Chapter 16

Temperature and Heat




Questions

1. Metal cylinder and Styrofoam cup in the classroom,

which is colder? (they should have same temperature,
right?)

2. Why canot vy o uglasseup withygodddauceth o t
water? (the cup might crack)

3. How many units does temperature have? (3)

4. Why 1 s Cal i1 forni &@fcoutsee mper a
latitude matters. Anything else?)

5. How does the sunos @f(eleargqgy
magnetic wave radiation and propagation)

ATodayods task is to find the



16-1 Temperature and the Zeroth Law of
Thermodynamics

Heat is the energy transferred between objects because of a temperature
difference.

Objects are in thermal contact if heat can flow between them.

When the transfer of heat between objects in thermal contact ceases, they
are in thermal equilibrium.

The zeroth law of thermodynamics:

If object Ais in thermal equilibrium with object B, and object Cis also in
thermal equilibrium with object B, then objects A and C will be in thermal
equilibrium if brought into thermal contact.



16-2 Temperature Scales

The Celsius scale:

Water freezes at 0 Celsius. Water boils at 100 Celsius.

The Fahrenheit scale:

Water freezes at 32 Fahrenheit. Water boils at 212 Fahrenheit .

Ty = (RF°/C°)Tc + 32 °F

Te = (5C°/F°)(Tp — 32 °F)



16-2 Temperature Scales

All gases reach zero pressure at the same temperature, which we call
absolute zero.

2
Gas1
Gas 2
az,*’_,/‘_Gas 3
/” ——————— —
e = T,
—273.15 0 100

T = Te. + 273.15 PIT,=P,/T,= é



16-3 Thermal Expansion

Most substances expand when heated.

The proportionality constant is called the coefficient of linear expansion.

Definition of Coefficient of Linear Expansion, «
AL = algAT
SI unit for a: K1 = (C°)7!

The expansion of an area of a flat substance is: AA ~ 2aAAT

The change in volume of a solid is: AV =~ 3aVAT

For liquids and gases, only the coefficient of volume expansion is defined:

Definition of Coefficient of Volume Expansion,
AV = BVAT
ST unit for B: K1 = (C°)!



16-4 Heat and Mechanical Work

One kilocalorie (kcal) is defined as the amount
of heat needed to raise the temperature of 1 kg
of water from 14.5 Cto 15.5 C.

Through experi ments such
possible to find the mechanical equivalent:

The Mechanical Equivalent of Heat

1 cal = 4.186]
SI unit: |



16-5 Specific Heats

The heat capacity:
Definition of Heat Capacity, C

Q
C=-"=
AT

ST unit: J/K = J/C°

Qis positive if ol is positive; that is, if heat is added to a system.

Qs negative if ol is negative; that is, if heat is removed from a system.

Specific heat:

Definition of Specific Heat, ¢

__Q
mAT

Sl unit: J/(kg-K) =J/(kg - C°)

C




16-6 Conduction, Convection, and Radiation

Conduction, convection, and radiation are three ways that heat can be
exchanged.
Conduction is the flow of heat directly through a physical material.

Cross-sectional area A

Heat Flow by Conduction
AT
= kA — |t
Q=r(7)

The constant k is called the thermal conductivity of the rod.




16-6 Conduction, Convection, and Radiation

~ T
Convection is the flow of
fluid due to a difference DAY \
In temperatures, such as .
warm air rising. The fluid i eca breeze

Acarrieso the h°L -
_ and warmer
as it moves. In the than water

daytime, we get breeze )
from the sea and from

land in the night.

Land breeze

=
Land cooler f
than water -

(b)



16-6 Conduction, Convection, and Radiation

Radiation behavior is contained in the Stefan-
Boltzmann law:

Stefan-Boltzmann Law for Radiated Power, P
P = ec AT*
S|l unit: W

Here, eis the emissivity, and u is the Stefan-
Boltzmann constant:

o =567 X 10°° W/(m?-K*)



16-3 Thermal Expansion

Substance

Lead
Aluminum
Brass

Copper

[ron (steel)
Concrete
Window glass
Pyrex glass
Quartz

Coefficient of linear
expansion, a(K™1)
29 X 107°
24 X 107°
19 X 107
17 X 107°
12 X 107
12 X 107
11 X 107°
3.3 X 10°°
0.50 X 107°



16-5 Specific

TABLE 16-2

leats

Specific Heats at Atmospheric Pressure

Substance

Water

Ice

Steam
Beryllium
Air
Aluminum
Glass
Silicon
Iron (steel)
Copper
Silver
Gold

Lead

Specific heat,
clJ/(kg*K)]
4186
2090
2010
1820
1004
900
837
703
448
387
234
129
128
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16-6 Conduction, Convection, and Radiation

TABLE 16-3 Thermal Conductivities

Thermal
conductivity,
Substance k[W/(m k)]
Silver 417
Copper 395
Gold 291
Aluminum 217
Steel, low carbon 66.9
Lead 34.3
Stainless steel—
alloy 302 16.3
Ice 1.6
Concrete 13
Glass 0.84
Water 0.60
Asbestos 0:25
Wood 0.10
Wool 0.040
Air 0.0234
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16-3 Thermal Expansion

Some typical coefficients of volume expansion:



