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50 ’ Chapter 10

Thermal Properties
of Matter

Heat ¢ Expansion ¢ Calorimetry

| Q0 0Q @ 9 ) T
sy J <
SRR <> S ™

. | |
Lt ° o ol




TEMPERATURE, HEAT & THERMAL EQUILIBRIUM

(D TEMPERATURE

@ Tempemture tells how hot

or cold a body 8.
e Tt decides the direction of

heat transfer.

e Touch is not a reliable
scientific measurement.

o ST unit: kelvin (K).
Degree Celsius (°C) is also
commonlﬂ used.

m

d

L LT L

@

hot

warm

cold

3 R -
&g

Heat is energy
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(3) THERMAL EQUILIBRIUM

R —

e Heat is energy transferred between | ( i \ HEAT FLow [ _— .
two systems, or between a system Ot 990Y | oy | €% 2% | ey
. . (Th) (Te)
and its surroundings, onlg because | \_ ¥ L J

their temperatures are different.

Before equilibrium: T > T
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e Heat flows 5ponfaneouslﬂ from

[At thermal equilibrium : no net heat transfer.

higher temperature to lower

fempera'ture. EVERYDAY EXAMPLES

e ST unit of heat: joule (J)
\Ly? warms up.

({)

o Hea{:ing may raise temperature,

cause expansion, or change

the state.

in transit ; temperature measures the thermal state.

o“ —_ Tce-cold water left in a room

—> Hot tea left on a table
@ cools down.



MEASURING TEMPERATURE

THERMOMETER THERMOMETRIC. PROPERTY CALIBRATION
1. A ‘thermomete.r IS an instrumen{: 2 A tkermome’cric PTOPCrtS I @ CkOOSQ 'tWO reproducible. -Fixe,d
used to measure temperature. measurable Pkﬂsical propert5 that reference temperatures
) o When temperature changes in a regular and @) mark their values on the scale
5 rises, the liguid reproducible way with temperature. (@) divide the interval into equal parts
- column rises.
c:;{l'::; b El 1"000 3. Common examples: Traditional water fixed points
3 (at standard atmospheric pressure):
o~ 80 ® volume of a liqyuid S T T =
==-30 L sraduated
li‘LuiA — s |lgd 60 scale ® pressure of a gas at
CoMimR — 50 - constant volume
® clectrical resistance
4 30 (pure water) : .
= | of a conductor ice point | ~|H~ |-=------- steam poin
thermometric T 20 t standard = 100 °C
lic‘u.id \ ':'; 10 FEENSES S SRR SR G W | - :.tr:ospk::ic i
W o f . IMPORTANT NOTE: ; pressure
( | Lower Higker : : h ' e =
U temperature temperature | | TR i “ J e ;ous : ' CAUTION: :
slass Ball, ==7 | sensation ; a calibrate , | Dif ¥ ,
. e ifferent thermometer substances may |
| thermometer gives a numerical l I . '
13 e : | expand dlfferen’clg, so careful calibration |
L___P _____________ E. : is essential. :




CELSIUS, FAHRENHEIT & KELVIN SCALES

Caleiue Eihveitheit Kelvin Celsius — Fahrenheit relation Kelvin — Celsius relation
(°¢) (°F) (K) The relation between the two scales is T = t. + 273.15
@ ) ) linear. Usins the fixed Poin‘tsz
| ! - =, 2 900 .= T = 27345
Steam  ___| 1100 -———— 20°F —~--| 378,15k k. .3 ('80 . :
POEHt '80 'OO . |OO—O) I or‘tant ‘FaCtS
oy Simplifying, -
0, R 9 1) A change of 1 K has the same
tF = _5' tc + 32 size as a change of 1°C.
(2) Write kelvin as K, not °K.
Tce tc = % (tF ] 32) ¢ di "
point ———{11 0 °C-———-- 1 32°F ————|§ 273.15K (3) Temperature differences satisfy
(Meltins point Celsius versus Fahrenheit (S‘traisht line) AT (K) = Atc (°C).
O'F ice) A tF (°F) Examples
/(IOO, 212) e
2124 (D 25°C = T7°F = 298.15K
o tp = %x25 +32 = T7°F
¢« T = 25% 213:15 = 2985 K
Absolute ___l 573 1500 -~ |l _as967°F —-[H-0K 32 @ 68°F = 20°C = 293.15K
zero ® ® ® + tc = 2 (68-32) = 20°C
0 ¢ T = 2042713:.15=293415" K




STATE VARIABLES

GAS LAWS & THE IDEAL-GAS EQUATION

for a Fixed sample : 1. BOYLE'S LAW 2. CHARLES' LAW 3. PRrRESSURE LAW

(P +em[>era+ure, constant pressure constant volume constant
A TS PV = constant _\{. = constant _P_. = constant
\/ = volume P - _l_ TV T
X
T = absolute o4 v A Y
temperature v Pt

M= number of moles (T) ¢ C°"5+a"+) (P) F Cons+an’f> (V, F cans+an+>

S
0 0 > T(K) 0 i T(K)

COMBINATION : PV _

—?— = constant = /,LR

* R =831 T ml K

(universal gas constant)

® T must be in kelvin.

® For a fixed amount of gas,

Mo is constant.

 Low-density gases approximately
obey the ioleal-jo.s eq{uad'ion over
a suitable range.

COMPARISON STRIP:

constant T — P chanjes with V

=

constant P —_—> V clnanjes with T

constant V —> P chanjes with T
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