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W hen a body is touched bythe hands, two distinct sensations
are ex perienced

,
one a feeling Of pressure and the other Of

warmth or coldness . The la tter effect results when a hot steam
pipe is touched . The words hot and cold simply refertothe
condition ofthe body as judged by one’

s sense of heat . By

means Of this sense, we say tha t one body is hot and that
another is cold . For instance, we can bythe sense Of hea t alone
a rrange severa l pieces ofthe same substance in such order tha t
each will be hotter than a l l that precede it . W e are thus led to
the idea Of temperature as measured by means Ofthe mercury
thermometer .
Tem perature.

—Imagine three tanks Of water A ,
B, C,

(Fig . each conta ining a difierentquantity Of water . If A

FI G . 1

and B are pla ced side by side in contact, and we Observe by
means Of a mercury thermometer placed first in A and then in
B thatthe tempera ture Ofthe wa ter in B increases whi le tha t
in A drops , we say tha t A has given up hea t to B . PutC
in contact with B ; if B thereby loses hea t, be it ever SO little,
hea t has passed to C, and C is sa id to be ata lower tempera ture
tha n B .

Iti s evidentthati n genera l when one body i s placed i n contact
with another ,the difi'

erence i n tem perature between the bodi es i s
thatwhich determ ines which waythe heatw i l l flow . Tha t is ,
whether heat flows from A to B orthe reverse, depends notat

See Heating System s . pag e 464 . See a lso Dom estic HotW ater
S upp ly , pag e 107 .
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a l l upon the S ize of the tanks , but upon their difierence of
temperature.

E fiects of Heat—One ofthe most genera l efl'

ects with change
of temperature in any body is change of bulk, or as itis call ed
ex pan sion . The size or bulk of any body is foundto increase
continuous ly with its hotness . Thus the meta l ra ils of a

ra ilroad track are notla id with their ends in contact, but with
a short space between to a llow for ex pansion in summer (see
section on

“

E x pansion of P ipes , page
Another genera l effect of hea t is a change in the physical

state or form of ma tter ; tha t is , by sufficiently increasingthe
temperature, solids a re changed to liquids , and liquids into
vapors . This is well illustrated bythe melting of ice to water
andthe boiling away of water into steam .

Therm om eters .
—S ince heat itsel f is invisible and can be

perceived on ly through its effects upon bodies , we a re forced to
employ some one of these effects forthe measurement of heat .
For ordina ry purposes ,the un iversa l choice has been change in
size, which a lways accompan ies a change in tempera ture.

For various reasons , mercury appea rs to be very well adapted
to tempera ture measurements . The indications of tem perature
which are g iven bythe mercuria l thermometer hinge uponthe
fact that mercury ex pands with rise of tempera ture more
rapidly than glass . If, therefore, a glass tube having a bulb
blown in one end be partia lly fil led with mercury and inserted
in water ata higher tempera ture than its own ,the mercury will
rise inthe tube. Ifthe instrument is inserted in wa ter of lower
tempera ture

,
heat will flow from the mercury to the colder

water, andthe column of mercury will contract or grow shorter .
The steps inthe manufacture of a thermometer a re as follows
1 . The selection of a piece of thick-walled capillary tubing

of uniform bore.

2. A bulb is blown in one end of this tube.

3 . The bulb is fill ed with mercury , heated and sea led off .

4 . The tube ofthe thermometer is gradua ted .

This last step is of grea t importance . It SO happens tha t
there are two tempera tures which can be easily produced ; one
ofthem,the melting point Of ice,the other,the boiling poin t Of
water . Hence, these two tempera tures , the melting poin t
of ice andthe boiling point of water, a re ca lled 32 degrees and
212 degrees respectively on the Fahrenheit thermometer, and
are fix ed points . The interva l between these two fix ed points
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is divided into 180 steps , or degrees . The zero poin t on the
thermometer tube is loca ted by ma rking ofi 32 divisions below
the 32—deg ree point and ca l ling this last mark zero .

