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TO THE HEADER.

This volume deals with the primal elements

ZZ) ""w^^u YV"""^ °^ °^^*^"«^ existence
Itself. Without Heat and Light we cannot
conceive of the physical universe; and Sound
becomes a modification of these, without which
animated creation would soon destroy itselfand even while it lived would fail to devXllacking the means of communication.

nf mL?^^* """f^^^y^ ^'^ ^^* «P««ial modesof Motion: and Motion is inconceivable with-

fnl ^''''''k
^^^ ^o^tinuing Energy. There-

th[L '.t^'"'
««' thinking nut all thesethings with a consideration of iL^terqy. And

«S^» ^ '^^^^T'^}
perhaps find it a littledry' because it deals with matter that re-qnires some thinking on his part. Even t^

iacTsno\T «f.*^!P--Ples^involved are o? '
fac s not familiar to every one, although theymd^de some curiously interesting %^Z
ruk"if"]fr'*«'5^

^'" Nothing" is not tJierule of life. « Easy come, easy go »
is an!Phcable to knowledge as well as to money! We
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do inherit large fortunes of wisdom from the
times gone before us, but even these we. have
to work for, if we would get the good of them
and make them useful to us.

And this brief word of preface aims only
to urge the intelligent reader who really de-
«ires to know about the common " Miracles "

of our every-day life, to regard the slight
"digging" necessary in the earlier chapters
as preparing for greater enjoyment of those
that foUo^. It will well repay his industry.



NATURE'S MIRACLES.

ENERGY.

CHAPTER I.

ENERGY A CONSTANT QUANTTTT.

To the ordinary mind Energy and Force
represent the same thing. And it has not
been many years, comparatively, since even
scientific men used the words synonymously.
Modem chemistry and modem physics make
a di;i action, and define the two words dif-
ferently.

" Force "
is defined as^the^use of motipn,

or the generator ormomentum, while "Y^^-
?2aaLlLis_£SEre88ed_jn_th£jn^
its power to do work. Force refers to the
causes, while enei^gy refers to work or the
capacity to do work. The distinction is one
that is diflicult to make plain. Strictly de-
fined, Force is any agency that can cause a
motion, arrest a motion, or change the direc-
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llTnf ^^^°!^«"• ^^»^° Energy is motion or

Ls wfrf tl'
^^"^^"^o^io". and thiB car!Tiea with It the idea of work. Force will bomore fully defined farther on.

•
"^ «^-« twn ifjqjf

"^
--riTT ]ii,„(ii or

movinfir energy and potential' or energy ofposition. In discussing this subject it ^ ourwish to get clearly into the mind of the riderthe great physical law known as the « con^
servation of energy"; how it is related "oanimal and vegetable exictence and especially

order n?""^ ^'J'^'''^'
if «* all. to that higherorder of existence that seems to be so in-timately connected with the mind and soul.Ihe phrase "conservation of energy" doesnot cover the whole subject that it is intendedto cover. It involves the correlation of energy,

or, as 1 has been called in earlier times Te
tarn'lr

''
''T' T "^" - ^he t"an;mu!tation of energy, by which is meant a changefrom one form to another. For instance heatas an energy may be converted into anotherform called electricity, and this in turn maybe reconverted into heat. This process is caUed

eentmg a definite amount of work, remainsthe same m both cases. Heat, light magnet!

facrthlT^"^
"""'^^"^ **^^""^^ "^^^io'^' the

- corrlw- "^ T j"*«r«ha°fireable is their
correlation"; the fact that the amount of
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energy remains the same through all changes
is its "conservation." Energy is a constant
quantity.

Faraday once said to Tyndall, who was then
a pupil of his in the Koyal Institution—when
Tyndall was about to show him some experi-
ment—" Tell me first what I am to Lok for,
80 that I may more readily see it as the ex-
periment progresses." These are not his exact
words, but the substance. Writers often make
the mistake of not stating clearly in the out-
set the point or points that they are endeavor-
ing to prove. The reader must wade through
the whole argument, which is often very wordy
and obscure, to finally find the whole subject
summed up on the last page. In a work of
fiction this procedure is all right, for the chief
interest of such a work, aside fjom the phi-
losophy that may be contained in it, lies in
the fact that the climax of the story is ob-
scured or hidden until the last moment. There
18 a sort of excitement in such a pursuit which
keeps up the interest of the reader, and the
interest is largely in proportion to the ability
of the writer to more or less effectually
obscure the outcome of the story till the last
page of the book is reached. When, however,
we are in search of scientific truth the opposite
18 true. One wants to know in the verv be-
ginning what it is that the writer int^ads to
prove. The interest of the reader is then kept
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ttp in noting as he proceeds, how nearly andhow cle,rly the writer sets forth the focts ofh.s^argument and proves his points astgo^i

is Ih^^W *"* '" "'''• ^ ^"'Pl'asize. then.

Onr 1 S '^ /'• *' " '" "•"'at^d to Energy.Our world may freeze up. some time and th^sun r^ lose his heat; but the E^e^ rf

fol TT ,?" '"""''° *« «"»e income

"j-TSIatler-is found in many forms and com-

vrer'TW "kV""'*^
°* ahnost in^^iTevariety, ihere is but one enerjry in the nh™,

cal universe which appears in^i^ny ^£3^and It may be that there is but one ultSfom of matter. This latter, howeveriTut
*» *^P'lt"' ?'"*• " «P«"lation Xt is un-
f'^^J- .

Ch^l2ta.assertsthat there are Z.
m nature

, by -elemental substan^irn;;mean a substance
, that camiot be divid^

CT diJZ • f*T' "*""'* ^ "hangedor divided into two or more substanorabut, whatever the process of anS ™^ay apply to it, the molecule 0^X1 rf^o^d remains gold. And this is t^e or^e^other so-called "elemental substance;" ^
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While they cannot be further spn«^o+«j *i-
«an be combined with eaXX S^t fV^

may be driv from one combination to an-

may ..Hidden fromT^^S; whrcrbj^
«iLe zr.t ct-Sistr^,izprocesses can bring them out fromTheir h^

matter we mean fha* u-
" .

*V y* -oy dead

err? ^" • ^-'-rt
Jsfto^ta''mlt:Ctt':?,rdr ^

« that U aM/r'? ''*'/™' y** •««» in-'«Ju mat IS able to transfer a correct php-

VI
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^

I

t^ph of the mental picture existing in thebram of one man to that of another.

^, °°'.'°»°P*"«" often attempt to get around
^., daffieulty by eoining new^ordfwh"
utterly meamngless to the ordinarv mit^un ess they at the same time fZfsrus^A
^ases the definitions are often more difficult

la^lr"^ •*''•''? »•'«»"«''"" words They

J?*^> !i.
"*'^''"'»' "'"ss told the children

Mem Children, you may not understandwhat this means. I will exolain it
^''"™"<*

reiteneratinn » T_ ^v-
^^'*"' "• « means•^neration. In this case were these littU

children any wiser after the new^^^I, k !?
been defined than before? ^ ^^
^Faraday says: " The whole stock of enennrM working power in the world consists of^tract ons, repulsions, and motions. If the attractio^ and repulsion, are so circultenced

fwt*i^:srd"e;et"™*''*''««««--^--

^^T-Ln!r^--r:f^
=a,.teo^y-itT-itKi-
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however, that force has been destroyed, be-SA 'l** '"^*''*'°" °f gravitation th^
iiolds the stone against the earth's surface. Ifnow we elevate the stone to some positionabove the earth we have given it a notentWenergy; that is to say, we have put USi
ZT^ "^'"^ *? ^""^ »^ gravitation ca^«ause the stone to do work if it is released andaUowed to faU to the earth. ThatW iSaWome a potential energy. The .?Z^jsjurt as great practicaUy after the stone hasWn elevated as before; but it is in the pos^t.on now of a bent bow, and if released it^ando work. The motion of a eannon-baU wC«red from a gun, the motion of a falling bodyfrom an elevated position, the turning of awheel and the vibratory movement of the atomas sensible heat, are aU instances of actual^moving ener^. The bent bow held in that

position, the elevated weight, static electricity..

^iTT"*?*. "'««°«««"' are instances rfenergy of position, or potential eneigy.
It IS a law of physics that action and re-action are equal. If we should take a g^.

^n^.V":^''* T^' "^ *« ''«''«• «nd a bullet

Z,T 1^^ °* *''* "•'«•««' ""d then fire the

tions with equal power. If, however, we pW
U iH :"\°* ^^Z""^!

rigidly and moZIt m a stock, in the ordinary way. and load
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and fire it, the buUet is propelled ^^iih o

Tn fKic L
velocity of its movement

man knows that when h!^^' i? ^ 'P"""-

;» « .^il agalr'Tis'thoSer" 'ii"thotTin this case the aotinn ^^ii! r
„-^^*^o"gii

reaction or recoil of tJ *"*" ^^ '^^

makes a ^reaTd L/ ?^. ^'^ ^^^^^ ^^n.co a great ditterence whether r^r^^ ^i
the muzzle or the butt of tZ •

^^^""^^

shoulder. ^ ^^"^ ^^"'^ "gainst hi*

The mecl^anical eneroy of reooil ».«
IS very aliAf »« « ,

recoil, however,.

for in +!n-7 i? ^a'^erous jrun to handle-lor m tnis case the enpro-v r^f *C^
"«*iuii.

,

oe nea^, for two reasons: first, in order th»^^may be strong enough to «sis fte chaLt ofpowder, and, secondly, that it may fel^vy
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enough to absorb the reaction, so that tho
recoil will not be too great.

If we should plant a cannon in a perpen-
dicular position, with the breech resting firmly
upon the earth, and fire it, the earth itself
would recoil, and the law of action and re-
action would hold in this instance as truly

,

as m the first one cited, where two balls were
Hred from the same gun-barrel. The recoil
ol the earth, however, would be so infinitesi-
mally small, because of the great weight com-
pared with that of the cannon-ball, that it can
be practically ignored. The energy of recoil
1^

reaUy a most entirely represented by heat.
Iheoretically, however, we must admit that
the earth does recoil. The converse of this
IS true when a cannon-ball has reached its

when "ir*f.
P^«iti«^- There is a moment

T^hen all of its energy of motion has been
converted mto that of position (except that

ILaW r P«««ed into heat by the friction

4k it
atmosphere), and then the ball and

Iravitl^- ^**T."^"^ "'*^^' »>y tJ^« force ofgravitation and they move toward each other.The weight of the ball is so infinitesimal ascompared with that of the earth that theinovement of the latter would be an aW
immeasurable quantity. However, the law

'

W f:d^ntslf%'fH^^^^
^^ *^^ ^^" ^^

baU could i: ctrby'sUt^raT^^
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in its extreme elevati »,«

could pierei onrand fT u**"?'
•"* ""* '*

ence whether "SL was doZ^" "^f""
°° <^'ff«'-

downward flight Thit»*T ° '*! 'P"'*'^ <"
into aceountVhe ^IT^"^^"* ''°"' "»"«k«
but.si^p,, ^e^r Helrc ^? t •'''

totally spent in 7».?^ • * ''*" '"^''t be

the grouid from fha, -5?" ""mediately to
fi«d to iU fuU hli«htTd°^'-r ''."*''' '"^

plate on its descent
""'* ** «"»»'-

-i^edf ^:,t sroAt '"°'^"^.'-
the cannon-ball nos^ °f the energy that

armor-plate on i^p^dSr/V*™'"!*''^
seen, the velocity of Tfcl Kii "^^ "« ''«''»

«sted when i^s rack thf„w ^^ '°*«"y "*
of 100 feet, andW th:f^ " •*" *'«™«'>'^ana irom this point it falls back



^iicrflB a ConBtant Quantity 11

to the ground. If the plate had not been
placed m the track of the cannon-ball, its
flight upward may have been a mile, or several
miles, but all of this wonderful power has
been spent in simply piercing the plate:
where has Its energy gone, if the law of con-
servation IS true, as we have stated? All that
18 visible to the eye is a hole in the armor-
plate, and the ball-which has only been able
to simply pass through it at an elevation of
100 feet and then fall to the ground, where
It lies an inert mass. What has become of
Its energy? .We will try to answer this ques-
tion. ^

The firing of the shot was the result of a

^t"n.^''- ""iT"^ u
P^*""*^"^ ^"^^»y th«t was

stored in the substances of which the powderwas composed. An application of heat to thepowder set m action the chemical process
called combustion, which suddenly caused alarge portion of the powder to assume the

,
gaseous form, when it immediately tends tooccupy a space many hundreds of times
greater than the powder did. This sudden ex-

seenTr. ^ '" "measurable, and, as we have«een in the case supposed, sufficient to piercea heavy armor-plate. This tremendous energy
that a moment ago exhibited itself in the foiraof visible motion has not been destroyed, as
appearances would indicate. All of it has
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^Z oThlT^H^I? ^"IT"" ^^'W in the
«/^. iT-

®*' " defined as a moTement

?o« ene^"; "T "^ """»«'• """i '>W
U.e tSeTnel":'The""' "!* '""^ '"•««* »
We call l,!.f 1

™°"n8 cannon-ball.

ri» JIk r'^"'" ^e-'gy and motion ofa mass mechanical or visible energy bothVlonging, however, to the same generkl nLeneivy of motion. One is ^movement rf f11atoms of matter within a massHnd^he otheH*

Diernino. tL 1 . i
"'"' ''«'° arrested bypiercing the plate of metal, that which JZbefore mechanical has been added tTlhe ZT

hate nl!^ed .r ?;
'°"«^ "' ">*

Un J^!\ "\'^" •°'«''^ly heated. The

"*«nesg. It the mechanical enerjrv hurl K«o«

tnechinic^ h»"= kT ""^f^ *''»* "«» before

S J,.t*
' *^"°'® molecular in the form

of tte toll sl.T;^'"?' """^ ''y f^tion

*^aLS:tefli^-it:tsr7;it
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found in the increase of temperature in the
ball itself and the plate that arrested it. All
of this gathered up and placed back into
energy of position would, if again released,
fire the shot with the same energy as before.
The mechanical energy of a shot does not

represent all of the energy created by the
burning of the powder. A part of it has es-
caped with the heated gases that rushed from
the muzzle of the gun, and a part is stored in
the ball as heat in overcoming its inertia.

This brings us to the discussion of what is
called the "mechanical equivalent" of heat.
It has been proven by experiment that the
quantity of heat necessary to raise one pound
of water to the temperature of 1 degree Fahr-
enheit is equal to that generated by a pound
weight falling from a height of 772 feet
against the surface of the earth. Conversely,
an amount of heat necessary to raise a pound
of water 1 degree Fahrenheit in temperature
would, if all is converted into mechanical

,

energy, be sufficient to raise a pound weight
772 feet above the earth. The unit of meas-
urement called the "foot-pound" has been
adopted as a means of determining the amount
of energy expended in doing a given piece of
work. The foot-pound is a. unit of energy
as expressed in work, and is that amount of
energy which is necessary to raise one pound
weight one foot high against the force of
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gravity. It follows from this that th« oof heat necessaryr to raiJ« ^^^^ the amount
d^ree Fahrenhdt s Zal Trrfr 1 "«*^' ^

^hich constitutPa tir L .
^oot-Pounds.

to define aXu^Zrl S/'w'* " ''«"

by work. Work i. -i; •j I ' " "^'n*
dasses-for iltenJ u'''^

'"«° •"i^^'ent

forced whU"rsrbie";tr'1"t '? 'L-« opposed to molecular w^ f„ J'^'"'*^'there is „ displacement ofinvisMel^'fTWhen a ttun is fir«^
"'visiDle molecules.

energy of SLbalfnot^li ".^^ "^ "•«

for the time b^ir^t'to"™:^;:''". ^r ""^-^
This mechanical e^ne^" Cn^Tbe'r"^-muted or chanired into ™^ i

^ *™'"-

moment the bX 10^7^ ^T"^ *''«

eun in its attemnt Tl '"T^^ "* *•>«

resistance oraraU^rvirU^H^Tr
becomes heated and the air J ^^''"Uet
until the bullet Cll^ ^°"^ ''*'"«'

rest The he« th ", Ik fT ^ * '*»** of
•n .»., »• J. ** *™ bullet has KeneratcHin the air and in itself as well as inX .uwhen it struck, is an exacTm^nV of S^I^wh-ch was absorbed from the heat c^atl by

y
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li^™""?';?
"* ""* P""'*^'"- So that for « briefmoment the energy that w«, freed by the.Knuion of the powder existed in two formsof moving energy: one we call mechani™!

i.T- ^l "r-
"""^ "'^ "«'«"• molecular, ox-stmg m the form of heat. The sum of thetwo forms is equal to that which exists a!molecular energy or heat, after the mechani!

» iT'^^ f *''" ''""<" '"'^ '«<"' ^PenTWhena body .s heated there is a certain amountof internal work done by increasing the ranid
.ty_^a„d amplitude of the movem^e^t oT'the

work When we undo work that has beenalready performed it is called negatfve „r

tnat the total work performed upon a nar-ticleis equivalent to the kinetic 'or mov'ingfnergy it gains; and the total work undonfs equivalent to the kinetic ener^ it "o^If m performing a certain work it i^ attenri

work rp:rf ™ ',"?«<'?. the same amo"work 18 performed in either case.When work is performed by a niece of „,.

nor"^,.**""*
'' '^"™" •'^ « fi^d'^t^dard ofpower, the amount of effective workThat wMI

th^fl, T^l"'" '^"^"^ upon the frictl^"that has to be overcome in driving the nTchmeiy Itself. If the friction is |rlal Th."
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effective work will be lessened. The real

XLrtheT^''"r^' ^''' ^ ^^«—

e

Whether the friction be much or little, as itrequires an expenditure of energy to oveJ-come friction. And the measure of theTn-



CHAPTER n.

ENERGY OP MOTION AND OF POSITION.

Enenery performs work when it ^alla from
a higher to a lower level. Whenever energy
is stored it is in a position to do work if re-

leased. As we have before said, store 1 energy
is energy of position, or potential eva ^gy. It
may exist in a great many ways. Th*- power
that has stored it is equal to that which it

will give up when it is released and falls back
to the level from which it was originally
taken. If a cannon ball is fired perpei dicu-
larly in the air, its moving energy begins to
be changed from energy of motion to th it of
position the moment it leaves the muzz. of
the gun. Its velocity is being continually re-
duced by the constant pull of gravity and the
resistance offered by the air. These two re-

sistances cause the ball to move slower . id
slower as it mounts higher and higher ui al
it reaches the turning point, when for a mo-
ment there is no motion of the ball, and all
of the energy of motion has passed into that
« f position. At every point in its upwari
flight the sum of the two forma of energy

17
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remained a constant quantitv »,o+ • .
If at any point in itsTihf' * '' *^ '^^^

energy of noflitinn f. u
*^ * "^^ measure the

findKhnXfthe'tw?""^ r «^«"
energy of moti^ wLn thrb«" '' *^'
at its highest velocTty wLn . T' ^^^^°^
its extreme limit th;' h^ntMi'*

^*' ^^^^^^^d

same power to do work tha it'i^^T''"'
*^^

it left the muzzle StwilV^^^ward flight, at the moment ^1 h
'*' ^^T'

ficend, it also be^insT •
.^'''^ *<^ <Je-

Position 4 toTake o/t;%hV*' '^^ ^^
<^nergy of motion.

^® ^^'^^ ^^^^ee
Eii#rgy of moifon increaqpfl «t»,-i

position decreases Vi^IT ^'^^ ®^®'ery of
^ntil it has reached TJ^^'''^ movement
the muzzle of theL tT* ^""Z ^"^^* ""^'^

«M of its enemv ^' ^^"^ '* ^^' ^^^^ «P
changed to ^ha Tf mot^Sn^' "^'^

^^

'

a solid substance in iW^lf^^""'-i/*
'*"^««

with the same enei^ .^ .111 \* "^'^ ^^ *^"8

it issued f^'m t^^^^fe* *\''" ^^^ when
another transmutat^^L f ^°- ^«'«
sudden arrest of tb!

^^^''^' ^^' *^^«

has convertel what wrTf'"' '' ^ ^««
^nergy into mole^X Iner^'^'j:

mechanical

J^eat. It is still movTng enS7 L," ^'i'"^
"^

a movement of the nZ. i^l .
'''' ^^^e^e^*

chanical or visible but f/
'^'"^ " """^^ m«-

increased mitemtt of th!f T^^"^ ^^ an

ofthemass,wMrwtl^n^^^r^^^^^^^
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In the whole process there has been no
change in the amount of energy; it has sim-
ply gone through a series of transmutations.
First it was energy of position held in the
powder by the force of chemical affinity.
When this was released by igniting the pow-
der, a portion of its energy was transferred
to the ball, which robbed the gases of a portion
of the heat and passed from molecular into
mechanical energy, which in its flight upward
has been gradually converted into energy of
position; in its fall downward it is gradually
reconverted into mechanical energy, and
finally, when it strikes the earth, there is
another transmutation into that of molecular,
and a new production of heat. (Friction
against air is not here considered.)
Another instance of energy of position may

be found in a body of water having a level
higher than that of the ocean's surface. If
this body of water is released it will flow
down to the lower level, and during its pro-
gress it is able to do work, such as grinding
grain, sawing wood, or driving the machinery
of a factory. When it has reached its lowest
level it no longer possesses the power to do
work. In order to restore to it the same power
that it had at the higher level we should have
to expend the same amount of energy in pump-
ing it back that it gave upwhen it randown. As
a matter of fact we should have to expend a
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In diseussing this qSon hi
^"'''^

assuming that all „T!1 ' ''<"'«™'. we are

ployed ta tStttiltoA J"^*^ T. *" *"-

Another form of ene»v If ^"f-
*»."»««••

in the bending „f /^^^ Th~din^ „T"DOW has reauippH o «« * •
tending of a

which. ^^^:>Tt'zz^'TTarrow, which now reni«sent« f. • *^
ergy what the bent fc^wTrl !

"""""^ «"•

tion. ^H thers':it a;L':tr^^rj:

it has no abffitt^ ^"^ ^" »'«' "* i^eM
direction The LL"^™** '? ^^'-^''^ «
continue with it

^8^1,™'"'^ *" '* """W
moment iTis^^l^Z^. -"T^- ^"t *«
and by PassLTtSgh .''rSilrlS'*''"'such as the air *»,« ->

resisting medium,
tion iT^Tdu^^L^^S''^ ^^ mechanical mo-
Iflr «lf^ ^ changed into that of moWniar motion, until the whole nt\hl^has passed into the latter when1L«"^''comes to rest • Kn* *h^ *'*® *^row

mains t^e^L *' °'*'™'" "^ »«'«y «-

;j>^tn%rsrruri:Ts,:^^^^^^^^ i«

d^wn f^m the surface ofTt^ ot wa'J?

I
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by the action of the sun's rays and carried
to the upper regions of the atmosphere. Here
they may float around for days, weeks, or
months, each one carrying its little load of en-
ergy, which is given up at the moment the con-
ditions are right for condensation into rain-
drops. At the moment of condensation th6^
energy that was stored in the moisture spher-
ule by the power of the sun's rays is given
up in the form of heat, or electricity, or both.
It may appear first as electricity until the
cloud is charged to the point of disruption,
when the whole is converted into heat through
the electric discharge. All of the phenomena
of a thunderstorm, hailstorm, or tornado, with
their terrific manifestations in the form of
thunder, lightning, wind, and rain, are sim-
ply the result of a sudden releasing of the
stored energy in the myriads of moisture
spherules that were placed there by the power
of the sun, when they were silently and in-
visibly wrested from the surface of the water,
or from condensed moisture globules floating
in the air.

If we should measure the energy that is
released during a thunderstorm by the con-
densation of moisture spherules, and follow
it through the various manifestations of
thunder, lightning, wind, and rain, together
with the energy set free in the form of heat,
the whole of the energy expended in these



22
«aturc'0 iftfraclee.

tafhf..
carrying the moisture spherules

,^5:
-S—t!gn?ea untU the atnrr,^ ^,1^^ „p^^

amount "f"p^J, th.t''hf^*,l'''"°«'
*«

in winding „^p 21 wefg'bttay'rutS'^
•^descent when released to driv^^lS^"
work itrf; ""*• ''''';'™ ^""-^ k'ndTrf

oeen stored, m a manner that will be mn«fconvenient for our purposes.
"^"'^

tion off '?''''* ^ ^'"^*^^ ^y the introduc-tion of any form of machinery. By no posst

-ch. Ha«kinr:fSti:: s'bfi-away with, we could take nZ XT ^
amount in effective work that ^asttt,?tho winding of the weight, but ITmZ U
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the weight is made to turn a system of wheels,
each wheel will have its bearings that will
cause more or less friction. The meshing of
the cogs between one wheel and another will
be an additional source of friction, and to
this must be added the resistance offered by
the air to the motion of the wheels. We have
already seen that the arrest of motion is fol-
lowed by a corresponding production of heat.
In comparing the effective work done, then,
in winding up the weight that drives the
machine with that which it will perform in
running down, we must deduct all the energy
that passes into heat caused by the friction
of the bearings, the cogs, and the resistance
of the air. This, added to the effective work
performed, will be equal to that expended in
raising the weight. It will thus be seen that
by no possible means ca i power be gained
by machinery, but machinery enables us to
utilize power in many convenient and highly
advantageous ways that would be impossible
without its use.

It was an old notion that power could be
gained by machinery, and many men have
spent years of time as well as fortunes in
pursuing this will-o'-the-wisp, which, if true,
would enable us to construct a machine that
would propel itself. From their standpoint
an animal or a man seemed to be a realiza-
tion of a nerni^tnfll Tnntir»Ti Tu«^ j:j *
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I

take into account the fact that the food whichan animal eats and the air that it hveaX^lsustains the relation, in a sense, oar^mallocomotion that coal burned under aSdoes to the propulsion of a steam engLe laboth cases there is oxidation caused by theunion of oxygen with the carbon, the resultof which IS the production of h^at Manvingemous automatons were constructed ttowould simulate the movements of men and

of Tol'af; ?r'""-- of certaTnVndsoi worR and their ingemous oonstruotom

cS^nicarl^
*' eonatruction of a mere n,e-

History speaks of a mechanical duck thatwas the wonder of the last century that fedand digested its own food. The same i^venter is said to have constructed a fluS-'player that would move its fingers in theproper manner to produce a certain melodylater on another ingenious mechanician con-s nicted a writing boy who would go thro "hall the motions of writing accompanied by

eyes, and so perfectly was this piece of mech-anism adapted to the purpose for wh"h Uwas intended that when the "boy" and h?,

were traveling and giving exhibitions in Spdathey were both arrested for being inC
•'-4...
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with the powers of darkness and subjected to
the tortures of the Spanish inquisition.
The officials tortured the father, but not

the offspring of his genius. For the writing
boy was merely a highly organized machine,
containing nothing more wonderful than the
ordinary cuckoo-clock. The materialism of
the age in which these geniuses and philoso-
phers lived led them to suppose that the prob-
lem of life could be solved by mechanics and
chemisjry. Whether they had in mind the
construction of a mechanical man that could
eventually be endowed with moral qualities
we do not know. We do know, however, that
no greater blessing could come to modern
civilization than the construction of a me-
chanical servant girl that would do just what
you wanted her to do without " talking back."
We could afford to dispense with moral and
intellectual qualities if all the other disa-
greeable qualities could be dispensed with as
well.

The law of the conservation of energy is
teaching men that something cannot be made
from nothing. And this is what every man
IS trying to do who is deluding himself with
the idea that a perpetual motion is possible.

»
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CHAPTEE in.

THE FOBCES OP NATURE,

n^f^l^V?"^* '"^ * ^^''^'^^ ^*y' »»^en some

lorms of motion and position, let us stop amoment and consider what are called the
forces ^f nature. Force has been defined as

l^l}T'''\f Tm*>°' ^^^ ^^^^^y t^« "potion
Itself, or the ability to pass into motion.A weight that is elevated from the surface

thin^fW •. !?^
«^P«^ded possesses some-

Irevated TK-
^^ not possess before it waselevated. This something is its ability tofall when released, and this ability we callPotential Enei^y. While it is falling it pos-sesses Moving Energy. So far as the weight Lrelated to force it is acted upon equally

.vhether it lies upon the ground or is sus^pended m the air. This force we caU Gravl
tation and, as compared with some of the

l^!nJT"' 'i
"^^^^ "^^"^ ^ ^^^y ^««k forceacting through very long distances.

it is the force of gravity that causes the
tides, occasioned by the mutual pull between
the earth and the moon. The attraction of

26
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gravitation between the sun and the earth
is also felt and made sensible in the tidal phe-
nomena. So true is this that there is a very
great difference in the height to which the
tide rises when both sun and moon are pulling
upon the earth in the same line, as opposed
to that which takes place when they are in
opposition to each other. In the case of the
sun the attraction of gravitation is acting
through a distance of over 90,OCO,000 of miles.
The sun's attraction is less than that of the
moc.i, because of the greater distance through
which the attraction has to act. If the two
were equidistant from the earth, the attrac-
tion of the sun would be many, many times
greater than that of the moon.

There are other forces in nature that arem a sense like the attraction of gravitation.
Ihey differ in the respect that, when the
bodies between which the attraction exists are
sufficiently close together, it is very powerful;
but it IS totally lost the moment there is any
perceptible separation.

^'l^i.''^
*^^^' ^^* "« consider the force

called Cohesion. This force is the attraction
which one molecule has for another, or mass
of molecules have for each other, acting, how-
ever, through an infinitesimally small space.A pane of glass is held together with great
rigidity, but the moment a crack runs through
It, although the parts each side of the crack
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attraction of cohes
'
„ t"

"""^ '"^'- The
the molecule oftZe^ « i'

*"'•*' '^"''^°

act through virv tL ^^^r"""'"" «"<» ""t
it does. If, for instate 1f''""''t-,'''

^' "»<»

there wopid be " Mn"' wh::e™r r^""" "'
<Jown to the e^nh o.

^^^tever to hold U3

cules of a substlT,^ ul T"'^™ *« "o'e-
of which the ml^',"' '"'*"'^" *« "toms
study of thl'L^st'^C

thffo"''--
^"^

Wh.h the chemist IresSraddrr

the'':;tt^r:rciir''t!r "^^ *-*
of chemical affinitv Z "^ *'' attraction

attraction ofStt Tre^:/' '" *''«

just as truly to overcom/t^ ^ ^*' *"«'8y

- it does to overc:m:'"tie*t;a::r;c
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ft-ravitation has for a nf«»,« 1 •

heft"is''«L?"^^" ^'^''^ ^«*«'' 'mount of

tn.ly L wl have Kurr**'""' ''''' »*

a weiffht tli»t III ff^'" Energy stored in

cal separation '
^"^^ """^ <"«" "'"tani-

B Between the atoms of oxygen and
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hydrogen and that of a weight elevated from
the earth s surface, in the respect that both
possess energy of position. Let us trace fora moment the processes used in attaining
the position m both cases. When we apply
heat to a boiler, a part of this heat is con-
verted, through the medium of a steam-en-
gine, into mechanical rotary motion. By thoenergy of this motion we are enabled, through
the medium of a rope and a pulley, to windup a weight to an elevated position. A part
ot the heat that has been generated by thebunimg of the fuel appears simply as sensible
Heat, while another passes into mechanical
energy, which is used in winding up the

To produce chemical separation we also may
apply heat, a part of which will appear as
sensible heat, measurable by means of a ther-
mometer, and a part will be absorbed in thework of separating atom from atom. In the
case of the wound-up weight the energy set
free by the burning of the fuel exists partly
as sensible heat that has radiated off into spaceand partly as stored energy in the wound-up
weight. If the weight is allowed to fall it
becomes molecular or heat energy when it
strikes the earth; and the sum of the energy
—to wit, the heat developed by the fall of the
weight and that which radiated into space
<luring the process of winding up the weight
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Its coustituent gases l.as been given back «sensible heat when the atoms clash together

CiL !»" r*""" "^ ""> l'^"' "bsorbed h

u^of tLat wPh "•"'"^ " "'"'"^'y th" >»«'«-

"tow ™t:'
''"'"' "'^ '^'^ «"=^ -

to !!^h'"'*" 'f™' "* '""^ ^"'•"^t h"™ the powerto gather up from the air the carbon diSand the vapor of moisture. That wonderful

«tnTf tCr-', *'^ «"°-pM "Fttgreen Jeat, calls to its aid the power of t „sunbeam and rends the molecuCof waterand carbon dioxide, atom from atom sTo es

tl T^"" t"^ ''^'''°^<"i '» the woSy fiberand throws back into the air the pure oxyge.
'

It has reqmred energy to produce this c£tcal separation which is stored in the wo3v
gives back in the form of heat the measure

^owa o";thI
expended by the sunbeam in "h^

m wood and coal is therefore energy of posi-

in'^e"eWc,f'"™
"^ """'«'' "^ P""'!"" » seenin electncal separation. If we rub two sub-stances together, such as a silk han<CcWef
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and a ^lass rod, the rod and the handkerchief
are said to be electrified oppositely. The
glass will have a static charge of positive
electricity and the silk will have an equal
static charge of negative electricity. Neither
of these substances is a conductor of elec-
tricity, and therefore the charge cannot be
immediately dissipated. The two kinds o^
electricity are in a state of tension with ref-
erence to each other, just as a bow and its
string are when the bow is bent. If released
they will fly together and their attractions
will be sahsfied. When we rub the glass rod
with the silk handkerchief, energy is expendedm doing It. A part of this energy appears
as electricity, on the rod and on the handker-
cmet, and a part is represented by heat.
In order to produce this electrical effect the

two substances that are rubbed together must
not only be nonconductors, but they must be
unlike m molecular structure. They must be
heterogeneous and not homogeneous. U we
were to cover the glass rod with the silk, the
rubbing of silk on silk would produce no sensi-
ble electrical effect. The mechanical energy
put forth in the rubbing would all, in this
case, be directly converted into heat, whilem the former case a part of the energy first
appeared as electricity. If we construct a gal-
vanic battery, the two metals used must not be
ahke, and the greater the difference there is
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isting in the ether.* If we brC*e tf'"
•'^"

Sr "nl/if-T. *^ ""*«' possessing the

erlvfin
"^

'*' '^P"'"*"* electrical en-

^^^''n^iyer^-iZ^^^^^ !<> «'«t throughout
to be the medium through^K'^''^ 'f^^ ^''''^«°<*
«ther.waves created elSLTit o ?^ *"* ''®'"' "ff^t, and
trans,„,tted throughly air KlT'"""*'' "^^'^""^ *«
in future chapters. " *** *"°'^ '""^ treated
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be a flow from the higher to the lower poten-
tial.

Let us illustrate. Suppose we have two
reservoirs of water, both of them occupying
the same le\ol and both of them above sea-
level. Both of them would be in a state of
potential, and possess energy of position with
reference to the sea, because the water can be
drawn off, when it will fall down to the sea-
level, and m its onward course possess the
ability to do work. But, considered with ref-
erence to each other, the two reservoirs are
equi-potential. If we connect them together
no water will flow from one to the other. They
are in the condition that two pieces of zinc
would be put in the same battery cell. They
are equi-potential, and therefore there is no
fall from one to the other. If we pour acid
into the cell it will attack both pieces of zinc,
but the energy given up will be in the form'
of heat. If we take out one of the pieces and
substitute a piece of copper or carbon, and
connect the two together, we have a flow of
electricity from the zinc to the copper.



CHAPTEE IV.

TRANSMUTATION OF ENERGY.

It will be seen from the foregoing chapters
that the energy of the universe exists in vari-
ous guises, which we call the " forces of na-
ture."

We have visible energy of motion, as seenm the flow of water, the movement of the
heavenly bodies and the firing of a shot. We
have visible energy of position, as seen in a
reservoir of water elevated above sea-level, or in
a weight that has been carried to some position
above the surface of the earth. We have en-
ergy of position in molecular separation andm atomic or chemical separation. Also there
IS moving energy in the ?orm of heat motion,
the motion of an eleptric current and that of
radiant energy. These :.re some of the forms
ot energy existing, and so far as the universe
13 concerned the sum of them remains a con-
stant quantity. They are not really different
energies, but the same energy appearing un-
der different guises.

It will be seen that all work performed mustcome from energy of position. The tendency
85
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I l\

IS to fall from a higher to a lower level. Waterwill not turn the mill unless it is first elevatedfrom the level of the common reservoirlthe
ocean. *

This, however, is going on through the proc-ess of evaporation caused by the power of thepun's rays There is a constant elevation of

Tw -r.-*^"
^'"^ '^ ^^P«^ «°d a constant

precipitation upon the higher levels of theearth where it runs back again to the common
reservoir, the ocean.
In like manner heat, in doing work fall^

from a higher .. a lower level. 'wTtilfl
fire under a boiler, when a part of the heatcommumoated to it does a certain amountot work m forcing the water into vapor. This
18 converted into mechanical work in passing-
through the engine, when it escapes into heair and is radiated into space. Not all of theheat, however, that is forced into the enginefrom the boiler issftes from the escapeW
for a part of it is converted into mecLSwork in turning the wheels of the factory andperforming the various kinds of work carriedon therein, when finally .this portion is given

hfJ'tt^V'";^ ^l *." ^"'=*'«" »f the bear-

air in which they run, the friction of thetools used m planing, or turning, or boring!
as the case may be.

*

If we take the temperature of the steam
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as it escapes and compare it with the steam
before it enters the engine, we shall find that
the temperature of the former h very much
lower than that of the latter. A part of the
heat that comes from the boiler is radiated by
the pipes carrying the steam and by the engine
through which It passes, a part of it escapes
with the exhaust steam, while the balance
IS first converted into mechanical visible en-ergy only to be converted into molecular or
heat energy through the various sources of
Iriction heretofore mentioned. If the heat
outside of the boiler were as great as it i^
inside of the boiler we could get no work out
ot It any more than we could get work out

lever
''^'^''''''''®

""^ "^^^^^ occupying the same

It will thus be seen that all of the opera-
tions of nature, whether in the animal, veg-
etable or mineral kingdom, are dependent
upon the fact that somewhere there is stored
a great reservoir of energy, capable of car-
rying on all of the activities not only of this
world but of many others like it.

So far as our scJar system is concerned,
that reservoir is the sun. What would hap-
pen if this great source of energy should be
suddenly cut otf from pouring its life-giving
streams upon our earth? A moment's reflec-
tion will show us that there is only one an-
swer-universal death. The next questioa
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that naturally arises is, will the sun continue
to be an inexhaustible source of energy?
Probably not. But the diminution of thesun s heat is so very gradual that we havenot been able to measure it within historic
times. It IS not a question that need to trou-
ble us as individuals; but as each one of usmust face the inevitable change that comesat the end of the little point of time allotted
to us, so the race must look fomard to itsultimate extinction as physical beings through
natural pauses. The human race has greaterand higher problems to solve than thosTS'
volved m our mere physical existence as ani-mals or machines. But in order that thesegreater questions may be solved, if they e^rare, it is necessary that we begin from the

^hfirV't ^' ?^*"'^'« operations. Ou
philosophical speculations in regard to thatwhich we do not know must be based upon

ve^ant^witV^r
''^* "^ ^'^ intimatdy cTversant with, if we expect to make any realprogress. ^ ^^*

.,ii* ll
*^^^"«i^ess of the scientist to fur-nish these facts, and leave it for the philos-opher to harmonize them with other facts ina higher realm that is jusc as real.

sedation of energy is correct, as stated?

rl.l^ ^"''* ^° ^^^'^y proven By directmethods as it would be to prove the con^
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vation of matter, yet there are indirect evi-
dences that carry with them such conviction
as to amount to absolute knowledge to the
individual who has made it a close study.
Sometimes we arrive at the truth by trying-
to prove a proposition based upon false prem-

For several centuries philosophers and me-
chanics have attempted to solve the problem
ot a perpetual motion, but without success.
The amount of study and money that has
been spent in trying to solve this problem ha*
not been m vain. In settling some questions.
It answers the same purpose to prove t^^at a
thing cannot be done as that it can. V7henmen once made up their minds that power
could not be created by machinery, they at once
addressed themselves to solving the question—Why And out of this effort has grown a
knowledge of the great law of the conserva-
tion of energy. If energy could not be created,
then the question arose. Can it be destroyed ?And when this is attempted we find that it
cannot be done. The one is just as easy to
accomplish as the other-if we are able to
destroy energy we ought to be able to create
It; but we find that neither one is possible.

•iT *^^' ^^®' ^^^ *** i"iPres8 the mind
^^th these facts will be to give a few instance*
ot how energy may be transmuted—changed—
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:from one form to another without our being
able either to increase or diminish it.

Let us take the ease of a pendulum that 19
delicately hung upon a knife-edge. Now let
us give It an impulse that will set it to swing-
ing. The first oscillation it makes will be
greater than any that follow until it comes
to absolute rost. In an ordinary clock the
pendulum is kept swinging with a definite
amplitude by giving it a fresh impetus at the
€nd of every stroke, which is imparted to it
through ^he medium of an escape-wheel,
driven by a weight or spring. Let us, how-
ever, consider the pendulum without the
escape-wheel. If delicately suspended it will
swing a long time upon the single impulse
that has been given to it. Now let us follow
the transmutations of the energy that was
imparted to the pendulum. First it appears
as energy of motion, which is greatest when
the pendulum swings to its lowest point.
When it has passed this point its movement is
slower and slower, until it comes to rest at
the turning-point, when immediately it swings
back, passing the lowest point again and ris-
ing on the opposite side-, each oscillation be-
coming shorter and shorter, until it finally
comes to rest on a line that is perpendicular
to its center of gravity.
A casual onlooker would conclude that the

energy imparted to the pendulum was now
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entirely lost. But this is not the case A,

to its extreme .i„it ot'^ilJ^^Z.^l^^

tSat Z^ °^'"°*'™ '° '"'«'«y of Posi"*ttiO at the turning-point the energy that had"ngmally been imparted to it was al that ofposition, with one exception.
°^

We have seen that each successive oscil-lation of the pendulum is shorter than tii

s°u";™Tf""= *r°" "* '^ Pll*tha"t tt
-

sum of the energy of motion and of positionwhich change places at each oscillatS^ iT

when the pendulum stops swinging. Thew
^nted by heat caused hTfZ^7.^r,^Z,

represented in heatihe Z^i:^l,Z^Ct

OTaWtv ^b„ 5 rt"""" eliminate the pull of
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All visible motion, when arrested, becomes
lieat. When the blacksmith delivers a blow
Avith his hammer upon a piece of iron resting
upon the anvil, he creates heat in the hammer,
the iron, and the anvil, as well as in the air
AS the hammer passes through it; and the
amount of heat thus produced, if all could
be gathered up and applied in the same man-
ner, would strike the same blow, with the
same hammer, with the same force—no more,
no les8.i Two or three dextrous blows upon
a rod of iron resting upon an anvil will heat
it to redness.

Gunners inside of a monitor turret suffer
intensely from heat generated by the con-
cussion of the enemies' cannon-balls when
they strike the walls of the turret. The en-
ergy of visible motion is suddenly arrested
and becomes molecular energy in the form
of heat. The moving mass has communi-
cated its motion to the molecules of the metal
of the turret, as well as of the cannon-ball
itself. If the heat created by the impact of
the cannon-ball, together with that created by
iriction against the air in its flight, and that
which escaped with the gases, could all be
gathered up and put again into the energy
of position as it existed in the grains of
powder, it would fire ths same shot again,
with the same energy—no more, no less.

As we have said : all visible motion, when ar-
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rested, becomes heat evpn iha^ r.fK we take two pieeiTs„I?dtZTZT^'togrether, thev fon i,„ u

"""
"f ana rub them

should Zurw«e;Ttl »
'""'}'^- " ''«

chum an^d tu™ th" crank S.r'"'".'"'^.
™'"^

e.Ky exerted againttThe ^t" mZ?'

"'"

of mechaniXelnCdr '''—
PvLTeXtht^r>:t%7r"^*^

various phS man f f .*° "*"""• '» «» "»
hind the sun Ir .L

*'/'°"'- ^^at is be-

While the Wy o"th^ /^^r^"
*» later on.

an intenselyS^at^ otn^ ''""doubtedl, in

nanifestation of ener^v T.; ^-"l '' J^'^
™«

space, that is not oSL ?"«. '"t^.H-'anetaiy

sensible form ofmS i.^J'f "' <" "'her

sna's rays as th^ !, !..''* ''**'^ ^ «he

«ahn of space Thr' *"""«> *" P'oat

transmitted by ethlrWb™*"^^ "^*"' '"" «
light, and whi^ f'f '.**""''' *he same as

it'^m'ay be ealied raS^''^-^'' *" «*-
waves that are clvmed LtlT^' u

**^«'-

strike the earth WMeeth"^:"' ""J^l
'^^^

« substance, there i, ^„ " undoubtedly

it or making it Tei^iS! '^ty »/ "easuring

jwrtioles (if narttt. It \^^^^ «™ *«' =» VII particles they areV nf ,„i,:„i. .-.
- 7 TTliXVii It
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f

18 made up, that all substances that are chemi-
oally combined so as to appeal to our senses,
are as open to the ether as a coarse sievewould be to the finest flour. From this fact
It will be seen how impossible it is to makethe ether, that fills all interstellar and inter!
atomic space, appeal to our senses; for no ves-
sel can be made that will hold or resist it.

torn^r
"^^^

\'^l^ *^ ^ continuous, and

nei?h«^ L''''''^''*''"^
^' "^« ^*«'"i*y' having

neither beginning nor ending
This subject will be fully discussed in ourchapters on heat, light, and electricity. Ether-

vibrations, purely as such, do not manifest
sensible heat, so that the great region be-tween the upper limits of the air and^the sun
18 a vast cold space. These radiant vibra-tions of the ether become sensible heat only

bl"!^"^^'^^^ "^" -- ^«- of sensi!

fhif k"'
now follow energy from the sunthrough some of its transmutations. We w^Hassume which in all probability is true) that

SVhreir"' '^^*^i*^^ ^' mat^r suchas the earth is composed of, in a molten or

t^TZ ''-''' ^^' ^^«* i« radiatingWthis body m every direction in the form o^radiant eneigy which does not become sensi-

mJ! Zf ''
l'"^^"^^^ "P^" '^^^ for^i of

enter"^ '^'" '"'''"* '' ether-waves
enter our atmosphere, sensible heat begins
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^.rt
??*""''»'«'' "><"•« «nd more till theystrike the aurfacc of the earth, where tharadiant energy is entirely arres ed .Tl hcomes Bensible heat, which is a cotton of ttultimate particles of matter. Mloitbh t

the globules of lisfurTth t'
V'/'""'' '"-

from the surface rf wlte Some T^f"

bon ana WroglTn'tltm^Tw^tC
andTth i^b^lT^i

"^^ "•>"" down the t^
the \ "'" " ^^^ "'><'«• the b, iler, whenthe

...^ d sun-energy now reappears a«'sens"

"he wat^r withZT'm' *"
i^!

">"- ""*
has a teehntaVm „iij'h:ruj t7i7?T;^

p^:=rfo-tL5^r;"iF=

wniiiirnr^-'T' -r^ -<» lost

;'

rgy 18 stored in wresting the atoms of
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oxygen and hydrogen from each other and
setting free the constituent gases that com-
pose the molecules of water. The energy
now is that of position. If we combine
these gases with proper apparatus they may
be burned like a gas-jet, where the energy is
given up again in the form of heat. This heatmay be applied to making steam and thus go
through the same round again—heat, mechani-
«al energy, electrical energy, chemical energy,
neat.

To recapitulate: We started with the heat
energy of the sun, which becomes radiant
energy in the ether, which in turn was storedm the, growing wood and was released as
heat when burned under the boiler. A part
of this heat is stored in the work of creating
fiteam, which is again released, a part of which
passes into mechanical motion or energy,
which in turn is converted into electrical en-
ergy. From this it is stored in separating the
molecules of water into its gases and finally
reappears again as heat when the gases are
burned, again to make steam, etc. Now it is
all represented as heat.

It will be observed in this, that there is a
great loss at each transmutation in the form
of heat. We do not mean to say that there
18 a destruction of energy, but all of it is^ transmuted into the new state or position.
When we build a fire under a boiler not all

i
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of the heat is consumed in the process of creat-
ing steam—a large part of it goes up the
chimney, serving to create a draft which
keeps the fire burning. (This is analogous
to a hydraulic ram, which is obliged to waste
eight or ten parts of water in order to raise
one part to an elevated position. The water
that runs away is not lost as water, but the
energy produced by its fall is only sufficient to
raise a small portion of it to a position much
above the level of the water of the reservoir
from which it flows—just as a part of the heatmust be consumed in creating a draft ) A
part IS lost also by radiation and conduction
through the walls of the furnace and steam-
pipes. Only from 5 to 10 per cent, of the en-ergy which was released by the burning of
the wood finally becomes mechanical energy
through the medium of the steam-engine. Theenergy exists, however, in some form, and it
still remains a constant quantity, but it canbe converted .nto work only when faUing froma higher to a lower level.



CHAPTER V.

ENERGY—ITS RELATION TO LIFE.

^h^ ^b ^f"^f
^^^« chapters we have discussedthe subject of energy wholly in its relationio

inanimate matter. When we pass from the

TTT2' *^ '''^''' « ^«w factorTs n!troducol thiit bears some sort of relation Tophysical energy. This new factor we call LifeIt IS beyond the power of the human int^Sto dissociate it from the living organls^^ or

AH il\ "^^''^^^ ^° ^^^^*^ i* i« «i^rouded.All we know is that there are certain factsand phenomena connected with all livinirorganisms whether vegetable or animal that^e do not find associated with inanii^ate mat-ter m any of its combinations.

- 5" " ''®?*''' '^°«® « °»a« is a highly organ-ized machine. To obtain the ener^Tth

^fet thtr ^r.--^^"^ we only'^eeTo
refease hat which is stored up in wood or

^m^n^l
°;achmery which the engine drives

Jin do the kind of work and only the kindfor which It has been designed. But it willnot do even this work except under the direc-tion of an intelligent being. The forceHf
49

1^1

if
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Tt^r.'*^*
*° themeelveB would never con-struct a steam-engine and operate it to per-

f»™ TTi-'P^"' ™'^ Behind these Ws« an mteUigence ti«t directs them at wSI toperform a certain kind of work in a certain

^o man has ever been able, from a knowl-«d»e of the laws of physics and chemistryto aj combme matter and energy that it wmproduce a self-acting machine. H we pos^^an acorn we can so environ it as thlt h^H
prince an oak, but the acorn itL*poU'
I;,W A *''* ''*""*'°"- The chemist can-analyze the acorn, and tell us what are itechemical constituents, but he never has beS
an ;corn Thii""' "T"" f" >" ""«' *° ^^
tudZrJ T ^ "'*"*«<' '° *e earthand thereby produce an oak. The life-nrin-
«.ple-that mysterious something wh ch^s a

«ludes the physicist at this point Tt ««™
to him: "Thus far shalt thou'^T'

"'^'

vegetable, is caUed Protoplasm. It is «

fn er"Vh" ^**T '^^^"'Wing the white of

of ^U f°*?P'*^» is the substance out

of all living beings, whether vegetable or ani-

-nyarogen. The molecules are extremely un-
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hel"i„l' T?"^ •"^'''''^'» ""Chine-buthe 13 more. The energy that he expends indoing various kinds of work is deri JiW
unde! , « *\'T»n system, the same as.

action. ;t does more, however, than merelvproduce heat that may be transmute? ^t»mechanical enei^y. A part of the enTrKv i»

tataed'InT/r
*^ ^t"^ eleme„"t?J„,^!

tained in the food into the tissues to buildthem up and repair the waste that is co„-stan ly going on, and a part is consumed Lkeeping up the heat of the body
^"""""^ "^

But It will be perceived that the likeness

itaed" \zvt *^ <"''°'"^ -"hir

:

attention „f ! "'fiv" '^"^ *e constant

thrfnel thatV r*".*
^"'^ *" ^^^er u,>ine luei that supplies it with enenry and

.nto the vanous channels of work for whichthe madiine has been constructed. Mat
of toot' ""'V'^^

""•* ^""^^ *l>e eZly
he ^ ,°'™Ti"'^''""'''"

'" ^'""*™'- directionhe wills. He is not only the machine but hes the engineer as well. He cannot, hooverlive and grow on the same food thTth»
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plant does, which draws its sustenance from

and these three are • ir;>=. ^ i

s™"!!!,

chloronh^l ^l '^"«*' protoplasm; then,

S!l 1.
' *"""y' *" sunbeam. The pro-toplasm has; reeeived its vital energy ^om aprevious eristence. There must be thiLTife

as animal life an." growth. For instance letus p ant an acorn in the ground and watch ts

from the light from which in after life itobtains Its energy, but the previous life has

earned on m the dark by storing up a mass

^or starting the 7Z il s^f^XnThS^ss of material that surrounds the gTrm of

™t ?orA I '•^-fP-'^- When the Sves

"r<^ ofle Jn? '' *• '""^"^ *«"• The en-
•W r '"f

™''''««"' m connection with the
'

hrou^rtt r''^
^^ "*"' «"«-«y -herit^

«xide ^1^ ! ^ *° decompose carbon di-oxide and water, storin™ *h- —

i
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hydrogen while it throws back the oxygen inta
the air And thus it is that this vitfl sparkdir 3cts the power of the sunbeam to accom-
plish the ends of its own destiny which is
predetermined by heredity.

k,3a^"/^ T^l^^ *^^ '^^« ^f different

^ lA u J5^*^^^® ^^«^*h' chemically, itwould be difficult to determine one from the
other by any experimental test we may apply
to them However, there resides in each germot a different species a potency that directs
Its growth so th t the one will build up anoak, another a maple, and still another a
cornstalk AH of them may be environed ex-
actly alike, planted in the same soil andwarmed by the same sunshine, and yet how
different the results-when each has matured
after its kind

!

We have seen that the food of plants is
taken from the mineral kingdom. Man's food

.
however, is derived from the vegetable or the
organic world. He cannot, like the plant,draw his food directly from inorganic sub-

"

stances, but it must have been selected and
given an organized structure under the direc-
tion of a vitality that has been handed down,
through an untold lapse of time, from one life
to another. Whence the origin of this vital-
ity, physical science does not tell. Evolution
has failed to solve the problem, as the closest
investigation has shown that there is no such.
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thing aa spontaneous ireneMtin„_
out of nothing-hut thfTaT f

"**'''°«

another life. To at emot L ?"*" ^"^
thing that doe, notthe« i^ inT^""!

""^'
ter ((hat is, to derive l^H-f

inanimate oiat-

aa futile as the Sol f-f
^"'' '"^^^ ^^^ l-^

mineral inXTtZf ??.*'"" *«» *e
ki-Kdom U rtill

1™*'*'"*' ^hi'e the animal
Ae VJtaWe AnTh

""'*»"« *an that of
that a^ s^«ptfbfe 'hZ P«'« »f the animal

<liscrimina«S w^^k"! *''lr" '''"'"'*« """l

structures of fhem allV ""^ ""'*«"«
principle is tak^n 1^ Tu*

"°°"'*°* «''« «fe-
«o bre^k dowl;

"""^ *''<' «™''*»re begins

-a^" ^'£^he"™ t'Vf r *»'"•<' "->
machinery that r»^ j ""* machinery-
<«rective\u<^' ^HJ 1° *! "««* <'*«^
is beyond tibe ia "h if !

^^fi^ective touch
mine may be hiM^S .1 T"*'*" """^J^s. A
-ith »fLn.^i„'rii«etrrv° """^^J-
the most delicate Wh J

"PP'^anees, that^ be sufficr^/to""!"* * "''"*' «°8e'
to de^troy-inXtiSw T'*''

*"*'«'
largest battle-shin thT »!^i !° «ye-*l>e
-d yet that siiXlotr tri*^!.!-"'
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as though It required the weight of a ton to
produce the effect. By no possible refine-

out this directive energy, behind which, some-
where lies an Intelligence that determine*
the when and the how a thing shall be done.
It does not detract from, but rather adds to,
the dignity of this Intelligence to say that He
ihlT\ Z ^" }^^'^ wonderful operation*
through the medium of Natural Law-Lavr
that IS inflexible and that pervades not onl^the physical kingdom, but the kingdoms ofmind and sou as well. For whatever is] la
tact, IS natural.

The lesson to be learned by a study of the-laws of energy-so far as it is related to lif^
-IS, that energy as it is related to inanimate,
matter can never account for all the phe-nomena exhibited in life and growth. Here
at length, we come to the border-land. W^
look over from the realm of the physical into^
the realm of the spiritual and intellectual,and there we see a train of facts that are^
just as real as any fact in the world of

Z*? r
^''^'

V'*"^' ^^^^' ^«*«' ^i'^d, intelli-
gence rehgion-these are facts that the student

bm,n/f
*^ ^'?^^' r «l««tricity. We ar^bound to recognize these facts, although wemay not be able to explain them. They can-not be explained from a purely physical stand-
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point, but before thp nKn,.. u
eile them with t^e facts of tZ """, ^'='"'-

he must know and Cnl'lem ™' -"'•'.<1

no correct thinkino- «,itk„ .
^''®''« '*

nition of the factrfn K ,.. "' ? """"'' 'ecog-

Physicist and phlCph::?
^'""'^' "" """•' 'h-

Energy, IntelSence 't'^^'.^^'^r^y Matter,

have seen, arfLlst^ctiMe" 'riS"'
"' ''^

forced to the conclusion .I„Tk, ™ "^
either ante-dat«1 „? *"* *''® last-named

former. Mo^olr
™' "^^''to't with the-

and the thircommaTd?Zt' T. *-^'
-ttake a suhordin"at Sn" toS=n":;r
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CHAPTER VI.

SOUND.

as the actual exertion of Force at wnrlr^l-me t« a consideration of Vibrat oX^hirhIS the mode of motion used by aU the nMnralforces when in aetion. Vibration Tan osdllatK.n, or shaking to and fro, mad^by a sta

or «st. When thistot™" is 1^^;'^S n'* '•' """•'•^ oscillatln; when
vib atTon Th:Tr '"»-'f-fo'k-it is caltS

JeSw th?
?*'" *«™ « osed also in^escnbing the aetion of a disturbed fluid-as

wavrmo«ra°'b"*"^"''^" '* results in awave motion, a phenomenon so familiar that

ii^hT' a„"d Hea"f
""•

T,"^
^'f*"*^ "^ "ound

vibration, „*tl T '" produced throughTiorations of the medium transmitting the di7^uHbing force. We will begin with^thets"

66
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with the outer world ft f"""""'""'"*
Motion or Virra«on in l "?^ '"' <'««"«d as

manifestations and 'V ""^'""""^ "• "««>•

upon our ^na'eiousnl r'*"u" '" '*' ««««'

of the organs oTh'aX"^^ *'' "'*"^*'"-

are irtothrtrtrr/" "'%''™'" *hat
the medium „flt t rLr^Th '"-r^U

^ «t^v::rintr''^"^
~^^^^^

the pereipiert^rj^'rr- ''' """" °^

tion of the oUmmLJu^e tw' ' "">"

of touchrandirfrr^ *• ""^"^^ *« ^nae
nerve that giVes L til

" °* ""^ ^'"'"ory

Nothing%ut sound ? "^ ""'"'^•

through the audit rvir" "l
*™"™itted

Hrtt through the ^ptio nTrVe t").

'"^ ''"'

true of the other avenu^to ihA •'"'"'' '*

cannot smell with vmVr ? ^ ''™'°' ^o"
your nose: alTC/h tl

^"^ ^ *«=*« "'tb
smell are ver^elosX *,r%'*°r "* *"^'o «nd
taste and smdl at the f^l *'* ''' "« often
the sensati^ an J^re^^ "f^a^Hhute
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ope. We rell/ta^e ;'d TeU^n^^^

«e .re dead to physicalTin^^''
^^ "^ ""*

•

pott *e^.'^::*^retTt:t'*,"' "-«

relahye m the air outaide of the ear as apeculiar form of motion. For instance i?T u""' °"1 "* ^'«'''' ''"t »«* "« ofhearingshould sound a note ou a violin ,^,7 ^'
-y that you heard a violLrtrif^^lr"
should sound a note, of the same pitoh on an

- vynat la the difference? SimnW thof fi,^
kn,d o lity of the motion^n^Id^^y t
viohn^differsW that of the o^; L^ethe difference of the aenaation. M^^iTZference m will be fuJV- exolained in if

f

place..
e-spiained in its proper

•eourae of a single sound-impnlse from iZsource t. > ear, a„d through'^it to ttTraS—the seat of aensntiot.
""*
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« • he ,a8u:t ^ijj b3
°' "'>fn; « we ig„ite

tion ,f h' .:\Z^ ^^T'"^ " »"d<f«n genera-

explosion. The niV lil, j- ,
'"® P"'"* of

i? i« driven v^le^V^M^'^ surrounding

tion. The first lair '7 ^ '" ""^ *>«-
funding the tbbrisdrr'"'' '"'.''»• *"-
second and thenT,^'^ I *" '««''>«' *'&
.he force that drTeT out *°. ''^ "'""<'• ^-
present. The second I.

"'^ " '^'' ""'ffer

third and t Cd t^s7ir%''"'"r ^'-
80 on; eaeh layer aff^^t- "• ^"•"^''' ""d
outward returnfto it L^?""?^ "? ^'^''"^iou

air-particles are not fi^^t^lr'*'""- /""^
a S»m; they eimnlv ,X1 *

""^ ?'' «« ^'"om
8ound.puUe'^„3^„;^« V"" ''" '^'"'

ng globe at the rate ^^k .
*" "^Pand-

^ond in air, 4e *1^* about l.ioo feet per
-cliun. throih*:St1S'* ""- ^-^

P^a-^^^tTbltd-r-r^asound.
Pandingm.K^adebv.^Kr*'"'^* *•>« «==-

"to a pand'oHi'l i"%"^„S,"*r^'^Idea may be had bv 1JI^„ * ^''" *arer
liard-balls in a JT '^^ * "'™'«' of bil-

close contaS. CL"" " *^ "^'^ '»
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fJt.tl^'^ ^"^ ^"^^ ^^*"««^ position
^except the end one, opposite from the one that
received the blow. This one has rolled awayfrom the others. The first ball struck deliv-
ered Its blow to the second, and so on to the
last. 1 his one, having nothing to deliver itsblow to, rolls away under the impetus given
to It by the ball next to it. This is preciselywhat takes place in the air, only with balls
infinitely small, as compared with the billiard-
balls. Each ball has made a pendulous mo-
tion; It has moved forward a short space and
returned to its original position. The dis-
tance It has moved forward and back is calledthe amplitude (Jargeness-size) of its motion
<)r vibration, and, other things being equal,the loudness of a sound varies as the squareof the amplitude of the vibratory impulse.

btarting again with our soap-bubble, from
the point of explosion: the same impulse
nioves m every direction-like light from a
fiingle luminous point-through the air, but
produces nc sensation till it strikes an ear.Ihe membrane of the ear is made to vibrateor swing back and forth, which, in turn, moves
the inner mechanism of the ear—for it is a
mechanism, and a most wonderful one—which
tinally communicates its motion to the audi-
tory nerve, which reaches into the brain, where
the motion is translated into a sensation that
tve call Sound. What is this mysterious

s
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blending between the activities of the outer
world and the sense-per. option of the inner
consciousness? AH the combined wisdom of
philosophers and sages has never solved the
problem. Much has been written, but no ex.
planacion, only words, words, words. We hive
to be satisfied with studying the phenomena
only, of natural law, for that is all we can
really know about it. We perceive the facts,
but cannot explain how the physical is trans-
lated into mental consciousness.
Sound is transmitted either through gases,

liquids or solids, but the velocity is deter-
mined by the elasticity of the medium through
which It is transmitted. Numerous ex-
periments have been made to determine the
velocity of sound when transmitted through
different media, and long tables on this sub-
ject may be found. The following table will
give a general idea of the velocity of sound
through solids, liquids, and gases

:

The velocity through air, 1,100 feet pert
second. i

The velocity through water, over four times'
that olair.

The velocity through pine-wood, ten times(
that of air.

\

The velocity through iron, seventeen times,'
that of air. ;

These figures are only"approximately cori
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'ound travels fasto^Kan ? /ff""' " '""'l
striking instance of this In. ^"^^l^

'"^- ^
experiment made by 8o„l"'''.

",*''™' '» "»
Sounds, even modftat?

'^"' explorers,

comparatively g^eaS ™''' «* I'e^d to
A cannon was fired ^TZT' '"""'*'' '«^-

quite a distance from the """'u'
"^° ""*

boom of the oannonT^ f
*'"°' '•eard the

to fire, wl,4 oCursfw?** '"'"'' *^^ "^er
Sound cannotT f* *^ ^'''*° «»•«*•

vacuum. asTtn by 2T^' *'°^'' «
experiment made by Tl1l''^"l^

^'^''"-
Hawksbee as far back L 1^^^^^ '''""«1

I

t^"* is operated by a ol^t"^^;
^'ace a bell

reeeiverof an.air-n^„ Tt" * "^^^ "* *»
I bell-glass, «ro^dT^i"*^^" '^ * '«««
*e bedplatlofX airTum„''V"-*'^''\^* ™
"».^jde the xeeei«r, 4^oSe k.^H'T"*

*" "^^
«:'ll.not transmit sZnd°ld,«^*'" *»*
ringing. At first it „-ii •

*^^'^ *ei it to
thougl it were in tL ""? «' '"»"% «s

thenumpand':Xa„S^,,7:r'5;h/'"''7»* "

grow fainter until « !!i i
™ *°""<i will -

is obtained, when the !" ^/":^"'^* ™«™m
thoTigh the hlmmer i^ stm .^" '*'"^«' ^1"

«he same as at fi"t N:f,e ''t"5
*•

"
''^"

the ringing is heard again
^"" '" *°^

Reasoning from the abo've exner!™ .stonid e^eet that so^^islZTZ'tZ



souttOv esW Gil high rnGBntains as down on the sea-
level. This IS found to be the ease, because
the air at ve^y higk elevations is miach less
dense and there are fewer air-moleeules in agiven area to strike upon the drum of the ear

lor the same reason sound will be earried
.
farther and seem louder on some days than
others When the barometer is high it shows
that the air is dense, and dense air i» a bettermedium for sound-transmission than rarified
air,, at least so far as loudness is concerned.
Ihe experiment with the bell in a vacuum
shows that sound is transmitted only through
material of some kind thai: may be made
manifest to our senses. It also shows that
matter as we understand it, is not necessary
for the traiismassion of light and radiant heat,
for both light and radiant heat will passthro*^ the vacuum,, when the bell wiH not
sound, as readil^y aa through the aiar. These
latter subjects will be taken up under another
nea-d m some future chapter.

Sound! is reflected like light. It may befGcussed on a single point, like light or radiant
Jieat, by means of concave reflectors. It tends
to move in straight lines, but will in- a degreego around an object; yet a large object ca^tsa distinct sound-shadow, if we may use the
term. If we throw an^ elastic ball on the floor
^ith considerable force it will reboumd at thesame angle at which it was moving whea it
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tam-top towering 15000 fppf oK .u
and from *hic • •

^"^"^^ the sea

Tots th^xTarw-r' r*'='""«
f"'

Krandeiir tw '^'
,

^''"e^^ a scene of

doubtless if made ,.n i ™^*r *° •>«. «nd

that may or'm^v L? ,,' "^f"'
"^ "'""^^

J„™ .u ^ °°* '""«h each other T)..-
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toe with, electricity, when it seeks to estahl.«h an e^iUbrium, by discharging Tnto ,heeartli or mto another cloud. This di^L ge«f.«« a great somd-wave to ijow out fromthe pomt of disruption, m«h loudS tZthe booming of th« kaviest cannon, an^t
travels, as we have S3en. at the rate of imfeet per second through the air in all direc-uons. Suppose we are standing one mile fromthe pomt of disn^tion, in the cteud, watchingthe operation of nature's great electrical

foT r^^"*,- "^t
"^ " ^""^ of lightning aniin a little leas than five seconds we hear thethucier; and, although there has been only

ir^ .»port liie the firing of a cannon, I«ems to ua to be a «reat many following e^chother m raprf succession. We have already

pa^ng globe from a common center, whichIS the on«in of the sound-impulse. A partof the ware eoming from the cloud moves ina direct me toward' the observer. TOen the

2Z^" "7 *" *"'« ** ^"^ -nltLn olW h *T
°*-^'''*' PO^^'' »»<* t*-'* i» fol-lowed by others in rapid succession, for several

unta t'dlL* 'r"1!"« "'' ^""'"^ -«"-
"on of thr/ * '^^^^' '^""^ *o be a distant

vond1h»"l T The explanation is this: Be-

«,d f?^I.
"''

"''^^f
*" •"^<=''«8« took place,and farther away from the observer, is an-other cloud with a large reflecting surface.

K?:!
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and bey^md that . second, a third, and so onI maj be for man,, miles. Each ;ne .f neae'

a part of una great soLor.va^ impulse- but a.,

t om the successive cloud-surfaces that areiarther away, and no two of them the samerite reflected sound keeps on cominfto Zc- it disjointed inter^l.. be^^r^ jt
lorm. dl the first cloud beyond the point of

o£:rthe''' 'f 'r^^^^
^-«^ ^-- thloDserver, the second explosion, or the first re-

th?w t"T.""' ^^^"^ «^^« second after

anH r ' r
'* ^^' *^ *^^^^1 550 feet awayand then retrace the distance. So, bylStime the original wave will have one-fifth ofa mile the start. This is the cause in manvinstances and the chief cause in most Tasesof the phenomena of rolling thunder Sare many other reflecting surfaces in the aTrhowever besides clouds; and this leads us to
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CHAPTER Vn.

ECHO AND KESONANCE.

M^Zn !f'* "^f^' "'« discussed the subject

?or Echf^ T"k'
"^'"^ '' °"'y """'her nama

fret „f ' •'' r''*"
'^ """^ "•«««l'«d the sub-

iO^^trs'SLL::"~ -'^

going often to a certain spot among the hillsto have a "scrap" with another "naushtv

'

boy. who lived or seemed to live awfv u„among the hills, a long way off. S Zinlsh imagmmgs I could see him hiding behindsome crag or hillock and only showinThUhead long enough to throw back rnerfe^fmimicry my own words with the mosr^
"ne'S"ther""?"'r- •

^''«'<' ™- »»" than

Tthem TheTs'eem^d ? Tk " ^"""'^ ^-""^
all sDoke witlf'^if

'°
'•f

•'•"thers, for they

onVW ?^ '^"^ """'"y «f ™ice. Each

C'nt Z;T' T^
'° ^' 'P*^" t° f^o™ « dTf-

betW S ?^ ""'y difference seemed to

fa hh m°mie"rV^r
"'^ ^"^ ^''•"P* ""d loudm His mimicry, almost catching the words out
67
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of my mouth before they were spoken, while

take tiL^°„'
"""?,

''^"'f
"*« "»'» ^«»^d otake time to consider before sending back hissaucy message, and when it did come it was

"eirto'hr"
'""' " '"''"' "' '"o "-* ^y

When I grew older I learned something ofthe laws of sound, and then I understood thy
Ln^-""''^,'"'" "^ imaginaiy boys f^mtheir hi^ing-plaees. I learned that all th™mimiciy was s mply a .^flection, or an echoof my own voice, and that the quick, loud

hdl near-by, and that the one slower to re-spond and not so loud was a reflection fmm a

this lesson: If you say nothing your wordscannot be thrown back at you Or al theArab proverb has it: « Of thy unspoken wordthou art master; thy spoken word is mastTof

PailWo?/'' '"t*"'" ^T °* *« dome of St.

11
'-^"ndon- I stood with my face to thewal while a friend stood with his back to meon the opposite side of the dome, also flcin«the waU. In this position we coW coSw th ease m a whisper. This was cau^ by

IT-' Tf^-'^^'^ions that passed aroundeach inner half of the dome and met exacts
opposite to the point whei^ the speaker stooAIhe sound was concentrated where the listener

J ;•
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stood somewhat in the same manner as
though spoken through a speaking-tube. In
one of the large dome-shaped rooms at the
capitol at Washington there are two pointson the floor where two persons may stand and
converse with ease, in a very low voice, though
some distance apart. If one person moves afew inches out of position the conversation
cannot be heard. The ceiling in some way
makes two focal points the same as t vo para-
bolic mirrors will for light or radiant heat as
well as for sound. In fact, the flight of aovnd
18 governed by the same laws as that of li^htm almost, if not quite, all respects. It is
reflected and refracted, condensed and dis-
persed, the same as light.
Sounds may be distorted by this law of re-

flection till there is no resemblance betweenthe original sound, as it would seem to oneSwas near by its source, and as it would seem toone who was off a considerable distan.. 7^1 Tosituated as to get reflections of the originalfrom niany points, differing not only in dis-

hlir '"f'"'v.
^^'^''' ^^^^ ««« has seenhimself or herself in one of those curiousmirrors so made as to produce a distorted

this in mind you can get a mental picture ofwhat takes place when sounds are distorted.A minister once told mo or, o«,„.: . ^
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of how a yopT"- > , ,,

/
^eel quite sure of his call "i!*

1^^ ^^^ »««

/
<?««e to what he thon^H

'

^V"^^"^**^^ his

/
test. He lived in n?^. "^^"^^ ''^ « crueiaJ

fields, far away from I

^"^ ^^'^^^ *« the

l^ere he prayodf that if th? r
^'.'^^^^^^^"' «"^

to preach He woulcU L '"^ """"^^^ ^""^
of no uncertain sound ^ ''' ^"^^^^^ ^^^^

/
swered ^n the affirZtivP I

^'''^^^ ^«« «^-
^^tered/in a mosf^ZouL'ed'^'^

'' ^^^ ««
^vay. There came trh^s ear,! 'r!,

-^*«unding
«ouud, unlike anything Tk . ,

?* ""earthly
within hie,

"^^y^aiug that had pvpvwiimn tiis experienpp n«rj u ^ ^"^^'^e

a elear-eut JnviS "r^t^.C1'"^ "'"
« future minister of th/rv ?*^ .." '^"'^ a^
fSTxtion it ,vas found ,L^""''- •

^P™ "'^-«-
^alley. there w, liet

'* ""f '" ""^ of the
' 'Sf-earod, fou footed ^""^l"^

""'= "^ 'hoae
t)>«r wonderful Cc",

;'""""'' '" ""'^ or
you„B man had uMered hr''- '^''^' "^ «he

«"eh animals can t"! t,*^,,""^
'''"^ '« ' ''y

^ith his voice T, h ]"? P'"-^'"! «<"mi8
from rock tc :«;,

^

d
""''"' *"'i r,.bound.,d

a thousand o, / rt'ectr^
*"

r""*
«"d from

voie.~.„ot lo, <j ,titTC,
<'^ ^''tU ,he

ftorted into a hou and 7^7^ ''''^"^ a»d
t'ois of all that was un^i ^

''^""^ ^"mbina-
io"ibIe, by the ti^it rtw' thr''"^''"''Acacned the ear of the

pi
I
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young seeker of « sign.-and, because it waa

nZT^ l.e concluded that it was su^^
Kesonance (ro-soundi„8r) is really echo; butthe te.m applies to echoes, or souud-rtaeo-ions only when the time between the orighSlsound and the .eflected sound is practSly

W ll '"'"r^^^^e space of time is so shor^that the original ana the echo-sound seem to.sound la unison. The result is that the sou id

Makeifnf ''T'^ increased, and enrichedMakers of musical instruments take advantage-of this phenomenon of resonance, which is the

belongs to any class of musical instrumentsThep.pc of the organ, the sound-board of hepmno and the body of the violin are all usedto take advantage of this law of resonance ^

tube or in
""

'""'rf'^
'" ""y ™y- «' in "tube, or m any other f. j,, have a cer-tain rate at which the inclosed uh -m vibrX

f Si''t''t:"' " *""\*»^<^ -.^ratio^^rat:
01 whuh IS the same as the fundamental ornatural rate of the inclosed air-bodv It wUlbe observe.) that air-bo, 'ies when inclo. d fol-low the same law as solids in that the. havl

If we take a tube, say sixteen inche, W
b":^ 1r r-;:;' « t^ning-forkLf:!:
brt es ,,t the rate of 256 times per second -mabring them together »n that the vibrTtinglfork
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i
ally k thl^X wKter Ti" "'•"' «"•»"-

« point thirteen ^cLrw I? '* '**<'''«»

end. of the tube a f7n / *''* '"»• <"• »P«n

- or,a„.pir;riit' hrrd°"it";'!!;^^'
°*

from this experiment th!, .1,
/'" "* ^n

^te of vibrXSa eof^„*^;,
fundamental

closed at one end LT^. "' '° " *"'«

-256 vihratiLTi;:^*.!""" "^'"'' ^'^"^

"anl'^^SSirK "'""r-
""''" *«' -o-

of ^-'^^^Cj^':^z%i&'r7having a rate in unison w;tl;Tv.^ ' "* ^"^^
air-column in the oiTJ * fundamental

sound. The exdtinrh!^^
™"'* '•« PW to

the open end of thi ^- "^^ T^ ^ ^^^^ over

openi^n, «' tt^rtS^re^ToV'th"
"''"'"'

-"th^rntrof~''-°4^a^U^
Ae blowing rf air u^ •*

""*'?' "''"*«<1 hy
jet of air UowingonTwr""*^. "*'?«" ""y «
row opening at th»^^

feather-edge in a nar-
a boywSftle "^"^ '"<* "^ '''^ P'Pe. like'—brrdT„?;j^ LT"" rr ^-- *"«
The board is so^w fT*"*^ air-bodies.

pathetic t<."n^°r:rorx,ir,tr-vanous strings are ^pMelfTJ^^
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to it. If a string is vibrated alone in the air

over and, at Us ends, in contact witn a i.ni*able sound-board, the sound is loud and ds-"tmct. because the board which vib?rtes i„

t-hV^--t:?Tir;de5
:?f't^rhe^-?be—w3
of gradation m pitch of the human voice K
Cr^'"a:dtr-^-°^^-''»-e"s:unl-

K^.ar friari::;^^^:^ a^t:!
the fall of water and the rock back of itThere were rocks piled up in front „f*i
section of the falls'that iVa" eXin 'sothat

1 was possible to pass around in front

oetween the roar when outside and in frontand ti.at experienced when back of the f,^

aTif^iTt'"" r-'f"'• i-'de,ltti:^'

TOre turned loose and the noise was deafen-

cro^inVthfp-'' *\ """" phenomenon wh^crossing the Eiver Keuss in Switzerland at a
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point caUed the Devil's Bridge. The river

cav!™ 7h"' ?[™r "T ' "'««•?'«« into Icavern. The vibrations that are set up in thecavern produce the effect of loud thunder'
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CHAPTER VIII.

SOUND-SYMPATHY.

tuning-fork tha^fj^'!' *"" ^ P^^dulum. A
the pfano-rt^*:;' ciK/^dirc' :??rr*only at the rate of 9'i«

'" ""^ ^> ^"1 vibrate

edited. A clock „f„! i
'' E^""

''"°°d "he"
length to stiitrdfr'oTn*?' '^ ^""^ "^^t
of time will on1v\™ •

"" ""''^ >n every second

itself. If the leZlf •* * "* '"*^' '^ '"^ft *»

oscillate at ^lo^T^^^'^^^T^, '* "'"
decreased it wiUswing 'at a ff-

''"^'' '^

a wire of a a-.Ven i ^J ''*''^'' ™t«- K
stretched betwSnTw.^"^'; ''?'' ^'^'''^''^^ i«

it will vibrlwil7T'"'i *" ™*^ "* "hich
that it is under tL '^'""'- "?™ *''« ^*'-'»i'>

more rapidly twm-r? " '' ^^'^"^"^^^ the

e=.cited wfth a bc^^ "t,?^' ""^""l
P'""''^'' »

a different Taw. Ite rat^'of"'"!"'"!"
^"""'^

^^ned Wholly byVL-a-;;t
pitV^.rb:at^rifV*r--
-ma.n. the same as well It.^'^X'Z

7ft
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the string is made double the thickness, the
pitch will be lowered one octave. A building-
or any kind of structure has a rate of vibra-
tion that belongs to it alone if force enough
IS applied to set it swinging. So it is with
all solids; each separate body has a rate of
motion that belongs to it alone, and this rate
IS called the fundamental. When a stretched
cord vibrates as a whole, it is giving its fun-
damental^ rate of vibration, and will continue
to vibrate at that rate when excited so long
as the strain remains the same. Air not con-
hned will vibrate at one rate as well as an-
other on account of its mobility.
The diaphragm of a speaking-telephone—

the thin membrane against which the voice
strikes, causing vibrations which are trans-
mitted along the wire to the other end—is
so made as to have as little as possible of
this fundamental quality, and to partake as
tar as possible of the properties of the air-
because to be a good telephone it must be
able to take one rate of vibration as well
as another. If we stretch two cords on the
same frame and bring them into exact uni-
son, so that the fundamental of each will be
the same, and then excite one of the strings,
the other will vibrate in sympathy. If, nowwe raise or lower the strain of the sympathetic
string it will no longer vibrate for the other
string. The same phenomenon will occur be-
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^
resonati„«-bo7a„d ZT^tTV ^"''"'"'^

means of a violiu-bow U wHl
"'"•'"">» by

musical tone. If,Tow we Tab
°"' ' ""'«

way, and set it to soundinsZ « f» '"Tand then stop it, the othe?forr„ffrh^'^r"'^isounding the samo r.^+ •
" "^ ^eard

load thf:!;rsrdC'i"srrt^- ".-

.trts'ldTninSlf
ft

•"' ''""^"^•^ »"

men. When they^a'rout of tunetithM'*^

a«L";^sfreiX^j^r?o^::i^^^^^^^
unison and set onp .^f +1, . ^ ^" ^^^ct \

cou.se of tiSZ:i^7msZZV'' **
Pathy. Each sm,,.^ • 1

^ "P "^ sym-
vibration of the o™d,7'% T''^'^ ^^ *t« ''

first stroke of The" ni^i.T J? «* ^e very

-onuntiitrpltSe'"iiri:
1
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u
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making ,te fuU stroke. The same is true ofthe sympathetic tuning-forks. Each air-wave

other fori, and causes at first a slight vibra-tion which accumulates, because each swces-
"

Tthe eT'. "f"^-
'^^ ^y^POttetic fork -tZat the end of its swing and works in harmony

brl '!;?,"'""?' .'^"dency of the fork to v^

the other
''' " " «o-operation. Each helps

How 'much better it would be for the world

phyTcsl ''
'"'"' '"'"'™ "**«' *^- '"W oi

If now we load the sympathetic fork, asbefore mentioned, so as to thr„w it ou ofharmony with the initial fork, it ceases tobe sympathetic, because each is wo*ngagainst the natural tendency of the other tSvibrate at its own fundamental rate When anarmy crosses a bridge the soldiers are requiredto break step. The tramp of hundreds inunison If kept up long would endanger the

f .f' fPr^"y " t'"' fundamental swing

/ with the step of the army. If we shouU
, determine the natural rate of swing of a hSh

I to andirvk'"' *1 ',* "^"'^ a" excursion
I to and fro like a pendulum once in five see-
1 ends, and then should fire a cannon at some
I distance not far away eiiactly once in Zljseconds, each air-wave would strike tha build-

!
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with a crash Q,/ u • ^, ^^^^ ^°^® down

runs through tliP r.!.^.- i .f ^ ^^^ *^at

by worW^!^*'' 7 *° """""Plish your ends

Manv Kfl? ^ ""} '"""« fundamental law•Many httles exerted in the right djrenfinn ll'come a (treat nm»»i. ti,-
a-rection be-
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*' '' CHAPTER IX
NOISE AND MUSIC.

ered sound only from the standpoint of asingle pulsation. We will now consider U inIts composite character. It is rarely, If elerthat a sound-impulse is transmittS si^^'

alone. Smaller waves are superposed on thelarger ones, and yet still smaller ones on thenex larger and so on. This pha^ of Ihtsubject will be discussed nnder^he head olovertones, farther along. We have now to

oSts *tt^''y--l.d-tinction-o„t:S: o1ourselves—between noise and music: we know

w: kn wir •

"
"'•"^'°"= '^^ -''rwe Know that noise is irritating to the nervp*,

sh«kT"Vh:t" °^-P'T-* -«'^-S

:

snoeks. The more irregular and disjointed

IffecT ;f ^1
^"' ^fPerienced the unpleasantenect of an irregular, flickering light If

T^eZ^ ^,*/ moving mechanism of -thelf

unpleasantly through two avenues to the
80

'i

.

i'
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brain, namely, through the eye a, well as the

If we should throw a lof nf ».o;7
metal, stones, and oLr har/« k

'
'""'^^^ °^

Pr"it k in»
"°™'"«°* to "nd fro. I„

out StrsXatThe'tr """"^"l^
*''* "o^^

about l-Wf^ p!~'rr ''^^« ^en. of

«eed each other at the "ate of 9?« t^ ^ ™'"

ou"o7:h?ra!^r^Cdl„*t^dr ^* -n?'"te of forty timestrrtrdllKell
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the Urrel and have all the taps eiiactly one-

tiear inatead of a noise, a musical tone Ifa locomofve should puff forty or fifty or moretoes per second, and in equal p^r°,^ritwould announce itself with a musicd tone ofw^^derM power. If the clap of thund:'

peated from a succession of clouds that were-near enough together and e^^ctly the ZZldistance apart, instead of the rumbling eTplosive sounds we hear we should eK~rien^he sensation of a musical tone transSwin power anything that we can imagine T
ranged ,n order we might have from themorchestral music instead of disjointed and di^agreeable sounds.
lonce stood under the long arch of an aque-duct some W«, abo,« \Vashington City onthe Potomac The structure was that of aJong, low arch made of cut-stone. The ston«

from two to three inches deep. Standing un-der and at one end of the areh, one sideTf

sound-reflecting surfaces. I clapped my hands

a?t™r *^ "=^ f««»Tr„tm:ntat the opposite end, and was surprised to hearfi«t a musicd tone of short duration^
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flea'rdT'lf '?'^»<'«<'» of the «,„„d .«1 Heard it when I clapped my hands TI,»
explanation is simple when we Sder ftmature of the structure. TheX ^su^faces were equidistant from each other andtherefore the echoes came back to me in ran"dsuccession of equal periods, at the rateoS
So„"roTanT'!i ^""'^ *« ™-^-°to^

l-^f^Llt'teTal^'Tid'^rrin-";;-

But there are different phases of miisica!sounds and one of these is called pitch S
18 simply the rate of vibration per^ond ofa musical tone. Some of the iLe^orln
per second. The ear can distininiish theseparate pulsations at that low rateXfw4^the vibrations reach the rate of thirty orW
™teirb,^ *'^L'""""'*

•" <«sting„ish:i :zrately, but produce the sensation of a con-tinuous sound. The ear has the qualUy ofthe eye, that is called persistence of vifionThe conscious sensation does not stop as sZ'

pUt.S"tW '
-vibrations do. .Lt3proauced that sensation. That is, the sensa-

.cSrto^t'::erlh::;^--»-X-
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between the sound-pulsations and fl^ncduces the effect on the Wer of .
^'''"

sound. The air i« an H f ,
continuous

tones between sfx^eenK'"'*'^ ^' *« *^k« «»
and [rornToOoT^J^-;^^^^^^^ --'
ears have greater rang; than others Thl^^

ourselves conscio^ aeZV ""IJ?'
"^ ^"'^

when it reachesZ.r bilr:ftLr'™Wo«nd; then we hear wTtfc
^* P*'

with o r ear, whtT ""^ ^^^^ <" see

sensation is^n .^ r"" l^ "'""''«• The
tion.

' *" ''*'^' *« effect of mo-

tho'l^ht Lrt'r' ^T
'''«™'«*'<'° - the
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possible to indulr" in »,« « i ..

there may be b *v,

^Peculation that
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CHAPTER X.

MUSIC AND MUSICIANS.

Music is the language of emotion. It does
not consist wholly of tones varying in pitchand quality, arranged in a certain order of
succession that we call a musical composition,
ihese tones are, however, a necessary part,and may be termed the mechanics of music
or the means through which the emotions of
the player or singer are conveyed to and im-
pressed upon the soul of the hearer.
Tb^re are hundreds of thousands of people^ho drum upon the piano, who saw upon the

violm, and pick the strings of a mandolin orbanjo and many do it with perfect technique,
but there are very few musicians in the high-
est sense of the term. Musicians in this high

.
sense are like poets, born, not made. Music
has many definitions. It may be purely sub-
jective and heard only in our own dreams
at night or m certain exalted moods of ourwaking hours. Pythagoras had a notion of
music that he called "the music of the
spheres, which was unheard by mortal ears.lo his imagination the seven planets in their

86
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movements gave out musical tones correspondi-ng to the seven notes of the musical scale.
What a grand conception! We speak of the
music of nature, the sighing and sobbing of
the Winds, the lapping of the waves, and the
song of birds, but these sounds, disassociated
from their settings, would have but little of
music m them. When we hear the wind, in
our imagination we see the flutter of green
leaves, the swaying of pine-boughs, the wav-
ing of grain-fields, and a thousand other pic-

*?yfs o^ nature. The rssociations of happy
childhood come trooping into our minds and
arouse a poetic feeling in our souls. Or, when
sitting on the shore of a great lake, unruffled
by boisterous winds but reflecting from its
smooth surface a thousand varying cloud- .

tints and you hear the lapping of the wavelets
on the pebbly shore; a great song wells up in
your soul which soothes and quiets you. But
the lapping of the waves, disassociated from
the beautiful coloring cf the smooth water,
would have little of music in them.
While the notes of some birds are verv sweet

and pure in themselves, they never utter what
could be called a musical composition, even
of the simplest kind. The music of birds
consists largely in their own beauty and the
beauty and grandeur of their surroundings.
Take away their bright plumage, the green
trees, the many-tinted flowers, which in th^i-
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The linnet on the tree."

"P m me air, and his notes come to nnfamtly, arouses in us that wonderfully ^rea!

ttn^atl":? "•
"If

'""' """^d «>« '"-^taa-

chanW:^."*'" " """^ "«'''*'"'- '-d'en-

The common definition of music is t),«t j»

rfM"""^'^,*'™'^'
of pleasure lo"*„sproduced by melodious and harmonious : 2and, objectively, it is a composition made uo

in their order of succession and in their co^binations as to produce the sensation of ha^

Oram. The musical scale, or gamut, consistaof eeren notes differing in pitch-thatT d ^fenng m the number of vibrations p^r s«ondcomposing the notes of the scale. The^la-tion between the different notes of the d a-

tiona, may be stated as follows: If we c^U

i



that the fct note has, which ta an^tarer.

Hret octave above, wiU h.ve 512 vibrati,,^

eil.K .
«?,'?«d by the fractione. Theeighth tone will be the first note of the \^peated ocuve. The natural scale isUt upof five whole tones and two semitones bu?

called the chromatic scalp- ^ +u-*
^""^"!^^;

J»mposition »a.v sta"w!th"i^tl Z:f,
The etartinsr note is called the keynotk^

We can oX !? \ ™'"""' composition,ne can only give such general ideas of the

rawersland its meaning and its hPArir,,.upon eve,7day life. As we saW £ J^^l^

J^l^thfrr^'T'*o''« "e but the»oote u the bands of the mnsim.n t„ -....
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expression to his emotions as they arise in

his own soul. The same musical composition

may be rendered in a great many ways, ac-

cording to the mood of the player or singer,

and none of these renderings may have been
in the mind of the composer. He may have
been trying to give expression to an entirely

different set of emotions. How these con-

flicting and ever-changing emotions can be
conveyed from the inner soul of the musician

to the ear and thence to the consciousness

of the listener we will endeavor to explain.

We now come to the most intricate and at

the same time the most important phase of

sound-vibration. I have already said that per-

fectly pure tones are rarely if ever heard.

If we stretch a cord or wire and vibrate it

as a whole it also vibrates in its aliquot parts

(parts which will divide it without a re-

mainder). The vibration as a whole is called

its fundamental. If a cord vibrates as a whole

and also in halves, forming a nodal point (a

flxed, unvibrating point) in the center of the

stringj there would be a composite tone; the

string as a whole will be vibrating at the rate,

say, of 100 vibrations per second. The two
halves will be each vibrating at the rate of

200 per second. The lower tone v"*} be the

one that determines its pitch, and the others

that are superposed on this foundation-motion

will simply determine the quality of the fun-
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damental tone. If, now, the two halves are
subdivided into a shorter set of superposed
motions the quality of the fundamental tone
will be changed again. Those superposed vi-
brations are always higher in pitch and. if
musical, bear a harmonic relation to the fun-
damental tone. Thousands and thousands of
these superposed tones may be added to a fun-
damental tone, and each added one changes
the quality of such fundamental. These super-
posed tones are called overtones. The effect
they produce is called, in English, "quality";m French, « timbre " (stamp, or character)

;

m German, « Klangfarbe " (sound-tint), a very
expressive word when we consider the relation
of sound mixtures to light mixtures. We mix
colors to get different tints, and later on we
shall see that for sound we are only mixing
vibrations of different rates per second; color
IS as much vibration as sound. If we mix
sound-vibration we are simply getting sonorous
tints that affect the brain through the ear
very much as it is affected by mixtures of
color through the eyes.

It is said that some voices that are very
rich in overtones contain as high as 30,000 of
these accompanying tones. No two voices are
alike, and the difference is what is called a
difference of quality; and this quality is de-
termined by the ability of the vocal organs
to produce a greater or less number of over-

>>
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I

tones coupled with the varying pitches of the
different voices. If you hear a violin, although
you do not see it, you have no hesitancy in
asserting that you do hear one. If you hear
an organ under the same circumstances you
are just as sure that it is an organ as you
would be if you should see it at the same time.
The same would be true of a piano and many
other musical instruments. Why? Because
each of these instruments has different sets
of overtones and therefore a different quality,
which giVes to each an individuality. The
identity of the different instruments has been
established as thoroughly as though the hearer
had seen them as well as heard them and
through the same general medium, motion. Of
course, if he never had seen them, the sound
alone would not convey to him the idea of
their form.

So far as we are able to determine, sound-
quality possesses differences that are infinite
in number.
Musical instruments are limited in their

powers of expression much more than is the
human voice, but, like the human voice, there,
is a great difference in the same kind of in-
struments. For instance, violins that are very
old, have been made by masters of the art,
and have been used a great deal, often com-
mand fabulous prices because of the rich
quality of their tones. If they are made as
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they should be and out of the best material
they stiU improve by use, just as the human
instrument improves by practice. But no in-
strument, however perfectly made, equals thehuman voice m its ability to express emotions,
for the emotion produced by the playing of an
instrument comes primarily from the player
himself. The human vocal organs in their
power to express all kinds of emotion, through
the medium of vibration, transcend aU other
mediums for producing sound-quality. Emo-
tions through these organs are impressed
upon the air in the shape of vibrationsm the most intricate combinations, so that
every vocaUy expressed emotion has its cor-
relative m the surrounding atmosphere as
a moving form or shape. When a player or
singer gives such a rendering of a musical
composition as to cause a profound en' >tion
to sweep over his audience we caU hii^ an
artist. He puts his soul into the rendering
and that moves our souls. Another may play
the same composition with even better tech-
nique and yet it is a dead, cold, mechanical
performance. It is as devoid of feeling as
the music-box or the orchestrion driven bv a
spring or weight.
I once heard a street singer who had a fairly

good voice but wholly uncultivated. She sang
in a manner that showed she had in her the
soul of a true artist. Her words were in
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u rjfl
**'"^"^' ^"* *^"* ™a^« n« difference:

she told her story more effectually because tho
words could not be understood, but left the
imagination to supply them. No words have
ever been invented that will convey the sensa-
tion of a profound emotion so well as the lan-
guage of music-when it really is music. She
did more than sing a song; it was the plaint
of her own burdened soul "floating away on
the wings of melody." She moved me pro-
toundiy. It was not her personality, for that
was unattractive. She would have moved me
more profoundly if I had not seen but only
heard her, for then my imagination would
have given to that wonderful rendition a more
appropriate setting. She moved me by im-
pressing a moving picture of the emotions of
her burdened heart upon the surrounding air
by throwing it into a peculiar form of mo-
tion, and this motion was conveyed to my
brain through the organs of hearing and there
translated into emotion. What a wonderful
mechanism is the human vocal organ, and
what wonderful powers of expression it has
when it IS the servant of a profound emotion IWhat a wonderful mechanism is the human
ear to be able to pick up and translate with
fidelity all the fine shadings of such a won-
derfully complicated air-impression f

The artist's power of rendition will be modi-
Hed by the occasion and by his surrourdings



I)

*u8(c an6 «u«ician«. »s

at the time A funeral hymn cannot be ren-dered „uh full effect except at a funeral. Ournational hymn, "My country, 'tia of thee".ever «,u„ds so well or „tir» the feclinJTs'o
profoundly as on some extraordinarily patrl"ofc occasion. Sometimes a sinRer is LZoL
lendinK the audience away from their real eii-v,ron,n,.„t and, for the time, make them f™ltha (hey ore surrounded by a set of conditionstha do not really exist. He carries them awayon the wiUKs of their imaginations and p^sthem u,„ler the spell „f his own mag c«nd plays upon their emotions at -nil Aman. to do this, must really be a great artist-m,!^ possess a power that few men are giS

tion ,s an miportant factor, he is not theonly or even the greatest factor, when meas-ured by ,ts e,= ,, t upon the peopi; at thcTmeof Its rendering. The artist and the occasionare greater factors. Every one can rS oc"casions when some simple musical compoXtion has produced a profound emotion simplyon account of the eircnmstanees under whfehIt was played or sung. I remember a„T„ctdent in my own experience that, ever s neehas seemed to me to have been th; most thrU-

mi 7"^"*/ »y "fe. On the 9th o July,
1881, I sailed from New York for Glasgow
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on the steamer Circaaaia of the Anchor Litoe.
All who are old enough will remember that
only a few days before that time not only our
country but the whole civilized world was
shocked by the shooting of President Garfield
at the hands of an assassin. At the time the
steamer sailed his life hung, as it were, in a
balance, no one knowing at what moment the
scales would turn, or which way. Imagine if
you can a ship-load of people, all deeply in-
terested, fhut up for ten days without any
means of communication with the outside
world during that time. Not only shut up,
but shut up with a feeling of anxiety and sus-
pense, that grew from day to day and was in-
tensified by being enveloped in an atmosphere
of.the same kind of feeling that found expres.
sion in word and look.

