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Heat Transfer

 The heat is a transfer of the energy from a
high temperature object to a lower
temperature one. Heat transfer changes the
internal energy of both systems

 Heat can be transferred by three ways:
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Heat 
Transfer

Conduction

RadiationConvection

Heat conduction
Conduction is heat transfer by means of molecular agitation within a material without 
any motion of the material as a whole.

Conduction is the transfer of heat within a substance, molecule by molecule. 

If you put one end of a metal rod over a fire, that end will
absorb the energy from the flame. The molecules at this
end of the rod will gain energy and begin to vibrate faster.
As they do their temperature increases and they begin to
bump into the molecules next to them. The heat is being
transferred from the warm end to the cold end.
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Heat conduction

Conduction – when two objects are in physical contact.
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H = rate of conduction heat transfer (Watt)
k = thermal conductivity (W/m.K)
Q = heat transferred 
A = cross sectional area       
t = duration of heat transfer
L = length                       
∆T = temperature difference between two ends
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The thermal conductivity coefficient 

Substance (W m-1K-1) Substance (W m-1K-1)

Silver 427 Ice 2

Copper 397 Water 0.6

Aluminum 238 Wood 0.08

Gold 314 Air 0.023

Concrete 0.8 Hydrogen 0.1

Glass 0.8 Helium 0.138
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Why metals are good conductors? Find the answer in your reference book!

Example 1

An aluminum pot contains water that is kept steadily boiling (100ºC). The bottom
surface of the pot, which is 12 mm thick and 1.5×104 mm2 in area, is maintained at
a temperature of 102°C by an electric heating unit. Find the rate at which heat is
transferred through the bottom surface. Compare this with a copper based pot.
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Solution

 For the aluminum base: TH = 102 ºC, TC = 100 ºC,  L=12 mm = 0.012 m,  KAl = 

238 Wm-1K-1, Base area A = 1.5×104 mm2 = 0.015 m2.

 For the copper base KCu = 397 Wm-1K-1.
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Heat Convection

 Convection is heat transfer by mass
motion of a fluid such as air or water
when the heated fluid is caused to
move away from the source of heat,
carrying energy with it.

 Convection above a hot surface occurs
because hot air expands, becomes less
dense, and rises. Hot water is likewise
less dense than cold water and rises,
causing convection currents which
transport energy.

Dr. Hazem Falah Sakeek || www.physicsacademy.org || www.hazemsakeek.net 10



10/16/2016

6

Dr. Hazem Falah Sakeek || www.physicsacademy.org || www.hazemsakeek.net 11

Q: In the living room, the heating unit is placed in the floor but the refrigerator has a top-mounted cooling coil. Why?  

A: Air warmed by the baseboard heating unit is pushed to the top of the room by the cooler and denser air. Air cooled 
by the cooling coil sinks to the bottom of the refrigerator. 
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Heat Radiation
 Energy is transferred by electromagnetic radiation. All of the earth's energy is

transferred from the Sun by radiation.

• Our bodies radiate electromagnetic
waves in a part of the spectrum that we
can't see called the infra-red. However,
there are some cameras that can actually
see this radiation.
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Heat Radiation

 The color and texture of different surfaces
determines how well they absorb the radiation.

(1) Black objects absorb more radiation than white
objects.

(2) Matt and rough surfaces absorb more than shiny
and smooth surfaces.
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Heat Radiation
The relationship governing radiation from hot objects is called the Stefan-Boltzmann Law: 

P is the net radiated power measured in Watt,

e is the emissivity (=1 for ideal radiator), 

A is the radiation area in m2, 

T is the temperature of the radiator in Kelvin,  

Ts is the temperature of the surroundings in Kelvin, 

 = 5.67x10-8 Watt/m2 K4 is a constant called Stefan-Boltzmann constant.

4 4( )SP e A T T 

Dr. Hazem Falah Sakeek || www.physicsacademy.org || www.hazemsakeek.net 15

Example 2 
 A student tries to decide what to wear is staying in a room that is at 20°C. If

the skin temperature is 37°C, how much heat is lost from the body in

10 minutes? Assume that the emissivity of the body is 0.9 and the surface

area of the student is 1.5 m2.

Solution

 Using the Stefan-Boltzmann's law

 The total energy lost during 10 min is

4 4 8 4 4( ) (5.67 10 )(0.9)(1.5)( 310 293 ) 143 .net sP e A T T watt      

143 600 85.8netQ P t kJ    
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Problem to solve by yourself

1. A glass windowpane in a home is 0.620 cm thick and has dimensions of
1.00 m × 2.00 m. On a certain day, the temperature of the interior surface
of the glass is 25.0°C and the exterior surface temperature is 0°C. (a)
What is the rate at which energy is transferred by heat through the glass?
(b) How much energy is transferred through the window in one day,
assuming the temperatures on the sur- faces remain constant?
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2. The surface of the Sun has a temperature of about 5 800 K. The radius of
the Sun is 6.96 × 108 m. Calculate the total energy radiated by the Sun
each second. Assume the emissivity of the Sun is 0.986.
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