetic par-|
|

Fio. 6.

which conasisted of a hollow metal eylinder with hemi-
spherical ends supported upon a vertical fine elastic

steel wire, rising from a firm stand, and surmounted by | up in that me

which, and parallel to its plane, is fixed a wire through
which a current of electricity is being transmitted; see

Fig. 6.

Ff two cylinders each circularly vibrating about their
vertical axes, and of the formm shown to the left of
Fig. 3, be introduced into a viscous medium, such as
maize sirup, and within the range of each other’s field
of vibration, figures way be produced with the record-
ing apparatus which are identical with the filing figures
produced upon a horizontal plate around two vertical
wrinnoe annvavine alantrin eanvrante  If the two evlinders

SADSAYY YOAV samAat oo e mes — o - - e - s .
figure be compared with Fig. 8, which is a reproduction
of the filing figure produced on a horizontal plate of
glass around two wires whose direction is parallel to

he plane of the plate, and through which electric cur-
rents are being transmitted in opposite directions, it
will be seen that the two figures are identical.

If now the two cylinders be similarly placed within
the viscous medium, and they be circularly vibrated,
but in the same phases, that is to say, both moving to
the rifht or both moving to the left at the same time,
then the recording apparatus will trace out a diagram
similar to Fig. 9, and on comparing this figure with the
filing figure, shown in Fig. 10, it will be seen to be iden-
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ticles around a field of force produced by two parallel
electric currents, moving in similar directions, but per-
pendicular to the plane on which the magnetic particles
are scattered.

One of the most interesting of this series of Professor

1bears a remarkably close analogy to the effects pro-
. duced by electric currents transmitted through conduct-
. ors, of which one or more are capable of moving under
.the influence of whatever dynamical forces may be
i called into action. These phenomena were investigated
by Ampere in a research which has long become clas-
sical, and it will, in this place, be necessur[\;only to refer
to one figure connected with that research as explana-
tory of Professor Bjerknes' hydro-dynamic analogne
of the mutual action of electric currents upon one an-
other. If a wire, A (Fig. 13), through which an electric
current is being transmitted in the direction of the ar-
row, be presented to the vertical side, a, of the light
wire frame ab ¢, which is pivoted in the two 'nercury
cups, £ and él' so that the current in A and in e are
parallel, and in the same direction, attraction will take

lace, and the frawme, a be, will follow the wire, A, if
{)he latter displaced. If, on the other hand, the

wire, A, be be placed near to the opposite side of the
frame, ¢, 8o that the two currents while parallel are in
opposite directions, repulsion will ensue. If now a
wire conveying an electric current be placed below the
frame as at B, attraction will take place when the cui-
rents in the wires, B and b, are in the same direction,
and the frame, a b ¢, will place itself in such a ition
that b becomes parallel to B; but if the currents in the
two wires be opposite in direction, repulsion will take
' place, and the frame will rotate until its plane becomes
' perpendicular to B. Once more, if the wire conveying
the current be presented to oue side, ¢, of the movable
frame, but in a plane perpendicular to the plane of the
frame as at d, then a deflection of the frame will take
lace, and if the wire, d, be moved lower down, the de-

. flection will become less and less, until a point, @', is
reached which is opposite the middle of the length of

Bjerknes' experiments is the reproduction in a viscous
medium of afield of vibration represented by a diagram
which is identical with that obtained by iron filings |

around a magnet through which an electrie current is
being transmitted. Professor Bjerknes, reasoning that

| while a bodyJ)ulsating within a viscous medium sets
ium radial lines of force, and a circular-

a camel’s hair pencil, which, projecting out of the fluid .y vibrating body produces a field of concentric circles

in which the apparatus is immersed, can be made to
record the direction and amplitude of the vibrations on
the under side of a plate of glass or sheet of paper.
When this apparatus is immersed in flycerine, and
glaced in different positions within the field of in-

uence of a vibrating cylinder (such as that shown in
Fig. 3), a diagram can be produced which is a graphic
record of the directions and extent of the vibrations
within that field of influence, but it will be found that
in the case of glycerine the field of influence extends
but a short distance from the vibrating cylinder, and
that the motion communicated to the fluid by the vi-
brating cylinder, which at the surface of contact is very
nearly equal to that of the cylinder itself, very rapidly
falls off as the distance from the cylinder increases, and

\"\ /s Fig 7
o !/ S
AN AR
oo
ISR
....... AR
/

that, moreover, the phase of vibration is more and
more retarded until at a few millimeters distance from
the cylinder the direction of movement is reversed;
showing that the ratio of the coefficient of viscosity to
the density of the fluid is not large enough to insure
the most marked results.

By employing in the place of glycerine a fluid, such
as maize sirup, of far greater viscosity, a diagram may
be obtained, illustrating not only a largely extended
field of force around the vertical vibrating cylinder, but
the figure soproduced is identical with that obtained by
iron filings scattered over a glass plate and around a
vertical wire, through which an electric current is pass-
ing (Fig. 1, see page 7791 ante). And in the same me-
dium, by employing the horizontal vibrating cylinder
shown in Fig. 5, in conjunction with the secondary ap-
paratus, a figure is obtained which is identical with
that produced by iron filings on a glass plate, below

® Sec Engineering, vol. xxxili., pagu 102,

| of force, combined the two and produced the diagram, -

Fig. 11, in which a spiral figure 18 drawn which isa sort
of compromise between the radial lines of force and the
concentric circles Froduced by a circularly vibrating
body. Fig. 12 is the figure produced around the pole
of a magnet through which an electric current is being
transmitted, by iron filings scattered on a plate, the
plane of which is perpendicular to the axis of the mag-

FiG. 10.

net, and to the direction of the electric current, and it
will be seen that the figure drawn by Professor Bjerk-
nes’ apparatus is identical in formm with it ; thus giving
another striking examﬁle of the very close analogy
which exists between the effect of vibrating bodies in
a viscous medium and magnetic and electric phe-
nomena.

2. We will now consider the mutual effect produced

by bodies circularly vibrating in the same viscous me- '

dium, and it will be seen that this class of phenomena

F1a. 12.
C; at this neutral point no deflection will take place,
and if the wire be still further lowered, it will deflect

the fraine in the opposite direction, and this deflection
will increase as the wire is lowered, until it reaches the
point, d’, where the deflection will have reached its
maximum, being equal to what it was when the wire
was at d, and in an opposite direction.

All the above phenomena Professor Bjerknes has
been able to reproduce hydrodi;namically with remark-
able accuracy, by means of the very beautiful appa-
ratus shown in Fig. 5 (see page 7791 ante), and illustrat-
ed in the diagram, Fig. 13, so far as its essential parts
'are concerned. This apparatus consists of a light frame
| delicately poised between vertical axes on a rigid
stand, F' F, and carrying four cylinders, A, B, C, and D,
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!twp of which, A and B, are vertical, while the other
, pair, C and D, are horizontal. On reference to Fig. 5
.1t will be seen that their axes form together a square,
symmetrically disposed about the vertical axis of the
frame. The ends of these cylinders are geared together
| by bevel wheels, and they are set into circular vibra-
. tions around their respective axes by a little vibrating
membrane stretched over the air chamber, E, which is
connected by the flexible tube, M, to the pulsating
Fump. The mechanical arrangement is precisely simi-
ar to that illustrated in Fig. 4 (page 7791 ante), there
being a small connecting-rod attached to the center of
the membrane in E, and taking hold of a crank-pin in-
side the slot shown in the eylinder C (Fig. 5). hen
all these cylinders are set into oscillation, they, repre-
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" sent a closed electrical circuit such as that illustrated
in Fig. 13, and the eight arrows around the figure
(Fig. 14) indicate the direction of that current.

If now the vertical oscillating cylinder (shown at A,
Fig. 3, page 7791‘2‘1)@ placed close and parallel to the ver
tical eylinder, A or B (Figs. 5 and 14), repulsion will
take place when the two c¢ylinders are rotating in the
same phase, that is to say, when they are both moving
to the right or to the left at the sane tine; but when
the cylinﬁers are oscillating in opposite phases, at-

traction will take place. These phenomena are illustrated
in Fig. 15, the upper part of the figure marked R il-
lustrating the repulsion between two eylinders vibrat-
ing in similar phases, and the lower part of the figure
marked A shows the attraction effect of two cylinders
vibrating in the opposite phases.  The curved arrows
indicate the direction of rotation at any given moment,
and the straight arrows show the direction in which the
cvlinders tend to move through the medium. It will be
obeerved that these phenomena are closely analogous
to the action of electric currents upon one another, as
illustrated in the diagram, Fig 13, although the pheno-
wena of attraction and repulsion are inversed.

If now we take the horizontal vibrating cylinder, (&,
Fig. 5. and place it close to the lower horizontal cylin-
der.D, as is shown in Fig. 5. and again in the diagram,
Fig. 14. the whole system of vibratingeylinders, A, BC,
and D.will turn until the axis of the evlinder, D, liex in
the same plane as that of the eylinder, GG, and is moving
in the opposite phase; and this will be its position of
stable equilibrium; but if the frame earrying the cy-
linders be turned through an angle of 180 deg., the two
cylinders will again become parallel; this time, how-
ever, their phases of oscillation will be similar, and the
apparatus will be in its position of unstable equili-
brium, as may be shown
right or the left. when it will immediately turn until
the cylinders again become parallel and are vibrating

_@n@_.

Fig.15.
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in opposite phases. In the porition shown in the dia-
gram, Fig. 14, the balance is in stable equilibrium when
the eylinders are oscillating in the phase indicated by
the arrows, ) and y. and is in unstable eqguilibrium
when oscillating in the phases indicated by the arrows,
D and x. If the eylinder, (1, be placed above D in such
a position that its axis lies in a plane perpendicular to
that of the axis of D (as is shown in Fig. 16), that is to
gay, in that position which is farthest from that in
which the two axes of the eylinders lie in the same
plane. then, if the two eylinders are oscillating in the

phiases shown by the arrows (i, and D (Fig. 16), the axis

of (+ will turn in the direction shown by the arrow, z,
until parallelisin botween the cylinders is reached; and
this corresponds very exactly with Ampere’s experi-
ment with two electric currents similarly disposed.