One beautifully clear morning, after we had
been out some eight or nine days, we found
ouraelves sailing in smooth water, close to
land on the north shore of Ireland. All the
people were on deck and all were alive with ex-
pectancy balanced between hope and fear, for
we knew that in a short time we should have
news from home—thanks to the business en-
ergy of such men as Cyrus W. Field and the
scientific ability of c Lord Kelvin. All
nationalities were represented on the deck of
that steamer, as we rounded a point of land
at the entrance to the harbor of Moville.

11 •
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There were English. Irish and Scotch,French and German, and at least one Italian
cripple, who was going back home to the landof sunshine and song, together with many
Americans. AH eyes are looking wistfully
toward the shore, as if tiding to solve the
problem, through some sign, when, lol a boat

Jrnt ir V'^^^f
'"^d men, is seen coming oflFfrom the signal-station, at the entrance of theharbor and steering directly for our ship.When they came within hailing distance one

Y^'^^'f
^^^ound his mouth with his hands

flhouted the words. « Garfield all right

"

Silence reigned for a moment, while sucha wave of profound emotion swept and surged
through that throng as rarely ever stirs Ihe
souls of men. Every face was tense with feel-
ing, and the tears started from all eyes^even from those of the Italian cripple. Forone supreme moment national boundaries were
obliterated, and all were brothers with a com-mon feeling of sympathy, centered upon the

!!".l n^'^''^"''*
°* *^" »'««*««* '^public on

fJo \u
°^ °'*'^®'''^ °^ '^^«°««' °»o'e eloquent

than the most impassioned speech, and then
the multitude found its voice, and such cheers

tIJ^^k "f ^7°" *^^ ^^^^ ""^ that steamer IThen the doxology "Praise God, from whom
^1 blessings flow." burst spontaneously from
the lips of the throng; and such music!

-y
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Hundreds of times had I heard >,,•= «
do^olog,. but this was the Lt «me l'L'.d°S.t« real meaning. It was the first time I hadever really heard it sung understandi^Iy and

oom, but how few have ever really heard it I



CHAPTER XL

IK)UND-INTEBFEBENCE.

We have seen by the preceding chapters that
sounds may co-o ate with and re-enforce
each other. We have seen also that sounds
are sympathetic and that bodies will vibratem sympathy with other bodies that have the
same natural rate of vibration, and that they
tend to help each other to prolong the sound.
It is -a law of tones that those which are con-
cordant tend to prolong their time of sounding,
while discordant notes tend to kill each other.
Ihese facts go to prove the theory of the
survival of the fittest." If two equal forces

oppose each other the result will be nil.
If we could see the sound-waves in the air

we would see that they were made up of a
series of air-condensations and rarefactions,
and if the waves are those of a musical tone
the distances between the centres of the con-
densations will be the same. If the pitch
changes the distance between them (or wave-
length) will change, but they wiU stiU be equi-
distant.

Suppose we sound two tones from the same
99
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sounded comciden%, so Zt thl . } "*

tone augm^n s1: '„°ht § t?r *••' °"!

vibraW «! .;, 5 ® ''''"^^ °°^ set them tovioratmg, sp that one could Hp « »,oi* -T

part Se'' *^ »;''-"""':l:td

f?"*
*« ™l"lt ''O'Jd be noT'u^d at aS d

Suppose that the waves are running hiirhon the lake, and that we could have a it

agressions between the crests of the lak«waves-
,
the result would be smooth water So

tZTlT 1 »'>»'«•-'-''-«» fits intot^®?Mother like the cogs of a wheel, the residtM smooth air and consequently no soundMusical sounds are the only ones tw ».J» so related as to produce'^eXttllnr
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from two sounds that are in perfect unison.
Irregular or discordant noises are constantly
interfering with each other and kiUing one
another so that the sounds of the streets are
very much subdued by the operation of this
law. If It were not true, street and other
noises would become unbearable.
Most of us can remember, when we were chil-

dren, of having a shell held to our ears, so
that we could hear the "sea roar." If we
hold ahnost any small cavity to the ear a
roaring sound is heard. This is due to reso-
nance, the phenomena of which is discussedm a preceding chapter. Little ghosts of
sounds that have been killed to ordinary hear-
ing are made sensible by resonant re-enforce-
ment, when a cavity is held to the ear. Any
one can try the experiment. If the cavity
IS adjustable it will be noticed that the smaller
the cavity the higher the pitch of the roar.
Ihis is as one should expect, as we have seen
that all air-cavities have a fundamental that
IS awakened when a unisonant sound comes

The ghosts of sounds of all pitches are float-
ing m the air and those only wiU be re-en-
torced, so as to become audible, as are in
unison with the pitch or fundamental of the
cavity, whatever it may be.
Some years ago the writer constructed an

apparatus that illustrated beautifully the

^•r-
^^,.^
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phenomena of sound-interferences. It was an
€lectro-acoustic apparatus and was constructed
as follows: The receiver of the sound was
simply a tuned reed, like one prong of a
tuning-fork, and made to vibrate by an
electro-magnet, mounted in front of the reed.
This reed was mounted finaUy on a resonat-
mg-box of wood, the same as used for mount-
ing tuning-forks. The air-cavity was of such
size as to ^e-enforce the vibrations of the reed,
and so the two were in unison. The two ends
of the m&giiet'wire were connected with lead-
ing wires that ran into another room and
there connected to the two poles of a battery
of, say, tweriy cells. At the battery were two
other reeds, tuned in unison with the reed at
the receiver. The transmitting reeds were
kept in constant vibration by a battery and
magnet with self-breaking apparatus. Each
reed vibrated ten cells, or one-half the battery,
so that each was using the same power.

I said that the two transmitting reeds were
in unison. They were not quite so; one of
them would gain a vibration once in about
five minutes. The vibrating reeds threw the
current into vibration and two series of elec-
trical waves of equal force were transmitted to
the receiver, and corresponded to air-waves
of the same pitch. When the reeds were vi-
brating exactly in unisou che sound at the
receiver would be very loud, because the two

1 1:
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sets ot' electrical wavea mh.^i,
into sound-waves at tLri'"*" t™n8po«d
But when onelaVgaS^TaTfT T^'"^-
>t did in about five m nS^r K

"'"«"<»'. ««

silence, because on^ se" of .r. '^'", P^^^"''

J"8t fitted into the In elvat of t)."''!'™"^and pr«,ueed « smooth Zw flu JeT"
"'

ho3t:s„ n^xroT */' ^^^ ^-
to the service and eomfort"?"""* "'''?'«'

that have a tendencv f„ f
"'"'• S"™*!^

are made plea^rab?e J ""'""^ themselves

that are disaSl'lr'L.TrL''"' *"*
possible after they are b„™ k ,"' '°°" *«
own operation. ' ""^ * '«" of their



CHAPTER XII.

SOUND-LANGUAGE.

By sound-language we mean such sounds a?
convey a specific meaning, but are not articu-
late. Articulate speech is an assembling of
words with arbitrary meanings and used to
convey ideas from one person to another.
These meanings have no relation necessariLv
to the sounds of the words. In fact, manv
words having the same sounds have different
meanings in different languages. Different
races of people, shut up by themselves, havt^
developed different artificial languages along
lines having definite trends that are the result
of a fixed condition of things for a long period
of time. These human articulate languages
--and that of some birds—are all artificial,
liut there is a natural language, common to
all races and peoples and to most of the lower
animals, that conveys a meaning, though not
in all cases so definitely, or with such fine
shading, as articulate language, although inmany instances it is more powerful in its
effects. This sound-language takes advantage
of a fundamental law, laid down in a previous

104
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iave 2,000 reTaSl il, I« P"^'"* ""^er may
mean to say thlfth^ T"* ^^^^ ^ ^o not

differenc^,lutonS^atTh '"•''" '^'^^^ ''^
in numters and i,™* ^^"^ " » difference

between tte o^rtn^and The''/ T ""^
tone. The 8am» f.,lj ,

™® fundamental
in both casT but tt"*"*?, *?»« """y be used
ence in STnuZe,H "" ' ^" " '"^t d'Ser-

tones.
^^' ""^ ^'^ti^n of the over-

-S.^?r s:: ti? t*'
"'^ 1 " ""'•--bird

help! SoleboVo, L^thin"'"^"'^'-
"^«'P'

JnynestI" Yon i^tanX *"•' ^''*"bin»
as one of distrl^ »*5*'^ur°«J''^* *« ^'^e
see you know S'it ?, .f-^^?'' ^"^ <'» "»*
if yon are a Wheart.5 "^ '" '*''*'«««• ""d
to.see if you c^n^ttelrpfT/'"^
sre-ttt'te^lirn^' ^^^^To^t
tbe bird a^M'Xrhlt;;"" ^' '^^^ ^''^

on?da5.*m>t w"^"''*'*'^ •"" ^^^ide
moan- t^

*^
i'..?'*'*''*^

*o tbe howlinir and

^ lae rain, and was not told
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in a voice more expressive than articulate
speech that a storm was raging outside ?

There is a sense of sadness that comes with
the moaning and sighing of the wind that
differs from other sound? of nature. The
waves of the sea as they dash against the
rocks and break and fall over and through
each other, tell us a story of great power, ac-
companied by a go-as-you-please, don't-care,
joJIy sort of feeling.

" The sea is a^jovial comrade,
He laughs wherever he goes

;

His merriment shines in the dimpling lines
That wrinkle his hale repose.

Ho lays himself down at the feet of the sun,
And shakes all over with glee.

And the broad-backed billows fall faint on the shore
In the mirth of the mighty sea.

But the wind is sad and restless,

And cursed with an inward pain

;

You may hark as you will by valley or hill,

And you hear him still complain.
He wails on the barren mountains,
And shrioks on the wintry sea

;

He sobs in the cedar and moans in the pine,
And shudders all over the aspen-tree."

It is said that even the mosquito is

equipped with a sort of horn-like process,
called the Antennae, that is movable and vi-

brates whenever a tone in sympathy with its

natural rate of vibration is sounded in his
presence, and it is further asserted that his



I

Sounfiaianfluage, 107

mate only possesses the magic instrument that

t^L fk
•*? "* fo'^Soiner. but we do knowthat the mosquito is a jolly fellow, for he 7nZas he goes to his meals.

^

stai^" 2Z ?'""' "'" "^'"P '" " 'oo™ up-stairs. Suddenly a complicated air-motioncomes shivering down the stairway whch
m^ -Zf " ^""S^hile Mrs. B.US:,quiet. The former exclaims, " Oh, mv babv t

»

notJUrs. B.? Because they both knew bv the

rtfth.hf'* ''!:''=*' '""'y '* ''"-Di-rectly the babes are both awake and are nlav-

n^d kX''th*:f
*"•. ^''^ "">*"' •::: tz.ana know they are happy. Hark! There isanother cry, and Mrs. B. runs. She kTows

sUlrVj!" ''f
"'•!."> "»" Aat the chUdIS m pain. It has been hurt. The child toldts mother in a voice that was unmistakab eAat

1 was m pain. If the child had ten arecently imported Hottentot he would havetold the same stoiy in the same way, under thesame circumstances. This same naturd methodIS resorted to by the child to tellTs motherof grief, hunger or fright, and of thHre^!

a meaLw Tb"*'^°'"
?"""* "^ "«*"•« h-'ve

cr^of th!' vu ^"""""^ °* *« '-^ect. thecry of the child, the song of the birds, the
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moaning of the winds, and the dashing of the
waves, all tell a story of their own. If a man
who nad never seen the Niagara Falls should
be blindfolded and taken there without know-
ing where he was to be taken, and then should
be asked where he was, he would say: "I do
not know the name of the place, but I am
near a mighty waterfall." The « voice of many
waters "would speak to him in thunder tones
that could not be mistaken. There is a poetic
power m th/s sound-language that never comes
with articulate speech, because articulate
words convey concrete ideas that rob the lan-
^age of much that would otherwise be poetic.
Natural sound-voices stimulate the imagina-
tion far more intensely than the most poeti-
cally arranged articulate words.

<i

I

I
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OHAPTER XIII.

HEAT AND MATTER.

We now come to a subject that is of para-mount importance to all kinds of life. Mencan and do exist without being able to hear
sound or see light, and consequently are with-
out the aid of articulate speech, but it would
be impossible to even exist without heat. A
life insensible to sound or light and the con-
sequent absence of the power to communicate
through the medium of speech is only an ani-mal existence with a very limited intellectual
life, such as can be had through the senses of
taste touch and smell. Heat, like light and
sound, has been the subject of much philo-
sophical speculation in the centuries past, but
like the advances in electrical and chemical
science, which are very closely related to heat,
great strides have been made in getting cor-
rect conceptions of its nature in the last twen-
ty-live or fifty years.
At one time heat was supposed to be amaterial-a sort of imponderable fluid thathad the power to penetrate bodies under som*-

circumstances, and warm them; something
109
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tlmt poured mto you, nnd when you were fullof th,8 flu.d you had the seuBation ofE C^>hon It poured out again you were oold Thl

IZtTLt """"J"'
"'-'^ P-aiW in re!

that a very subTlp ZZ •
i

' T"' «"PP08ed

of it and it fl„
."""«""' ™s knocked out

man Xeetile" ThelT^.
1'""="°" "''^ »»

the beS df;''oTwel'h\t' after ifi T^""'•"truck than before, fnd why aftei , h°
«;f riuKins tbe so^nd did not '^LfniT "^
«.19 also supposed that light was , T.* •

i
emanation from the sourc'^of Hght Z*.T'
tltraldTh^ "" 'T-o- -ttt"*!«i«miy and that a cand e or lamn AiA *usame thino- i^i^^* • -^

i«inp did the«me tning. Electricity was also classed as a

ine. vJccasionally nowadav<» wo fi«^ « "ega

adherinir tn +i,«
^ ""vvaaays we hnd some one
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motion of a mass of material as a whole, and
the other is called molecular motion, which i»
a motion of the ultimate particles of which
the mass is made up. The term molecular is
here used synonymously with atomic. Heat
is supposed to be atomic motion; and in ^hi»
connection is called thermic (i.e., heat) mo-
tion.

In order to make our meaning clear let
us spend a little time in discussing? the ooi-
stitution of matter. There are between sjjtt
aiid seventy original or ultimate plpmont^T^,
jhe materianTniverse. All other ^^^h^f.r.JJ
andtheir name is legion, are either compound*
or chemical combinations of these sixty or
more elementary substances. When element*
mix without change in their molecular struc-
ture they are called compounds. But when
two or more elements combine chemically, a
new substance is formed; however, it caA be
resolved back into its original elements by
processes well known to the chemist. The
smallest particle of an elementary substance is
called an atom, and the smallest particle of a
substance made from two or more elementary
substances, chemically combined, is called 'a
molecule. (See Vol. I.) For instance, oxvgen
and hydr .gen are both elementary substances.
1 wo atoms of hydrogen and one of oxygen
combine to make one molecule of water, the
molecule being the smallest particle of water

ii
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the water moSe ?-)!*""'¥ "»"' "^^i-.
left is simply t^o atom, '/rj*'

"•" '''"'* '»

are Ignited by heat an „ i
• '^ Proportion

and the result'is wlt^-a^a^n
""'' '''^ P'"*

-ta^XmatLrort^- ^"'-J Kelvin)
oules in a cuWc nch ^^

*?.»'»»'»• of mole-
estimate is that A ^°''<' ""tter, and his
lion miUii;*te:ra""'T "'»'»-"-
«a]iy convey no^d^:;^"^th:^;''«,*«^
number. A litiU ulz.

^^®P^ *^at of a larire

this comparison rtth'hr"'^''""" '^ '""l ^
<irop of ,,,,, we^rinffie^d'ToV'"'* V^ «
«arth and its moIecnlT^ *^ ''^« "^ the
«ame P'oporti™ th^y'ruTd^nri'"^ '" *''«

than shot or lartrer th,n •
i ?

""^ smaller
<ii«nensions, smS as th„ *"'• ^''^^«
i"st as rea a7 holh !h

"*""' ""* ***«' ««
natural eye and not »• ''

f'^"'''' *» the
of the imaginatimi '""'^ *° t^-e eye

thi*ry"oTmttter"'b„t*th! tT " »»*«
«» vague that ^t wo, U *. "* °* "' ''

reader. In ..hn^ •. "' ""'^ confuse thn
one e^a nr(X':rr '^ '^

--or states of 4:^rCXtrB;te-
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stL!'warjtiCbeir"''i
^"''-

difference with fKo -p ! I ^'^"^ "^^^^^ no

all the facts of chemisl^T'rf Ik ^ """'""*

Proceed on that bas.rA^ ^sl tfc^4'
It true, 13 only an attempt to carry thp n.r :
theory farther back. Another Sn^^'nfuTbe

.«y jastic substancetauiS .Ztliru
refold to^ir ''rii'"'

™''^*''°« "bove
if ifi^ i-

* '^ ™"<^ luminiferous becauseIt IS the medium through which I.Vbt ,„.
mitted. This fluid is !o Sued that r,™""
terial substance will resist it Tt -n

"'*"

through any known form of ma'teria, "^ ZT

elerrm'ati^; ttiTtt fuirS Th^"

I&trrm^^£^^r
oules, as we shall see further^ Tt""'?"

bul af'/^T '"' *« PWo^hf mode's*

»oUl:r-'dTu1;''^ "'""'' "^ "'^^^^

that°„n"fi,^'^*
"'"'P*^'' °° ^"""d it is stated

hytttrTTftottr ?™T" '™-"^
-nsation caused raTeffJ^t St' Zt^

4
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without comes through the medium of motion
in some form. Heat produces a sensation and
18 therefore a mode of motion.
The ether that has been spoken of is so re-

fined that no vessel could be made that would
hold It. It is like the universal solvent that aman is fabled to have invented. When he got
It made, every vessel he put it into was dis-
solved, and he had to abandon what promised
to be a great enterprise for want of suitable
vessels to hold it.

Matter is found in three conditions—solids,
iiuids, and gases. Solids and fluids are held
together by an attraction similar to the attrac-
tion of gravitation, called the attraction of
cohesion. The molecules of solids cohere so
closely that the mass of matter as a whole is
held in a rigid condition, some substances
being held more rigidly than others. Fluids
are held so loosely that the molecules, while
they cohere, can move freely around each
other, while the molcules of gases are so far
apart that the attraction of cohesion is en-
tirely overcome and they tend to fly oflf into
space. There is a repulsion between the mole-
cules of matter, so that when they are freed
from the attraction of cohesion they tend to
fly off in every direction, and one of these re-
pulsive forces is heat. As has been stated,
heat is a mode of motion. It is a motion of
the individual particles of a solid, however
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ofhfai* 71^' *"' ^^^ '* *« Phenomenon

the aton. ofwSZei a:^^C:l'''"
''^

co«l°9;aLTa4-:ei';1jJ»j^^^^^^ tie

out of a hive THpv i i1 ^f .
®^ '^^^ ^^^^

the bees have TrtJ 1 ^^
'""'l °° "'»i<=l»

more as a whole an^Ih ^' ""^, °* "^ 'ri"

chanical n,ot^„ At th„ "'" ?""'' '"^ •»«-

could see eveiTlndtu 1 u*™^ *™* " y»»
that each one^wafl • ^ I'"' ^"1^ »««

the whXma^ Tl,r"°*J°'*"P"'"*«''*ly »*
the mass is made ^p\'l1"/';!,*' ?* "'''<=>'

of the unit may '^epJesen Jw" •'
""'*'°»

inolecular or atomic moXn^r^t* •" '^^
its forms at least, isW ''' '" '""' "^

Jurdtl'S"" '""" "PP^^' to the
realm of^h; un1^7 Tt ''* »« '"*» the
visible things ann;7^"'' ?^ "' '*«> «« the

conceive ofa'mass of iZl
"""s'""""". and

eacn one of these molecular units
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has an independent motion—like the lee in
the maiB of beea—and you have the idea which
I wish to convey. If we heat a body we in-
crease the amplitude and rapidity of the mo-
tion of its ultimate particles, and therefore
eacJh ^particle must have more room in which
to vibrate. We should expect in this case that

*

the whole mass would be increased in size in
order to give the room required for their in-
creased molecular activity, and this we find to
beiiie case, and thus we iave in this fact the
phenomenon of expansion that every one is
familiar with. If we apply heat to a piace
of metal it swells or expands. If we keep
on increasing the heat it keeps on expanding
tiH the attraction of cohesion is partly over-c^, and the molecules can glide around each
other, when we have the phenomenon of lique-
faction, and we say the metal has melted.
Some metals melt at a mudh lower heat than
othere, due to the fact that cohesion is less in
some than in others.

If we apply heat to a piece of ice, which is
solidified water, the ice melts and we have
water dn the liquid state. If ive keep on heat-
ing the water.at a certain temperature rt bursts
mto a !vapor ^e call steam. The molecular
activity bftcomes m great that the attradtion
of cohesion is no longer able to hold the par-
ticles together, Hnd they % off into epaoe.
If we pass un electric current through a body

I

I

'
I

•?:-
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rat^'tTt":;'"'
*"^ "'^ »*•" farther sepa-rated into fixed gases called oxygen and hv-drogen As before stated, these gases °n fteproportion of two atoms of hydr^en to oneof oxygen unite again to form wfter whrheat .s applied suiEeient to ignite &e^

'"

there any such thing as an absolute zero of

withm our experience. Heat and cold arerelative terms, and the two are combtaedTn

tne JNorth Pole If it be true, as we have seenthat increased heat means increased motion*ilfoUow^thaldecreased heat rnp^Tirrlr^rriTrr

increased motion ia h^^r,^ rpi.. T? '"^ ^"^"^

P~ 5' Tv*"
"^"^ "? *« subi-tlr 'the-

Gases expand much more readily and in «wider ra^g than liquids or solids^ H 1,!dren, doubtless, many of us can remember sJe-wJ. ^li^^'
'°««*«<J "nd then laiHn thehearth before a fire when it expanded underthe action of heat till it would hn— 4°"

-
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loud report. In this case, the molecules of

JchifflT
'^''' ^' '^ "^'^^ ^P atmospheric air(chiefly oxygen and nitrogen) are thrown intomore and more violent vibration, thns Taking

It neceesa^ for more room to accommodate
this play of the particles of air; and when it

Has to give way if not strong enough.



of

lir

ito

ng

,te

it

it-

it

f

CHAPTEE XrV.

EXPANSION.

Expanaion under heat is able to produceenormous pressure. The iren or st^l r^Slaid down on the ties of a railroad bed have to

so aTTa^ n ^l^'o;-*' "here they abut!

tLv . aZ ^^ ** 'n«"ased length Trfiei^they expand during a hot day. A rtory wStold me as com ng from a locomotive en^n^r /who was running a train across the wS3/
woZ ?T ^"^ ^o* "^"y' *at iUustran^wonderful power of expansion. He said that/the track for a long distance in fionFof Wm V
th.^^'^'ji^i'"'^

"^^'^ »P' ««« ^ il from ^the road-bed and laid the whole thinTover Sthe d. ch without disconnecting the r^b ordetaching them from the ties. The 1^1^;^ /

l^ ^?i'
*« "'"» had lengthened tiWS?

rrndtt^Ch^to-^j^ni^t^^^

when the track mored upward and Z^
119



130 natuK'e «(racle8.

in the arc of a circle, till there was room to

p^mnb several inches by the poweHf Xan-
SZw?f, -"tK'

*""* "^ ""y *<>''» o' shaftconstructed in the same way. The side thatthe sun's rays fall upon is expanded, whUe ^eopposite remains practically the samL iS !hemolecules on the sunny side are thrown intogreater activity, and as we have s«n rLi°J^more space in which to mov. This caJS th^«oW to bend away from the su^T ttform of a curve. A curious exhibition of th^power of expansion is related by T^^djl7stakjng place on the roof of the Bristol Oa he-

fCjt ^ ,'??'=. ,^^ f'oof of tiie] choir of

Je^d 2 ^"t^^dfl^os covered with she^!iead, the length of the covering being sixtyfeet, and .ts depth nineteen feef fourln^^
years afterward it had moved bodily for a dis-tance of eighteen inches. The descent h»j

f!;L i^^ fu'^?^ "*"' '"to the rafters hadfailed, for the force with which the lead d^scended was sufficient to draw out the naSTThe roof was not a steep one, and the leSwould have rested there foreve^ without sMd^
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paLd toT!»' ^•?''* *''* ^"^ *•"« heat to-

LUTa ^?'^^'" ^^»® ^o'^ard during the

fh? :?t^'^^
;t« "PPer edge after "t dur

W

the night, and thus by decrees if n^o i f
th^^ugh a space of ei^httTTX int1
A much more wonderful exhihifm« r.* +1.

«^ansive force of heat is f^Sd
"
"he pW«f the geysers of our own TeUowsLe Pa*In what is called the Upper d^t^T lastthere are hundreds, yes, ftousands „? wsprings ,n all phases of activity, from theboiling water to the spouting Kevsei ofZ ^

z 'i"Sir 'ri ^' So-"
stadvinl ,\r ?"> ""^ ^Peit some time

4':fe*:inX^?,r'aS5T'"^"'' °^ *•»
^hat to any lov^Th; ".^frJeiXsr1^%«.ere is no spot in the wide world where ?he™
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18 80 much of intense interest as there is to^be found within the area of a few hundr^
acres m the Upper Geyser Basin of Yellow-
stone Park. It would be difficult to explarnthe operation of some of these geysers; for

JZ ^'^-iTZ
««^Pli««ted. Often one greatgeyser will be connected with a great many

of which play some part in the grand exhibi-
tions that pe*. odically occur. The phenome-

fT» *; !
^!"^^® ^^^^^"^ ^"^^ a« " Old Faith-

lul, that plays so regularly that one R;,y sethis watch by it, is not difficult to explain,

artifi!-?
construct in our imaginations an

artificial geyser. We must premise, however

wat7 T^t^ V'T^^°^ '^' boiling-point of

F^irLl,^? ^' "^'*' '°*° '*^«^ «* 212 degrees
Fahrenheit in an open vessel at sea-levelT butat the top of Mont Blanc it boils at 185 de-grees Fahrenheit. The boiling-point of a fluid
IS always that point where the tension of "hevapor IS equal to the pressure of the at-

T^^^^i.
^'

""'-^r^
'^' atmospheric pres-sure ,s fifteen pounds to the square inch, and ~

so fifteen pounds to the square inch is the unitof pressure for gases, and is called an « atmos-
phere. Any pressure less than fifteen pounds
18 less than an atmosphere. It will be seenfrom the above that water boils at less thaaan atmosphere on top of Mont Blanc
Fluids will boil from the heat of the hand I
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if the pressure is sufficiently reduced. On the
other hand, if the pressure is more than one
atmosphere, water will not boil at 212 degrees
but will require a higher temperature. If we put

2fL'^*'/
"'"'''^ *^."^" ^^*^ ^ 1«^^« «^««th

•n u .,
'*

r""^'
^ spirit-lamp at sea-level it

u'lll boil at 212 degrees. Now cork the bottle

r iVr" r^" '*^P ^'^'"^ «n account ofthe additional pressure caused by the steam inthe space above the water. The pressure now
3s more than one atmosphere. But if the heat
IS kept up it will reach a point where the ten-
sion of the vapor will overcome the resistance
of the cork and the cork will fly out. What
takes place? The pressure on the water im-

r.r*K if''".^V^
°"^ atmosphere. The waterm the bottle is heated much above the boiling-

point at one atmosphere pressure, therefore
as soon as the pressure is taken off, by thecork flymg out, the water all bursts suddenly
into steam.

«uciny

Iniif*
""^^^ ^. ^^^ ^"y length-say six feet

lZ\^^
one inch in diameter-close it atthe _^ttom end and surround it with a basin

^!«. . r t""^
^" '* ^^*^ ^^*«'- ^ow apply

heat at the bottom of the tube sufficient to boilthe water It will require more than 212 de-
grees to boil it at the bottom on account ofthe pressure of the column of water above.But finally 1 does begin to form steam at the
bottom. This lifts the column of water so
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caught m the basm it runs back into the tubewhen ,n a few minutes the same operation i^I

oi tne earth. These vents occur where the ,.r..<.fof the earth has been broken, as it is on „,o™'tern ranges. They are the ending np of whatwas once a volcanic crater. It is necessarTf^^these heat-vents to be located wher^^ateTc^^™n mto them in order to produce geyser ac"

Itttartl"wfthTf-r"
"»'*.<'<'«« fo^s itself.

i^CLZ'^tt zz-'r^s*'!: t"' T/
reyserite. This in mos^'aL" /'pJ^Sand IS deposited on the sides and top around

«<" a great Height, forming a tube Whar> +»,^hil« gets sufficiently long'^and ti^'ZtZZnght distance below is sufficiently great it Ug.ns to flow intermittently; the Iong^7l't„t-the thermal conditions being the a^Z^illonger the time will be between the^^*:

I I
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of the geyser. Of the principal ones I sawin the Upper Geyser Basin of YpllnJcf!.

I w«8 so fortunate as to sec all of t*ese«nd many more in operation. It was a won!<lerful Illustration of the effect of motion nZ,emotion. No two of them produced the Mmeeft^t upmj the beholder. " Old FaithfulCsmajestically grand. It gave one a sense of

«na aignity ihe Giantess " was very errati,.

se.W,,'"'^-^''"^u
""'' '^ "» ^flection upon her

rother^:r-""'
™'^' ^™* »»«W "nd th'^

up again. And this was kept up for manv
te f;'"

"°.^' °* ^'•^ ee?sers^top X-
geysel that »~ °°' °*

"i
'^'**'" "^ ^»»"«geysers that are connected in some mysteri.ous way with the mother of them aU ^

About 200 feet from the " GiMtesa » ;« .

a «>rta,n number of hours (I think eigh?) after
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If r

cator. The " Beehive " is a curious fonnation.
It has a nozzle something like a fire-hose, only
about three feet in diameter and stands up
several feet above the surface. When it playa.
It does so with terrific force. It throws a round
jet 100 or more feet into the air the fuU size of
the nozzle. The roar is like thunder, and can
be heard for miles. Any sized stone that is
thrown into the stream is carried upward with
great force. The effect of this geyser is to al«
most terrify the beholder—it conveys such a
sense of awful power.
But the geyser that produced the greatest

excitement and enthusiasm of all was called
the Grand," which played once in twenty-six
hours. It will be impossible to give an ade-
quate word-picture of the play of this wonder-
fully beautiful geyser. When I saw it in
action It was late in the afternoon, and, stand-
ing between the sun and the geyser, with my
back to the former, I had the advantage of the
reflected light, which is very bright in that
high altitude. Close by the side of the geyser
IS a steam blow-hole about six inches in di-
ameter, and all about are a number of boilings
springs that are connected with the geyser
Just before the play begins all these springs,
are in great agitation in sympathy with the=
coming event. As a final preliminary, this
steam blow-hole starts up, giving a blast of
terrific power. I once witnessed the coming
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of the Sultan of Turkey through the palace

up shouts that were intended to be very im-presswe, but this scene paled in impresrene?,

5^^neTr*^ ^f ""'"'''^ announced
fLTif T ^'''""**'* '•'^P'^y^- Immediateljrthe steam trumpet made the announcementthe water in the top basin of the greatTyserWed several times as if unable to mXT
than WO ;^r-'f1"^^" "P •'"'J"^ ^"-0-
than 100 feet into the air, when there began.he most beautifully sublime and at the^m^
iri K r" ^^"'^''^ '^'"^'"'^^ I ever wTt!nessed before or ever expect to again Itassumed the shape of a beautifully"omed
evergreen tree whose branches cover the trunkdown to the ground, the tips of wUch areloaded with cones set with purest diamondsThese cones shot out from the center o"mov:

7th?Z?t^ ^r' '"" ''""'^""y "* *e limitot the tree-hke form, producing an effect some-thing like that of a rocket when it first burS„the air, and before it has fully spread. CSnethousands of these jets moving in all dfreo!tions and bursting into beautiful colors nowvanishing and now othei-s taking their places
till one 13 excited to the highest pitch by this

ttn '1? ^"^ '' «°'"' f"™. -d m"
Wn" i«

^^•*""^ "''*"'*' ereat steam fog-horn IS sounding its thunderous note h^^jL
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the geyser as if sympathizing with this mighty
effort of pent-up energy.

