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Chapter 16

Temperature and Heat



Units of Chapter 16
� Temperature 

� Temperature Scales

� Thermal Expansion

�Conduction, Convection, and Radiation



What is Temperature and Heat?

He is hot



16-1-- Temperature

Definition of heat:

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.



16-1-- Temperature

That is, temperature is the only factor that determines whether 
two objects in thermal contact are in thermal equilibrium or not.



* Two objects are in Thermal contact with each
other if energy can be exchanged between them.

� Thermal equilibrium is a situation in which two
objects would not exchange energy by heat if
they were placed in thermal contact.

Some important definitions



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 .



Converting between Celsius and Fahrenheit:

16-2-- Temperature Scales

Converting between Fahrenheit and Celsius :



Example:- 16-1(541)

� On a fine spring day you notice that the 
temperature is 750 F. 

� A)What is the corresponding temperature on 
the celsius scale?-

� Sol:- 24 0c
� B) If the temperature on the brisk winter 

morning is  -2.00 C, what is the corresponding 
Fahrenheit temperature

� Sol:- 280F





�ŶŽƚŚĞƌ�^ĐĂůĞ͙

� Kelvin is another way of measuring 
temperature.

� Scientists use Kelvin to explain the behaviour 
of gases.

� ͞�ďƐŽůƵƚĞ��ĞƌŽ͟�ŝƐ�ŵĞĂƐƵƌĞĚ�ŝŶ�<ĞůǀŝŶ�ʹ which 
is the coldest possible temperature

� 0 Kelvin = -273 ºC



16-2 Temperature Scales
A constant±volume gas thermometer 



16-2 Temperature Scales

The pressure in a gas is proportional to its temperature. The
proportionality constant is different for different gases, but they
all reach zero pressure at the same temperature, which we call
absolute zero:



16-2-- Temperature Scales

The Kelvin scale is similar to the Celsius scale, except that the 
Kelvin scale has its zero at absolute zero.

Conversion between a Celsius temperature and a Kelvin 
temperature:



The three common thermal scales.

** The SI unit of absolute temperature is the kelvin



16-2 ---Temperature Scales
The three temperature scales compared:



Exercise 16-1(pg 544)

� Convert 550F to K
Answer  :T= 286K





16-3-- Thermal Expansion

Most substances expand when heated; the change in length or 
volume is typically proportional to the change in temperature.

The proportionality constant is called the coefficient of linear 
expansion.



Exercise 16-2(pg-545)

� The Eiffel tower constructed in 1889 by 
Alexandre Eiffel, is an impresive lattice work 
structure made of iron. If the tower is 301m 
high on a 220C day, how much does its height 
decreases when the temperature cools to 
0.00C

� Sol:- -7.9cm
� Iron (12×10-6 K-1 )









Thermal expansion

¾ is the tendency of matter to change in length
(or volume)in response to a change in temperature. 

¾ This effect is limited in size, and only occurs 
within limited temperature ranges.

L 'L

V 'V



16-3 --Thermal Expansion

Some typical coefficients of thermal expansion:



16-3 --Thermal Expansion

A bimetallic strip consists of two metals of different coefficients of 
thermal expansion, A and B in the figure. It will bend when heated 
or cooled.



16-3-- Thermal Expansion
The change in volume of a solid is also derived from the linear 
expansion:

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





16-3 --Thermal Expansion

Some typical coefficients of volume expansion:



16-3-- Thermal Expansion
The change in volume of a solid is also derived from the linear 
expansion:

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



Example: 3
A copper flask with a volume of 150 cm3 is filled to 
the brim with olive oil. If the temperature of the 
system is increased from 6°C to 31° C, how much oil 
spills from the flask?

[ ȕoil = 0.68 x 10-3 K-1 ; Įcopper = 17 x 10-6 K-1 ]

Answer: 2.4 cm3





Topic : Transferring Energy

� There are 3 main ways to transfer energy

� 1) Radiation
� 2) Conduction
� 3) Convection



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. 



Conduction: The transfer of heat on molecular/atomic level from one 
substance to another by direct contact. Denser substances are better 
conductors; the transfer is always from warmer to colder substances. 
Medium necessary eg metals are good conductors. 
Insulators are those which do not conduct heat eg wood, glass, 
ceramic, rubber .

Convection: Convection is the mass movement of molecules within 
fluids (i.e. liquids, gases). It cannot take place in solids. Needs a 
medium 

Radiation: energy that is radiated or transmitted in the form of rays 
or waves or particles.  It is the heat transfer by electromagnetic waves 
or photons. It does not need a propagating medium. The energy 
transferred by radiation moves at the speed of light eg light, IR etc.



16-6 --Conduction, Convection, and Radiation

Convection is the flow of fluid due 
to a difference in temperatures, 
such as warm air rising. The fluid 
³FDUULHV´�WKH�KHDW�ZLWK�LW�DV�LW�
moves.



16-6-- Conduction, Convection, and Radiation

All objects give off energy in the form of radiation, as 
electromagnetic waves ± infrared, visible light, ultraviolet ±
which, unlike conduction and convection, can transport heat 
through a vacuum.

Objects that are hot enough will glow ± first red, then yellow, 
white, and blue. Objects at body temperature radiate in the 
infrared, and can be seen with night vision binoculars.



Summary of Chapter 16
� Heat is the energy transferred between objects due to a 
temperature difference.

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

� Objects that are in thermal contact without any flow of 
heat are in thermal equilibrium.

� Thermodynamics is the study of physical processes that 
involve heat.



Summary of Chapter 16
� Temperature determines whether two objects will be 
in thermal equilibrium.

� Celsius scale: water freezes at 0� C, boils at 100� C

� Fahrenheit: water freezes at 32� F, boils at 212� F

� The lowest attainable temperature is absolute zero.

� Kelvin: absolute zero is 0 K; water freezes at 273.15 
K and boils at 373.15 K



Summary of Chapter 16

� Temperature scale conversions:

� Most substances expand when heated.

� Linear expansion:

� Volume expansion:



Summary of Chapter 16
� Conduction: heat exchange from one part of a material to a 
cooler part, with no bulk motion of the material.

ͻ Convection is heat exchange due to the bulk motion of an 
unevenly heated fluid.

� Radiation is heat exchange due to electromagnetic radiation.



Summary of Chapter 16
ͻ Heat is a form of energy:

ͻ Energy is conserved in heat flow.