In the last mentioned series of experimnents, Profes-
sor Bjerknes has produced the hydrodynamic ana-
logues of attraction, repulsion, and rotation, by which
what is called *‘action at a distance” is ordinarily
made manifest in electro-dynamics, and in all cases has
he demonstrited this by the use of circularly vibrating
eyvlinders. He has, however, gone a step farther, for
he has been able to reproduce phenomena analogous
to the action of other electrie currents upon one an-
other, such as we have already described in connection
with Fig. 13; as, for example, the effect upon the cur-

Fiy. 15,

rent in the upright wire, C (Fig. 13), of a current pass-
ing through a wire whose plane is perpendicular to that
of C, when in the positions indicated in the positions
d’ and " as well as in positions intermediate between
them. Fig. 17 shows the arrangement of the apparatus
for producing the analogues of these phenowena,
B, . and D are the four cylinders shown in Fig. 5, and
which together are free to turn around a vertical axis;
G is the horizontally vibrating cylinder, and if it be
laced near to but at the upper end of A, the whole
)eing submerged in viscous fluid, the latter will swing
round either forward or backward according to the
wmutual phases of A and G; if the phases are those indi-

vy moving it slightly to the

cated by the arrows in the figure, then A will move
forward in a direction perpendicular to the plane of
the paper; on lowering the position of G this deflective
action will become smaller and smaller until it reaches
a point, @, (:Fposite the middle of the length of A,
where it will disappear altogether; and on still further
lowering the cylinder, G, the deflective action, becowes
stronger and stronger, but this time in the opposite di-
rection, until the point, G, is reached, at which it again
ed a maximum; and on comparing these hydro-

dynamical phenomena with the electrical phenomena
described in connection with Fig. 13, it will be seen that
that they are inverse to one another.—Engineering.

ON THE PRODUCTION OF ALTERNATING CUR-
RENTS BY MEANS OF A DIRECT CURRENT
DYNAMO-ELECTRIC MACHINE.

By JoHN TROWBRIDGE and HAMMOND YINTON
HAYES.

IT is often desirable to transform a direct current
into an alternating one for the purpose of obtainin
electricity of high tension by means of a Ruhmko
coil, for studying the effects of stratifications in vacuum
tubes, or for employh’ﬁl alternating currents in the
study of magnetism. e best way is undoubtedly to
employ an alternating dynamo-electric machine, as has
been done by Spottiswoode. When, however, only a
direct current machine is available, the following
method can be employed :

The dynamo machine, if it is not a shunt wound ma-
chine, is shunted by a suitable resistance. We have
employed for this purpose thin ribbon steel about 15
iem. broad and 001 mm. in thickness. The remainin
portion of the current from the machine is conduct
to two brass or copper seginents, u, ¢', Fig. 2. This cur-
rent is led to the primary coil for, for instance of a
RuhmkorfT coil from two other segments, b, b'. These
segments are fixed upon a cylindrical shaft, A, Fig. 1,
which is stationary. A belt passing over the pulley, B,
turns the wheel, C, upon the face, D, of which revolve
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four brushes which connect the adjoining segments.
The brushes, a «, b b, are made adjustable, the two ad-
joining brushes being electrically connected, and a
t2mall stream of water plays upon the segments of the
commutator. The character of the spark produced by
‘a Ruhmkorfl coil which is marked by alternating cur-
: rents has been studied by Spottiswoode. Without eon-
densers in the secondary circuit a bright yellow glow
spans the distance between the two terminals of the
coil, which partakes more of the character of a voltaic
are than of the ordinary discharge from a Ruhmkorff
coil. The apparatus we used produced three thousand
reversals & minute. This rate was too rapid for the
best effects with a Ruhmkorff coil. It enabled us,
however, to study the musical note produced in the
cores of the electro-magnet by rapid reversals of the
current in the clectro-magnet, and also the heating
effects which have been so often studied.
Jefferson Physical Laboratory.,
—Amer. Jour. Science.

SOME PROPERTIES ()IV‘1 THE ETHER.

AT arecent meeting of the Royval Society, a model
was presented, illustrating some properties of the ether,
by Prof. (. F. FitzGerald, M.A., F.R.8. The model
consisted of a series of wheels arranged at equal dis-
tances along parallel rows on axes fixed perpendicular-
ly into a board. The wheels were connected together
by India rubber bands, ench wheel being so connected
with its four neighbors. Under these circumstances it
was shown that if any wheel was turned all the wheels
turned simultaneously, and that, except for friction on
the axes, ete., they would all turn equally. It was ex-
plained that the model only exhibited properties of the
ether itself, and did not exhibit the connections of mat-
ter with ether. A region within which the bands did
not slip represented a non-conducting region, and differ-
ences of elasticity of the bands represented differences
of specific inductive capacity: slipping of the bands re-
presented a conducting region, and complete absence
of bands represented a perfectly conducting region.
When bands were remnoved from a certain region and
all around it a line of bands left, and all around out-
| side this again a conducting region, then if a conduct-
ing line connected these regions, the wheels along this
line might be turned in opposite directions, and when
this is done all the non-conducting region is thrown
into a state of stress by all the wheels not rotating
eoqual amounts, in which the bands are tight on one
side of a pair of wheels and loose on the opposite side.
It was explained that this exhibited the polarization of
the medium between two oppositely charged conduct-
ors, the direction of polarization being at right angles

| the nature of rigi

to these bands— 1. e., in the line joining the conductors
—the medium in this state representing a charged Ley-
den jar, the two opposite electrifications being repre-
sented by the tight and loose bands, one conductor
being bounded entirely by tight bands and the other
by loose ones, and the electric displacement of Maxwell
being represented by the difference between the two
sides of a band. If the bands along any !ine between
the two conductors slipped, all the energy « f ihe medi-
un was spent along this line in friction, and .} is repre-
sented a discharge along the line. This energy was
conveyed into the line of discharge by its side and not
along its length in accordance with what Prof. Poynt-
ing has recently shown to be the case in all electric cur-
rents. If the resistance along the line of disch

were sufficiently small, the momentumn of the wheels
would carry them beyond their position of equilibriuin,
and the well-known phenomenon of an alternating dis-
charge would be represented. 'This led to the observa-
tion that the magnetic displaceinent was represented
by the angular velocity of rotation of the wheels and
the gelf-induction by their momentum. It was remark-
ed that the mechanical attraction between the two con-
ductors was not represented, but it was explained that
as this depends on;the connection of matter with ether,
it would require more complicated mechanism. 1t was,
however, pointed out that by supposing the wheels
slightly distorted by the stress, and by supposing a
thread wound around them, and each end connected
with the material of,a conductor, a force would be pro-
duced drawing the conductors together, owing to the
circumference of a distorted wheel being longer than of
an undistorted one. 'This force would ge proportional
to the square of the distortion, a necessary condition not
satisfled by ordinary stresses, and would be, if exerted
between two infinite planes, independent of their dis-
tance apart, and so must represent a force varying in-
versely as the square of the distance. Returning to
the electric currents, it was shown that by turning the
wheels at any point of a conducting circuit the whole
region was filled with turning wheels—:. e., with mag-
netic displacement—and that, if a resistance were in-
troduceJ at any point of the circuit. the energy would
be transferred to that point through the medium, and
enter by the side of the conductor. 1f two independ-
ent conducting circuits existed near one another, it was
shown that the phenomena of induced currents were
represented. It was explained that the mechanical
force was not represented, as it depended upon the con-
nection between matter and ether, but that it might be
looked for as in some way depending on the centrifugal
force arising from the rotations. The equations repre-
senting the energy of the model are of the same form as
those of Maxwell representing the energy of the ether
when limited by the consideration that t{e wmodel was
only in one plane. It was explained that a tridimen-
sional model whose energy coui)d be represented by the
same equations as Maxwell’s could not be constructed
with India rubber bands, but might be constructed by
means of wheels pumping fluid through pipes. This
led to the observation that the propagation of waves
by transverse vibrations could ge illustrated by the
model, and it was explained how a sudden turning of

e

any set of wheels would start a wave-propagation
whose direction of propagation was at right angles to
the directions of magnetic displacement and of electric
displacement. the former represented by the axes of
rotation and the latter by the line joining the centers
of a tight and loose band. It would be possible theore-
tically to construct a model illustrating the laws of re-
flection and refraction of light even at the surfaces of
crystalline media, and to reproduce conical refraction.
It was explained by twisting the medium the rotatory
polarization of quartz might be represented, and that
probably a mechanisin might be introduced by which
the rotation of other wheels or of something besides
the wheels being altered by the rotation of the wheels,
a reaction of the former on the latter would reproduce
magnetic rotatory polarization. It was pointed out
that both magnetic rotatory polarization and dispersion
were due to a reaction of the medium during the wave-
propagation, and not to a change of the medium inde-
pendent of the wave-propagation. It was explained
that it was not to be supposed that the ether was con-
structed of wheels and India rubber bands, nor even
of wheels pumping fluid in pipes, but it was pointed
out that some properties of the ether might be gather-
ed from the model if it be assumed that the qualities of
the ether represented by symbols obeying the laws of
rotation for instance are really of the natureof rotation.
If this be 8o, the ether must be such that any part of it
can rotate as often as it likes, provided|all the neighbor-
ing’parts rotate equally, and the electrostatic stressesin
the ether must be due to the difference of rotation of its
parts. 1f the ether be a perfect liquid, it can only have
such properties as represent rigidity by being in
motion, and it was explained that many electrical
phenomena might be illustrated by the polarization of
the vortical motions in a vortex-sponge. Sir Wm.
Thomson has {)ointed out that such a state of polariz-
ation as a single vortex region in the center of a cylin-
drical box will not of itself change unless it can spend its
energy on the box, which is quite analogous to the fact
that the energy of the polarization of the ether does
not disappear unless it can produce heat or mechanical
or other forms of energy. It was also pointed out that
forces depending on small vortices vanished at small
distances from them, and that hence forces depending
on their polarization between two infinite planes would
depend on the polarization and not on the distance
between the planes, and so must be of the nature of
forces varying inversely as the square of the distance.
It was explained that the modes of polarization of vor-
tices were suflicient to explain both electrical, magnetic,
cohesional, and chemical forces. 1t was finally reiterat-
ed that the only &Oa'sible way of giving anything of

ity to a perfect liquid was by confer-




7842

SCIENTIFIC AMERICAN SUPPLEMENT

No. 491.

May 30, 1885.

ring motion on it, and that it seemed likely that any

mechanical properties could be conveyed by suitat_)lﬁ

chosen motions. This was quite in accordance wit

g{ir %Thomson‘s suggestive address to Section A at
on .

THE HON. SIR WILLIAM R. GROVE, D.C.L.,
F.R.8.