After keeping up this wonderful display for
- fifteen minutes it suddenly stops—all but the
steam jet, which seems as vigorous as ever
and the water rapidly recedes down the tube
of the geyser till out of sight. In a few sec-
onds the water is seen quietly but rapidly com-
ing to the top, and when it reaches there it
suddenly bursis into full form and height for
one short moment and recedes as before. It
<Jomes back and recedes seven times, and at
«ach coming it makes the same burst, until
at the seventh pulsation the steam-jet suddenly
«tops, as much as to say, « Gentlemen, the show
18 over. All the numerous springs that are
connected with this geyser are now found to

. oe empty.

Such are some of the wonderful exhibitions
caused by the expansive power of heat upon
water.



CHAPTER XV.

TERRESTRIAL HEAT.

After reading the last chapter on geysers
one will naturally inquire: « Whence the heat
that IS able to produce these wonderful dis-
plays?" Undoubtedly it comes from deep
down m the earth. Then is every reason for
supposing that at one time this earth was a
molten mass of matter, which for millions of
years has been gradually cooling off until a
thick crust has been formed; so thick that
vegetation and animal life has to depend upon
the heat of the sun. At one period of th©
earth's history, called by geologists the car-
boniferous, or coal-bearing, age, vegetation was
lorced by the internal heat forming a hotbed,
as it were, that caused a wonderfully rank
growth of all sorts of tropical plants and trees.
This vegetation grew and fell down for ages,
and laid the foundations for our coal-beds and
oil-fields, as well as being the occasion of the
great reservoirs of natural gas. The fact that
these coal-beds are found in the cold regions
of the north gives color to the theory of th©
carboniferous age. When the earth had cooled

129
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sufficiently the aqueous vapor and other matter
precipitated (but not until a crust of sufficient
thickness had been formed), stratified rocks
were laid down m the hot water, and this pre-

- «Pi ation probably went on for ages before
the dry land appeared," and when it did ap-
pear It came about in this way: As the moltenmass cooled it first formed a crust; it kepton cooling anc} made a void by shrinkage be-tween the crust and the molten mass. When
tins had gone on to a certain point and the
crust was no longer able to support itself, it
tell m; and as the earth was round the crusthad to wrinUe; hence our mountain ranges
formed at different periods of the. earth's his-
tory.*

The great rocky range extending from
Alaska on the north to Patagonia on the south
of our North and South American continents,
was undoubtedly once a vast volcano through-

^u*
**^®^^^^^^ extent-or practically so, and

- whyj Because when the earth's crust fell to-
,
ward the center by the attraction of gravita-
tion It broke at these wrinkles (the mountains)
and thus made a vent through the crust to the
molten mass in the center. What wonderful
convulsions there must have been in those
days I What earthquakes! What an exhibi-
tion when the water and the heat first cam^
into contact I Not only mountains were

• See Vol. I. • World-Building."
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foi-med, but also valleys or ereat rJpnroac-

occurs from time to time after the interna

'

pressure has been reUeved by a voloan e eranton; most often in regions near XreXcrest IS weal^est-namely, the mountains The

^eaVfUtr-'"
""''« "^ -°* *» -t-'^

a f^w r^t^ *^ '"*^ ^ """'"J »»til only

still ff '^^ ™'"' "« »<=«'« volcanoes, and

doubtedly will disappear in time. The waterfrom the surface runs down into theseZZvents, which come from the core of the earthand IS thus heated, and through the compltcated structure of these heat-passages anHL
and silica we have these multiphased phe-nomena of geyser action. It is found in hor-

ridter^""."^"' *•"* *« temp^^ata;ns^ one degree for every thirty meters. Thisfact wouM go to show that it would get very

doln
'"*" "* '"'"* P""* far eno4h

We bore for water, we bore for oil, and webore for gas. Who knows but that when fjltbecomes scarce we shall bore for heat and oariy
It m protected pipes to our dwellings and fao-
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X JuA^'''^^ "J.^* f*'^ ^ ^ ^«a^ by when^i well-digger should first shove his drillthrough the crust. However, it would be hotenough for most domestic purposes long beforehe reached that depth.

^fT^'^
are different theories as to the causeof the earth's heat. Some have supposed thatIt was caused by chemical action. Others that

^nd't^.
"^i^.two planets have collidedand that the impact caused both to melt^ith « fervent heat," when they ran toge^er

Jrril .1,
^'^"^ ^* ^°' ""^^ « ««"i«ion would^rrest their motion, in which case they wouldboth, most likely, have fallen into the suTa^there would have been no power left to oVr-^ome the attraction of that great luminal.A more probable theory is the one called the^ebuar theoiy This theory assumes tSt atone time all the cosmical matter now com-posing the whole solar system was in a finelv

divided state and filled, like a gas, the wholespace occupied by our present solar system, asone body. By the law of attraction these par-
ticles of matter came closer and closer together
--all pushing toward the center of the mass.This movement, or contraction, caused a rotary

nn^ aT
^* ^^** ^"* increasing as it con^

tracted At a certain point heat developed,and after a sufficient heat, light. When it hadcondensed to a sufficient extent to approach

i.

I

1
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fluidity, rings like those of Saturn were
thrown off by centrifugal force. When these
rings cooled sufficiently they broke and rolled
up into a ball, thus rotating on their own axes
&i vrell as around the mother mass. This proc-
ess has kept up tiU all the planets have been
thrown off from time to time, and what is left
of the core is the sun itself. By this theory
the earth and all the planets are daughters of
the sun, just as all of us are sons and daugh-
ters of the sun, as we have seen from reading
the chapters on world-building, in Vol I

J.
'•



CHAPTER XVI.

GENERATION OF HEAT. "

Heat is an energy, and as such ran ^^ iIf we wind up a weight fn l • ^ •
^°^^-

let it fall the^rpJl!. -11 ?
^^''^^'^ ^^'^^^ and

will be Ltr^hfa^r^^^^
*^«P""«y«

-1 t IX^^^^ windin;ll^d\l^'f:J

energy it^wouldlu"? be suffi*
"^^^^^^^^^^l

weight again to fill- ^"?°^^^* to raise the
r«5«IXV *^® ^^^^^t from which if foil(See the chapter on Energy

)

'* ^^"•

Ihe sudden arrest of mechamVpl rv, *• i
been converted into moSarrW r.'^''for energy is never lost- it T«

''*'''"'

next it«Ctl tatt^"'tlf„f

as mdestructiWe as matter Tr^l
Energy ,3

of wood to-dav «nr„J !' *^ ''"™ « «ord •

of it is a sma^fpHe oftls'^'Tt'' V
*" \''''

destroyed; all that ?» w ^* ''«^ "ot been

ashes is floating in tL •

'"P'*'«°*«<1 by thenoating m the air as gases and the
134
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true, it no lon^r''Z^^'^:jttlTZ'
n,e„,s of which the wood walmade sti 1 e^Woud may be made into wood again throlht^^«gency of nature's great laboratory

°^'' *'"'

heats Ttsel? L^^t' ^'!"" " «""• *« ''"let

pa^s and if* ?', "" **"'°"8'' "hich it

thaTtL ™ »•
* '*"''*' « ^"d substance sothat the motion ,s suddenly arrested, the boll^and the target are both heated by the immct

::SwCdi-tStti:itt;^same lorce. Take a small iron rod and \ZIt on an anvil and strike it wi+K u ^

rti:teifojf̂ -'r "^^--s
mer and I i^n "^' ** "»"'• ""» *»» ham-

bT'riction
'""" """""* " *« -' "^ated

Helmholtz has made an estimate „* tk
amount of heat that would beleveloL if the

not onT:otVtt\hrof\^-L:hZ^
tc» resolve a large part of if ir>+«

^ J'*"'i» out

state.
^°*^ *^® gaseous

/
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The above are illustrations of the produc-

er'' Id"V' -olecular.xnotion ("Sou.lar and atomic " are used synonymouslywhen speaking of heat), by the sudderarrest

bySSrr^^\ «-* - alsoIXedDy tnction. If we rub two sticks of dry woodtogether and rub long and hard enough we canproduce heat to the point of ignition. Tf wetake a tube and close one end, then fil it wiThwater and a^fter corking it tightly revolve

arelamL!? ' ^^*^«'.-^"« *-« Aces of wood

tTon thTr^/'^"-ii
'* '" ^' *° P''^^"^^^ « f"«-tion, the water will soon heat to the point ofgenerating steam, and blow the cork our Sup-pose we shou d fill the tube with shot instead

shot ^mt:
'''

'i
"^ '^?'' "« friction the'Shot will be carried around quietly, but if we

TihZ ^"^^.,^1^^^ Produce friction the shot

lous motion. Now conceive of the tube again

that lo^r^-n?*'" ?^^^"^ «^«*' - ^^that 100,000 million million million could oc-cupy the space of one cubic inch and simplyheld together by an attraction that can beovercome, and you can see how these ver^ smallparticles could be thrown into rvibmo^motion. This motion is heat.
^

seet Tthf"" ^^^My^.-ff^^'t of friction is

Untold r^iir ^fj ^'^ ^""^^^^ i« spaoe areuntold millions of fragmente of planetary mat!

i
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limits ofour'T. "°'T ^"^ ^'™y "i«l>i» the

I? .iff !
^"^' """^s such a frictionof the meteoric matter with the air as to heat

t^TmV^'^ ?",'• '""'^'^" ^^-
r>,^- *• " entirely reduced to dust

these met:^i:-j:t^-^-,tr'-^^

X; ir a tram of cars could be mn *+ o u- u
'^/ buX"the"' ^^ '» wo^d'?S»''*fi^t1

' toTnrLI ""* *° » meteorite. Judging^ *"" °"" e^nence, in riding againsTS^
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wind on a cold day, we should conclude that
the faster one goes the colder he gets. This
18 true up to a certain limit of speed. The
air-friction 18 not great till a high speed isreached When one is standing, and tWe isno wind, a shell of warm air soon surrounds
the body and protects it from the cold, but assoon as we move we get away from this warmW T.I *^^^«ld«r «ir- Thus it is that the
neat of the bojly is lowered more rapidly when
moving. But if the velocity of the movement
should reach that of the meteor we should meet
the fate of the meteor.
Another mode of generating heat is by com-

bustion. This mode is the most common of all
for domestic and manufacturing purposes,
both for heat and light. In this day of elec-
tricity modes of lighting, and in some degree
those of heating, are changing. We now have
tor domestic purposes light, and to u limited
extent heat, produced by electricity. The di-
rect application of heat and light from this
source is not by combustion. When we turn
a current ^of electricity through the carbon
hiament of our electric lamp (incandescent)
there is no combustion. There could not be
because there is no oxygen inside the globe;
It IS a vacuum. The electric current simply
heats the carbon filament to whiteness so that
It emits light. This will be fully explained
under the head of Light. If we should let in

III
-
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It will be seen by this fhnf ™« i

use a' galvanic b teya^d ^r"^- ^^ """'•^

It to redness and then nl,,L! • . • . "^
^'^^^

burn if thtrndlttns": rigr"
'""^^ ^'»

I*t us now get back to the eleotrio-light
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plant and build a fire under the boilers, and
see what happens. We strike a match. Thematch 18 capped by material that unites with
oxygen at a low heat, so that the heat gen-
erated by moderate friction is sufficient to
cause combustion. We apply the match to
the kindling and immediately the atoms ofoxygen clash with the hydrocarbons of the
luel. Combustion and flame result. The heat
<3ommunicates to the surrounding fuel andmore oxygen pours in, and this goes on tillthe whole mass is ignited. During the process

^LTk !?'''' 1"*^?'^ ^^«* i« generated,
oaused by the molecular activity of the atoms
o± matter when they unite chemically. This
motion 18 imparted to the metal of the boilerand thence to the water within. When a cer-
tain stage of motion of the molecules of the
water is reached they are rent asunder by the
violent motion and they burst into steam,
which, expanding, tries to get out. This pro-
duces pressure. The pressure is applied toa steam-engine that causes mechanical mo-
tion; the wheels turn and the dynamo is
brought into action.
If we take a piece of soft iron long enough

to reach from one pole of a magnet to the
other (either electro or permanent magnet)
and wind a coil of insulated wire around it,jonnec^ng the ends together, then place thetwo ends of the iron near to or in contact with
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the poles of the magnet and jerk it awav amomentaiy impulse of electricity wm flow

prZh to r..""
'"'* "' *« -oment of apTproach to the magnet and when it is taken^away: thus mechanical is converted int^

electro-atomio motion. This is th" underlyrn^principle of the dynamo.
unaenymg

Here mechanical motion is converted intoa pecuhar form of molecular motion that wtcall electricity instead of heat. This new JZtion flies through the wire (which hTwn
provided for conducting it) at Ughtning swedand when t reaches the lamp it meete wTh aresistance in the carbon filament. Now an-other change takes place. The peculiar Ztfonof the molecules of the conducting wire canno longe.- be kept up as electricity, so it

T

ui: entZ™?^
'"'°

^T' ""'» hiat madesumciently intense results in lieht Tt-
starts in heat and ends in heat. %Zt en-

Zl^" f^ ^"7 "^ I^^t-then mechTnicalenergy-then electrical- and finaUy heatagain. (The nature of the electrical motion is

fe EW™-r -"^V ,^* '^"' •>« discussed un!
<'^ri^l«etncity, m Volume III.)
The operation of combustion in a commoncandle is as follows: The wick, whiTTte

chiefly as a carrier of the fuel is lighted-the tallow is melted and rises by capiUaTat:

pUr^TLVta^"'^' T^T --•'"'tionTal^
place. The tallow is chiefly a hydrocarbon, a
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combination of hydrogen and carbon. By the
union of the oxygen of the air and hydrogen

—

which forms water—^free carbon particles are
released and the first effect is to heat these par-
ticles to a white heat. The lighting quality of
a candle, lamp, or gas-jet is the incandescence
of these carbon particles; but they are short-
lived—for immediately the carbon particle
is set free from the hydrogen, the oxygen of
the air attacks 4t and it is consumed before it

travels an inch, if the air can get at it freely.
If not, it goes off as smoke, which is made
Tip of free (unconsumed) particles of carbon.
Another result of the burning of a flame is the
formation of water—one part of oxygen unites
with two of hydrogen, and the result of the
•combination is water. When you first light a
lamp—especially a bicycle-lamp—^you wiU no-
tice moisture collect on the inside of the glass—chimney or lens, as the case may be. The
glass is cold at the start, so that the water-
vapor condenses, but in a few minutes the
glass IS heated and the water-vapor passes off
with the heat as a transparent vapor to be
condensed into water at some future time.
A burning flame is made up of an infinite

number of explosions so light as to scarcely
be heard. The explosion occurs when the
oxygen unites with the hydrogen to form
water. If a large body is ignited all at once
it explodes with terrific force. I remember

fr
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vividly an experience in my student days with
a hydrogen-lamp that I attempted to make.
I put a small tube through a cork and fitted
It to a quart bottle. I then put some bits of
zinc mt the bottle and poured on them a so-
lution of sulphuric acid and water. Immedi-"
ately hydrogen gas began to form, and if I had
wai+ed till all the air had been forced out of
t! • i;.;>ttle my lamp would have been a success^
iui pure hydrogen bums from a jet with a
steady flame. In my enthusiasm I lighted it
prematurely, and the result was a hole in the
ceiling, and a scared landlady, coupled with an
admonition not to try it again.

^



CHAPTER XVII.

DIFFUSION OF HEAT.

Heat tends to diflFuse itself in three differentmys, namely, by conduction, convection, and
radiation. If w^heat a metal rod by putting oneend of It into the fire, it does not immediately
heat the whole length, but travels slowly along
the rod. The molecules that are in immediate
contact with the fire have their atoms excited
to intense motion; these communicate their
motion to the next layer, and so on, from
layer to layer, until the rod is more or less
heated the whole length. This process of heat-
diifusion IS called conduction. Some sub-
stances conduct heat much more readily than'
others. A pure silver teaspoon is a nice thing
to have, but it is the most inconvenient of all
spoons to use in hottea or coflFee. Silver, goldand copper are all good conductors of heat!
as well as of electricity. If we call the con-
ducting capacity of silver 100, copper will be
74, gold 53, brass 24, tin 15, iron 12, and lead 9.
Ihese metals also conduct electricity in about
the same relation. The metals or other sub-
Stances whose molecules are most readily ex-

144
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cited are the best conductors of both heat and
«Jectncity.

This fact seems to establish a close relation-
ship between heat and electricity, as indeed
there ,8

;
forwe shall see that electricity turns tcrheat the moment it is resisted, and as no con-ductor IS perfect it is resisted to a certain de-gree at all times, and is, to that degree,

developing heat. AU conductors of electricity
are more or less heated when a current is
passed through them. On the other hand, heat
will develop electricity under certain condi-
tions. I his phenomenon will be discussedWhen we reach the latter subject.

Let us- now consider the diflFusjon of heatby convection. Convection means the act of .

conveying; and when it is applied to heat it
refers to heated masses of air, gases, or fluidsmoving in a body from place to place. If weput one end of a copper rod or other metalm the fire and let the other end run into aemail chamber the rod will be heated its whole
length by conduction, but the air in the cham-
ber will soon be heated by convection. The airnext to thejod as soon as heated, rises tothe top of the chamber, because heated air is
lighter than cold; the cold air will drop downand be warmed by the rod and rise again.
This process goes on until all the air is warmed
alike. Hot-air furnaces in dwellings heat therooms by convection. And hot.w«tAr arra^^j^^

J-
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heat in the same way to a large extent. The
Gulf Stream is a vast warm-water system that
warms continents instead of rooms in dwel-
lings. The water of the ocean lying under the
direct r^s of the sun becomes heated and is
set in motion, probably by the rotation of the
earth, or possibly there is a combination of
causes at work. Some have attributed this
motion to the eflFeet of the trade-winds, but it
is hard to beliovfe that this is the case to any
considerable extent. At any rate, currerts
are set up in different oceans, the most notable
of which is called the Gulf Stream, as it ap-
parently has its origin in the Gulf of Mexico;
at least it receives a fresh impetus at that
point. It follows along the Atlantic coast as
far as Wilmington, N. C, and it then crosses
«ie Atlantic, enveloping England, Ireland, and
bcotland, thus modifying the climate of the
whole of western Europe clear to the North
Cape—the land of the midnight sun.
The great harbor of Hammerfest is free

from ice aU the year round, although open-
ing into the Arctic Ocean. One of the indus-
tries of Jl^orway is agriculture, and yet the
northern part of Norway is about as far north
as the Klondike in Alaska. At the Klondike
the temperature goes to TO or 80 degrees be-
low zero, while at Hammerfest the harbor is
open the year round. Such is the effect of
nature's mighty warm-watp^-heating system.
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The STin, 90,000,000 of miles away, sends
quivers of ether-waves at the rate of about
200,000 miles per second, which are arrested
by the waters in the equatorial regions, and
here the ether-waves become heat. From there

.

the warmed waters are distributed so as to
affect the climate of a large part of the habit-
able globe. Tha distribution of heat is by con-
vection on a large scale.

Another of nature's modes of distributing
heat by convection is by means of air-currents.
Large bodies of heated air rise at the equa-
tor and flow each ^ay, north and south, in
the higher regions of the atmosphere; that
is to say, they would flow north and south if it
were not for the earth's motion. This motion
changes their direction somewhat. These air-
currents flow northerly and southerly for a cer-
tain distance and gradually drop down. The
cold air at the surface moves toward the equa-
tor to supply the place of the heated air. So
there is a continual round of air-currents
moving in opposite directions on both sides of
the equator, and these are called the trade-
winds. (See Vol. I.)

Within certain limits, on the ocean, these
winds are regular; on land they become
broken up owing to the varying conditions
of temperature and topography. It is a com-
mon notion that the trade-winds are so called
because they are an important factor in the



148 Hature'a flSlraclcs.

commerce of the world, as sailing vessels can
always rely upon these winds in certain lati-
tudes. The original meaning of " trade," how-
ever, is a track, trail, course, path; and the
name trade is given to these winds because
they keep a certain course .or path. As the
earth-owing to the fact that the plane of its
orbit around the sun does not coincide with
that of the equator, apparently (not really)
has a yearly oscillation each way from the
equator as wel! as a daily revolution on its
axis. It follows that the vertical rays of the sun
at noon are constantly changing their position.
It is found that the position of the trade-winds
changes with the oscillation of the earth. This
oscillation is between the Tropic of Cancer at
the north of the equator and the Tropic of

.

Capricorn at the south. The sun's rays are
vertical at the Tropic of Cancer on the 21st
of June at the Tropic of Capricorn on the
21st of December, and at the Equator on the
21st of September and March respectively



CHAPTER XVni.

BADUTION OP HEAT.

We have seen in the previous chapter how
heat IS diffused by conduction and convection,
both comparatively slow processes. We nowcome to another means that pkys a very im-
portant part in the economy of nature, to wit,
radiation. Eadiant energy appears under dif-
ferent heads, but all forms are closely related,
l^ight, magnetic lines of force, and radiant

travel through space at the same rate, namelv
about 188,000 miles per second.

^'
Radiant energy does not require a material

substance for a transmitting medium-at
least, not material as commonly understood-
something that appeals to some one of the five
senses Radiant heat is transmitted through
the ether that I have described further back
in another chapter. Ether, if it is anything,
must be a substance of some kind, but so re-ined that it permeates the pores of all or-
dinary material substances, no matter how
dense they are. A glass will hold any kindof liquid, although it is full of holes like a

149
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sieve. Those holes are large enough for the
ether to pass through, but not large enough
for the molecules, or atoms, of matter to pass
through. In other words, the glass is water-
tight or fluid-tight, but not ether-tight, and as
ether in motion is radiant energy, radiant en-
ergy can pass through bodies of matter. Light
and radiant heat are able to come out through
the shell of an incandescent electric-lamp, al-
though the heated film is in a vacuum,
—that is, a siiace absolutely empty of air!
Nothing but the ether can get inside of the
lamp-bulb. All but a few miles of the distance
between us and the sun is what we would
call a vacuum, as it has no air, and yet the
heat of the sun is able to pierce through, with
mighty effect, a distance of over 90,000,000 of
miles. Eight here let us make a few experi-
ments to show the relation of heat, light, and
sound in some of their effects.

Let us take two parabolic reflectors and place
them facing each other at some distance apart.
If now we place a light in the focus of one
reflector, it will be reflected in parallel lines
to the other reflector, and thence to the focal
point, where a spot of light will appear if a
screen is there to receive it. Again, place a
watch at the focal point of one reflector and
your ear at the other, and you can hear the
watch tick very plainly. Now remove the
watch and place a spoonful of powder at one
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focal point and a ball of metal heated to red-
ness m the other, and immediately the powder
Avill be fired.

These experiments show that sound, light
end radiant heat follow the same law of re-
ilection. If, however, you could perform the
same experiment in a vacuum, you would get
the same results with light and radiant heat,
but you could no longer hear the watch tick.
Ihis shows that sound requires air or some
material substance to transmit it, which is un-
necessary for radiant energy in the form of
light and heat. The powder would bum in aTacuum—because there would be sufficient
oxygen in the ingredients of which it is com-
posed to support combustion.
The ^amount of heat radiated by the ranand falling upon a given area of the earth's

surface in one hour has been es^mated to be
equal to the heat arising from the combustion
of a layer, over the same area, of the densest
ooal ten feet thick. At this rate it would re-
quire a layer seventeen miles in thickness to
be equal to the heat radiated by the sun in
one year upon the same area. Of course, if the
beat of the sun, for one hour even, should be
confaned to the surface where it falls, no life
animal or vegetable, could exist. HappUy for
us means are at hand to take care of it, and
render it not only harmless but the greatest
boon to all kinds of life. The earth is heated
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aiid this heats the lower stratum of air
Heated air immediately riaes, and colder air
comes in from the sides to take its place,
which in turn is freighted with heat and as-
cends, so that there is a constant distribution
of heat going on by convection through the
medium of the air. And thus the temperature
at the earth's surface is kept within the
range of animal and vegetable life.
The question naturally arises: How lonff

at this rate will "'the lamp hold out to burn "
?

Weil, long enough for you and me and thou-
sands of generations to follow. Within historic
times there has been no perceptible diminu-
tion of the sun's heat. We find the vine and
the olive growing in the same zones as in the
times of Abraham. However, if there is no
means of compensating for the loss of thesun 8 heat in the very nature of things, meas-
ured by what we know of the laws of heat upon
the surface of the earth, it must gradually
diminish in power. Planets, like everythinge^ have a birth, a growth, a decay, and a -

^?t ?.!Z ^^"f** ""^^ ^^^ ^'"^ Pl«<^» thatwiU be fitted, perhaps, for higher forms of lifeWhat IS true of individuals is true of races.*Ib^ have their day; they play their little
part, and are gone. Gone, you say? Yes, to
the natural eye-as merv living, breathing
forms, although to the eye of faith we only
change. But here we are treading om the toea
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of the theologian. He can stand it, for they
have been trodden on before, and will be again.
We build up symir'^rical structures of be-

lief that appeal to ; v a vlleet, and men live
upon them and die by then,. These structures
are perhaps foundc 1 ..n so- le dogma that in
the march of progres. ''i^.. had accidentally or
otherwise a light thrown upon it by some here-
tofore unknown operation of natural law. It
cannot bear the light—it vanishes, and the
whole structure comes tumbling down about
our ears. As to the persistence of the human
spirit, however—"the immortality of the
soul," as we call it—no science has yet b^n
able to touch it for good or for evil; and we
clmg to it, because it seems both reasonable
and necessary to our happiness.
One theory regarding the perpetuation of

solar heat is that the sun is constantly fed
by a stream of meteoric matter that is moving
spirally around the sun. The theory involves
the idea that all the planets are imperceptibly
coming closer to the sun, and that eventually
they will be swallowed up by it. Whatever our
speculations may be regarding the life of the

*n"'i-T®
^'® ^"'® ®* o"« thing, and that is that

all life on our earth, all growth, and all the
activities of nature, animate and inanimate,
are directly dependent upon the sun's rays. If
they should be cut off there would be universal
quiet, which would mean universal death.

I
'
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CHAPTER XIX.

THE SUTs'b bats (EFFECT ON EARTH's SURFACE).

In our thoi?ghtlessiiess we are ai>t to forget

K^een a fit Iiabit^tion for man. It has takencoimtless ages to prepare it for the 1^^forms of hfe that we find existing to-dayfani^ time that man has occupied^ earth ?s a

ST^k "* "^""^^ ^^*^ *^ wiK>le life of

In earlier ages the earth was inhabited hy

them were very large and hideous in form

pure as It IS to-day, and wonld not supportSUA We as we find now. At a still SJrpenod there was no life or nerm of life ani-m^ or Tegetable, at least as we understand lifeto^y for the earth was undoubtedly a mas^of molten matter, and no Hfe orge^ of b^
cou^d«istmsnehheat. I am a^re that c^r!tam biologiste ^old to the idea that inanimatem^te, contains aU the potency necessary forwt«t we would call spontaneous generation.

1S4
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Then; if that is the case, you will say, theremoist have been a time when there was a ere^

inal and vegetable life. So it woul seem, for^the science of to^ay goes to prove, so far as

r.n^r^f-r^*^'"?'
*^** «" ^^^ ^"^^ from

another life. Evolution does not help us, be-cause it runs back tea primoniial germ, andonly indicates how the single and simple de-^lop into the diverse and manifold. It tellsHow, but not Whence. Whence, then, thepnmordial gemi? If thei^ was a time ;henthere was no life, then evolution makes some-thing come from nothing. Later investiga-
tion goes te show that all life, animal or v^-
€table <K>mes from a germ having in it all the
potentialities te make it develop after its kindHowever much we may speculate, we know that
plants and trees grow from seeds. The acorn
Jill produce an oak and the grain of wheat

,
other grains of wheat.

f«f
* t]»«^ P'^sent day all the heat at the sur-face of the earth (except the comparatively

little furnished by volcanoes and thermal
springs, and the very trifle radiated from someof the stars) comes from the sun. The sun issuch an important factor in all the operations

^L^ 7 u ?'*^ ***^* ^^ «^«"*<^ know some-thing of what It is. Its distance from the eartft
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^1

18 something over 90,000,000 of miles, more
or less, according to the time of year. It i»
the largest body that our telescopes reveal as a
globe, but not the largest in existence, so as-
tronomy teaches. Other systems are supposed
to have their suns much larger than ours.
Some of the fixed stars visible to our eyes are
supposed to be suns of other systems, but they
are so remote that they do not affect the heat
of our earth to any appreciable extent. The
diameter of the' sun is 108 times that of
the earth, and its surface exceeds that of the
earth 11,750 times. If we make a circle two
inches in diameter to represent the sun we
will have to make a mere dot not over one-
sixty-fourth of an inch in diameter to repre-
sent the relative size of the earth to that of
the sun. If we should fire a cannon-ball whose
velocity, at its start, is the same as that of
our Armstrong guns, it would require thirteen
years for it to reach the sun if it kept up its
initial velocity. Light at the rate of 186,000
miles per second requires eight minutes and
eighteen seconds t reach the earth from the
Bun. It would require a lifetime for light to
come from some of the fixed stars. So they
would shine on, to our eyes, for years after
they were extinct.

The sun appears to have the same material
elements that are found upon the earth. Thia
fact is revealed by the spectroscope. The

!1
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spectroscope shows certain lines that belong
to the different elements when burned and
viewed through this instrument. By examin-
ing the sun in the same way we find the same
lines, and conclude that they arise from the
same causes.

The rays of the sun have wonderful powers of
analysis. When this earth had cooled so that
a crust had formed, and dry land appeared, at
first It was hard. But under the influence of
the sun's rays for ages, coupled with the pre-
cipitation of moisture, a gradual disintegra-
tion began which released a certain portion of
the oxygen stored up in the igneous rocks,
which, m turn, was thrown out into the sur-
rounding air and thus purified it. A study
of the disintegrated lava-beds in the western
parts of this continent show them to be very
fertile for purposes of vegetable growth when
sufficient moisture is present. When the min-
eral substances on the earth's surface had been
disintegrated and prepared by ages of inces-
sant work in nature's great laboratory, and the
soil was properly pulverized, the seeds of ani-
mal and vegetable life were sown. How, we
will leave the reader to conjecture. That they
were sown we know. It is the province of the
scientist to reveal the facts of nature as they
now exist, and leave the rest to the speculation
of the philosopher and the theologian. The
growth of vegetation made it possible for ani-
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mal and insect life to exist, and the earth
teemed with both; first of an inferior kind,
but laterj as the conditions for a higher order
of life were right, the higher order came with
the improved conditions. In this way was the
earth through countless ages of time prepared
for man—God's highest creation.
As time progressed and new conditions

arose, new germs of animal and vegetable life
must have been brought into existence, or pos-
sibly diversified from the germs already ex-
istent, to take an active part in nature's grand
round of life and growth. Why nature has
produced such myriads of forms of animal
and vegetable life has been the subject of much
speculation. Some have held to the idea that
many insects and poisonous reptiles have been
sent as a scourge to mankind; that flies, mos-
quitoes, and the like were placed here to keep
men from having loo good a time. If this is
true it would seem that the scheme does not
work in all cases, for the same power that gave
the mosquito his sting also gave man an in-
tellect and made him an inventor, and one of
the products of his creative faculties is a sys-
tem of mosquito-bars and other defenses
against these pests. It is certain, however,
that ^e animal creation plays a very important
part in the economy of nature, as we shall see
farther along.