Quantity of Heat—Tempera ture is merely a condition
determin ingthe direction of flow of heat, very much as pressure
is a condition govern ingthe direction of flow when twotanks of
compressed a ir are connected . Just as w e need a means of
measuringthe amount of a ir which escapes from either ofthe
two tanks intothe other, so we need a method of estimating
the quantity of hea t which passes from one body to another Of
difierenttempera ture, when they are brought into contact .
W e meas ure water in ga llons and cubic feet ; eggs by the

dozen or by weight in pounds . That is , some suitable un it is
a lways selected when measuringthe quantity of various sub

stances . I n the ca se of heatthe un itchosen i s thatquantity
of heatwhich ra i sesthetem perature of 1 lb. of water 1°F . , and i s

cal led the Briti sh Therm al Un it For instance, if we
beat1 lb . of water, ra ising its temperature from 60 to 100° F . ,

w e have added 40 B .t.u . of heat tothe wa ter over and above
what it possessed atGO°F .

Tran sfer of Heat—Hea t is transferred from one body to
another or is difl

'

used throughout a liquid by three genera l
m ethods , vi z:( l ) Conduction , (2) Convection, and (3 ) Radiation .

1 . Conduction .
—If one end of an iron rod is placed in a hot

fire whilethe other is held
inthe hand

,the end held in
the hand soon commences
to getwarm and fina lly
m ay become unbea rably
hot . The process by which
the hea t is transferred from
the h ea ted end ofthe rod
to the cold end is ca lled Fm . 2 .

“ conduction .

” The same
rod, when used with ice, m ay become quite cold . In this
case heat has been transferred by conduction from that end
of the rod held in the hand , to the end immersed in the ice
wa ter.
The rate atwhich difi'

erentsubstances conduct hea t va ries
between wide lim its . For instance, in Fig . 2 a re shown an iron
rod A and a copper rod B ,

both resting on pedesta ls . Both
rods are ofthe same length , 1 ft. , and ofthe same cross-section .
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E a ch has one end inthe same gas flame, C. If ma tches arenow
placed atequa l distances fromthe flame of each rod, those on

the cOpper will burn ea rlier than those onthe iron rod .

2. Convection .
—The hot a ir of a chimney rises , mix es with

the outside a ir , and g ives some of its hea t tothe outside a ir .

The hot a ir rises because its weight is less than that of cold
a ir . This process of carrying the hot a ir up the chimney is
ca lled convection . Aga in , a can of water (Fig . 3) to which

a gas flame is applied on one

side, becomes e q u a l l y h e a t ed
throughout .

‘

First of a l l ,thewater
just over the flame becomes hot by
conduction through the wa lls ofthe
can . Then ,

by convection
,
the hot

wa ter just over the flame is dis

pla ced by the colder water whi ch
is heavier, and therefore sinks to
the bottom, as indica ted by the
arrows . This cold wa ter, in turn ,

becomes heated by c o n d u c t i o n
throughthe bottom ofthe can .

3. Radiation . W hen the hand
is held some inches fromthe side of , or undernea th ,

an incan
descent electric bulb,the sensation of hea t is distinctly recog
nized . W e hold our hands before an Open - grate fireto wa rm
them . How does the heat pass from the firetothe hands ?
Certa inly notby conduction

, s ince a ir is one Ofthe very poorest
conductors of heat known . It can readily be shown tha t con
duction Ql

’ convection have nothing whatever to do withthe
conveyance of this heat, for even in the case ofthe incan
descent bulb ,the ai r has been a lmost entirely ex hausted from
the bulb, yetheat is delivered fromthe fil am ent to outside
Objects . There is every reason for believing tha tthe space
which separates uS fromthe sun is m ore nearly a perfect vacuum
than any other known ; yeta cross this vast and em pty region
the ea rth da ily receives enormous quantities of heat andthe
heat so received is ca l led radiant heat .

E FFE CTS OF HE AT ON W ATER

Pressure and Tem perature —In the first place, a glass Of

water as long as it conta in s ice and is stirred does notbecome
either hotter or colder on standing. The ice m ay melt away,

FIG . 3 .
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but as long as there is any ice left,the water wil l rem a in ap

prox ima tely atwhat we ca ll the temperature of melting ice.

”

Secondly,the tempera ture of melting ice can be changed by
pla cingthe ice under pressure.

