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It wvas with somae diffideaca tbat wve agreed ta rcad this paper
betore yau. knowîng, as wve do, that you are Dil practical men and*
that aur knowledge for tha most part is but theoreticai Ilowever.
vie wvli go on the assumption that niost %cachers take. that you
l<now nothing about the subject.

Our first question with regard ta heat is. wîhat is it ? In past
tîme il wvas considered a matariai substance that entcrcd ia a
body, and by its presence thare rcndered the body warmer; its
absence lett the body cald. There wvas titis diflieuity. itowevcr.
in supposing buai ta bc a material substane, in that the body
wben wvarm wcigbed no more than whien cold. Sir Humphrey
Davy melted two bloeks of ice by rubbing them togethar. and con-
cluded that heat wvas flot a material substance, but a formn of
motion. Heat is gcaeraily understood at the prasant time ta be
due ta the motion of the molecules of a body. These molecuies
are ln constant motion. and when their motion is quickened the.
body becomes warmar; whan tbeir motion is rutardad the body
becomes calder.

Ia the ncxt place let us anquire into the ways of producing
heat. \Va viiil place dowa six ways of abtaining beat :

ist. From Mfechaitical Action as shawn in friction. Y'ot are al
acquainted with the resuit o! rubbing a button of brass on yaur
coat sîceve. It used ta be a camman trick viith sehool boys ta rab
the button for some time and thea place it on the back af a play-
mate's band It had about the samne cffect as tae sun's rays through
a leas. Aiso the savage of the Isies of the Sea wvas aecustomned ta
produce lire by rabbing two dry sticks togethar

2nd. Percussion -As shown in plaeing a piece of lead on an
anvil and hammering it. It soan bacomes quite bat. The lead bullet
atter striu<ing the matai targat is too hot ta pick up.

3rd. Compression-As shown in placing a piace of tinder in a
tube in which a tube mayas up and dowa. The macre sboviag of
the piston downwards is cnough ta ignite the tinder.

4th. Chetiical Actîon-Wherever chemical action goes on heat
results. Pour same suiphuric acid inta a vessel af wateu- and then
place your band against the autside. you wili land that the vessel is
warmn. Again the heat in the buman body is maintained by
chemnical action

5 th. Hent framn t Elettric Ctirrent -If yaa take several ceils
and connue for battery purpases. and thta hoid in your band thc
two terminais tramn the positive and negative paies. vou wili soan
fiad thein too hot ta hold. You have na daubt heai- of a whalc
meal being cooked in Ottawva by means af huât obtained frcmn the
carrant.

6th. Radiant Heat -As obtaiaad tram the sua. The sun radiales
hcat on aIl sides. and this is borne ta us throagh the ether which
is supposed ta fll ail space.

The first thrae of these classes may bc placcd under the ana
haad ai ', mechanical action."

Then let us notice the affects of heat appliad:
ist Expansion-As sbown in a bar of metal placed rigidly bc-

twecn twa fixe J supports and heated. The bar beads and twvists
out at tae straight.

2nd. Change of Stait-As showa in a block af ice ta which
beau is appliad XI is first coavertcd into watcr. and then if suffi-
cient heal be appicd. inta steam.

3rd Change of Treinprature-Which wc measura by mneans af
the common thermameter.

WVe wvould lika l'au ta notice bere te difféence baîween tem-
parature and quaaîity o! hat A cap of water and a pailful of
watcr mnay bc at the sate tamparature. but tbe pailiul bas ihe
greater quaatity of hat because iî has tbe greater amount af mass.
Again. wa would notice that therc: is aiways preseat a teadency ta
aqualization af temperturas. This takes place in îhrce ways -

xst Radiation -If I ligbt a lire in the stove hure il soon atakes
itsalf fait througbout the room. by radiating heat in al] directions.

2ad Conduction. -Place in the fira ana end at an iran bar and
it wili not be long befora yau ara unwiiling ta kcep boid o! the
other end This is due ta tba molecules of tha bar cottductiag tihe
heat traiba tcaed in tce fira ta, the end beld in the handi.

3rd. Conneation. -This is the warming of a roora or bouse by
the badiiy mavameat of a heated substance, such as is shown ia

the warmiag af buildings by bot air. The air is hcatcd at the fur-
nace and mayas bodily tram there ta the roams of thc building.