All animals, including the human race, are
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sons and dau^hteps of the snn. All the food
that we eat is prepared by the sun, mchidin«
the Tery au- that we breathe. Every animS
orgainsm, besides having the power of as-
similation and growth, is also a furnace inwhich a alow combustion is going on whicli.keeps np the heat of the body. So that avery considerable portion of the food we ^ t
IS simply so much fuel which is consumed ^anch by a process of oxidation that in a stovewe would caU combustion. The draft to thehnman stove is through the lungs. The bloodwhich has been j repared through the medium
of the digestive organs is pumped into the^\ ^^ lung-eells are divided into two
parts by a very thin membrane. One aide oft^e membrane communicates with the outside
air and the other with the blood-circuhition.
Ihis membrane is porous to gases, so that theown p^ietrates it, uniting with the hydro-
carbons of the blood, and the product of thismijon IS heat and carbon dioxide. (Carbon
dioxide IS a gas composed of one atom of car-bon and two atoms of oxygen. It was formerly
caUed c^bome acid.) The heat warms thebody, and the carbon dioxide, passing ihmugkt
the membrane, is thrown out of the Inngs bv
each expiration. You will observe that the prod-
wet of combustion that is thrown out into theair by the animal is the same that comes from
the chimney of a lamp or stoT^ to wit, cap-
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bon dioxide. Animal life ca/inot exist i,i pure
carbon dioxide. If one slioiiid shut Idmself
lip in a room with burning charcoal, cvh>eh
gives off this gas in ( reat quantities, and was
obliged to iHli^^.le it, he would soon smotb«>r
to death. A can ]le or any flame put into a
vessel of pure CiHi-b, n dioxida goes out immedi-
ately, as there iv -o free oxygen to support the
name.
One would think that, what with all the

fires and gas-jets Ihat are burning in the world,
together with ail the exhalations from the ani-
mal kingdom, the air would soon become unfit
to breathe, especially as carbon dioxide is
heavier than air at the same temperature. The
reason it goes up the chimney is because it is
ijreatly expanded by the heat of combustion.
But as soon as it cools it drops to the earth.
This is why it is found in wells and deep
mines. I have seen a large kettle of blazing
fagots put out entirely by being lowered into
a "fire-damp," which is only this carbon
dioxide, the product of combustion. Com-
bustion is going on slowly in the process
of decay, so that carbon dioxide comes from
other sources than fires and the exhalations
of animal life.

.
Nature, however, has provided in a beau-

tiful way a means of taking care of this sur-
plus gas that is j- > ;onous to animal hiu
Plants and trees an' lU sorts of vegetatio.v

X V-

t
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«»vt» oi iree8 take up this poisonous irasand l,ve upcm it, in connection with moisture

so that there 13 an eternal round of inter-
relation and interdependence between the ani-^
jaal and vegetable kingdoms. Here we havefound at least one very important use for theabundant animal life in the natural world
But you say this constitutes a perpetual mo-

tion. It would if we had told the whole story.This operation could not be carried out with-
put the aid of the sun. The leaf of the tree
IS nature's great laboratory. Through it she
carries on some of her most wonderful opera-
tions. In It are appliances for analysis
transcending all those in all the artificial
laboratories of the world. Here water and car-bon dioxide are decomposed, the tree or plant

Z*''^*^*^?^''*°***^*^d««^ intothe woody fiber while it gives back t7the airpure own, whidi is the life^iving principle

f; «T/"^
«^»^ence. The magical power that

IS able through the mechanism of the leaf toacoomphsh this minide of miracles is ihe quietsunbeam. Silently,from dayto day, thiswonder-
ful power, without which all activity of everyname and nature would cease, is storing np
Its energy in the vegetation of the world, andthrough the vegetation is s,q^rting the lower
auimal, and directly, as weU as through the
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lower animal, man. There is food in grass, but
the human stomach could not extract it, as there

J^
too much that is not food mixed with it.The ox IS organized for appropriating such

food, and through the flesh of the ox man gets
It m a condensed state.

We have seen that all the combustible ma-
terial on the earth, and under the earth, hasbeen put there at some period by the action ofthe sun s rays. AU the coal, all the oil, all the
natural gas under the earth, and all the woodon the surface of the earth, is simply so much
stored energy; a great weight, as it were,wound up by the magic power of the flutter'
ing leaf acted upon by the sunbeam, through
ages of time. We dig the coal, we ignite it,and a mighty steamer plows the ocedn by anenergy that the sun has stored away ages agoand now has been released by striking a match!
Ihousands of people on thousands of railroad
trains are flying here and there all over the
civilized world by an energy that was stored
thousands of years ago. All the wheels that
turn, m aU this wide, wide world, all thewinds that blow with aU the waves they create,
all the tornadoes and cyclones, all the rains ofsummer and the snows of winter, all the thun-
der, lightning, and hail, can be traced to onecommon origm-^the sun. And this is not aU-
every man, animal, or insect, every livingthmg that now lives, or ever has Uved, either



\
(Tbe Sun*0 -RaBa. 163

animal op vegetable, owes its life directly tothe same source.

^.^S^fTv,"^^
'^^ * ""^^^ conflagration we won-der If there is any power that can restore theapparent destruction. Yes, a way is provided;a few years of sunshine and all is restored

'^sLit'^'-''" 'l'"
^"""^^ ^^^« « ^otto,^

likp" TV,'T1*''''
.««rantur"~«Like cures

1 J 1. ?
destruction caused by heat is re-stored by heat The products of combustion

arising from the burning building are gath^ered up, and by the magic of the sun's^rays
acting through the leaves of the forest newwood IS formed, and more energy is stored.

if f^f'ST ^

.^""^'^^ '*°^^^ ^^ « «"bic footof the best coal is equal to a power that would

000,000 pounds one foot. This statement sup-poses that al of the energy stored in the coal/

fil% f K^^"""*/
P^' ^"°*- «f the energy of

nto ;!?i h"'"1 ""^r " ^^^^^' i« eonvfrted
into mechanical work. The problem of in-/creasing the percentage of work obtained from

Ifr^l- ^°'u"''t
""^ heat-energy liberated by

combustion has been worked upon by many in-

men'tr^
«« ft with only partial success.When we are able by simple means to utilize^e changes of temperature as a motive powerwe sba.f no longer be dependent upon fuel-

combustion as a source of heat. When the

JU
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energy expended in contraction an<^ '^'-^nsion,
caused by the daily changes .x temperuture,
can be utilized to drive our dynamos, then
from there we can obtain heat, light, and
power to minister to our bodily comfort and
to carry on the activities of every-day life.

You ask, Why not utilize the direct rays ^Z
the san, or the force of the winds? We ^uuld
use thebc, but the sun does not always shine,
nor does the wind always blow, while changes
of temperature always occur, once at least ia
twenty-four hour^.

^
Another effect of the sun upon the earth's

surface is seer in the tides. It is a common
notion that the moon controls the tides en-
tirely, and to the largest extent it does, simply
because it is so much nearer to the earth than
the sun. The effect of tfco sun may be seen
in the greatest degree a i such timf as the sun
and moon are pulli togt her in direct .ine
upon the water of the ocean. Their com-
bined attractions, when there is complete co-
operation, cause a maci. higher f le than at
other times. (See Vol. I, "Tides.") But
when the sun and moon are so relat'^f^: in their
position with reference to the «^ ^rth a to work
against each other, the result i i ? ich lower
tide. If ' ach had the same ifli ice upon
the eartii fis mere attractions, there would be
times when the tidal wave would be entirely

neutralized if the forces could be properly re-
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lated, just as two sound-waves will neutralize
each otlier when they are of the same ampli-
tude and related in a certain way. It will ho
^en that it i^ nnt tho he»t of t.hp «nn \^y, j^a
^traGtlon^ thnt prnfh^ cea th^ t\An] r>ffo^|

^
in

all other respects iu power on the earth is
greater than that of the moon. The moon can'
shine only because th( sun shines upon it. It
has no luminous qualities of its own. In fact,
the sun may be said—in a sense—to be the
whole and only producer of the tides, because,
in all probability, the moon is indirectly a
creature of the sun, and at one time was part
of it. In this aspect of the case, the moon's
power over the tides is only a power that was
de' 'gated to it by the sun.

iking once more a large view of these
interchangeable forms of energy workiig
through matter, let us return to our earlier
conclusions: First, Matter is indestructible.
We may rend it asunder, atom by atom We
may subject it to the most intense heat known
to nature, and still the matter exists in some
form. And if you gather it up, from all the
hiding-places in the material universe, end
weigh it, you will find that none has been lost.
The measure of matter, then, is Weight. So
with Energy; it disappears perhaps for ages,
but under certain circumstances it will reap-
pear and do the sapie work that was expended
in storing it aw y. Energy, like matter, is in-



166 fUturc'e mtHclCB,

destructible, and the measure of ener^ is
Work. What shall we say of the Intelligence
that plant all this ? Can the Creator be less
than the creature? Shall we not say that In-
telligence is indestructible, and its measure is
its Power to adapt means to ends? Intelli-
gence, Matter, Energy—nature's trinity in her
manifestations.



CHAPTER XX.

light: the science.

The history of light as a science has been
one of progressive steps from small begin-
nings; and this may be said of all the other
sciences, mental and physical. The earliest
writings on the subject are those of Euclid,
about 300 B.r. Before this Pliny and Aristo-
phanes speak of burning-glasses which pro-
duced combustion when held to the sun. Globes
of glass were also used by the vestal virgins to
kindle the sacred fires. Surgeons, too, used
glass globes to cauterize the flesh of sick
people.

Among the early speculations on the sub-
ject of vision were those of Pythagoras and
Plato. Pythagoras held that bodies became
visible by an emanation from objects that en-
tered the eye, while Elattfc-just to be a little

different

—

beld thrt there were also particles
projected from the e:, e that met those coming
^^omjhe^^^tseen^ and^otHjema^^

E?*??^^CH35j^S: The'only step made by
the Hatonian school was that they announced

167
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that light traveled in straight lines and that
It was reflected; also that the angles of in-
cidence and reflection are equal. Aristotle
made a small contribution to the science in
describing some of the phenomena of the rain-
bow.

Ptolemy, the astronomer of Alexandria, born
A.D. 70, was the lirst to give the science a stand-
ing by writing five books on the subject. He
held that visual power proceeded from the eye,
and that the rea^n old men could not see as
well as the young was due to a decay of the
"visual virtue." He was, perhaps, the first
to show that light was refracted as well as re-
flected. He lays th \ foundation for the ex-
planation of the phenomena of mirage, which
will be discussed in a future chapter. Galen,
a Greek physician, who lived about 130 a.d.,
made some contributions to the science, but
for 1,000 years after his death no progress was
made, and this as well as the other sciences
were swept out of Europe; and after this long
period it took root in the soil of Arabia. Dur-
ing the Dark Ages almost everything in the
way f learning perished in Europe for more
than 1,000 years, owing to the vast hordes of
ignorant people that overran that continent
during this period.

About 1,100 A.D., Alhazen, an Arabian mathe-
matician, made some important contributions
to the science of optics; at least he gave it a u
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fresh impulse. He held to the idea of Pytha-
goras, that we all see by particles that come
from the object to the eye. Following Alhazen
we have Roger Bacon, born a.d. 1214. He is
supposed by some to have invented spectacles-
at least he seems to have been acquainted with
t^eir use. A writer in 1551, referring to
±riar Bacon," says in old English: "Great

talke there is of a glasse he made at Oxford
in which men might see things that weare don!
and that mged to be don by power of euvill
spirites. But I know the reason to be good
and natural and to be arright by geometry,
and to stand as well with reason as to see your
face in a common glasse."
There is much interesting reading as to the

priority of the invention of spectacles by dif-
ferent claimants, which goes to show that hu-
man nature has not undergone much change
since the thirteenth century. From spectacles
came the important invention of the telescope
by a spectacle-maker by the name of Zacchias
Jansen. He lived in Middleburg, in Walch-
eren, and made the invention in 1590 This
invention was first used by Galileo, who made
many brilliant discoveries in astronomy soon
after. He discovered the satellites of Jupiter^e structure of the Milky Way, the phases of
Venus, the rings of Saturn, and the spots on
the sun. A long list of thinkers since the
tune of Galileo have contributed to the evolu-

/
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"tion of the science of optics. Among them the
immortal ^ewton.

It was not until the early part of this cen-
tnry that the dynamic or mechanical theory
of light was fully promulgated, or if not fully
promulgated, at least the solid foundations of
the system were laid. The champion of this
theory was an Englishman by the name of
Ih^as Young, born in 1773 . Since the time
of Toung much iias been added confirmatory
of the truth of 'the theory, so that to-day it

may be said to be established and to explain
all the phenomena of light and radiant heat
and is helping us to an understanding of elec-
tricity.

Every important discovery establishes a
closer kinship between the sciences. The time
has already come when to know any one of
the sciences thoroughly it is necessary to know
the rest; in fact, all the so-called natural
sciences are different branches of one great
science. It is doubtless true that there is but
one energy, and it may be that there is but
one element of matter out of which all the
various so-called elements come.

Artificial lighting has^ made wonderful prog-
ress, both in the means by which it is produced
and its applications for public and domestic
puri)oses, within the last two decades. The
great advance in modes of lighting has come
largely from the wonderful strides made in the

I
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thi'
W?^ applications of electricity withinthe last twenty-five years. The electric lighthas stimulated the producers of gas to make

in order to get the greatest amount of light.
Systems of incandescent films or mantles
heated white by the combustion from a g^s^t

W J^V'^' ^^^' ^^"^^ i^t« "«e! that

frZ ^''' ^' ^"^'^"'^ °^ ^ suggestion takei,from the incandescent electric lamp. From a

no rival. All o her systems of lighting, where
there are open burners, are throwing out into
the room continually the product of combus-

and should not be taken into the lungs if pos-
sible to avoid it. It will be our endeavor Tn

of'fhf? T' ^'"?T? *^ ^^^^ «^ explanation
ot the fundamental phenomena of light so faras the science is at present developed.



CHAPTER XXT.

LIGHT AND ETHER.

We now come to a subject that, perhaps,
most people would consider the greatest in
importance of all the means by which the
inner man has communication with the outer
world. If we had our choice between losing
our sight or hearing I think most of us would
cling to sight. Some perhaps who live in the
world of musical sounds would prefer hear-
ing.

This medium of communication we call
light. XJgb^ like sound and heat, objectively.
ig motion or vibmti^ITr^^TEi^^^i^ TL.'^*
jation. It IS unlike sound in that it camiBrbe
transmitted through the medium of material
substance, as commonly understood; but like
radiant heat it is transmitted through a hy-
pothetical medium called Ether. This medium
has been referred to in the chapters on Heat,
but a short repetition of it here will not be
out of place. The ether is supposed to fill all
interstellar space as well as all interatomic
space of all substances, however dense they
may be. It is so refined that it penetrates the

172
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pores of the most solid substances, and no
vessel can be made of any material that will
Hold It. If we exhaust the bulb of an in-
candescent electric lamp the air-molecule»
cannot pierce it and we say that we have a
vacuum. So we have, so far as air or any of
the gases are concerned. But it is not ether-
tight. It IS like a coarse sieve to the ether,
which passes through the spaces between the
atoms with almost, if not quite, the same facil-
ity as m space itself. The ether must be a
substance of some kind, and has density
and elasticity, otherwise it could not trans-
mit light and radiant heat at the enor-
mous rate of speed that it does. When we
speak of density in connection with the ether
we mean dense in the sense that there are no
spaces between its particles—if particles there
are—as is the ease with ordinary matter. In
the ordinary sense it is the least dense of all
things. The ether is homogeneous, and most
likely continuous—without molecular struc-
ture.

And all kinds of matter may be only differ-
ent affections of the one substance, ether, as it
IS related to meiiori. An atom of gold may
only be a miL^At- rvhirl in the ether that gives
It a certain hardiness and color—properties th£»tmay be due to the peculiar form or rate of
motion imparted to it. A different form or
rate of motion ma^ determine all the charac-
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teristics of all the other so-called elements of
^^*t®r. The ether may be the one elemental

2^!!?:^*^'®J?JiLi>f wKcHTalTTolms of matter
5^£3Sr J>ligm: "A discovery of the true
nature of this hypothetical substance would
he a great boon to the physicist—and would
lead to the explanation of much that is now in
the dark, especially in the domain of elec-
tricity.

Light is propbgated by waves that are said
to be transverse, while those of sound are
longitudinal. Light-waves are supposed to be
magnetic waves, by some, and there is much
of evidence that points that way. We know
that there are magnetic waves in the ether
that travel at the same rate as light-waves,
and that there are nonluminous waves as well
as luminous. They become luminous only when
the rate of vibration is sufficiently great.
The slowest rate of luminous vibration is

that'of the red ray, which is 477,000,000,000,000
per second, while the highest visible rate is
699,000,000,000,000 per second. This phase of
the subject will be more fully discussed under
the head of Color.

All bodies are either luminous or nonlumin-
ous. A luminous body can be seen by its own
light, but a nonluminous body is seen by re-
flected light, and most bodies are nonluminous.
A flame of any kind is luminous, and any-
thing that is heated to a certain point be-

^
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comes luminous. If we heat a poker to a redor white heat it is called luminous; before
Heating, it was nonluminous. The sun is the
great luminary of our great solar system, but
there are other suns belonging to other systems
that are supposed to be larger than ours. Themoon IS supposed to be a dead cinder, having
110 hfe or vegetation. It is nonluminous, and,
like a great many people in this world, it shines
only by a reflected light. Some of the stars
are self-luminous, and others shine, as themoon does, by a light that is reflected fromsome luminous body.

i«A!fnn* *''^!f^'
^* ^^^ enormously high rate of

1«« nn^^''-f
^^^«'^i»g t« some authorities

l«8,00a--miles per second. To travel at this
rate, as I have said before, there must be some
very elastic medium for it to travel through.
Very great elasticity is inconsistent with the
ictea of a fluid as we understand fluid: and
f.t the same time the ability to pass through
such fine pores as those of glass, for instance.
IS inconsistent with the idea of a solid This
IS mere speculation and will be taken for what
It IS worth. We are sure of the facts re-
garding sound, heat, and light, to wit, that
they all exhibit the phenomena of motion, the
rate of which is measurable.

If I could wave my hand back and forth
lorty times per second you would hear a low
musical note. If I could increase it gradual^
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up to 40,000 vibrations per second you would
have heard all the phases of audible musical
tones, so far as they are related to pitch. At
this point the ear, owing to its limitations,
refuses to accept a higher rate of vibration
than 40,000 as sound of any kind. But vi-

bration goes on, and we have no more right
to say that there are no sounds not heard
by ordinary mortals, above 40,000, than the
man has, who fcan only hear up to 30,000 (and
there are some), to say that there are no higher
tones simply because he cannot hear them. I
know there are people who hold that sound
is not sound without an ear that can hear it,

but that is a mere quibble about words and
should not be dignified with a discussion. I^
havejiaid that sound objectively isjnotion. and
subjectively it is sensation, and that covers
the whole field—^so far as definition is needed.
But to go back to our illustration. If I

could increase the motion up to 477,000,000,-
000,000 times per second you would begin to
hear again, through your eyes, but the mo-
tion would not be carried to the eye through
the medium of the air—for the air is far too
inelastic a medium to respond to such rapid
motions—but through the highly elastic ether
that we have described.

I hear some one say, " Stop talking about
ether and vibrations and all such, and tell us
how we see things." Well, I will make it as

y
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plain as possible, but a man cannot work with-
out tools, and ether and vibrations are a part
of the outfit that the scientist needs, to make
himself understood. So you must use the eye
of your imagination and view with me the
unseen things in order that the things seen
may be explained. If a man who had never
seen water were shown a ship and told that it
had been floated from a point 2,000 miles dis-
tant, he would not get much of a notion of
what that meant unless first the nature and
properties of water were explained to him, in
Its relation to other things. If a man is told
that light comes from a point in the heavens,
.ninety millions of miles away, he wants to
know how it comes and what kind of a vehicle
brought it. When we talk about ether and
vibrations we are trying to explain the vehicle
and the law of its operation.

If we shut ourselves up in a room without
windows, we are in darkness, and although
there are many objects in the room, such as
furniture, pictures, etc., we do not see them any
more than a blind man would, and the only idea
-we can get of what is in the room is by such
crude notions of form as we can get from the
sense of touch. Suppose there is an incandes-
cent electric lamp in the room and we turn
it on, what has taken place? Now we can
flee all the objects in the room and can tell
their form and color. Remember now what we
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have said about the nature of ether, the me-
dium through which light is transuiitted. The
electric current flows through the carbon fila-

ment inside of the globe, a hich is a vacuum,
and as the filament is a poor conductor of elec-
tricity a part of the electrical energy is con-
verted into heat (which always happens when
an electrical current is resisted), and the heat
becomes so intense as to produce a vibration
of the particles bf the carbon at a rate of over
400,000 billicii times per second, and this
causes the elftor in which it floats to vibrate
in sympa^l ^) that the ether that fills the
room is throwr Into different rates of motion
corresponding to all the colors of light. This
ether-vibration is reflected from the object
that we happen to be looking at, to the eye,
which takes up this motion—just as the ear
does that of sound—and transmits it to the
brain as motion, and there motion becomes
sensation, and we call it Light. And it is

through this medium of motion that we are
able to discover the color and shapes of objects
in the world outside of ourselves.
How wonderfully beautiful are the opera-

tions of the laws of nature in their relation
to man as a thinking, reasoning, and emotional
being

! How won^^erfully they are adapted to
his needs as guides, not only throug;Ji this
transient shifting world in which we live, but
as suggestions pregnant with meaning as to

\m
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what may be in store for him the great
untried beyond!

^
White light, such as aiinlight or the electric

light, does not come from one single rate of
vibration of the ether, as we shall see, but is a
comSination of all the colors of light. Li^ht
is absorbed, reflected, refracted, and dispersed,
and other phenomena called interference and
polarization belong also to light. We see that
sound obeys most of the laws of light, for
sound is reflected, absorbed, refracted, and
furnishes the phenomena of interference the
same as light. If light shines on a black sur-
face a] I of the rays are absorbed and none are
reflected back to the eye. If there were no
clouds or atmosphere and all substances were
black there would be practically no light. We
could turn ourselves toward the sun and see
this luminary because the ray^ come direct
to our eyes and do not have to be reflected,
but the moment we turned toward other ob-
jects all would be dark, because there would
be no substance that could reflect the light to
our eyes. We see or get an idea of the shape
of things that are dead black, much as we
see a silhouette picture. As we have seen,
white objects reflect all the colors of light, and
all the colors of light mixed in the proportion
that they come from the sun produce the sen-
sation of whiteness. Absolute black absorbs

^^LS^lors, as absolute white reflects aH. Other
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substances have the power to absorb some and
reflect others; these objects are neith^.. black
nor white, but some shade between the two.

There are seven fundamental colors called
the prismatic colors, or the colors of the rain-
bow. These colors may be seen by passing a
ray of sunlight through a prism, which dis-
perses or changes the ray from its composite
character into its fundamental units. These
colors are found tn be .fsd> orangftr yellow.
.green, \i^ m^JeOn and j^gkL If all these
colors are mixed together we have white light
again. When light has been resolved into its
primary colors the result is called the spectrum
of that light. In this way we may take dif-
ferent shades of color and resolve them into
their elementary colors by a process of analysis,
similar to the way a musical tone of a certain
quality or tint may be analyzed, and deter-
mine just what its composition is in reference
to its overtones or sound-tints. In our next
chapter we will take up the subject of color
and how it is produced, and what it means
both in a physical sense and as it appeals to
the consciousness as sensation. Also in future
chapters, what the relation of color is to music
in its eflFect3 upon our emotions.

m it



CHAPTER XXn.

COLOR.

In the musical scale each note differs from
the other in the matter of pitch;, and pitch,
as we have seen, is the rate of vibration per
second Qolors..jiiffir^in^gUe^_lhe„^^
^H|J£aLtones, and there are ahqut m.octavft
<iLiSSaii If we allow a beam of sunlight to.
come into a dark room through a small aper-
ture and let it fall on a white screen, there
will appear a round spot of white light that
18 an image of the sun. If now we intercept
the beam of light with a prism placed with the
edge downward there will appear on the screen
a band of colors, one above the other. They
will appear in the following order, beginning-
at the bottom: Red, orange, yellow, green,
blue, indigo, violet, and the whole is called
the solar spectrum. When a ray of light
passes from a rarer to a denser medium—as
from air through glass—the rays are bent out
of their course and the bend is different for
each color. This bend is called refraction.
Ihe red ray is the least refracted and the
violet the most; and this is why the violet ap-

181
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pears at the top of the band of colors. This
difference of bend in the color-rays is due to
the difference of wave-length. For light, like
sound, has a definite wave-length for each vi-

bration-period. In order that we may better
understand, let us go back a little and tabulate
the vibration-period of each color

:

Ked 477,000,000,000,000 per second f

Orange 606,000,000,000,i»00 per second
'

Yellow 635,000,000,000,000 per second

.

Qreen
j 577,000,000,000,000 per second

;

Blu« 622,000,000,000,000 per second!
Ind'go 658,000,000,000,000 per second \

Violet 699,000,000,000,000 per second '

It will be seen from the foregoing table that
the vibration-rate per second increases from
red to violet. Thejwave-Ien^th of the slowest
Xiteignj to jwitj^red, is^t^ greatfisl, the same
as in sound, and the shortest is that of the
most rapid,—violet. The more waves there
are in a given distance the greater the bend
will be in passing from one medium to an-
other.

The red ray has 39,000 waves to an inch,
hence the wave-length of red is one-thirty-
nine-thousandth of an inch. The violet ray
has 67,000 waves to the inch. Xhe red ray,
hg-ving th^. fewest number of waves to the
ijich, is iherefoxe be»t out of its course the
leMt. while the violet ray, having the greatest-

number per JnchT is benV thelnost crt of Its

%>

\
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course in passing through the prism. It will
be seen from the foregoing why the colors are
dispersed in passing through the prism.

It will be remembered that the wave-length
of a sound-tone with 256 vibration-perioda
per second was four feet and four inches in
air It will be noted that there is a vast dif-
ference between the wave-length of a sound-
tone and that of a color-tone.
Youask, whydo different objects seem to have

ditterent colors ? Color as a sensation is the ef-
fect of ether-waves impinging upon the retina
ot the eye. ^Vhen these waves enter the eye at
the rate of 477,000 000,000,000 per second there
18 a sensation produced in the brain that we
call red, but when the retina is agitated bv
699,000,000,000,000 ether-waves per second we
experience the sensation of violet, and the same
IS true of the other colors; so that for each
variation of rate within the limits of color
there will be a corresponding variation of color-
sensation. Having now established the rates
of motion and the wave-lengths of the diflFerent
colors of light, we are prepared to explain the
phenomena of color as they appear on various
objects that come within the range of our
Vision.

It has been stated in a preceding chapter
that we see all nonluminous objects by re-
flected light If a ray of white light falls upon
a black surface all the colors are absorbed and
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none reflected. Darkness is the absence of
light, hence we have black, which is simply
the absence of all color. If a ray of light falls

upon an object that absorbs all the colors but
red, then red alone will be reflected to the eye
and we have the sensation which belongs to
that color, because the rate of vibration that
produces this sensation of red is the only one
that is reflected. This same thing would be
true of all the colors. If an object has a violet
^olor it is _bQsauge all th^ othex^olora^jre nh-
^orbed and violet only is reflected to jthe eye,
lience tSis sensation of violet.

When a color is absorbeH It becomes heat. If
wg.wear dark clothinjg the sun will seem muS
hotter than when we are clothed in white. The
former absorbs the color-vibrations, which be-
-come heat, while the latter reflects them. If we
have some color-tint which arises from a mix-
ture of colors it is because the object so tinted
is able to reflect two or more color-vibrations,
the resultant of which is the tint. Colors, like
•sounds, may be mixed in an infinite number
<)f proportions, and each change of proportion
is not only a change of the physical conditions
of the ether between the reflecting substance
and the eye, but a change of sensation, or emo-
tion. The blending of color-motion affects our
emotional nature somewhat as the blending of
sonorous tones does. They may be harmo-
nious and pleasing, or they may be inharmo-
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nious and irritating. Women are as a rule
more sensitive to color-tints than men, because
their training has been such as to make them
so. We hear them say, " Those colors fight,"
which is another way of saying that they are
inharmonious and grate upon their sensitive
nerves.

Color-art is not yet developed so that it is
a language of the emotions in the same sense
that music is. Kot long ago it could have been
said that music was not an art. It may be
that at some future time the art of color, so
crudely developed now, will be brought to the
same state of perfection as a language for the
expression of emotion that the art of music
has reached at the present time.

It will be impossible to give you more than
a very few fundamental facts relating to this
beautiful science, because so many of the
phenomena, to be understood intelligently,
need the aid of experiment and illustration
that cannot be had here, fhe fundamental
thought running through all the phenomena
^Fsound, heat, and light, as well as electricity,
is Motion; motion, as related to our sense-
perceptions, and motion as related to all the
innumerable phenomena of nature.
Let us now continue our investigation of

color, from the standpoint of definite rates
of motion and definite lengths of impulse.
Every schoolboy is familiar with soap-bubbles.
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and has spent many a happy hour blowing
them. But he did not realize how many
scientific truths could be extracted from them.
The study of soap-bubbles lius led to some of
the greatest discoveries.

I am aware that there are a certain lot of
pleasure-seekers, with more money than in-
tellect, who look with pity akin to contempt
upon a man who could waste so much good
time in the stud^ of such simple things. Don't
waste your sympathy, dear friends; he pities
^ou even more than you do him. He
sees in the soap-bubble, among other things,
^n apt illustration of your own gilded life.
For one brief moment it floats in the sunshine,
arrayed in gorgeous hues, surrounded by ad-
miring onlookers- -when lol the bubble bursts
and it is no more. You mourn the loss of its
gorgeousness, but to you it has no meaning
beyond. The man of science sees in it the
illustration of natural laws that are trans-
-cendently beautiful, "^e great Sir Isaac
^^wton made some of his miosFImportant dis-
coveries by studying soap-bubbles. Day after
-day he sat in his back yard blowing them and
watching them rise in the air, displaying those
varied hues of color that any one may see by
trying the experiment. His neighbors became
alarmed and took council among themselves as
to what should be done for the "poor man."
Poor, indeed, he was to those ignorant souls.
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For getting the finest results in the forma-tion of soap-bubbles, the best medium is asolution of castile-soap and glycerin in the

the saturated solution of soap. First take acommon glass tumbler and dip the mouth ofIt into the solution and by careful bandlinK

TroTr ' ^^'^r^ ^"^ ^^y^^"" stretched
across the mouth of the tumbler. Now turn

banir^ r' "?!/*^ ''^^ «"^ immediately

the film y" ^^ '^^''' '"""^"^ «^r««»the him. You will notice that these colorschange. We have already seen that everyCO or has a definite wave-length and a definite

I ? /"r
''^*'*''' P^^ ^^*^°"<^- A color will be

«n/f' .?'"; *u"
^^ ^^^" ^*« thickness is

?o ;W i"^^

th^ wave-length that belongs
to that color. We saw that when soundwas reflected or re-enforced by a hollow tube

tZl ^*ri^"^ *^' *"^^ ^«« one-fourth thelength of the sound-wave. The same lawholds good with color-motion. The reflection

h. hl^' ^"'^u'* *^ ^^"^' ^« ««^^d i« fromthe bottom of the tube. If the film is thickenough the first color that will appear is redand after that the others in the order of thei^
succession in the solar spectrum. The film isconstantly growing thinner at the top, by the
stretching produced by gravity, and when it
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reaches the thickness of one-one hundred and
fifty-six thousandth of an inch the red ray will
appear, as that is one-fourth the wave-length
of the red ray. When all the phases of color
have appeared and passed down there appears
a patch of gray at the top of the film which
tells us that it is stretched to its limit. And
now it breaks. Knowing as we do the wave-
lengths of color, we are able to measure the
thickness of the film. If violet has appeared
on the film we know that it is not over one-
fourth the thickness of a wave-length of that
color, which would be one-two hundred and
twenty-eight thousandth of an inch. This
gives us also some idea of the size of a mole-
cule of water, as the film cannot stretch to a
thinness beyond the diameter of the molecule;
although the film may break by its own weight
long before its thickness has been reduced to
that diameter.