In like manner, however much you boilthe water in atea
kettle, its tempera ture does notchange after boiling has once
begun

‘

. Butifthe pressure onthe surface ofthe wa ter inthe
tear-kettle is changed, thenthe temperature ofthe boiling wa ter
will a lso be changed . This is most easily proved by boiling
in a kettle of wa ter a bottle pa rtly filled with water. If this
bottle be corked while still boilin g, and then removed fromthe
wa ter inthe kettle,the steam overthe surface ofthe water in
the bottle is partly condensed , thus reducing

’the pressure on

the wa ter. Under these circumstances ,the water inthe bottle
will continue to boil long after it has reached a tempera ture
notuncomfortable to the hand . W e can thus say that the
boiling temperature of water increases with the pressure on

the surface ofthe water . W henthe water surfa ce is ex posed
tothe a tmosphere,the pressure on it wil l be tha t of a tmosphere,
andthe boiling temperature will be 212°F. Any reduction of
pressure below tha t ofthe atmosphere w ill reducethe boiling
temperature below while any increase of pressure above
that due tothe a tmosphere w i ll ra isethe boiling tempera ture
above The relation between the ex terna l pressure and

the temperature atwhich boiling takes place is nota simple
one. Forthe sake of accuracy and conven ience, it is custom
ary to refer tothe columns of a steam table for its determ ina
tion . The data found in the steam tables has been derived
from ex periments many times repea ted .

Volum e and Tem perature.
—If account be taken ofthe vol

um e of steam produced duringthe evaporation Ofthe water in
a closed vessel , it will be found in each case that a definite
volume has always been developed bythe time that 1 lb . Of

water has been entirely evaporated . Thi s volume is ca l ledthe
specific volum e of saturated steam. It, too , will be found to
have different volumes under different conditions as to pressure
and temperature; but under the same conditions it is a lways
the same.

Superheatand S aturation .
—Ifthe heating of 1 lb‘

. of water
in a closed vessel be continued after a l l ofthe wa ter is evapo

rated , it will be found tha tthe temperature aga in begins to
rise, and this time it will continue to rise as long as heat be
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added to it . Just atthe point where evaporation is complete
andthe fina l rise in temperature begin s,the steam is known
as dry saturated steam . Atany temperature above that it
is known as superheated steam. Atany point between the
beg inn in g of boiling and complete sa tura tion ,

whenthe origin a l
1 lb . is pa rtly water and pa rtly steam,the steam is known as

wetsaturated steam. I n other words
,
steam i n contactwith

water i s al ways saturated steam and m ustalways have a defin ite
tem perature and a defin ite volume when under a given pressure.

If hea t be added to satura ted steam , it will become super
hea ted ; if hea t be abstracted from it, it will condense. Ifthe
pressurebe released from wetsteam, more steam will be formed ;
ifthe pressure upon it be increased, some will condense.

The tota l number of B .t.u . taken up by 1 lb . of water in
changing from water atS2°E . into dry, saturated steam atany
higher tempera ture consists largely of two pa rts .

1 . The heatun its absorbed i n increasi ngthetem perature ofthe
water , orthe activity (speed or velocity) ofthe molecu les .

T a is , w e a nethe n a e be a e as

n e s a a es , e es . The n a e

les are s se be se a a e s an es e ea in

a son e a e e
, and in a as e s a e ( e

s ea ) ese s an es se a a n a e een ene se

the s a s s e in a r s n the ane s s n .

This ea is a e
“
e e a e ea

” “
sens e ea

,

“
ea l .

”
is e esen e the e e q inth e

s ea a es (C n 5
,
Ta e

2. The heatunits absorbed duri ng vapori zation (change of
water into steam ) in separating the water molecu les one from

another ag a i nstforces of attraction . T a is , n the oces s

s ea a n
,the a e e es are s off th e

a e s a e n the s ea s a e, e ethe s an es e een

the e es is e en s ea e an in the a er se .

T s ea is n n as the “
ea a za n

” “
a en

ea , and is e esen e in the s ea a es the e e 6

(C n

Ttal Heat.—The “
a ea the s ea , the an

ea in B .t.u . re e an e 1 . a e at32°F . nto
s ea ats e e e e a e

, isthe sum the “
ea of

the ”
andthe “

ea a r za n .

”

T a ea Q (q e) B .t.u .

The a es Of Q i l be un in Co n 7 the s ea a es .
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