WILLIAM ROBERT GROVE was born at Swansea in
1811. His father was a justice of the peace and Deputy
Lieutenant for the county. He received his early
education at Swansea Gramnar-school, whence he
ga.ssed to Darlington House, Bath, and afterward to

razenose College, Oxford. It was orginally intended
by his parents that he should enter the Church ; but
for conscientious reasons he preferred to adopt the
le%.l profession, and was called to the bar in 1823.

uring an interval of forced leisure, occasioned by _xll
health, Mr. Grove was led to return to the favorite
study of his youth—electricity. Original research was
soon followed by important discoveries. In 1839 he
communicated to the Academie des Sciences, through
M. Becquerel, the first idea of the i&s battery (after-
ward produced by him in 1841), viz., the fact that *‘if a
positive electrode be immersed half in water and half
1n a tube of hydrogen, and a negative electrode in wa-
ter and oxygen, the water ascends in the tubes, the
galvanometer is deflected, and the water is decomnpos-
ed and recomposed by galvanic action.” Later on in
the same year Mr. Grove discovered the nitric acid
battery which bears his name, announcing it to the
world in a communication to the Academie. In 1840
he was elected a member of the RoEa.l Society. In the
followix:f year he laid before the Electrical Society a
new and ingenious process for engraving daguerreo-
tgre ﬁictures by means of electricity. mn_ 1840 to
1847 Mr. Grove was Professor of Experimental Philoso-
3hy at the London Institution, and it was in a lecture
elivered there in 1842, *“*On ti)e Progress of Physical
Science since the Opening of the Longon Institution,”

PURIFICATION OF DRINKING WATER BY
‘ ALUM.*

By Profs. PETER T. AustEN, Ph.D., F.C.8, and
FRrRANcCIS A. WILBER, M.8.

THE many discoveries that have been made during the
last few years in re to the transmission of diseases
by drinking-waters have caused attention to be directed
to the methods of its examination and the processes for
purifying it. Cheinical analysis can establish the pres-
ence of albuminoid matter in water, and by its means
we are able to state if the water under examination can
become a suitable nidus, or medium, for the develop-
ment of disease germs. If the germs are aqtua.llﬁ_therq,
or if the water contains a virus, or ptomaine,t biologi-
cal examination alone can determine.

‘While physicians and scientific men are experiment-
ing on the methods of water examination, and are en-
deavoring to understand fully the meaning of the re-
sults obtained, the public are chiefly interested to have
some method by which they can purify their drinking
water in a simple, cheap, efficacious, and expeditious
manner.,

Running over the substances which have been sug-
gested and tried for the purification of water, there is
none that seems to offer the advantages of alum. Par-
ticular attention was directed to its use by Jeunet in
1865, in an article published in the Moniteur Scien-
tifique (page 1,007). He found that 04 gramme of alum
to a liter of water (23'8 grains to one on) rendered it
drinkable, even when'it was quite full of foreign mat-
ter. The time taken for this clarification was from
seven to seventeen minutes.

Alum is a double sulphate of potash and aluminum,
and in this case breaks into potassium sulphate, which
remains in solution, and a basic aluminic sulphate.
This basic sulphate of aluminum, the composition of
which is undetermined, precipitates as a more or less

elatinous and flocculent mass, and carries down with
it the foreign matters and humus bodies. The sulphur-

SIR WILLIAM R. GROVE.

that he briefly and clearly communicated the theory of
the ** Correlation of Physical Forces.” This lecture
was afterward further enlarged and published in 1846,
since which time it has passed through several editions.
The position taken up, to quote Mr. Grove's own
words, was ‘‘ That the various affections of matter
which constitute the main objects of experimental

hysics, viz., heat, light, electricity, magnetisin, chem-
ical affinity, and motion, are all correlative, or have a
reciprocal dependence. That neither, taken abstract-
edly, can be said to be the essential or proximate cause
of the others, but that either may, as a force, produce
the others; thus heat may mediately produce electri-
city, electricity may produce heat ; and so of the rest,
each merging itself as the force it Eroduces becomes
developed; and that the saine must hold good of other
forces, it being an irresistible inference that a force
cannot originate otherwise than by generation froin
some antecedent force or forces.” In spite of a steadily
increasin% professional work, Mr. Grove still continued
to apply himself to scientitic research. In 1847 he re-
ceived the medal of the Royal Society, for his Bakerian
lecture on ** Voltaic Ignition, and on the Decomposi-
tion of Water into its Constituent Gases by Heat.”
Passing over several papers on the gas pile, ete., he
spent some time in examination of ‘‘ the electro-chem-
ical polarity of the s,” ‘‘the electricity of flame,”
and the construction of a flame pile. He also conduct-
ed several experiments in search of the conversion of
electricity into motion. In 1866 he was President at
the eeting of the British Association at Nottingham,
when he delivered an address on the ‘‘ Continuity of
Natural Phenomena.”

In the midst of all this activity in study’and research,
which entitle Sir Williamm Grove to so high a position
among ‘‘ Leaders of Science,” it is hardly credible that
he should have yet been able to reach as high an emi-
Nence in his own profession. He became a Q.C. in
18353, has been a member of several Royal Comnmissions,
Wag knighted in 1871 on his elevation to the judicial

nch, as Justice of the Common Pleas, and, by the
Operation of the Judicature Act in 1875, was appoint-
ed g Judge in the High Court of Justice.—Science
Monthi

. .

ic acid set free in the formation of the basic aluminic
sulphate attacks the earthy and alkaline carbonates
which are always present, and forms with them sul-
phates, setting carbonic acid free. Aluminic sulphate
acts like alumn. Aluminic acetate and ferric acetate do
not give such good results. Peligot, however, found
that ferric chloride (sesquichloride of iron) acted well,
a?gl Scherer recommends the use of a neutral sulphate
of iron.

In the last years an extensive use of alum has been
made in the many processes of purifying water, sewage,
etc. It is not improbable that aside from its effect in
precipitating matter mechanically by envelopment
with the precipitating basic aluminic sulphate, the
alum exerts a distinct coagulative action on the albu-
minous substances in the water, rendering them insolu-
ble, and thus causing their precipitation; perhaps the
same or similar effect that alum produces in the tan-
ning of leather. One of the most Hprominent aﬁplica-
tions of aluin at present is in the Hyatt filter. the
addition of a minute amount of alum, water is rendered
capable of a most perfect mechanical filtration.

he fact that alum is cheap, and can be obtained in
uite a pure state at any drug store, places it withir
the reach of every one. 1ts sharp taste precludes the
possibility of its being swallowed by mistake. But

even should it be swallowed by mistake, no great harm !

would be likely to ensue, unless a large ampount were
taken. In medical treatment as high as 80 grains are
given in a single dose, and this may be repeated four
times per day. If it can be proved that alum not only
clarifies a water, but also removes from it direase gerins
and ptomaines, its use will prove of incalculable value
to the human race, for facts begin to indicate that a
vast number of diseases are communicated through
drinking-water.

The investigation of the effects of alum on drinking
water falls under the several heads—

1. Clarification of the water b%' settling.

II. Clarification of the water by filtration.

* From the advance sheets of the Annual Report of the State Geologist
of New Jersey for 1884.

t Putrefaction alkaloid.

II1. Use of water clarified by alum in manufacturing.
IV. Removal of disease germs.

V. Removal of ptomaines.

VI. Removal of organic matter.

The investigation must needs be both chemical and
biological. Only thefirst and part of the second cases
have so far been examined.

1. THE EFFECT OF ALUM IN CLARIFYING WATER BY
SETTLING.

It is evident that to obtain practical results in the
clarification of water by alum, it must be added in such
small amounts as to leave no unnecessary excess, and
that neither taste nor physiological action should be
imparted to the water. . At the time of our experiments
(January, 1885) the New Brunswick city water was
quite turbid from clayey and other matters, so that we
were able to obtain some very reliable results.

The amount of alum used in the experiments of
Jeunet seems to be unnecessarily high, in case the
water is to be drunk. Water was treated with the
amount of alum recommended by Jeunet (23°8 grains
to the gallon), but no perfect settling was obtained
under six hours or more; in some cases not under
twelve hours. The water thus treated had no percep-
tible taste of alum, but it gave a decided reaction for
alumina when treated with ammonia, showing that
the water contained a certain amount of free alum.
While the amount is evidently too small to produce any
physiological effect, there seems to be no necessity to
use such an excess.

To determine the effect of alum as a precipitating
agent, tall cylinders were filled with water and a solu-
tion of alum was added, the whole well mixed, and
allowed to stand. Itwas found that in varyinglengths
of time, depending on the amount of alum used, a gela-
tinous precipitate settled out, and the water above it
became perfectly clear. On adding a relatively large
amount of alum, and mixing, the coagulation and
separation of the precipitate is at once visible, the
water a| ;gea.ring by careful examination to be filled
with gelatinous particles. The amount of alum neces-
sary for the precipitation of a water will, of course, de-
pend on the amounts of impurity present, but in the

resent case, which may be taken as a typical one, we

ound that 0:02 gramme of alum to a liter of water (-2
grains to a gallon) caused the separation and settlin,
of the imgurities, so that the supernatant water coul
be poured off. This amount of alum was shown by
numerous experiments to be about the practical limit.
The complete settling took place as a rule in not less,
and usually more, than two days. It is evident that
the amount of alumn thus added is too slight to be per-
ceptible to the taste, and can exert no Ehysiologica.l
action. We were unable to detect the slightest taste
or change in the water so treated.

Still smaller amounts of alum will produce a recipi-
tate after longer standing. Sixty liters of tﬂe city
water were treated with two grammes of alum (this
was about 31 grains to 16 gallons) and allowed to stand.
After forty-eight hours the ?reclpit-ation seemed com-
plete, and the water was perfectly clear. while the bot-
tom of the vessel was covered with a brownish, slimy -
deposit. This substance was collected, dried, and ana-
lyzed. It gave—

Carbon........ N 16°50 per cent.
Hydrogen........ Cetereseeaeaa. 202 ¢
Nitrogen.............. . 07T

It is evident from this analysis that a large amount
of the organic matter has been removed from the water
by the alumn treatment.

On incineration, it yielded 59-28 per cent. of ash,
which contained silica and alumina in relatively small
amounts, oxide of iron in large amounts, and a consid-
erable quantity of phosphoric acid.