Physicists are in tha habit of using certain units in wvbich ta
express amourtt of hat. Oaa of these uuits is the ataount a! heat
needed ta raisa ane pouad o! watcr tbrougb ana degrea Fahrenheit.
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By means of these units a relation between huai and work can bc
expresscd. First, a definiuion of work : If one pound of matter be
raised verticaliy against gravity ttiroueh ana foot, one taot.paund
of work is said to be donc, or if a body be drawn tbrough one foot
agalnst a resistanca from friction at one pouati, ane foot-potind of
%%ork is said ta be donc. It is tound tramn caretul experiments that
oneof the above heat units isaequivalent ta 772 foot-paunds of work.
You are aisa acquaintcd wvith the unit uscd in expressing rata of
doing wvork, viz.. the horse-power. One horse-powver is equivalent

ta 33 000 foot.pounds of worlc per minute.
Just here wua might give the method of finding the horse-power

of an angine. Find the area of the piston.head ini square inches and
muitiply by the icagtli af stroke doubled and by the number of
revolutions per minute. and aiso by the pressure in pouods, wvhich
praduct divide by 33,000, aind the answer is in horse-powver. Thus,
if affective pressure of etearn bc Go lbs., diameter ut piston 14
inchas. length of stroke 2,84 tact. and ravolutions 70 per minute. then
the horse-power of engina wviIl equal

(14~ X 14 X .7854) X< (2s4 X 21 X< 70 X 6o
33,000

But tha ai important point with the engincr is the conversion
otheat into work. Nehere hait is applied to watcr it canfers upon
tha staam wvhicb is p.-oduced the power of doing the wvork, such as
driving the piston frcm ana end of the cylinder ta the ather against
resistance. For exam.ple, the heat energy of the boiter in the angine
is transferrcd inta mechanical motion. The steam is admitted to
the cylindar. and by means ot its expansive force drives the piston
ta thc other end. then by a special movemant of slide valves caused
by the eccenîrics, the stcasa is allowed in at the other end of cylin.
der and the pistun muves in the other direction, and su the moution
iq maintainad. WVork is donc by the steamn during its admission
inta the cylinder. and aiso by expansion after ils admission.

Steam in its expansion obeys the weii known iaw of Boayle, viz.:
that if the temperature ba itept constant the volume of a givan body
of gas varias inverscly as pressure. density and elastic force. If
the stam be allowcd ta enter at full pressure of Sa lbs. for say ane.
fourth the strake. and is titan cut off, thc piston will bave ta be
torced ta the othar end by the steam viorking expansively.

Wbat is known as bacit pressure must be taken into considera-
tion in fanding the work donc. The back pressure is usually fitteen
pounds ta the square inch in a non-condensing angine. s0 that the
steam in cylinder must not ba aliowed ta -xpand sa far as ta bring
its pressure down ta that amount. The relation bctwean pressure
and volume in a given body of gas may ba very easily shown ta the
eye by a graphie rapresentation by takiag horizontal fines ta re-
pres±nt volumes and vertical lcngths ta represent pressure, but it
seems ta us ibat you arc butter aequainted with wvhat is calied
tecbnically the indicator diagram " than wc are.

Up ta this point wve hava beurt reasonabiy sure of aur graund;
il appears ta us t t.t s0 far as the practical wvorking of a stearn
eagine is caaceraed, wa hava more reason ta lcarn tramn yuu than
you ta learn trom us.

MODERN OVERtIEAD CONSTRUCTION FOR
ELECTRIC RAILWA'YS.*

DYv BENJ>AM.IN WVLLARD.

The steel poie presents a neat appearance. and tàkes up a smali
amaunt of spaca. The insuiating qualities arc flot as goad as with
the wood paie As ta its iasting qualities, I have mada soe obser-
vations an wrought iran columns that have bean la the ground for
severai years. and 1 am conviacad that in a moist climate a lîmit on
the practiczi lite of such pales would flot be over 30 years. I
balieve that tram a practical and imandiai standpaint, wood pales
shouid bc used in maay instances. Through the business sections
of cities steel pales7 arc in somti respects better, as thay cannot ba
cither wslltully or aecidentally mutilated. In suburban or resîdential
districts the wood pales whcn properly dimeasioned answer evcry
purpose, and look tully as wcll as the steel potes. A heart pina or
c.±dar pale wili. if properly selec-ted and Icept painted. lastin soea
elimates 2o yaars. This is a known tact tram observation af pales
that are nový in sound condition after havang been cracted for that
leagth of tima.

Suppose wve select New Orlcans as a suitable location ta build
a road and base aur estimates on cost of rnateriai thera, The cost
af steel pales wauld ba grcater than in many aorthera cies awing
ta freight rates and distance tram the manutacturers of such pales.
Woaod pales can bc furnisbcd for Icas la New Orleans awing ta their
naar production, so, that I thinit an estimate coveragr the cast at
that point %%ould ba a fittng proposition cisc vharc. The following
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