Light-waves may be made to interfere with
each other the same as sound-waves. If two
sets of light-waves of the same wave-length
are so related to each other thet one set of
waves fall in the depression between the other
set, the result is daricness.

We have seen that if all the colors of a sun-
beam are totally reflected to the eye from an
object, the color of the object is white. But
if some one of the colors is only partially re-

flected or entirely absorbed, the composite ef-
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feet would be somethingr away from white,mere is an inconceivable number of variations
and proportions of color, and as each variationmay produce a variation of tone, or tint, wecan see how all the delicate shadings of apoem or a symphony in color may be produced.Home time color and color-tones may be classi-
fied and arranged in their order of successionand combination, and by some sort of instru-ment that will cause them to appear and dis-
appear—played upon as we do upon a musical
instrument to produce the effect of sound-
coloring. Color will then become a language,of emotion, as music is now.



CHAPTER XXm.

TRANSPARENCY.

Light is energy, and can do work. Wlien
its beams are thrown upon a photographic
pl&te it impresses itself upon the molecules of
the preparation upon the plate, and leaves an
image of the object that was reflected upon it.

If we expose any black substance to the sun's
rays, the light is absorbed and becomes heat.

If a body is white it reflects the rays, and the
body or substance is kept cool.

Take a pokv-r that has a polished knob on
one end, while the other is a dead black, and
hold both ends to the fire so that each has
the same chance to be heated. As soon as the
dark end has become too hot to handle try the
bright end, and it will be comparatively cool,

because the radiant heat has been reflected

away, whHe at the black end of the poker the
radiant energy has been absorbed. If we hold
a piece of clear glass plate toward the sun the
light-rays will pass through th^ glass without
interference, and the plate will not be heated.
If, however, we blacken one side of the glass
plate with a heavy coating of lampblack, and

190
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then expose cither side to the sun, it will h«-come heated, as the lampblack wU ,r^, ,t
Za" ""^f ""J"

<"'"™" ""cm into he'rVhi^leads „p to the subject of transparency.

.„H ^h
'"'^^"'^ «™ said to bo transparent

pal dW^lT.'""' J"'^'"
*''« "^ht-rays wlpam directly through a substance without in-

l^t'T, ""'' '" """ ^ objects throu;U

Tu when fhTl' V' '"''' •" ^^ transpareT^

asuW^L ':»•>*•«>•« ^nnot Pass througha substance and we cannot sec through it aswo can through space or through a tr^nspaJc^
substance, we call it opaque Wh^t T7h.
Physical diffe«n« between iheTub^tiUs?It .s purely one of molecular stnutu" la

^JT7- l""*
">" ""'««"'«» are so arranged

inastia!^hn'° '""^T ^^'"' »''« "o"**"^™in a straight line without interference. In thelatter, or opaque, substances, the molecules are80 arranged that there is no direct r-Tad
^°"?\«':^ s-bstance. In another cSpterwaexplained that, while glass was water-tiriit^t

J»ht To the ether tElK is lik^Tsfere

at-iih/'l'"^ '"S?.*"""*-
Light-waves fljr"„straight lines. The openings through the

pass directly through, but the openi^
molecules overlap in such a wa.v that ^^JT.
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110 direct line through the substance, hence the
light will either be absorbed or reflected when
it strikes upon an opaque body.
Some idea of what we mean by the over-

lapping of molecules may be had by the fol-
lowing experiment. Fill a tube with finely
pulverized iron filings made into a thin paste.
Let the two ends of the tube be stopped with
glass heads. Throw a strong beam of light
on one end so that the direction of the beam
will be in the direction of the length of the
tube. Place the tube into a helix (a coil of
wire), and pass a current of electricity through
the wire of the helix. Now so direct the ar-
Tangement that the beam of light strikes upon
a screen, and a spot of light will appear on the

• screen as long as the current is passing; when
the current is broken the spot of light will
disappear. The magnetism rearranges the par-
ticles of the naturally opaque mass of iron
flings so that light can pass between them:
they are transparent. When the current is
taken off the magnetism disappears, and the
particles arrange themselves again in such a
way as to shut off the light : the body becomes
opaque. This may illustrate, in a crude way,
the difference of molecular structures between
a transparent and an opaque body.

Farther back in this chapter we saw that
sunlight will pass through glass, which is
transparent, without seeming resistance, and
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the gkss will not be heated. This is because the
light-rays are not absorbed. But some sub-
stances are semi-transparent; some of the
color-rays can pass through and others cannot.
The ether-spaces 'between the particles are such
that colors of certain wave-lengths can pass"
through but others canno' If we pass a ray
of light through a solution of sulphate of
copper—which is blue—the blue ray will pass
ireely through, but the others are arrested. If
now we pass a ray through red glass, only the
Ted ray comes through it; all that the blue
solution transmits the red cuts off, and the red
transmits all that the blue cuts off. If we pass
the beam through both, no color comes
through; the two together constitute an
opaque body, while by themselves they are each
semi-transparent bodies. There are all de-
crees of transparency, or, if you prefer, there
are all degrees of opacity.

A beautiful and instructive experiment may
1)0 made with a solution of the permanganate
of potash, which is transparent to two colors
only. If we pass a beam of light through this
solution upon a screen, the composite effect of
red and blue will be most gorgeous. These
tw) colors only will pass through, while the
otlier colors are entirely absorbed. The inter-
atomic spaces in the solution are so related
to Ihe wave-lengths of the colors that only two
colcrs, namely, red and blue, can pass through
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unimpeded. Now introduce a prism an*separate the beam that has passed tSro^h tSfsolution and we have two spots of col^, o^blue and the other red. In the center the SDotIoverlap, and at that point we wiU We'Sie
LTSer^^^^^^^^^^^-^^P'^w-

wnL°.^^^^^.^?
opportunity to observe thewonderful rapidity with which light and ra!diant heat are transmitted through glasswhich IS transparent to both. I was atWcouver, at the terminus of the Canadian PacificRailway, on Burrard Inlet. We started forWinnipeg about noon, and six miles out the

Zr2 T ^^""P^^ ^^ ^ ^''^''^e woodpile oflarge dimensions, within a few feet of the

iad w"^*':; *^5 ^^^'^ ^^ ^^^^f^ ti^e woodhad been reduced to a huge pile of glowing:
coals The conductor concluded to r^ pa^at a high rate of speed; so backing up about
one-half mile they put on a full head of steXand ran past the fire at a tremendous speed.
1 was m a stateroom, and the passageway
around it was between me and the L,^ tlat •

1^6 heat and light had to pass through twowmdows before it reached me. I stood in tiie
stateroom, looking in the direction of the fire
so as to get a glimpse of it as we ran by. Th^time that my face was exposed was only asmall fraction of a second, and the heat had to^come through the glass of two windows some '
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distance apart, and yet my face was burned
to redness. The glass was not heated, but the
sides of the cars were burned into blisters.
The one was a transparent and the other an
opaque substance.

'
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CHAPTER XXIV.

MIRAGE.

r^tl!^^*7^^
'°

r''^°» ^^°°^ ^^e transparent

TentT.^ ''^"*^^'' ^^^^""^ i" density Ibent at the point it enters. This bending ofUie hght-ray 18 'called refraction. If we put

face the stick will appear to bend upward atthe poin It enters the water, while ^e light-ray really bends dc^ward. We ought to

Z%\\^'^^^'^^'' make it plain, but if youwill follow me closely I will try to give you am^tal picture of the phenomenon.
First, place a tank, something like anaquarium, filled with water, in a dark room!Admit a small beam of sunshine through the

shutter, striking the top of the water at anangle, say, of 45 degrees. If the room is darkyou can see the beam of light as it nassea

cles of dust floating in the air. When it strikesthe surface of the water it is bent downward!Now let us put a coin on the bottom of thJ

and put a screen of some opaque suLi.;ance oa
196
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the side of ihe tank from which the beam of

ll?V'°^lf^^ "^^ ^' °P '^ it iu^t touchesthe lower edge of the light-ray St^tnh «

lasten it at both ends—so as to mark its ururU-jmd position. Now open the shutter and fl^the room w.th light; place yonr eye in theSof the beam that U now marked by theS
rl^S.""" f?

the coin at the bo«om TZank, ^though it is really hidden by th" ^ree^nIf 70U oofc toward it in a straight line Ke
tae string, but it is not
Leave the string, coin, and screen in uosi-

To^.^'^T. **" ™*«' off' o-O *en pr4your eye in the same position as before whenjou saw the coin and you will find t£t you

acrecn. Draw a line to the bottom of the tank

« stiriir4*'^ "? *" poinfwSIt stnkes the bottom is where the coin an-Peared to be. Place «iother coin at tUs poStso that you can just see it over the ton of th,screen if you look from the samf^tt t t-
Jo^ from the same view-point, and lol the^ com has come into view in line wUh ^stong whUe the second has mo™^ Tomarf

JJnt the object under these conditions is never
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where it appears to be, for it will always appear
to be in a direct line with the direction that
the light-ray—that is reflected from the object—enters the eye.

Light is refracted differently in different
media. It is refracted as it passes through
the air unless the air is the same density all

the way from the object to the eye. If we
are looking through the air and there is a
gradual change of density between us and the
object we see, ^here will be a gradual curve in
the reflected light coming from the object to us^
and the object will appear to be in the direction
that the light enters our eyes. The distance
its true position will be from where it appear*
to be will depend upon the amount of change
in the density of the media through which we
are looking. This phenomenon we call ml age.
Many times those of us who live on the lake-
shore have seen this phenomenon when look--

ing off on the horizon on a summer day*
Sometimes the sand-hills of Michigan City^
on the east shore of Lake Michigan, may be
seen from the opposite shore looming up in the
air, when in fact a straight line drawn from a
point on the shore at Michigan City and ele-
vated just enough to clear the surface of the
water would clear the tree-tops on the opposite
shore. So that when we see the sand-hills from,
the west shore we see by curved rays of light
extending across the lake. Sometimes ai&
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image of the water-line on the horizon will h&
thrown up into the air with perhaps a picture
ot a ship on it, and we often can see the sky
under the ship-picture, but not the ship itself,,
of which that is a reflection. Many times we-
see the sun after it is below the horizon, by
these refracted rays.

There is another phenomenon that is callerf
mirage, that may be seen on sandy plains oi-
deserts on any very hot day. The sand be-
comes very much heated and a stratum of
heated air is formed close to the ground which
makes the density of the air increase upward,
lor a distance, forming a line of condensation

A- l^*^
®^ ^ reflecting surface for light

and it has the appearance of smooth water'Any o e seeing it for the first time will declare
that It IS water, and in fact the deception ia
perfect, as I have occasion to know. I waa
once traveling through what is called Smoky
Valley, m Nevada, on a hot day. About 2
o clock m the afternoon we came in sight of a
large body of water many^ miles in extent, as
It appeared to me. It was a lake of wondrous
beauty, with a smooth surface. The moun>
tarns and trees were reflected in the waterm inverted position, as all of us have seenm other bodies of smooth water. I imagined
that I could see towns and cities scattered
along the c -ant shores, and the deception
was so perfect that for the time I could not
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believe it was not what it seemed. My com-
panions were natives, and, knowing that I
was a " tenderfoot," were disposed to have a
little fun; and they had it. They had names
for the towns, as well as the lake, and I got
B. lot of information regarding the industries
earned on there. I could discern sails in the
haze of the distance, and imagined I could
see moving trains „nd hear the whistle of lo-
comotives. Aft^r I had enjoyed this spectacle
for an hour or more, as we jogged slowly along
in our wagon, and the natives had had untold
fun m a quiet way, the whole thing suddenly
picked itself up and got out of sight. I knew
then that I had been witnessing an unusually
&ie exhibition of mirage on the desert.

There is another kind of mirage that is
much more common than the natural phenom-
enon that I have been describing, and while it
-does not strictly belong in the categorr of
natural science, there is a sense in which it
does. It may be styled mental mirage, and
•consists in the distorted conceptions of various
subjects and things that we see through a dis-
torted mental atmosphere, which is largely one
of our own creation.

Man is to a large extent a creature of cir-
-cumstances and environment; not wholly, as
that would take away his free agency and make
liim in no sense the architect of his own for-
tune. Every man of strong individuality is

I
!
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the latter, to a large extent, but he is a strong-
man indeed who can resist successfully the
molding influence, first, of heredity, and after
that the almost irresistible power of educationm any particular line. He cannot resist en-
tirely the prejudices of early training and
surroundings, whether they appeal to his rea-
soning powers or not. This is especially true
when applied to the dogmas of religious sect*
and the so-called principles of political parties,
Ihe average good citizen of any religious sect
or political party sees clearly, in common with
his brethren of other sects and parties, in
direct lines through the atmosphere of com-
mon interest, common brotherhood, and some-
times common sense. But as soon as the ray»
of his mental vision strike some denser, or
It may be, rarer medium of prejudice of party'
church, or society affiliation, a refraction take*
place, and we have the phenomenon of mental
mirage. The truth may lie in a direct line
ahead, but he is really seeing in a different
direction because of the refracting or distort-
ing power of a prejudice.

Science has no prejudices—though scientists
often do. Science is like figures: they do not
he themselves, but the men who figure are
often the greatest liars in the world. Science
per se, is formulated truth. Its aim is to get
at the truth about everything. Taking thi»
view of science, it is the most important studv
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that man ever engaged in. So much of human
effort has been and is spent in combating
thmgs that are non-essential, that too little
co-operative work is done in the direction of

- determining the great essential truths. In
one of the chapters on Sound it was shown how
one musical tone of the same power and pitch
and even of the same quality, as that of an-
other just like it, might be entirely obliterated
by the manner in which they were sounded
in relation to ^ch other. It was also shown
that there was an easier way to sound both
together so that each would re-enforce the
other and thus double the tone instead of the
one entirely destroying the efficiency of the
other. So It is with human effort. Co-opera-
tion will accomplish wonders for good, while
the opposite only leaves a dark void that is the
darker because of the misguided effort put
torth that other men have not only seen, but
have felt its blighting influence.

. Another phase of mirage, as seen in natural
phenomena, is its complete deceptiveness and
its ability, owing to the peculiar atmosphere
by which It IS surrounded, to stimulate the
imagination. In the hazy outlines ghosts of
shapes become real things, and the heated
wave-motion of the atmosphere easily gives
life to imagmary men and animals and motion
to sailing vessels and steam-cars. Mental
mirage la more potent in its deceptiveness and

i
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more powerful in its influence over the imag-
ination than its counterpart in the natural
wot-ld

;
and has the disadvantage of not yield-

ing so readily to the power of analysis and
being so susceptible of explanation.
One of the great advantages derived from

the study of natural science is, that it is usu-
ally studied for its own sake and for the
object of arriving at the truth whatever it is.
The scientific investigator must have no
prejudice not founded on fact, and when so
founded it is no longer a prejudice. He must
not allow the religious dogma or the political
principle to enter or become one of the factors
in his search for truth, but when he has found
the truth it may shape the dogma, destroy or
confirm the political principle, according as
they are found to be in or out of harmony with
the facts. Facts are stubborn things, and it
is worse than useless to try to ignore them
when once established. The man who uses
scientific methods in studying all questions is
a much safer man to follow than the man who
starts out with certain preconceived notions
of things. The former throws away all preju-
dice in his investigations, while the latter is
constantly trying to find something to bolster
up his preconceived notions. He generally
thinks he finds what he is seeking for, but he
usually finds them through the refracted
vision of mental mirage.
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You may aay that I have digressed from my
aubject m this chapter, but you will see if you
go back and read the introductory chapter
that I did not propose to adopt class-room
methods; but said that if in the course of our
«tudy of natural laws we found any good illus-
tration that had an application to the philos-
ophy of every-day living, the privilege was re-
served of stopping to discuss it.
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CHAPTER XXV.

PHOSPHORESCENCE.

Many substances have the power to become
self-luminous to a greater or less extent, and
for a greater or less length of time, by being
exposed to a strong light. This is not tsu-
ally attended either by combustion or sensi-
ble heat, and is called phosphorescence. While
it is true of one form of phosphorescence that
there is no combustion, it is not true of all.
When a diamond is exposed to a strong light
and then is taken into the dark it is luminous
for some seconds; and certain kinds of cal-
careous matter have the power to absorb light
and remain luminous for some hours.
An apparatus wad constructed by Bequerel

to examine the phosphorescent qualities of all
substances, and he found that most of them
possess the quality to a greater or less degree,
although in many cases only for a very small
part of a second. Clock-faces have been cov-
ered with a luminous paint that would absorb
enough of light by day to keep them luminous
most of the niprht. If a glass bulb or tube
has the air exhausted as far as possible—say

205
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to one-milhonth of an atmosphere-the same
as a Crookes tube, such as used for getting
the X-ray—and then pass intermittent cur-
rents of electricity of high tension through
It, the glass becomes phosphorescent by the
bombardment of the few molecules of air that
are left m the tube. This bombardment puts
the glass-molecules into such a high rate of
vibration as to produce light by a sympathetic
vibration of the ether surrounding the mole-
cules. The colors that are made luminous by
this molecular t)ombardment are chiefly those
found in the higher part of the spectrum, and
are attended with little heat. Other substances
emit light after exposure to light for the same
reason. The substance is bombarded by light-
rays, which cause its molecules to vibrate in
sympathy. If we have two tuning-forks tuned
to exactly the same pitch and sound one ofthem the other wiU sound in sympathy, al-though some distance away from the initial
sounding-fork. The sound-waves from the first
fork bombard the second and make it vibratem sympathy. So the light-waves set up a \
sympathetic vibration in the particles of cer-
tain substances and they continue to vibrate
alter the exciting cause is removed, and hence
they emit a feeble light.

There is another form of phosphorescence
that IS due to a very slow combustion or oxida-
tion. If phosphorus is exposed to the air the

I '
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oxygen of the air unites with it very slowly
and it emits a light without giving off sensible
heat. This form of phosphorescence is seen
in decaying animal substances, such as fish,

and vegetable substances as well. Who has not
seen "foxfire" on a damp night in summer
in rotten wood? Living animals and insects
also possess the power of emitting this peculiar
light—the glow-worm and the lightning-bug
are instances. With the glow-worm it is only
the female that has the power to shine, at
least they excel in this quality. The male has
his compensation, however, for he has wings.
She shines and he soars.

The most striking exhibition of phosphores-
cence in living things is found in the ocean,
especially in the warmer climates. However,
there is one exception to the above statement,
for there is a large insect in South America
called Fulgora Lantemaria that surpasses all
animals or insects in its power to give out
light. This insect is about three and a half
inches long, and has a sort of proboscis

—

rather thick—and about one inch in length,
which constitutes his lantern. It is said that
the light emitted by these insects is so brilliant
that two or three of them will light a medium-
sized room.

There are great varieties of living forms,
large and small, that emit light, and in some
cases very brilliant lifrht, to be found in sea-
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water. When the water is agitated, as by the
passage of a vessel, its whole path is brilliantly
illummated by millions of little incandescent
lamps carried by as many millions of living
animalculsB. As we have said, there are great
varieties of these self-luminous animals in the
various oceans, and they do not all emit the
same colors of light. In some of the Chinese
seas and in the Indian Ocean these luminous
animals impart a fiery-red hue to the water.
In other seas the light is white, resembling
snow, while in« most seas and oceans the liffht
has a warm color something like lamplight,
but less intense. Men have been able to read
large print by the light of agitated sea-water
and to tell the time of night by a watch.
In all probability these living animal forms

that are able to emit light have the power to
exude a substance similar to phosphorus, which
emits light by a slow oxidation when it comes
in contact with air or water. There is always
sufficient air in water near its surface to fur-
nish the necessary oxygen.



CHAPTER XXVI.

THE EYE.

»7!5* 7f '' *° "P*'™! instrument of moat

^r '^ "V""'*™"*'"" '-''» perfect yde-Te oped. We cannot undertake to describe itfully her^ but refer to it because it ?s theorgan m all animals that enables them to senithe outsjde world through the mediu^ofS
fl V^T ^?™^ "^ "f« the eye is imMr-'

cases, of matter sensitive to light-vibration—
somewhat, we imagine, on the pr^neipW
phosphorescence. Such life does notS thehigher forms of optical organs, as ?' couldnot appreciate the beauties of nature.

liiere is a reason why most forms of animalWe should be in some degree respons"
otalitr "iru-*f* »* '*•«' as'Theie a e

helpfuu/L?*
•'*'"' ""'"^ °* '«''* *«* "^nelptul if not necessaiy to animal life- anal!W *•%*."" ."«* fo-d in the dark 'rays if

IZtrl^V !
»«""•'"«« effect that onegets from radiant energy, in the form of both

sources, ivery sensitive person knows the
209
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difference between the heat of a hot-air reg-
ister and the radiant heat of an open fire. So
that light does not affect animal life simply
through the eye. We need to bathe in it as
well as see with it.

But to return to the eye. I remember as a
schoolboy closing all the shutters of the school-

house and holding an atlas for a screen in
front of a small hole in one of the shutters,

and watching the images of the boys at play
outside. They were very small and stood on
their heaus. ' I had, in this arrangement, a
crude outline of an eye. The atlas was the
retina, and the hole in the shutter was the
lens that admitted the light. But the eye has
many equipments for its protection and easy
adjustment to varying conditions that the atlas

did not have. It can adjust the refracting

power of its lens at will.

The property of the eye that we wish to call

especial attention to is the structure of the
retina. The retina is the screen lying back
of the eye, and is a spreading out of the optic-

nerve that runs out from the brain. The
retina is to light-vibration what the ear is to

sound-vibration. And just as the ear is con-

structed so as to be responsive to all sorts of

sound-vibration, so is the retina of the eye
constructed to be responsive to all sorts of

color-vibration. It is made up of layers of

various structures, and one of them is a layer

\
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of thousands of little rods varying in length,
and It IS supposed that these rods play a part
in re-enforcing color-vibration, something as
the cords in the internal ear re-enforce sounds,
so tha. the impression will be more pronounced'
in the optic and auditory nerves which are the
connecting links between physical motion and
sensation.

Musical instruments may vary in pitch.
Ihe pitch of an instrument is an arbitrary
thing, and has been determined by experi-
ment. One may sing a tune in a high or low
key, but there is one key that will produce
the best effect. For purposes of illustration
and to get a better conception of color as a
motion, we may consider the eye as responsive
to musical tones of exceedingly high pitch;
or, that color-sensations are sound-sensations
sensed through an organ infinitely more
refined and infinitely more responsive than
that of the ear.

Whoever has looked through a photographic
camera as it is arranged when the photographer
IS getting the proper range and focus, and be-
fore he puts in the slide and tells you to
look pleasant " and " wink occasionally," has

seen an image of whatever is in front of it
thrown on the ground-glass screen. This is
the kind of image that is thrown upon the
retina of the eye when we see things. The
eye has many advantages over the camera, and
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one is that the photograph on the eye carries
with it all the colors of the object that is seen
in the camera. In the photographic process
the colors are carried as far as the sensitive
plate, but there they are absorbed, and v/e
have to depend for our picture upon the vary-
ing shades between black and white. The
high lights as they are reflected from the ob-
jects impress themselves more quickly upon the
sensitive plate than the shadows of the object,
and so we have what is called a negative*
which is just tl^ reverse in its shadings from'
that of the object of which it is a reversed re-
jection. If, however, we fix these lights and
shadows on the plate, which must be trans-
parent, and then lay another sensitized plate
upon it and expose it to the light, we shall
then get a perfect picture in light and shade
of the object photographed. The colors, how-
ever, will be absorbed and not appear in the
pictures.

We know that the color of any substance
is determined by its ability to reflect any par-
ticular color and absorb all others. To pho-
tograph color, then, it will be necessary to
discover some substance that will have its
physical structure so changed by the action
of the color thrown upon it as to reflect that
oolor from the spot that has been exposed to
the colors reflected from the object into the
camera and onto the sensitive plats. Many

\'
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attempts have been made to photograph color,
but as yet without perfect success. The retina
of the eye has the qualities necessary to take
notice of all the shades of color and all the
effects of light and shadow and convey them,
to the brain, but what takes place there, what
is the analysis of the wonderful transition
from motion to sensation, is beyond the poweiT'
of human ken.
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CHAPTER XXVII.

SHADOWS.

Wherever there is light there are shadows,
ihe phenomenon of shadow proves that light-
rays tend to move in straight lines. Light
does move in straight lines, except when re-
Iracted, as ha^ been explained in the chap-
ter on Mirage. An opaque body cuts off en-
tirely the light-rays. « If this is true," you
ask, how IS it that we can see in shadow?"
Ihere are shadows and shadow^. If you are
in the shadow of the earth at midnight and
there is no moon visible and there are heavy
«louds, so that the starlight is shut off, and
there is no artificial light present, you cannot
see. If It were not for the reflection of the
atmosphere and starlight there would be total
darkness when the sun goes down.

If there were no luminosity in the atmos-
phere and no reflection from any objects so
as to make cross-lights, shadows even in sun-
light would be very dark. If the earth and all
that IS on It, as well as the air and all that is
in It, had no light-reflecting qualities and ab-
sorbed all the light, we could see nothing in

214
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the brightest sunlight but the sun itself. TL«?
light-rays from the sun would enter the eye
directly, and not have to be reflected. If we
could be fired into space several hundred
thousand miles it would be dark all around us,
for there would be no atmosphere or any sub-
stance to reflect or diffuse light except our
own bodies. We could see the sun, moon,"
earth, and stars. The earth would look like
the moon, and would shine by reflected light,
just as the moon does. But it would not seem
like moonlight, because there would be nothing
to reflect or diffuse the light. It is hard to
realize what real darkness is—for there is
never a night so dark as to be called total dark-
ness.

I once spent twenty minutes alone in what
is called the star-chamber of the Mammoth
Cave, while the guide left me and went off
into a side chamber that led out into the main
passage a long way off to show me the effect
of light on the ceiling of the chamber at a dis-
tance. You can imagine how it seemed down
in the bowels of the earth, where there was no
living thing, not a worm or an insect of any-
kind, so that there was absolute darkness and
absolute silence. I never realized the meaning
of either silence or darkness before.

There is a wonderful exhibition of shadow-
to be seen under certain conditions of the
atmosphere on one of the peaks of the Hartz
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Mountains, called the Brocken. If one or
more people stand on the summit at sunrise
they can see an enlarged shadow of themselves
as well as the top of the mountain, together
with a house with a tower on it, standing out
against the sky in enormous proportions; the
clouds and mist form a screen to catch the
shadows, and, while it is as easily explained as
the shadow of a tree in the summer sunshine, it
has an uncanny appearance. It is called the
•" Specter of the Brocken," and has been looked
upon with superstitious awe by the ignorant
people for ages past. This specter may be
«een both at sunrise and at sunset, but of
course on opposite sides of the mountain.

The shadow of the earth upon the moon is
very striking when the moon is new.

"I saw the new moon late yestreen,
Wl' the auld moon in her arm."

Soon after the sunset of a clear evening
* when the moon is in its newest phase, it may
be seen in the western sky, a bright rim of
light encircling nearly half its circumference.
The whole body of the moon is seen in a feeble
light, just enough to see that it is in deep
shadow. This feeble light that we see is a
reflection from the earth upon the moon. If
there were inhabitants on the moon they would
have earthlight, which would be to them
what moonlight is to us.
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There is another form of shadow that has
been brought to our notice by the advent of
the X-ray. We have in the phenomenon of the
X-ray shadow, a shadow without light—or
at least a shadow from nonluminous rays of
light, if we may so express it. The so-called
photographs by the X-ray are really shadow-
graphs. If the hand is held between an X-ray
apparatus and a fluorescent screen or phos-
phorescent screen a shadow of the bones of the
hand is seen, and very faintly the flesh of the
hand, These rays have the power to penetrate
many substances that are opaque to ordinary
light and cast a shadow from the more dense
parts of the substance or substances through
which they pass. The flesh is much more
transparent to this ray than the bones, so that
if the hand is put over a screen that will be-
come luminous by bombardment—as we have
seen in another chapter that some substances
will—the X-ray will pass through the flesh
but be arrested by the bones, so that the screen
becomes luminous around the outlines of the
bones and makes what appears to be a shadow.
The light does not come through the flesh.

Luminous rays do not, but an energy does that
creates light when it strikes the screen. Some
suppose that there are real particles thrown
with great violence through the interatomic
spaces of the flesh or other substances through
which it passes. This is like the material
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theory of light, which mo8t of us think is un-
tenable. Most likely it is ether-waves of j?reat
energy and not attended with much heat, and
because there is but little heat we can make
our experiments very close to the origin of the
waves. ^

It may be that the sun gives off X-raj-s of
great power, if they could be applied nearer
than 90,000,000 of miles. They may not have
the carrying power to compass great distances
that the other waves of radiant energy thrown
out by the sun' do. The X-ray has the quali-
ties of some of the sun's rays, as in its power
to act upon sensitized plates. It is also shown
to be able to bum tissue if that be exposed to
It for a sufficient length of time. If a long
enough exposure were made, it would destroy
live tissue as surely as heat does.

•'
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CHAPTER XXVIII.

explosives: gunpowder.

Among the forms of energy that the modern
world is familiar with are Explosives, which
do a vast amount of work—some beneficent,
and some purely destructive. The first and
most familiar is gunpowder. In these days of
wars and rumors of wars, when such quanti-
ties of powder are made and burned, it may
be a matter of interest to know how this ie
made and what is its action.

Gunpowder is very old, so old that it is not
known accurately who first invented it. The
invention is claimed by the English for Roger
Bacon (1214-94), and by the Germans for
Berthold Schwarz (about 1320). It is most
likely, however, from references that are found
in older manuscripts, that neither of these
gentlemen is entitled to the honor. It seems
also to have been known in China frflm even
earlier times. It is claimed that its first use
in war was by the Europeans in the Moorish
wars in the fourteenth century, perhaps in-
troduced by the Moors. There is a historical
reference to the effect that at the battle of

219
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Crecy or Cressy, in France, between the
French and English (1346), « villainous salt-
peter was used.

Ordinary gunpowder is made of three in-
gredients, to wit: niter, charcoal, and sul-
phur. Seventy-five per cent, of the mixture is
niter, 15 per cent, charcoal, and 10 per cent,
sulphur. These ingredients are thoroughly
ground and as thoroughly mixed together. The
whole IS then dampened to a certain extent
with water and pressed into cakes by hydraulic
pressure. ' ^ ^ ^

It is said by experts that very little if any
change has been made in the composition of
gunpowder since it was first introduced. Very
much, however, has been discovered regarding
Its economical use for various purposes. Ifwe use powder for firing a charge of birdshot
from a smooth-bore shotgun we shall use
a very different grain of powder from thatwe would use in firing a cannon-ball or evenan ordinary rifle.

wJllT^iTT'r ''^l'^'''
«'^^^« ^^ gunpowderwe shall find that the difference is simply in

the size of the grains; the finer the grain themore quickly it will burn when ignited. If

"^^.u *? "^1^**.^°"?* *^ ^'•^ * ^ea^ cannon-ball
with the kind of powder that we would use

wouid'btr
' " '" ^"'^'"^*^ *^«—

Before attempting to give the reason for
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position of gunpowder. It will be observedthat powder before it is burned is simX a

with the oxygen of the niter, creating carbondioxide as well as setting free a large amountof nitrogen gas. One cubic inch of gunpXdei
will produce 207 cubic inches of |as at or-dinary atmospheric pressure and when thetemperature is only 60 degrees Fahrenheit. Ofcourse when the gunpowder. is burned in a

and will fr% '^" ^^''' ^'' ^^*^"«^ly l^^^ted

than at n 1 ? "'""^^ " ^"^^ ^^'^'' '^^^than at a lower temperature. By keeping thefact m mind that powder, in its gaseous state
occupies so much more room than it does inthe solid state the reader can readily under-stand where the gunpowder gets its energywhen it IS burned. Its gases must expand in^fitantly and enormously. Gunpowder does notrequire air to explode it, because the nitrtha
18 m the mixture is very rich in oxygen, sothat when it is heated to the point of Ignhion

la^b'on"; thri'"*^^^^^^ ^*-- ^^carbon of the charcoal and the oxygen of the
niter, producing a gas. It has reqS a vastamount of experimentation to find out howto use powder ^fely and economically in Z
We have already said that gunpowder was
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first pressed into a solid cake, after the in-
gredients had been sufficiently refined and
mixed. This cake is now broken into grains
of various sizes, according to the use to which
the powder is to be put. If we wish to fire

a charge of small shot, quick action is desira-
ble, and therefore we use fine-grained powder,
because the finer the grain the more quickly
it is converted into gas when ignited. The
small shot are so light that they possess but
little inertia to be overcome.
We have a very diflferent problem, however,

when we wish to fire a shot weighing several
hundred pounds from a cannon. The inertia
of. a heavy shot is so great that it requires a
little time to put it in motion, however great
the force may be that tends to expel it. If we
used the same kind of powder that we did in
our shotgun the cannon would burst before the
ball could be set in motion, because of the ex-
ceedingly quick action of the fine-grain pow-
der. The coarser the grains are, the slower
the powder will burn. The heavier the pro-
jectile to be fired the coarser the grains of
powder must be in order to fire it with safety
and economy. With heavy projectiles it is

necessary that the powder burn slowly, in
which case the projectile begins to move be-
fore the powder has nearly all burned, so that
it continues to burn until the projectile is ex-
pelled from the mouth of the cannon. It will

\
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be seen that there must be a fixed relation be-tween the weight of the projectile and the si^e
01 the grains of powder used to drive it. Thepowder should be of such quantity and size!as to Its grams as that the time required toconsume It shall correspond to the time t^t itrequires for the projectile to reach the mouth-

will1^ ^^l^'
^^^^^^ '^ '^ ^'oar^e it

expelled in which case a part of the powder

Snf fn 1^
P^"^^^" '' *°° fine-grained it willput too heavy a strain upon the body of thecannon and there will be danger ofTprema!ture explosion, because the gases have formedtoo rapidly The grains of powder used insome of the largest guns have grown to mon^strous sizes; some of them measuring twonches on a side. It is a misnomer in thi^s c^^to call It powder. It took its name from thefine powder that was first used, which, as ever^

Z.rr'/'' V^ ^°^«" »'«i«- It i« estTmated that powder, when it is first ignitedowing to the intensely heated condition of the

Tom tW?^' fT^' momentarily more tha^
2,000 times--which is equivalent to a pressureof fifteen and one-half tons to the square inch!At a temperature of 60 degrees Fahrenheit itonly expands about 207 times. When we esti-inate the number of square inches containedm the area of the bore of some of our 1^^

\
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cannons, and multiply that sum by fifteen and
one-half, we get something of an idea of the

energy that is behind a cannon-ball when it is

£red. No wonder that it moves with great

velocity and that it hits hard when it strikes I

I

V I



and
the

t is

reat

£esl

I

CHAPTER XXIX.

explosives: powder and nitroglycerin.