To determine if there was free alum in the water, a
sample of the clear water, filtered off from the precipi-
tate produced by the alum, was made slightly alkaline
with ammonia and warmed for some time. Only the
merest traces of an alumina reaction could be obtained,
and, in fact, in some cases, it was doubtful if a reaction
was observable. To prove that no more matter could
be precipitated by the addition of a greater amount of
alum, samples of the clean filtered water were treated
with more alum, but there was in no case any indica-
tion of further precipitation on standing.

‘We consider 1t, then, established tha%, by the addi-
tion of two grains of alum to the gallon, or half an
ounce to one hundred gallons, water can be clarified
bv standing, and that neither taste nor physiological
groperties will be imparted to it by this treatment.

y increasing the amount of alum, the time required
for the separation and settling can be diminished, and
vie versa, by diminishing the amount of alum added,
a greater time will be required for the clarification.

This method is particularly adapted to the clarifica-
tion of large volumes of water, where filtration is not

ractical. The cleared water can be racked off to as
ow a level as possible, after which the sediment should
be washed out and the receptacle cleansed by a free
use of water.

II. THE EFFECT OF ALUM IN CLARIFYING WATER BY
FILTRATION.

In order to test the clarification of water by filtra-
tion after addition of alum, the New Brunswick city
water was again made the subject of our experiments.
It was found that the suspended clayey matters were
so fine that the best varieties of filtering papers were
unable to remove them. Even when several layers of
heavy Schleicher and Schull paper were used, a very
large portion of the suspended matters passed through.
This, however, is not surprising, since it is well known
that the mineral matters suspended in water are of a
remarkable degree of fineness. Thus the water of the
river Rhine, near Bonn, cannot be clarified by simple
filtration, and takes four months to settle. The addi-
tion of certain chemicals aids the filtration of sus-
pended matters in somne cases, but it does not always
entirely remove them. Calciumn chloride and other
salts are recommended as effective agents in aiding the
removal of suspended matters, but in the case of New
Brunswick water, at least, they have no apparent ac-
tion. The following substances were found to have no
effect in aiding the filtration of the water: sodium salts
—chloride, carbonate, nitrate, acid carbonate, hydrogen

phosphate, acid sulphite, ammonium phosphate, sul-
bhate, biborate, tungstate, acetate ;: potassium salts—
ydroxide, chloride, bromide, -iodide, acetate,-phes
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hension; and, therefore, that any change taking place
in the mind and any corresponding change taking
place_in the brain are not really two changes, but one
change. There is thus supposed to be only one stream
of causation in which both motion and mind are
simultaneously concerned ; motion is supposed to be
groducing nothing but motion, mind-changes nothing

ut mind-changes. Both l11)x'oducing' both simulta-
neously, neither could be what it is without the other,
because without the other neither could be the cause
which in fact it is. The use of mind to aniinals is thus
explained, for intelligent volition is shown to be a true
cause of bodily movement, seeing that the cerebration
which it involves would not otherwise be possible.
This monistic theory thus serves to terminate the
otherwise interminable controversy -on the freedowmn of
the will; for the theory shows it to be merely a matter
of tenninology whether we speak of the mind or of the
brain as the cause of bodily movement. That parti-
cular kind of physical activity which takes place in the
brain could not take place without the occurrence of
volition, and vice versa. All the requirements alike of
the determinist and of the free-will hypotheses are
thus satisfied ﬁy a synthesis which comnprises them
both in one. r. Romanes afterward reviewed the
opinions of the late Professor Clifford upon this sub-
ject, and concluded by observing that if it were true
that the voice of science must of necessity speak the
language of agnosticism, at least let them see to it that
the language was pure; let them not tolerate any bar-
barisims introdu from this side of aggressive dogina.
8o would they find that this new grammar of thought
did not admit of any constructions radically opj to
more venerable ways of thinking, and that the often-
quoted words of its earliest formulator aYplied with
ixp;;‘iaal l;orclf to ilts latestddia.ll’}oct%s;thatl if a lttf:le kn(‘)w-
e of physiology and a little n.owedﬁeo cho-
lo| incline men to atheism, a deeper nowl%? of
both, and still more s deeper thought upon their re-
lations to one another, could only lead men back to
some form of religion, which, if it more vague, will
also be more worthy than that of earlier days.

THE *‘ BASSANO-SLATER” IMPROVED
TELEPHONE.

THE accompanying sketches show an improved form
of telephone receiver by Messrs. G. H. Bassano, A. E.
Slater, and F. T. Hollins, of Derby, England. The in-
ventors have been 8o good as to place at our disposal a
receiver constructed according to their patent, and we
find that it gives excellent results, being both sufH:
ciently loud and very distinct in its articulation; it is,
in fact, a good practical instrument. The very many
patents taken out for telephone receivers are, as a rule,
conspicuous only for their want of novelty. 8o far as
we are able to judge, this receiver has several points in
which it differs from others, and is generally a novel
and, we understand, most effective arrangement, but

sharply back into their normal position. Now as the
wire, e, carries the pin, 7, and the disk of pine by its
center, k, it follows that the latter, every timme the
armatures move, will also make a bodily movement
backward or forward according as the bar armatures
are attracted or released by the magnet. When, there-
fore, it is inclosed in a recess or air chamber, asin Fig. 1,
a condensation and rarefaction of the air takes place
in the recess formed by the cap, E, corresponding to the
condensations and rarefactions of the air operating the
electric current at the transmitter, and which alter or
reverse the magnetism in the magnet of the receiver.
It is obvious, say the inventors, that the effect all de-
pends upon the torsion of the smmall piece of wire, ¢, of
thin hardened steel, the pitch and loudness of the
sound depending upon the velocity and amplitudeof the
vibration of the disk, . The inventors have therefore
taken four U-shaped steel magnets, and ;;’I:.cing their
four similar or north %les, + N, N, N, between the
two soft iron rings, W, W' (tapped to fit the thread on
A), to polarize the soft iron screw, A; and the four south
?oles, , 8, 8, 8, to magnetize the two bar armatures,
>, C', by magnetic induction. It is clear that a most
intense magnetic fleld will be set up just at the end of
the pole piece, A, and which causes the movement of
the armatures to be extremely sharp when the magnetic
field is altered by the electric current. The object of
the thin ring of leather, ! (which is fixed loosely 8o as
not to impede the movewment of the disk, k), isto make
the movements of the pine disk air tigilt. It is not,

experiments,* it will be remembered that the hydrody-
namic analogue of a magnet is a rectilinearly oscillat-
ting body, a vibrating sphere for instance, such as is
shown at B, Fig. 8, and when mounted, as shown in
that illustration (so as to be capable of turning around
a vertical axis), the apparatus becomex the ydrodi"
namic analogue of a compass needle, or of the needle
of a simple galvanometer. With reference to this
figure we need hardly remind our readers that both
the cylinder, A, and the aphere. B, are set into vibra-
tion by an alternating air current transmitted by an
air-pump to the two parts of the apparatus respective-
Iy t roufh the flexible tubes, M and N. If the circu-
larly oscillating cylinder, A, be brought close to the vi-
brating sphere, B, both being immersed in the viscous
medium, the sphere with its frame will rotate around
its vertical axis until its axis of vibration lies in a plane
perpendicular to that in which the axes of the two in-
struments both lie. The motions of their proximate
surfaces are then in opposite directions, and the posi-
tion, which is represented in Fig. 18, is one of stable
equilibrium. If from this position the frame of B be
turned through 180 deg., it will then be in a position of
unstable equilibrium, as will be shown by moving it a
little to the right or left, when it will immediately re-
turn to the position shown in Fig. 18. In this experi-
ment again the hydrodynamic phenomena are inverse
to their electro-magnetic analogues, and it is obvious,
fromm what has already been said, that a very perfect
hydrodynamic analogy to a galvanometer might by

Fig.5L

PROF. BJERKNES* HYDRODYNAMIC RESEARCHES.
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around B in a direction inverse to that of its electro-
magnetic analogue, so that the apparent irregularity
applies only to the case of the pulsating body rotatin,
around the circularly vibrating cylinder. Figs. 21 an
22 are diagrams which will explain respectively the
action of the apparatus illustrated in Fig. 19 and that
of the instrument last described,

1m following the long and very beautiful experiment-
al researches of Professor Bjerknes and his son, two
points cannot fail to strike the mind of either the ex-
periwmental philosopher or the practical mechanician:
the first is the extremely ingenious and varied devices
by which an alternating (blow and suck) current of air
is made to do duty in setting all the various parts of
the different instruments into synchronous motion,
whether that motion be rectilinear vibration, circular
oscillation, pulsatory expansions and contractions, or
a combination of several of themn together; and the se-
cond point is that while such a motive power is theo-
retically nearly perfect for such delicate experiments,
it becomes most severely handicapped in its practical
application by the apparently overwhelming mechani-
cal difficulties introduced by making joints and pivots,
which, while offering no obstruction to the pulsatory
current of air through them, should at the same timne
introduce no more friction or resistance to minute in-
fluences of morion than is offered by the needle point
of a compass card. That such extraordinary success
should have attended the exceedingly delicate experi-
ments in which an alternating current of air is employ-
ed reflects the highest possible credit on Mr. Vilhelm
Bjerknes, who devised the apparatus, and upon Mr.
Andersen, the resident mechanician to the University
of Christiania, who has carried out Mr. Bjerknes' de-
signs with extraordinary perfection of workmanship
and constructive ability.

But notwithstanding the great ingenuity displayed
in the design, the remarkable skill exhibited in the
construction of the apparatus, and the fact that fric-
tion and all other disturbing influences have in these
instrumments been reduced to the lowest possible
amount, it must be obvious to any practical mechani-
cian, who is able to appreciate the extremely delicate
nature of the experiments, that retarding and disturb-
ing influences, whether of weight or of friction,
must in the case of air-driven instruments play
great havoc with their sensitiveness, and render it im-
possible for them to exhibit or even detect many phe-
nomena of the highest possible importance to the re-
search—for, just as a galvanometer needle, heavy in it-
self, and involving considerable friction in its method
of suspension, is unable to respond to certain currents
of electricity transmitted through its coils, indicating
an absence of current, when in reality comparatively
strong currents are flowing around it, 8o it is equally
clear that in the use of the apparatus which we have
been describing, all the phenomena exhibited are re-
duced in their significance by disturbing and retardi
influences, and mmany phenomena, slifhtly more deli-
cate but equally important, must be lost al ther to
demonstration. Thus, electric science, as well in her
instrumental defects as in her phenomena, finds her
hydrodyamic analogue in the researches of Professor
Bjerknes and his son.

[Continued from SUPPLEMENT, No. 488, page 7858.]
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ON THE CONVERSION OF HEAT INTO USEFUL
WORK.*

By WILLIAM ANDERSON, M.Inst.C.E.
LECTURE IIL

IN my first lecture, I dwelt briefl
motion, the princi'%les of work and energy, and the
laws of impact. his evening we have to oconsider
several other phenomena, the right understanding of
which is necessary before a correct idea of the conver-
sion of heat into useful work can be formed. The
theories of oscillation and vibration, involving, as they
do, sufficiently high mathematics, mffht- alone occupy
the whole of the time I have at my dis; . I must,
therefore, deal very briefly with them, although they
are 8o intimately involved in the iinmediate scope of
these lectures. Oscillation or vibration, then, is mo-
tion propagated through the substance of a body by
short excursions of the molecules of the body to and
fro, either in direct lines or in closed curves. A familiar
fllustration of an oscillating motion is a pendulum ;
and it is also an instance of the mutual relations
between kinetic and potential energies. The moving
force is gravity. The bob of the pendulum falls from
the highest point to which it has been raised to the
lowest. point, and in so doing the whole of the potential
energy with which it had been endowed, just when al-
lowed to drop, is converted gradually into kinetic en-
ergy, and this notwithstanding that its path is not free,
but constrained by the rod of the pendulum; but this
constraint, a.coordmg to the second law of motion, does
not interfere with the action of gravity. The kinetic
energy with which the bob is endowed at its lowest

int is competent to ca it again up to the same

eight as that from which 1t fell, and in doing so the
energy is gradually changed till in it all mes
potential. Were it not for the friction of the attach-
ment of the pendulumn-rod, and the resistance of the
air, the oscillation, once set going, would continue for-
ever, and at a uniform speed, because the force causing
it is constant. In clocks, where advantage is taken of
this property of a pendulum, the retarding forces are
counteracted by the escapement, a mechanical con-
trivance set in motion by a wound-up weight or spring,
Which gives the pendulum a little push during eac
oscillation.

Let A C, B C (Fig. 10), be the two extreme positions
of a pendulum. The force acting on the bob is its
weight, represented in magnitude and direction by the
vertical line, B G. This force is resolved in the direc-
tion of the rod, B F, and at right angles to it, and there-
fore tangentially to the arc described, B H. Now,

cause B G is parallel to C E, and H G to C B, there-
fore the angle 8 is equal to the anglea H B, which
represents the magnitude and direction of the impel-
ling force throughout the swing, is proportional to the
sine of 4, and therefore to the sine of «, and consequent-
lyto D B. Now if any elastic rod fixed at one end be
pulled to one side, the resistance to deflection for

* Lectures recently delivered before the Soslety of Arts, London.

upon the laws of

moderate distances will be proportional to the amount
of deflection or to the length D B, and therefore such a
rod, if let go, will vibrate with the same speed as a
pendulum; and the general equation for the inaximum
velocity attained applies to all vibrating bodies, naine-
ly—
Y DBXx2x

v= ——

Where T is the time of a complete vibration, and D B
is half the amplitude of the swing.

Let us take the case of a pendulum beating seconds,
its length L in feet will be— .

L = 0'5 second

- 0554
The maximum velocity will be—
_ 025 ft. X 2 X 31416
- 1 sec.

The versed sine D E is the height which the bob falls
each half excursion.

h = 0'8145 ft. — 4/0°8145* — 0°25* = 0°0393 ft.
Now, if our reasoning has been correct, we shall ind

that the potential energy of the bob equals its kinetic.
Suppose the bob to weigh 11b., the potential energy, in

3
): 08146 foot.

o ft. = 1'5708 feet per second.

X7

F16. 10.

the positions A'or B = 0'0893 ft. X 11b. = 00393 foot-
unds. The kinetic energy in the position E, where
he velocity is a maximum, and = 15708 ft. per second.

157087 X 1 1b.
644

The two results are gractica.lly identical.

In watches, the pendulum is replaced by a wheel at-
tached to one end of a spiral st)ring, the other end of
the spring being fastened to the framing which sup-
ports the mechanism. When the wheel is turned a
short distance, the spring is either wound up or un-
wound, and by that means brought into a state of
tension, and then, being set free, the spring restores
the wheel to its orifina.l position, and in doing so con-
verts the potential energy imparted by the forcible
compression or extension of the spring into kinetic en-
ergy, and this expends itself in carryingethe wheel as
much past the neutral point as it had been moved in
the opposite direction at starting. This oscillating mo-
tion would also continue forever, were it not for the
imperfect elasticity of the spring, the resistance of the
air, and the friction of the journals; and, as in the case
of the clock, these resistances have to be overcome bg
an escapement actuated by a wound-up spring, whic
gives the wheel a little push at each oscillation.

Vibrations may be propagated in many ways. Any
elastic material iay be set into longitudinal vibration.
A wire stretched between two fixed points, if rubbed
longitudinally, will be set into vibration. The action
is of this nature: A portion of the wire rubbed is
stretched a little more t the rest by the pull of fric-
tion: when the elasticity of the wire overcomes this
pull, a portion of wire springs back, and, being elastic,
returns beyond the neutral position as far as it was
dragged from it. The motion is analogous to what we
can see in the pendulum and balance ; the elasticity of
the material is the moving force. In obedience to the
third law of motion, no part of a continuous bar can
spring backward and forward without the neighboring
sections participating in the movement, and so the
oscillation travels aleng the bar according to well es-
tablished laws; and because the wave of oscillation
causes alternate compression and extension in the bar,
it must also cause corresponding changes in its cross
section—the bar will be reduced in diameter where ex-
tended, and increased where comfressed. 1t is probably
to this change of diameter, slight though it be, that we
are indebted to the beneficial results of ‘jarring”
anything which fits very tight into a hole when we
want to get it out. The sudden alternation from coin-
pression to tension in highly elastic and brittle bodies,
such as glass, is so intense that they may be fractured
into thin slices through bein% brought into longitudi-
nal vibration by vifurous rubbing.

The mode by which longitudinal vibrations are es-
tablished and propagated may be very distinctly seen
b?' fastening to some support one end of about a yard
of India rubber ;gﬁe, and bolding it out horizontally,
but without stretching it much, with the hand; then,
if the end near the hand is well wetted, and the fingers
of the other hand rubbed lightly over it, the pulsations
will be distinctly felt as they are formed by the alter-
nate catching and releasing of the [;lf)e by the fingers.
The vibrations will be proFs,gatad ong the pipe to
the opposite end, and will become apparent as trans-
verse vibrations which result from the sudden altera-
tions of length, due to the pulsations jerking the pipe
up and down.

I have here a brass tube fastened securely by its
middle to a stout board. Opposite one end is hung a
small glass ball; I rub my gloved hand, powdered with
rosin, along the rod, you hear a mnusical note, and at
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the same time the ball is repelled with violence from
the end of the rod. The note is between F sharp and
@, corresponding to about 1,400 pulsations per second:
therefore, although the excursion of each portion of
the rod is but small, the velocity is very great, and -
hence the sharpness of the blow delivered to the ball.
All so0lid substances may be brought into transverse
vibrations. Familiarillustrations of this are tuning
forks, the sounding boards of musical instruments, a1.d

Fia. 11,

stretched strings. When these motions are sufficiently
pronounced, tﬁ:y can be seen by the naked eye, but
when very rapid and of small amplitude, they can be
made to re;]zist.er themselves, so as to become visible, by
mechanical means.

Waves are propagated through fluids and gases, such
as water and air, much in the same way as alonga
rigid bar, that is to say, by alternate compression and
extension, but the lines of compression and rarefaction
extend all round the point from which the impulse is
given, spheres of compression being surrounded by
spheres of rarefaction, and consequently the impulse
travels outward in every direction; and as the energy
of motion is imparted to constantly increasing masses,
so the velocity of motion is decreased, and the
waves become more and more feeble as they recede
from the point whence they started. Waves on the
surface olp: liquid are rroduced by a similar oscillation
of the particles of the liquid, that is to say, each parti-
cle describes a curve of elliptical form, the plane being.
in the direction of motion of the waves, the long axis
in deep liquid horizontal. The moving force is usually
one acting on the surface, generally the action of the
wind; the disturbance is propagated deeper and deep-
er, the energy of motion acquired at the surface is com-
municated to greater masses, and hence the motion
becomnes more feeble, the elliptic paths of the particles
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become flatter, and at last vanish altogether. In mod-
erate depths, when the bottom is reached, there re-
mains a simple to and fro movement. As water, for
example, shoals toward the shore, the lower part of
the orbits of the particles is retarded, hence the long
axes of the ellipses become slopingf, theﬁ approach more
and more to the vertical, and at last the continuity of
the ellipses is destroyed, and the wave breaks in a
crest of foam on the beach. The action of the wind in
creating waves is analogous to that of friction in
producing pulsation in asolid rod, the friction of the:
air against the water which it slirs over tends to
move the particles along and heap themup; this heap-
ing up goes on until the weight is more than the frie-
tion of the air can su {)ort. the mass of water falls, and
like the pendulum fg, Is a8 much below the mean level
as it was raised above it. The elliptic motion is due to
a combination of the vertical motion produced by
gravity and the horizontal motion due to the wind.

Wave motion, like all other oscillating movements,
once started would go on forever, were it not that the
resistance of the air and friction of the particles of water
among themselves tend gradually to bring the motion
to rest. The movements which I have described may
be plainly seen from any pierin deep water. Looking
down on the waves, and observing some floating ob-
ject, it will be seen to move a little backward and for-
ward as well as up and down, while in shoal water the
;veedslgrowing on the bottom are seen to wave to and

ro only.