We have seen in the chapter on gunpowder
that when a grain is burned the gases which
are the product, at a temperature of 60 degrees
F., occupy over 200 times the space of the
original grain of powder. To make a more
concise statement, a cubic inch of gunpowder
will occupy over 200 cubic inches when re-

^2 ?A i''**'
*begaseous state, at a temperature

of 60 degrees F. As a matter of fact, at themoment it is burned it occupies a very much
larger space momentarily owing to the violent
expansion produced by the intense heat gen-
erateci.

^
Let us stop a moment and inquire what is

involved, or rather what takes place, whenwe liberate the imprisoned gases that have
been held in a solid form by the attraction of
chemical affinity.

There are two forces that are continuously
active, one which tends to hold the atoms to-
gether m a molecule, which we call chemical
affinity, and another which we may caU a re-
pulsive force, which tends to drive these atoms

235
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away from each other when they are released
from their mutual attractions. The attrac-
tion that the atoms have for each other acts
pv/ erfuUy through a very short space, while
the opposite is true of the repulsive force. When
the atoms are forced apart to a certain distance
this attraction is overcome by the tendency
of the atoms to fly apart and assume the gas-
eous state in which the same number of atoms
occupy a much larger space. Suppose we put
a small amoufit of gunpowder into a vacuum
of sufficient size to bold all the gas that the
powder will produce when burned at ordinary
atmospheric pressure. Now, if we explode it

under these conditions it bums quietly and
there is no explosion, because the gas has room
to expand without resistance from the sur-
rounding air. If, however, we confine the
powder in the shell of a cartridge and explode
it, we hear a report. The report is caused by
the gaseous particles striking with great vio-
lence against the surrounding shell when they
are suddenly released. Millions of little pro-
jectiles are fired against the walls of the shell,

producing the eflPect of a severe blow of one
hard substance against another. When pow-
der is burned inside of a cannon these atomic
projectiles are released and they strike the
larger projectile in such numbers and with
such force that the ball is driven from the gun
with a velocity that indicates that there was

(
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an enormous quantity of stored energy in the
powder. If we could measure the energy ex-
pended on the ball and against the walls of thegun when it is fired it would be found to bean exact measure of the energy required to
combine these released atoms into the solid
state they were in before the explosion took
place.

As compared with many other explosives,
gunpowder is exceedingly slow in its action
and It IS this quality that gives it its great
value as an agent for firing projectiles. There
are many other explosives that act with greater
promptness and with greater energy than gun-powder And it is because of this prompter
action that these high explosives are valueless
for throwing projectiles. This leads us to a
discussion of the properties of nitroglycerin

^Nitroglycerin is made by subjecting or-dinary glycerin which is a transparent fluid,
to the action of a mixture of nitric and sul-
phuric acids. The molecule of nitroglycerin
IS a very complicated one; it contains three
atoms of carbon, five of hydrogen, three ofmtrogen and nine of oxygen. It contains
withm Its own structure the elements for pro-ducing water, carbon dioxide, and nitrogen.And when it is exploded it takes the following
form: One molecule of nitroglycerin product
three molecules of water, three molecules ofcarbon dioxide and tT7o of Tiif;rn<r*.T. «oo t*
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"will be seen that there are not enough atoms
to form even molecules when broken up by

explosion, but these fractions unite with the

fractions of the other nitroglycerin molecules

that are exploded at the same time. The nitro-

glycerin molecule is held together by a force

that is only a little greater than the forces

that are tending to rend it a nmder. The stu-

dent in chemistry has learned that 'he highly

organized substances (and by this we mean
substances th^t contain a large number of

atoms in a single molecule), are much less

stable than the simple compounds are, so that

they are much more easily broken up by some

extraneous force.

Very curiously, nitroglycerin is not sensitive

to heat like ordinary gunpowder. The writer

has seen a piece of the gelatin* form of nitro-

glycerin fired with a match, and it burned

rapidly, but not explosively, until it was en-

tirely consumed. There was enough energy

set free to have annihilated a regiment, if it

had been done as suddenly as it is when nitro-

glycerin explodes. It does not burn rapidly

like gunpowder, so that the gases are set free

very slowly under combustion; but if it is sub-

jected to a sudden jar that is sufficiently

powerful, the atoms are suddenly released

from the unstable power that holds them in

the nitroglycerin molecule, and they all to-

gether take on the new arrangement of atoms
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heretofore mentioned. In doing this an enor-
mous amount of energy is suddenly released
^nd millions upon millions of atomic pro-
jectiles are fired in every direction with such
force and such velocity that whatever stands
in its way is rent asunder. If we should
take a pound of loose powder and lay it upoa-
the top of a large rock and explode it, there
wrould be a greet ilash extending high into the
air, but not a loud report. On the other hand,
if we should place a pound of nitroglycerin in
the same position unconfined and explode it
hy means of concussion, there would not only
be a stunning report, but the rock would be
rent into a thousand pieces. If the quantita-
tive relation between the gunpowder and the
nitroglycerin is so adjusted that each quantity
has the same amount of stored energy that is

freed, in the one case when it is burned and
in the other when it is exploded by concussion,
there will still be this great difference in the
phenomena when each is exploded in the open
air. What this difference is we will attempt
to explain in the succeeding chapter.
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CHAPTER XXX.

HIGH EXPLOSIVES.

In our last chapter we saw the difference
between the explosion of gunpowder and nitro-
giycerm underjthe same circumstances in the

T!?/''-.u^^
'^"^ *^^* **^^ gunpowder ex-

ploded with a great flash, but not much of a
report while the nitroglycerin exploded with
a terrific report, and at the same time rended
the great rock into a thousand pieces. Why
this difference? It consists (other things
being equal) in the difference in suddenness
with which the energy has been liberated inthe two cases. In order to get a conception ofwhat IS meant, let us try an experiment.
Suppose we take a board that is three feet

square and move it in the air in the direction

It slowly It will require but little force, butthe faster it is moved the greater will be the
resistance offered by the air, until we can con-
ceive of a velocity so great that it would beequal to striking a solid substance like a sledgeon an anvil. And this is what takes pla^

280
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T^hen nitroglycerin is exploded in the open air.Owing to the immense velocity of the atomic
projectiles, they have to lift the air above
all at one instant. It is as though the airfor the moment were a solid substance, ex-tending upward to a great distance, and eachsquare inch weighed 15 pounds. The pressureof the air when our board is standing still isequal on both sides, and when it is moved
slowly the air molecules have time to fill inbehind It so that the pressure is scarcely per-
ceptible with a slow movement. If the velocity,

iT^7lV^FF^^^ *^^'^ ^i" be a vacuumformed behind the moving board, and the re-
sistance would soon break it into splinters. Ifwe should r.)st this board upon its four corners
hon,ontaily and could by some means r^Zthe air beneath it and create a vacuum^the
pressure on the upper side would be equal to

throUrt\^''^^*- t' '^^' « '^Pi^ ^«'ement

ttll.^ i fi""
""^^^ ^'^«*^ « ^«c""°i behindthe board so that the air-resistance comes uponone side. And if the velocity should be^n^

creased to 1,200 miles per minute, say, the a?rwould present an almost impenetrable barrier.In the case of the nitroglycerin explosion, it
18 this intense rapidity of expansion which
condenses or packs the air above it, making
It impenetrable to the sudden expansion, when

on wM^-r"*' f "i^^"^^"
^«^k at the rockon which it was placed, and rends and >ioatc ^'t



232 nature's Piracies.

The resistance is so great in the direction

of the air that it is easier for the explosion

to work downward through the rock than up-

ward through the air. The air in this case

serves the purpose that a cannon-ball doea

when forced in on top of a charge of powder.

The air offers greater resistance to the ex-

plosive energy of nitroglycerin than the can-

non-ball does to powder, so that if a charge

of nitroglycerin were exploded inside of the

barrel of a crfnnon it would burst the can-

non in pieces rather than find vent through

the opening, which has no other charge in it

than that of the air. It will be seen from tha

preceding that the air offers a greater resist-

ance to exceedingly high velocities than a
solid wall would do. If we place a quantity

of nitroglycerin upon the ground and explode

it, its greatest effect will be exerted downward,
and it will tear a large and deep hole in the

surface of the earth.

Here is a curious fact in nature; the sub-

stance which is seemingly the most yielding

to slow movements offers a resistance greater

than that of a solid rock to velocities that are

sufficiently high. The foregoing will more
fully explain why gunpowder remains the most
valuable agent known for firing projectiles,

while it is far exceeded by nitroglycerin and
other high explosives in its destructive effects

when used for rending rocks o^ destroying^

\ <
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earthworks, vessels, or buildings. It is tho
difference between slow and quick expansion.

Nitroglycerin has been largely supplanted
for military purposes by a substance called
«un-cotton. Gun-cotton is formed by the
same process as nitroglycerin. Ordinary cot-
ton fiber 18 subjected to the action of nitric
and sulphuric acid combined. After it has
been subjected to this process and dried and
finely pulverized it ignites at a low heat and
explodes like gunpowder, with the difference
that there is no smoke accompanying the ex-
plosion of gun-cotton. Smokeless powder is
coming into favor for military purposes be-
cause the enemy canuot see from whence the
^rmg comes. On the other hand, it has the
disadvantage that the enemy is not so easily
discovered as when the old form of powder is
used. The gun-cotton molecule, like nitro-
glycerin, is a complicated one, consisting of a
number of atoms each of carbon, hydrogen,
nitrog n, and oxygen, and is so loosely held
chemically that, like nitroglycerin, it cai> be
exploded by concussion. For a number of
years after the discovery of gun-cotton it was
not known that it could be exploded in this
manner. This latter discovery has brought it
into great favor as an explosive for torpedo
and mining work in military operations. It
will explode with as great force when floating
in water as when perfectly dry. The fact that



234 flature'0 Airaclea.

it can be stored saturated with water pre-
cludes the possibility of danger from fire, as
there was with the first preparations of gun-
cotton. Like nitroglycerin, it is not necessary
to confine it in order to render it explosive.

Four hundred and fifty pounds tied up like a
bale of cotton and sunk in the water to some
distance and exploded will throw a cone of
water with a base not less than 225 to 250 feet
in diameter sixty feet into the air. Thia
would be sufficient to destroy the largest battle-

ship.

The method of exploding gun-cotton used for
submarine torpedo work is by electricity. The
cotton is exploded by what is called a detona-
tor, which is placed within the bulk of the
wet gun-cotton. This detonator is madp of
some kind of fulminating powder that may be
fired by a spark of electricity. The fulminate
is placed inside of a small block of dry gun-
cotton and the whole is sealed up so that it is.

waterproof. The object of using the dry gun-
cotton is to get a sufficient amount of con-
cussion to explode the wet gun-cotton. Dry
gun-cotton is very readily exploded by a very-

small portion of fulminate, which is not suf-

ficient to explode the cotton when it is wet^
Electricity fires the fulminate, the fulminate
the dry gun-cotton, and this in turn the wet.
Gun-cotton may also be fired from a cannon
set in a shell containing water; the shell is
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exploded when it strikes by the action of some
form of detonator. Gun-cotton is safe to
handle if kept wet and kept away from ex-
plosives. In fact, you could smother a fire out
with wet gun-cotton the same as with a wet
blanket, and after it had performed this serv-
ice it could be utilized for blowing up a man-
of-war without drying it out.
A great number of explosives have been in-

vented from time to time, under various
names, such as gun-cotton, nitroglycerin, dyna-
naite, litho-fracteur, cotton-powder, tonite,
glonoine, dualine, saxifragine, mataziette,
glyoxihne, blasting-gelatin, and many other
unpronounceable names. All of these, like
gun-cotton and nitroglycerin, are nitro-com-
pounds and are substantially the same. Like
many other new things the name is the newest
feature. Dynamite is simply nitroglycerin
mixed with some substance that gives it rigid-
ity and at the same time makes it easy to
handle. In this form it is used very exten-
sively for blasting purposes and is sometimes
called giant-powder. It is very convenient for
this purpose, because it is only necessary to
drill a hole in a rock and insert a stick of dyna-
mite which is pressed into the proper length
and diameter. No tamping is needed.
The base of all these explosives is either

gun-cotton or nitroglycerin. Gun-cotton is a
nitro-compound in a solid form, while nitro-
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glycerin is also a nitro-compound, but in a
fluid state. The discovery of gun-cotton and
nitroglycerin has introduced many new fea-
tures into the methods of modern warfare.

i For instance, a new department of the cavalry
service has been organized in some countries
called the cavalry pioneer. Men are selected
because of their daring and are furnished with
fleet horses and light armor, as well as a belt
filled with gun-cotton or nitroglycerin charges,
<ietonators, and time-fuses. It is the business
of these cavalrymen to make a dash into the
enemy's territory and destroy bridges, disable
railroad tracks and tear down telegraph lines.

Two of these cavalrymen equipped with fleet

horses can make a dash close to the enemy's
lines, plant torpedoes on a line of rail-

way, fire a slow match and be out of harm's
Tvay inside of a minute, and the explosion will
tear up the track for several feet. Or they
may attach one of these little destroyers on
the side of a telegraph-pole and by the same
method in the twinkling of an eye bring it to
the ground, when in another minute's time
they can sever the wires with cutting-pliers
carried for that purpose. Or they may plant
two or three or more torpedoes upon a rail-

road bridge, apply a slow match, and before
they have proceeded a hundred yards the
"bridge is a wreck. In old times, when a bat-
tery of guns was abandoned to the enemy, it

\
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was the habit to spike them by driving a piece
of metal into the fuse-hole. It was often the
case, however, that these spikes could be taken
out by the enemy and the cannons utilized.
iiy the use of these modern explosives, how-
ever, a gua can be rendered entirely useless-
by putting a small charge of dynamite or gun-
cotton m Its mouth and exploding it.
T> was a form of explosive that promised

at ou^^ .'ime to be very valuable that was dis-
covered by C. H. Kudd, an electrician in the^ploy of the Western Electric Company of
Chicago. Very little is known of this explosive
because the inventor was killed while experi-
menting, so that the secret, so far as the de-
tails are concerned, died with him. In general.
It may be described as follows : It is well known
to all chemists that the compound called chlo-
rate of potash, or potassium chlorate, is very
rich m oxygen. When it is heated to a cer-
tain degree the oxygen passes off very rapidly,
but so gradually as not to amount to an ex-
plosion. Mr. Rudd's discovery was that when
the chlorate was heated up nearly to the point
where the oxygen began to pass off, all of the
oxygen could be thrown off from the chlorate
at the same instant by concussion—in the
same manner that nitroglycerin and gun-cotton
are exploded. In order to bring this explosive
into practical use it was necessary to devise
8ome means by which the potassium ehlornte
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"would be brought to the proper temperature
for explosion by concussion, in all places

-where it might be useful. Mr. Rudd was work-
ing out these details when the accident oc-

curred that cost him his life. In general, he
proposed to use the electric current for raising

the temperature of the chlorate to the proper
point for explosion by concussion.

It was claimed for this explosive that it was
as safe to Jiandle as any other commodity
and that its explosive powers were as great

or greater than nitroglycerin. Mr. Rudd's
discovery offers a fruitful field for further in-

vestigation, which would prove exceedingly

interesting and perhaps valuable. The use of
explosives as applied in modern warfare has
become a science of its own, the study of
which is exceedingly interesting.



CHAPTER XXXI.

FIRING A SHOT.

In a previous chapter it was explainedma general way that there should be a fixed
relation between the size of the grains of
powder used in a cannon and the ball that is
tired. In order to determine accurately what
this relation shall be, it is necessary to know
just what the powder and ball are doing be-
tween the time the powder is ignited and the
time that the ball leaves the muzzle of the gun.
Koughly speaking, the bail will be one-hun-
dredth of a second in traveling from one end
of the barrel to the other. From the fact that
the ball IS slow in starting, one would infer
that It would move from the starting-point to
the point where it leaves the muzzle with a
uniformly accelerating velocity. This we find
to be the case if we use the right amount of
powder, with grains the right size. The great-
est velocity that the ball acquires is at or near
the moment it leaves the muzzle of the gun.
This is called its initial (beginning) velocity,

230
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If the gunner knows the initial velocity of
the projectile as w^ll as its weight he can
readily calculate how far it will fly and how
hard it will hit an object at any given dis-
tance within its range. Several kinds of de-
vices have been invented to determine the
speed of the ball not only at all positions in-
s'ide of the gun, but outside as well. It is

claimed for some of these that they will meas-
ure accurately the speed of a cannon-ball to
the millionth part of a second. And there is

no doubt but with the aid of electricity such
a degree of accuracy is easily possible. For
measuring the speed of a ball inside of a gun,
telegraph stations, so to speak, are established
at a number of points inside the barrel at equal
distances apart. These points, or stations, are
each connected by a wire with an observing-
room, where the records are made. The ball
in its passage out of the gun makes or breaks
the electrical connection at each station, ac-
cording to the apparatus used.

In one form of apparatus, called the chron-
oscope, an electric spark is caused to pass
from the end of the wire to the periphery of a
wheel that is revolving at a fixed rate of speed.
The face of this wheel is covered with a coat-
ing of lampblack. When the spark passes it

will burn the lampblack, leaving a small spot
on the face of the wheel.

Suppose the cannon is ten feet long and that
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there are ten stations equidistant apart inside
of the barrel. When the bail is fired it sends a
spark to the revolving wheel, which leaves
a record in the form of a spot, as it passes
each station inside of the barrel. If we now
stop the wheel and examine the record it will
be found that the space between the first and
second station is longer than any of the rest,
and that each 8u<?3eeding space grows shorter
until the whole length of the gun is covered.
This record shows that the ball moves slowly
in the start, but moves faster and faster until
it leaves the muzzle. By this same apparatus
the speed of the projectile may be determined
at any point after it leaves the mouth of the
gun.

The applications of modern science coupled
with modern invention are enabling the op-
erations of war to become more and more an
exact science. One shot from a cannon ac-
curately aimed, with a full knowledge before-
hand of what it is able to do when it reaches
the target, is worth a thousand fired at ran-
dom. This is especially true in naval warfare.
Here more perhaps than in any other place
the battle is one of skill rather than num-
bers.

Owing to the development of these instru-
ments of precision, by which the relation of
each factor to that of every other in the firing
of a shot is readily determined, a great ad-
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vance has been made in the construction of
modern guns for coast defense and long-range
firing. There are great steel rifles now in
place on our coasts, with a bore of twelve
inches, that will fire a shot twelve miles, and
no steel armor used for ship-protection could
withstand such a shot. These guns are
mounted on disappearing-carriages. They are
loaded and aimed behind the earthworks and
then elevate^ and fired, after which they im-
mediately disappear to a place of safety. The
gunners are not exposed to the direct fire of
the enemy, and the gun itself only for a short
time. We are told that the United States has
now under construction a still larger gun that
will shoot still farther, and one shot well aimed
will be suflScient to disable the strongest battle-
ship that floats. This gun will weigh 140 tons
when completed, and will have a bore of six-
teen inches in diameter. Each shot will cost
the government $1,000, but it will be much
more economical to fire $1,000 shots than $500
shots if tl.e former sinks a $2,000,000 ship
each time it strikes the target—^while the latter
only makes an indentation in the armor, with-
out pieircing it. The present 12-inch bore
guns require 620 pounds of powder to fire

them.

Any new invention that increases the de-
etructiveness of the implements of warfare is

a step toward the good time coming when



string a Sbot. 243

there will be universal " peace on earth " if not
"good-will toward men." If the first is en-
forced, the latter may come in the course of
time, when men see the futility of fighting.
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Co d, decreased motion, 117.
Color, Ch. XXII, 181.

seven fundamental, 180.
as a sensation, 183.
absorbed, becomes heat, 184
effects seen on soap-bubbles, 187.
interference, 188.
variations, 189.
determined by reflective qualities 212
-photography, 212.
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combustion develops heat, 138.
in steam-engine, 140.
in candle, 141.
in the lungs, 159.
in decay, 160.
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Darkness, 214.
Detonator, 234.
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Dynamite, 235.
Dynamo, principle of, 140.

Earthquakes, 131.
Echo, Ch. VII, 67.

under dome of St. Paul's, 68.

TTi^n*.- •r^'**^*i"*^*"*l sounds, 69.
Wectricity and heat convertible, 141, 145

Its importance, 170.
i^emental forces, v.

substances, 4, ; '

'

Energy, force at work, i.

kinetic and potential, 2, 6, 26
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^uclid writes of light, 167
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of gases, 117.
pressure of, 119.
Ulustrated by Tyndall, 120.
Yellowstone Park gevsers. 121.
of gunpowder, 221, 226.
of nitroglycerin, 229.

Eye, the, Ch. XXVI, 209.
structure of, 2i0.
illustrated by photography, 211.

Faraday demands expected result of experiment 3
.

on attractions, repulsions, and motions fiFiring a shot, Ch. XXXI, 239
"motions, 6.

VnJS\f T'? °/ explosions, 142.
"' ''

Coi!;;T2."^^"^"^' ^^ "^- fr- -ganio
as fuel.. 159,



...!... <H..

/

' v!

248 fnDes*

Foot-pound, 13.
.. ,

"

Force the cause of motion, !•

and energy discriminated, o.

Forces of Nature, Ch. Ill, 26.

Friction and work, 15.

develops heat, 136.
^

Fundamental vibration of a wire, 90.

Galen on light, 168.

Galileo first uses the telescope, lo».

Galvanic action, 32.

Garfield's assassination, 96.

Geysers, action of, 121.

origin of, 131.

Gravitation, 26.
, , i. i „„j „,«

Growth requires protoplasm, chlorophyl, and sun-

beam, 51.

Gun-cotton, 233.
^ om

Gunpowder, inventor unknown, liV.

ingredients of, 220.

chemical composition, 221.

sizes of grains, 222.
' expansion of, 223, 226.

Guns, modern, 241.

Hawksbee experiments with sound in a vacuum,

Heat, molecular enevgy, 12;

mechanical equivalent of. Id.

mechanical energy changed to, 18.

employed in overcoming natural attractions,

working in the steam-engme, 36.

created by impact of cannon-ball, 42.

Li,m ether-vibrations striking the earth, 43.

will PASS through a vacuum, 63.

necessRf '^ to life, 109.

as motion, 110.
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, vacuum,

Heat, applied to metals, to ice, to water, ^6.
terrestrial, origin of, 129.

effects of, 131.
generation of, Ch. XVI, 134.
an energy, 134.
developed by arresting earth's motion, 135^

friction, 136.

combustion, 138.
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diffusion of, Ch. XVII, 144.
conduction of, 144.
and electricity, 146.
convection of, 145.
radiation of, Ch. XVIII, 149.
transmitted through ether, 149
amount from the sun, 151.

Helmholtz estimates heat developed by arrest-ing earth's motion, 135.
F " oy arrest-

High explosives, Ch. XXX, 230.

Immortality of the soul, 153.
Incandescence from heat, in electric light, 138.m candle-wick, 141.
Intelligence behind natural law, 54.

Jansen, Zacchias, invents the telescope, 169.

Kelvin, Lord (Sir Wm. Thompson), computes

Kla^Se! 9I*
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'

Language, artfculate and inarticulate, 104.
latter depends on overtones, 105.

leaves act in air by chemical separation, 31 61
analytical laboratories, 161.

Life as related to energy, Ch. V, 48.
-principle not discovered, *49.

from no life impossible, 53, 155.
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Light will pass through a vacuum, 63.

velocity of, 150.

science of, Ch. XX, 167.

refracted aa well as reflected, 168.

and ether, Ch. XXI, 172.

propagated by transverse ether-waves, 174.

rate of travel, 175.

effect as to vision, 178.

and color, 179.

moves in straight lines, 214.

Machinery cannot create energy, but makes it

effective, 22.

Man a machine, but more, 50. , , . . .. „„
Material theory of heat, light, and electricity su-

perseded by mechanicaUor dynamic theoir, 10»-

Matter, indestructible and always associated with

energy, 5.

solids, fluids, and gases, 114. ,

Mechanical equivalent of heat, 13.

Metals as heat conductors, 144.

Meteors, 137.

Mirage, 168.

over water, 198.

sandy plains, 199.

mental, 200.

deceptivenesa of, 202.

Molecules and toms. 111.
.. ,,«

in a cubic inch of sohd matter, 112.

Mosquito-language, 106.

Motion, caused by force, expresses energy, 1.

modes of, in heat, light, sound, 2, 57.

mechanical and molecular, 110.

illustrated, 115.

imagined, 115.

utilized, 141.

Music, sound-impulses repeated with perfect pen-

odicity, 83.
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Music the language of emotion, 86.
scale, 87.

of birds rather agreeable than musical, 88.
Musical quality depends on overtones, 92.
Musicians bom, not made, 86.

vary infinitely in quality, 92.

Natural law directed by Intelligence, 64.
Newton on optics, 170.

siadics soan-bubblcE, 186.
Niagara, resonance of, 73.
Nitroglycerin, composition of, 227.

method of exploding, 228.
effects of exploding, 229.

compared with powder, 230.
Noise and music, Ch IX, 80.

irregular and regular sound-impulses, 81.
former tend to cease, latter to persist, 103.

Ocean currents, 146.

Organic world chemically unstable, 53, 229.
Organ-pipes, their resonance, 71.
Overtones, 91.

determine musical quality of voice or instru-
ment, 92.

of inarticulate language, 104.
Oxygen in the blood, 159.

Pendulum illustrating transmutation of energy,
40.

rate of oscillation, 75.

sympathetic swinging, 77.
Perpetual motion, 23, 39.

Persistence of sound-sensation, 83.
Phosphorescence, Ch. XXV, 205.

sympathetic, 206.

due to oxidation, 207.

in living things, 207.
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Photography illustrating the eye, 211.

of colors, 212.

Piano, resonance of, 72.

Pitch, rate of vibration of a musical tone, 83.

Plato speculates on vision, 167.

Pliny writes of burning-glasses, 167.

Position, energy of (potential), 2, 6, 11.

in the cannon-ball, 17.

in water, 19.

in the bent bow, 20.

'n the clouds, 20.

in a tpring or weight wound up, 22.

in woody fiber, 31.

in electrical separation, 31.

the souiTce of all work performed, 35.

Potential (possible electrical energy), 33.

Prism experiment, 181.

Protoplasm the physical basis of life, 49.

Ptolemy, astronomer, writes on vision, 168.

Pythagoras and the music of the spheres, 86.

speculates on vision, 167.

Eeaction and action illustrated, 7.

Recoil of firearms, 7.

Reed of organ-pipe, 72.

of electro-acoustic apparatus, 102.

Reflection of sound, 63, 150.

of light and heat, 150.

from non-luminous objects, 185.

Refraction of light, 181.

experiment in, 196.

in different media, 198.

Resistance of air to nitroglycerin greater thoft

that of rock, 232.

Resonance, infinitely rapid echo, 71.

of organ-pipes, piano, 72.

of sea-shell, 101.

R«tina, structure of, 210.
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83.

8.

ir than

River Reuss, resonance of, 73.
Rudd, C. H., invents an explosive, 237.

Scale or gamut of i -isic, 87.
Schwartz, Berthold, thought to have invented gun-
powder, 219. **

Shadow, Ch. XXVII, 214.
of the Brocken, 215.

earth in the moon, 216.
X-ray, 217.

bight, process of, explained, 178.
Smokeless powder, 233.
Soap-bubbles, 186.
Sound, Ch. VI, outwardly vibration, interiorly sen-

sation, 67.

velocity of, 61.

not transmitted through vacuum, .62.
louder on low than on high levels, 63.
reflected like light, 63.
of thunder, 65.

-quality infinitely various, 92.
requires air or a material substance for

transmission, 151.
Sound-board of piano, 73.
Sound-interference, Ch. XI, 99.

apparatus illustrating, 102.
Sound-language, Ch. XII, 104.
Sound-sympathy, Ch. VIII, 75.

methods of, in vibration, 76 to 79.
Sound-waves re-enforcing or nullifying each other,

99.

Spectrum, 180.
Stored energy, 11, 17, 19, 20, 22, 29, 31, 37, 162, 227.
bt. raul s, echo under dome of, 68.
Substances, elementary and compound, 4, 5 111

reduced to one (ether), 112.
'

Sun, the reservoir of all energy in our system, 37.
energy of, in its transmutations, 44.



litres.

Sun, required for growth, 51.

parent of rJ\ the planeis, 132.

hefl-t of tho. 151.

nys of, efieet on earth, Ch. XIX, 154.

eleusent- of, 15f.

dis?v^«^(?rai; <5 rocks and soils, 157.

still it It eft vef'ctation, 161.

9toit\' euergjs 162.

e.Ta.t on the tides, 164.

Superposed vibrations of a wire, 90.

Taste and smell, 57.

Telephone-diaphragm vibration, 76.

Temperature affected by ocean currents, 146.

Terrestrial heat, Ch. XV, 129.

Thunder reflected by clouds, 65.

Tides caused by gravity, 26.

ultimately by the sun, 164.

Timbre, 91.

Trade-winds, 148.
oc

Transmutation of energy, Ch. IV, 35.

Transparent substances, 191.

compared with opaque, 192.

Tuning-fork, experiment of vibration, 71.

rates of vibration, 75.

Vacuum will not transmit sound, 62.

will transmit light and heat, 63.

Velocity of sound, 61.

of light, 156.

of projectiles, 239.

Vibration defined, 56.

illustrated, 59.

of incl - i bodies of air (resonr^/?eV

of sol mbstances—tuning-forV ^

buildings, etc., 75. «

of telephone-diaphragm, 76.

i.

'lags,
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Vibration, sympathetic, 76.

French and English use of the term, 81.
of musical tones, 83.
of sound inaudible, of light invisible, 84.
of the musical scale, 88.
of a stretched cord or wire, 90.
in color as in sound, 01.
of light, 174.

of sound, 175.

-rate of colors, 182. '

Violin, resonance of, 73.
Volcanoes, 130.

Washington, echo under dome of capitol, 68.
Waves of light, transverse, of sound, longitudinal,

176.

sound-tone and color-tone, 183.
color, 187.

Weight, the measure of matter, 166.
Work defined and illustrated, 14.

resistant or motor, 15.

and friction, 15.

X-ray, 217.

Yellowstone Park geysers, 122.
Young, Thomas, on mechanical theory of light, 170.