If you watch the surface of the sea, you will notice
an infinite series of waves existing at the same time,
and being propagated in various directions. This is in
accordance with the second law of motion, and you
would expect consequently that, if the motion of two
waves happened to be in the same direction, the mo-
tion of the water would be a ented, and, on the
contrary, if the water happened to be in opposite di-
rections it would be reduced, while, in the intermediate
stages, there would be a resultant motion depending
upon the magnitude and the direction of the other
two. This effect is known by the name of ‘‘interfer-
ence " of waves, and may best be studied on the surface
of calin water, in which waves may be generated at
pleasure. In a calm sea the long smooth rollers, inter-
sected in various ways by minor waves, may also be
watched with much profit. It is not alone in water
that this interference takes place, but in all cases of vi-
bration, whetherin solids. liquids, or gases, the main
vibrations are accompanied by minor ones. In musi-
cal instruments these minor vibrations are called har-
monies or overtones, and to them is due the quality,
tint, or témbre of the note. The difference in richness
of the gure fundamental note and the one accom-

anied by its overtones is much like the difference be-

ween the sea on a very calm day and the sea when a
breeze is sweeping over it. In the former case you see
only the long, sleepy, oily-looking swell of previous dis-
turbance, in the latter the same swell decorated and
rendered brilliant by innumerable systems of wavelets
superimposed on the majestic rollers of the swell and
on each other. In the same way interference of pulses
in the air are recognized by the dullest ear as ‘* beats,”
that is to say, periods of comparative silence caused by
the neutralizing coincidences of regions of compression
and rarefaction in the sound wave.
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Asa consequence of the second law of motion, all
wave 1notions are capable of being angmented by fresh
impulses communicated synchronously, that is, timed
8o as to be always in the direction in which the parti-
cles are moving, or of being diminished and neutralized
by the opposite course. he energy latent in wave
motions is small compared to the apparent result pro-
duced. Thus, on the sea the friction on the surface of
the water of a brisk breeze, having a velocity of thirty
feet per second, is but one-tenth of an ounce per square
foot, yet the constant and slynchronous application of
this slight force is capable of raising considerable
waves. The power necessary to produce the volume of
sound which emanates from alarge organ is not more
than that which one man working the bellows can
easily supply, and yet the flood of sound fills a spacious
building, and is even competent to affect it with a per-
ceptible tremor. The lightest touch of a wetted finger
on the edge of a tumbler will set it vibrating with ex-
ceeding rapidity, emitting a shrill note, while the
slight pressure of a feather will instantly damp the vi-
brations of a piano string.

The last kind of vibration that I have to bring under
your notice is that of a mysterious substance, which,
for want of a better namne, we call ether, which per-
vades all space and all bodies, whether solid, liquid, or
aeriform. It is this ether which links us to the planet-
ary world, for it is the medium by which light and
heat are communicated to the earth from the sun and
the other heavenly bodies. It must be of extreme
tenuity, because it offers no appreciable resistance to
the motion of the planets, and, as 1 have just said, per-
meates all substances. You may, at first, be disposed
to hesitate at accepting a statement that .solids can
thus be permeated, but we have reason to believe that,
looked at with the mind's eye. the densest solid is no
better than a very porous piece of sponge. The evi-
dence of the truth of what I have stated lies in the re-
markable phenomeha of the occlusion of gases in solids
and liquids, that is to say, the power which solids and
liquids ess of absorbing many times their own bulk
of certain gases. Thus platinam, the densest of all
substances, occludes as much as flve times its own
volume of hydrogen without change of bulk: the metal
ggl]adium, as much as 643 times its own volume of car-

nic oxide. It is, in fact. upon this property that the
manufacture of steel from wrought iron by the
cementation process depends. In that process bars of
wrought iron are packed with substances rich in car-
bon into iron boxes, and closely cemented in them;
they are then exposed to a red heat for many days,
during which carbon slowly penetrates right into the
heart of the bars. Again, platinum and iron are, at a
red heat, permeated by gases to a remarkable extent,
that is to say, gases pass right through them. Liquids,
again, absorb many gases readily. Rain water takes
up 24 per cent. of its bulk of atmospheric air, and the

rinciple on which the manufacture of aerated drinks

ei)ends isthat water can, by pressure, be made to
hold many times its bulk of carbonic acid gas. At the
atmospheric pressure water dissolves about its own
volume of the gas, but as the pressure rises, and the
gas is reduced in bulk, more gas is absorbed, and it is
found that the weight of gas taken up is nearly in di-
rect proportion to the pressure, a relation which the
theory of the porosity of bodies would lead us to ex-

t.

Our knowledge of molecular physics is still very
limited; the subject is now occupying the attention of
some of the most powerful minds of the age; it coines
within the province of the chemist, the mathematician,
and the physicist, and any theories put forth must
satisfy the claims of h. Speaking broadly, I may
say that the elementary substances are eonggysed of
atoms or particles incapable of further subdivision,
and: these atoins have each a definite weight, and
probably a common specific heat, that is to say, each
atom requires the same ,quantity of heat to raise its
temperature one degree. Compound bodies dre com-
posed of molecules which are formed each of a definite
numberfand arrangement of the atoms of the elemnents of
which they are composed. Of the structure of the
atoms and molecules little or nothing is known, though
many bold and ingenious conjectures have been made,
bat fong years will probably elapse before any fully
satisfactory theory gan be established. The atoms of
simple substances, 'and the molecules of compound
bodies, are not in permanent contact with each other.
In solids they are In a state of oscillation due to their
temgerature; this oscillation is analogous to that of a
pendulum or watch balance, the forces acting on the
particles being mutual attraction and that force which
causes the movement which we call heat. Molecular
motion, like any other, may be communicated from
one body to another, or propagated along the same
body, as you saw in'the experiment with the brass tube.
A body in which the particles are oscillating more
vigorously than in another body, if placed in contact
with it, will gradually impart a portion of the motion
of its own particles to those of the body it touches, and
in conseguence the motion of its own particles will be
enfeebled, because the total kinetic energy of the two
substances remains constant.

I have here a light framework from which are hun
a number of heavy balls by strings of equal length.
set one ball swinging across the frame; the pull upon
its string, due to the motion, sets the top bar of the
frame moving synchronously, this motion is imparted
to the points of suspension of the other balls, and you
see that they all ually get into swing, and as their
swing increases, that of the ball which originated it
decreases. This illustrates how heat vibrations are
communicated from one body to another, and how the
former must necessarily cool in heating that with which
it is in contact.

A vibrating string, if it has light substances shower-
ed down on it, sets them in motion, but in so doing it
has its own velocity reduced. A string vibrating
between rigid supports will continue to sound longer
than one attached to a sounding-board, because, in the
latter case, much more motion is communicated to the
air, the sound is much louder, and hence the motion of
the string is more quickly damped. The same action
takes place in the communication of heat from one
body to another by conduction, or from the hotter por-
tion of one body to a colder portion; the rise in tem-

rature —that is, the increase in the amplitude of vi-

rations of the colder body—is accompanied by a fall
in temperature of the hotter. When such increased
motion is communicated, the particles make wider ex-

cursions, and generally cause the body to expand. At [ may have that there is a substantial difference between

last a point is reached at which the bonds of cohesion
have been so weakened by the separation of the parti-
cles that they escape from the influence of the other
particles they were associated with, and becorne free to
slide over each other, the consequence of which is that
the solid substance becomes liquid. In both these
stateslthe violence of motion flings off, as it were, parti-
cles at the surface, in consequence of which most solid
and liquid substances have a characteristic smell, and
many of them, such as snow, ice, and sal ammoniac,
evaporate with tolerable rapidity, even at very low
temperatures. In the case of liquids, the particles in
the 1mass of the substance are in equilibrium, and move
indifferently in any direction; but when a free surface
is reached, the outward movement has to take place
against the force of gravity so soon as any particle
tends to rise above the level of the rest, and hence the
tendency of liquids to assuine a horizontal free surface.
Yet from this surface particles are occasionally f)roject-
ed and escape into the air, assuming the form of vapor;
and this escape, as might be expected, is more frequent
the more rapid the motion of the particles is, that is to
say, the hotter the liquid becomes. In , the o
tion of the particles is similar to that in liquids, but
more energetic. They move with great velocity in all
directions, striking against each other and against the
sides of containing vessels, and rebounding accordin,
to the laws of impact of elastic substances, which
have briefly explained. It is the continued bombard-
ment of the sides of the containing vessels by particles
extremely minute, inconceivably numerous, and gifted
with a stupendous energy. due to their high velocity.
which produces the &}wnomena. of pressure and tem-
¥erature of gases. ere the mnolecules or atoms per-
ectly elastic, and were there no friction or resisting
mediumn of any kind, there would be no loss of energy,
and hence a gas completely inclosed in a non-conduct-
ing vessel would never change its temperature. There
is, however, one source of apparent loss of energy, and
that is that the innumerable collisions among the par-
ticles tend to set up very minute vibrations in the sub-
stance of the atoms and molecules; themselves, and this
action would produce the rame effect as in the collision
of elastic bodies, where I have already shown that the
internal vibrations rendered sensible to us in the form
of sound are competent to bring the bodies to rest. In
the case of gases, the internal molecular vibrations set
up would probably not have the character of sensible
heat. All gases are supposed to contain the same num-
ber of elastic molecules in the same volume, under simi-
lar conditions, hence their ific gravities are pro-
portioned to their atomic weights, and their physical
properties are also very much alike, that is to say, they
obey the same laws of variation of volume and pressure
with respect to heat. The s through by a
article of gas without collision is termed thefree path.
here is a difference in the nature and ‘gropernes of
gases in the three following conditions: When in con-
tact with the liquids from which they have become dis-
engaged; when completely separated from their liquids;
and again when, at high temperatures, dissociation or
a subdivisionjof the molecules takes place, so that
when examining a gas, its condition requires to be de-
fined. The evidence of the truth of the molecular
theory of liquids and gases is, that they diffuse into
each other, that is to say, two different liquids or two
different gases in contact with each other will mix
more or less rapidly, which proves that the particles
are free to perform excursions of unlimited extent.
Mathematical calculations based on these theories en-
able us to account for the laws relating to the pressure,
teinperature, and other ({)roperties of liquids and gases.
Although the heat and light bearing ether is of the
nature of a gas, yet vibrations rendered evident as
radiant light and heat do not take place in the direc-
tion in which the tangible effects seem to travel, butat
right angles to them, like a wave traveling along a
string, and these vibrations are extremely complex ;
they are made up, not only of vibrations of various
wave lengths vibra.ting in tge same plane, but of vibra-
tions in planes at right angles and other angles to each
other. he waves are of inconceivable minuteness
and rapidity of motion, else they could not be expect-
ed to traverse solid substances. You are doubtless
aware that by means of a transparent triangular prism
rays of white light can be decomposed, that is to say,
the effect of the forin of the prisiu on a ray from a hot
body is to separate the various complex vibrations into
ones of definite wave lengths. The visible spectrum is
bounded by red at one end and violet at the other, but
beyond the red, invisible to human eyes,the heat rays
spread out, and beyond the violet equally invisible the
actinic or chemical rays. The length of a wave of the
extreme red is 39,000 to one inch, and of the violet ray
64,631 to one inch. The velocity of light is 186,000 miles
a second, hence the red waves strike the retina of the
eye at the inconceivable rate of four hundred and sixty
millions of millions of times each second. The analogy
between the comparatively coarse motions of sound
and those of radiant light and heat is very remark-
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abie, and have, in fact, been the means of xeadin;i up
to the now well-established undulatory theory. It is
well known that musical sounds extend beyond the
compass of the human ear, and that ears are not all
alike in respect of their powers of hearing extreme
notes at either end of the scale; somne people, for in-
stance, cannot hear the cry of a bat. The same thing
applies to light; we cannot perceive the excessively
rapid vibrations beyond the extreme violet of the spec-
trum, or the comparatively slow movement of the red
end, but we can damp the too rapid vibrations by let-
ting the dark rays taﬂ on certain substances, such as
sulphate of quinine, and then we are made conscious of
fluorescence—light shining out{of darkness. You must
try and banish from your minds any idea that you

rays of heat, of light, or of chemical action. The
di&erence is only one of wave length, and it is due to
the structure of our organs of senses that only certain
of the vibrations produce the sensation of Jight, and
sowe of heat, or some produce the impression of light
to the eve and heat to the touch. In the carke of the
actinic rays their suﬁerior energy, due to the velocity
of motion, may be the cause of their power in decom

posing certain substances. .

A string made to vibrate, as I have already stated,
vibrates in a complex manner, the fundamental note
is accompanied by overtones and harmonics; by dam
ing the s riet(lf in suitable places, the overtones may
extinguished and the fundamental note sounded alone.
And so with light and heat. The vibrations in every
conceivable plane may be reduced to vibrations in one
plane only; this is termed polarization, and as we have
seen that sound waves interfere with each other, so do
the waves of heat and light. The iridescent colors
seen in soap bubbles, and in thin films generalliy". are
caused by the interference of certain wave lengths re-
flected from the two sides of the film abolishing cer-
tain colors, and destroying the usual whiteness of
thf light by giving prominence to the complementary
colors.

The diathermancy of substances, that is, their trans-
parency to heat, is so intimately connected with my
subject, that 1 must devote some time to it. It is a
matter of every day observation that substances are
endowed with varied degrees of transparency, that is
to say, that the undulations corresponding to visible
rays make their way among the particles of some bo-
dies, and are arrested in whole or in part by others.
For example, glass, water, and air allow the lnminous
rays to pass with only slightly altered intensity. A cer-
tain diminution of energy, indeed, depending upon
the thickness of the medium, takes place, as might be
expected, from the vibrations having to pass through
a crowd of vibrating particles of the substance through
which the light is transmitted. Surrounding this nio-
nochord, 1 have placed a tin cylinder with several in-
ternal ledges or shelves. It is partially filled with fine
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sawdust, and as I turnit, the sawdust is showered
down upon the string. I now sound the note, and you
hear its prolonged cadence gradually dying out. 1
sound it again, and, at the same time, turn the cylin-
der; the particles of sawdust, as they fall on the string,
are set in motion, and the energy so imparted is de-
ducted from the string, consequentlz you hear that
the sound is quickly ext{nguished. This is analogous

to the effect of radiant light and heat passing through
substances, the particles of which are capable of re-
sponding to the vibration of the ether, and themselves
consequently becoming hot at the expense of the ra-
diant energy.

The experiment with the swinging balls will serve to
illustrate this point. When the balls were arranged so
as to have the same period of oecillation, you saw that
they a.ligot into swing. This would represent the case
of an adiathermanous body, which will not transmit
radiant heat, and, therefore, gets hot itself. But if 1
shorten one or two of the strings, and so ?ve the balls
a period of vibration which does not synchronize with
that of the swinging ball, you observe that they re-
main quite undffected; that is the case of a diatherma-
nous substance, which doex not get hot itself, but allows
the heat rays to pass through.

In the case of light, some substances affect certain
wave lengths only and arrest their movement alto-
gether; we then have colored light such as is produced

y colored glass, liguids, and gases. A very large num-
ber of substances, when they are of appreciable thick-
nesg, will not permit the waves to pass at all, and then
we have opaque bodies.

The same rules apply to the heat waves, and what
we know of light will lead us to expect that the heat
wave will be more interfered with by some bodies than
others, and that transparency to light need not be ac-
companied by transparency to heat, and so we find
that transparent rock salt is also diathermanous,
whereas glass and water very greatly damp the longer
heat waves. Gases vary quite as much as liquids and
solids in their effect on iant heat. Atmospheric air,
oxygen, hydrogen, and nitrogen scarcely produce any
effect on heat waves, whereas oleflant gas and am-
iuor;ia. interfere with them to a very considerable ex-

ent.

" The remarkable adiathermancy of water is taken
advantage of by diamond cutters and engravers, to
concentrate a powerful pencil of light on their work
without the accompanying heat. Instead of using
glass lenses, they use globular vessels filled with water,
which act as water lenses, concentrating the light while
they completely cut off the heat. I have seen a fire-
screen formed by a sheet of water contrived to fall in
front of the fire from a slit under the mantelpiece into
a trough concealed by the fender.

Our knowledge of the diathermancy of the metals
and other substances used in the arts is very limited.
Melloni, from whose experiments most of our informa-
tion is derived, operated mostly on substances more
common in the laboratory than in everyday life, but
we may safely say that all substances are more or less
diathermanous, and that the thinner the substances
are, the less the heat waves are interfered with.

We are now in a condition to explain many of the
phenomena connected with heat.

First, we will take specific heat. 1t is a matter patent
to our senses that there is a great difference in the phy-
sical properties of bodies. They differ in specific
weight, in strength, in elasticity, in color, in hardn
and in many other more subtle points, hence we mim
expect that the atoms or molecules would not be set
vibrating with equal facility. We have seen that a
force of 10 1b. acting on a weight of 10 1b. will produce
a definite velocity in a second of time; but if the force
of 10 1b. acts on a weight of 20 lb., the velocity will be

reduced to half, and so it is found that a pound of
water, the molecules of which are endowed with energy
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competent to produce the sensation of 100° Fahr. of | is still further increased. The heat which apparently

heat, if mixed with a pound of water the molecules of
which are moving with less energy, and producing the
sensation of 50°, the former will Jose a portion of their
motion while the cold water will gain; the momentum
of the two Pounds of molecules vibrating at a common
veloeity will remain the same as the sum of momenta
of th e respeetive pounds before mixture, in other words
we shall have two pounds of water at 75°. But when
the substances mixed together are different, the change
of velocity of motion is not #o simEIy arrived at, be-
cause not only are the weights of the particles of the
two substances different, but the forces which unite
thems, and which oppose the change of motion, are also
diffewent. Thus, if 11b. of mercury at 100° be mixed
with 11b. of water at 50°, the result will be a mixture
at 53}° only, the reason being that the energy of the
vibrations in mercury is onl* about Sﬁ per cent. of that
of the molecules of water. This relation of the energy
of the vibrations of varioussubstances to water is called
the specific heat of the substance. It has been determ-
ined with great care for most bodies, and always takes
the form of a decimal fraction, water being unity, for
it 8o happens that water requires more heat to raise it
a given number of degrees than any other substance.
The specific heat of mercury is 00833, that of iron
01138, that of alcohol 0'615, that of air 0°169, at constant
volume. Specific heat in simple substances and in
compound ies of similar atomic composition is
found to vary inversely as the atomic weight, that is to
say, the product of the atomic weight into the specitic
heat is very nearly a constant quantity in the elements
and compound bodies of the same order, the said pro-
duet varying in value with each order.

I have stated that water has been constituted the
standard to which specitic heats are referred; it is time
that I should now explain that the quantity of heat or
energy of molecular vibrations which raises one pound
of water one degree of Fahrenheit is called the British
unit of heat, and because it is a fact that energy is in-
destructible, so heat, being a form of energy, is also in-
destructible, it cannot disappear or be lost; hence all
calculations connected with heat are based upon the
supposition that whatever changes of temperature take
place, the total amount of heat units involved will re-
main unaltered in value, though, perhaps, greatly
changed in form. By way of illustration, we will take
a very convenient method of mea.surinf very high tem-
peratures. It consists in heating a ball of some refrac-
tory metal to the same temperature as that which it is
desired to measure. and then, with proper precautions
against loss of heat, plunging the ball into water. In
order to use this a?pamtus it is only necessary to know
the specific heat of the material of which the ball is
comgosed, its weight, the weight of water into which
the beall is plunged, and the increase of temperature in
the wrater.” Supposing that aball of platinum weigh-
ing ome pound had been heated white hot in a furnace,
and then plunged into one pound of water at 50°, am’i
that sfter a time the water had risen to 112°, a simple
calcu lation will show that the ball must have been at
a temperature of 2025°3°. The specific heat of platinum
is 0°0324. Let us now make what Sir Frederick Bram-
well calls a debtor and creditor account. Before the
ball was quenched we had the following number of
heat units:

In the "platinum ball, 2025'3X 00324 X11b.= 6562
In, the water 50° X1 1b. = 50
Total heat units........ ........... ... 11562

After the ball was quenched, and had got to the same
temperature as the water, we had

In the water 112° X 1 1b. = 112  units.
In the ball 112° X 00324 X 11b.= 362 *
115°62

You see the account balances, and it is on that ex-
pectation that the formula is based by which the tem-
perature of the ball is calculated.

_W=weight of water at temp. ¢ being also that of the
air.
‘W’=weight of ball.

. t'=temperature of ball before quenching.
t'=temperature of water and ball after quenching.
S=specific heat of ball.

Units of heat in the ball=W'8 X(¢'—?).

(tIUnits of heat after mixture=W (¢'—tf) +W'S X

—t).

These two quantities are equal to each other, hence
it is easy to work out that ¢/, the temperature of the
ball when plunged into the water, will

(' —t) (W + W' 8)
ws — tk

You will find later on that we shall make frequent
reference to specific heat.

I have already explained how, when the energy of
molecular vibration is increased in a solid, the mole-
cules become emancipated from the rigid thralldom in
which they were bound, and the solid becomes a liquid.
If still more energy be communicated, the liquid be-
colnes a gas.

Now, in the case of accelerated motion, we have seen
that as long as the accelerating force acted, the motion
of the body acted on continued to increase; but assoon
as the accelerating force was diverted and ceased to act,
the motion remained uniform, the effect produced by
the force remains, according to the first law of motion,
though the force has disappeared. So it is with heat
motion imparted to a body. So long as the body heat-
ed retains its normal form and properties, we can ob-
serve the increase of temperature corresponding to an
increase of molecular velocity; but as soon as destruc-
tion of form begins to takes place, the increase of heat
no longer becoines sensible, the energy of the force is
diverted to breaking up the structure of the body, and
to keeping its mmolecules apart and free to slide over
each other. When this has been completely aceom-
plished, and not till then, additional energy imparted
again produces an accelerating motion, and the liquid
gets hotter and hotter, till at last a second boundary

18 reached, a second destruction of form takes place,
and again the rise of temperature ceases till the whole
liquid ‘is transformed into a ga.s, after which accelera-
tion can again take place and the gas further heated,
whereby the energy of its molecules, already very high,

t'=

disappears during liquefaction and vaporization is said
to be ?:tent. which means no more than that heat, like
many persons, cannot do two things at the same time,
The work of pulling to pieces the structure of a solid
or liquid cannot go on if the mercury in the bulb of a
thermometer has to be expanded and made to rise at
the same time.

If we wish to restore the substances to their original
state, we must arrange matters so that the energ
which is keeping the molecules of a body apart shall
be diverted to heating some other body, In other words
we must cool the vapor to make it return to the liquid
form, and cool the liquid to make it becomne solid

ain.
agl have spoken of degrees of temperature ve rz often,
and have assumed that you understand that the ordi-
nary mercurial thermometer is a contrivance by which
the expansion of mercury in a narrow glass tube en-
ables us to measure changes of heat which affect our
senses. The two fixed Points in a thermometer scale
are the melting point of ice and the boiling point of wa-
ter, and the space between has been divided, in Eng-
land, into 180°. Fahrenheit, however, to whoin we
owe our thermometer scale, had an idea that
there was a zero point, a point beyond which tem-
perature could not fall, and he fixed it at 82° below
the freezing point of water. Fahrenheit was right in his
idea, but quite wrong in the zero point he fixed. We
have now better grounds upon which to arrive at what
is termed the absolute zero of temperature. A
perfect gas is found by experiment to expand or con-
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tract regularly in direct &ro rtion to the alteration of
temperature, and the rate of expansion is such that a

volume of 1 at the freezing point becomes a volume of
1'3665 at the boiling point, a range of 180°, so that the
voluwe has increased by ;}y part for each degree of
rise of temperature. On cooling the gas, it is found to
contract at the same rate, so that, supposing it could
be cooled 492° below the freezing point, the gas would
occu[)y no volume at all; and this point is called the
absolute zero of temperature; it is 482° below the freez-
ing point, or —460° on the Fahrenheit scale. Tocon-
vert our ordinary degrees into absolute temperature,
therefore, we have only to add 460°.

It may be asked whether it is possible that gas de-
prived of all sensible heat will cease to occupy space;
the answer is that we cannot tell. The lowest tempera-
ture reached up to the present time hasbeen attained
by the Russian chemists Wrobrevski and Olsevski,
and is 114° on the absolute scale. The absolute zero
of temperature can be arrived at also by other means
wlziich it is beyond the scope of these lectures to ex-
plain.

THE ERODING POWER OF ICE.
By Prof. J. 8. NEWBERRY.

THE geological history of our great and yet largely
unexplored continent offers a most inportant and fas-
cinating subject for observation and study. Many
earnest men have devoted themselves to it, and they are
making commendable, I may even say splendid, pro-

ress, but the impediments thrown in their way by

asty generalization and unwarranted statement are
scarcely less than those which nature has opposed to
their progress. We have too much closet geology. too
much evolution of theory and system fromn inner con-
sciousness, and too much dependence upon views seen
through other people's eyes. What we want instead
is facts, and more facts, and still more facts, in order
that we may have more real knowledge.

No better illustration of the justice of these remarks
can be given than are furnished bgg the heterodox
notions which have been promulga in reference to
glaciers and the glacial period.

The most important heresies, as I deem them, which
have been advanced in regard to this subject are: 1.
The denial that there ever was a glacial period. 2. ‘“If
there was an ice period, it was a warm and not a cold
one.” 8.**That the phenomena usually ascribed to
glacial action in the record of an ice period were
generally caused by icebergs.” 4. * That ice haslittle or
no eroding power,” and ‘‘ that glaciers have never been
imIportant geological agents.”

t has chanced to me to have opportunities of study-
ing the record of an ice period and glacial action in dif-
ferent countries, viz., in the Alps of Switzerland, in the
Sierra Nevada and Cascade Mountains of California,
Oregon, and Washington, in the Wasatch and Rocky
Mountain belts and the Canadian highlands, through-
out New England, New York, the basin of the Great
Lakes and the valley of the Mississippi. Overthis wide
field Ihave observed a variety of facts, all tending to
prove, as it seemns to e, the truth of the coneclusion
reached by the pioneers and masters in the study of

glacial phenomena, and heretofore accepted by the best
geologists of Europe and America, viz., that the glacia]

period was a reality, and that its record constitutes one
of the most imporfant and interesting chapter of geo-
logical -history; second, that this was a cold and not a
warm period; third, that ice has great though un-
measured and perhaps unmeasurable eroding power,
and that in the regions they have occupied glaciers
have been always important and often preponderating
agents in effecting geological changes.

1 have elsewhere discussed the first three of these pro-
positions, and I now propose to say a few words in re-
gard to the last.

The excavating action of the glaciers of the Alps early
attracted the attention of Charpentier, Agassiz, (Fuyot,
and others who were the pioneers in the study of gla-
cial phenowmena, and they described in detail and gave
names—now everywhere adopted into the langu
of geology—to the characteristic inscriptions and the
masses of debris which are the products of ice action.
By later geologists, *‘ gluctal strie,” ‘' roches mouton-
nees,” amf *“ moraines™ have been discovered and de-
scribed in various parts of both the northern and south-
ern hemispheres, and the space given to these records
in geological literature attests the potency ascribed to
ice as an agent effecting changes on the earth’s surface,
All the most distinguished geologists of the Old World
have conceded to moving massesof ice an important role
in producinlg or modifying topography, and one eminent
authority, Prof. Ramsay, late Director of the Geologi-
ical Survey of the United Kingdoin, has gone 8o far as
to attribute the excavations of all lake-basins to this
cause. In our own count:{ witness has often been
borne to the record of powerfal erosive action produced
by ice; and while the effect of this action has not been
gccqrgtely_ measured, it has not until recently been

enied.

Within the last few months, however, a number of
Anmerican geologists have taken upon themselves' to
deny that ice f)oasesses any eroding or excavating

wer. Examples of the utterences of this school ma;

found in Prof. J. D. Whitney’s *‘ Climate Changes,”
iIl.laiapem by Prof J. W. Spencer on*‘ The Old Outlet of
e Erie,”* by Prof. W. M. Davis on the ‘‘ Classifica-
tion of/Lake Basins,” tand the ‘ Erosive A¢tion of lce.“i
and remarks on the same subject by Prof. J. P. Lesley.

No new facts or original observations are adduced by
any of these writers to refute the,prevailing opinion that
ice is a powerful eroding agent, but theﬂ bave for the
most part contented theinselves with the assumption
of a judicial attitude and the delivery of a verdict,
without a trial of the case.

As one of those who have had some opportunity of
studying this question in the field, and one who has
committed himself to a view opposite to that now be-
come locally popular, I venture to submit a few facts
and arguinents which make it impossible for me to ac-
cept the recently promulgated views on ice erosion to
which references has been made. These naturally ar-
range themselves under several heads, as follows:

I.—GLACIAL TOPOGRAPHY.

In the Alps the glaciers have done the characteristic
work of local ice streams, have scoured and filed the bot-
tom and sides of the valleys, forming roches moutonnees
of all projecting points, and giving to these valleys a
simpler and more open gection than would be produced
by water. (Good examples of the contrasting action of ice
and water in erosion are given in some of the views in
Agassiz's ‘ Etudes.” The broad valley with ;planed
sides, the work ofice, is cut at bottom by a deep and
narrow channel formed by the flow of the stream which
drains the diminished glacier.

In the mountains of Oregon a remarkable monotony
of surface has been produced by ice action. The crest
of the Cascades, crowned by the volcanic peaks, Mt.
Jefferson, Mt. ﬁood, etc., has sides sloping east and
west like the roof of a house. These slopes are planed
down, and their asperities removed; everywhere show-
ing the effects of a powerful grinding agent. Where a
rough wolcanic ledge once rose above the surface, only
a remnant of it now remnains in a roche moutonnee or a
low ridge like a boat bottom, its top and sides smoothed
over or beaded, as a g]asteler beads a cornice, by the
moving ice under which it once was deeply buried.
From the great crater in the center of the group of snow
peaks called the Three Sisters, the courses of ancient
glaciers can be traced far down the mountain sides by
the polished or deeply furrowed surfaces of the hard
volcanic rock which comnposes the mass of the range.
In the Sierra Nevada, the Wasatch, and the Rocky Mts,
similar inscriptions are visible in innumerable locali-
ties. Slopesare ground off, the outlines of the moun-
tains rounded, the valleys broadened, their sides and
bottomssmoothed as they could only be by the removal
of a vast amount of material.

In the Laurentian belt north of Lake Huron, Lake
Ontario, and the 8t. Lawrence, where were formerly high
mountains are now only low hills and rolling surfaces.
Over hundreds of square miles the rock is mostl
consisting of strata of granite, slate, dolomite, diorite,
ete., standing at high angles, but planed down,
scratched, and ground by glaciers until their cut edges
are like the boards in a floor.

In the interval between the Hudson and the Connec-
ticut, layers of crystalline rock of similar character
stand on edge, the arches so truncated by erosion that
it is almost impossible to a.nalf'ze the section. Here
also the edges of the granite, slate or marble layers
are ground down into a plane or rolling sur-
face. Here, too, as in Rutland County, Vermont,
and many places where the strike of the strata has
been nearly in the line of the glacial movement, the
softer beds, as slute and arble, are scooped out into
ice-worn and glaciated valleys, the harder strata left in
relief on either side. Where the whole face of the
country has been ground off, and nothing is left to
mark the original level, it is of course impossible to
measure the amount of erosion produced by ice; but
where we find broad, straight, glaciated troughsscooped
out of the softer rocks in the line of glacial motion, we
have evidence that ice has done most, if not all, of the
erosion; and facts of this kind are sufficiently numer-
ous and striking to furnish in thewmselves a refutation
of the stateinent that ice has no eroding power.

Anyone who has any knowledge of surface geology
knows that the action of running water on topography

bare,
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