
Topic 5: Electricity and magnetism
5.2 – HEATING EFFECTS OF ELECTRIC 

CURRENTS



• When the ends of an electric conductor are at 
different electric potential, charge flows from one 
end to the other. Voltage is what causes charge to 
move in a conductor. Charge moves toward lower 
potential energy the same way as you would fall 
from a tree. 

• Voltage plays a role similar to pressure in a pipe; 
to get water to flow there must be a pressure 
difference between the ends, this pressure 
difference is produced by a pump.

• A battery is like a pump for charge, it provides the 
energy for pushing the charges around a circuit.



• You can have voltage, but without a 
path (connection) there is no current.
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If I connect a battery to the ends of the copper bar the electrons 
in the copper will be pulled toward the positive side of the battery 
and will flow around and around.
🡺 this is called current – flow of charge
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An electric circuit!



Electric current (symbol I)

• DEF: the rate at which charge flows 
past a given cross-section.  

• measured in amperes (A)

q

◊  the flow of electric charge q that can occur in solids, liquids and gases. 

Solids   –  electrons in metals and graphite, and holes in semiconductors
Liquids –  positive and negative ions in molten and aqueous electrolytes
Gases   –  electrons and positive ions stripped from gaseous molecules 
                  by large potential differences.



• The electrons do not move freely through a conductor. As 
they move they keep bumping into the ions of crystal 
lattice which either slows them down or bring them to rest.

.

atoms

free electron

(actually 
positive ions)

path

The resistance is a measure of how hard it is to 
pass something through a material.
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Definition of resistance

The units of resistance are volts per ampere (VA-1).
However, a separate SI unit called the ohm Ω is defined 
as the resistance through which a current of 1 A flows 
when a potential difference of 1 V is applied.

Conductors, semiconductors and insulators differ 
in their resistance to current flow. 

DEF: The electrical resistance of a piece of material is 
defined by the ratio of the potential difference across 
the material to the current that flows through it.



Wires, wires, wires 
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The resistance of a conducting wire depends on 
four main  factors: • length  • cross-sectional area • 
resistivity • temperature

Factors affecting resistance
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Cross Sectional Area (A)
The cross-sectional area of a conductor (thickness) is similar to the cross section 
of a hallway.  If the hall is very wide, it will allow a high current through it, while a 
narrow hall would be difficult to get through. Notice that the electrons seem to be 
moving at the same speed in each one but there are many more electrons in the 
larger wire. This results in a larger current which leads us to say that the resistance 
is less in a wire with a larger cross sectional area.

Length of the Conductor (L)
The length of a conductor is similar to the length of a hallway.  
A shorter hallway will result in less collisions than a longer one. 

Temperature
To understand the effect of temperature you must picture what happens in a conductor as 
it is heated.  Heat on the atomic or molecular scale is a direct representation of the 
vibration of the atoms or molecules.  Higher temperature means more vibrations. In a 
cold wire ions in crystal lattice are not vibrating much so the electrons can run between 
them fairly rapidly.  As the conductor heats up, the ions start vibrating.  As their motion 
becomes more erratic they are more likely to get in the way and disrupt the flow of the 
electrons.  As a result, the higher the temperature, the higher the resistance.  

http://www.independent.co.uk/news/science/hydrogen-metal-revolution-technology-space-rockets-superconductor-harvard-university-a7548221.html


Resistance of a wire when the temperature is kept constant is:

The resistivity, ρ (the Greek letter rho),  is a value that only 
depends on the material being used.  It is tabulated and you can 
find it in the books. For example, gold would have a lower value 
than lead or zinc, because it is a better conductor than they are.
The unit is Ω•m.    

Of course, resistance depends on the material being used.

In conclusion, we could say that a short fat cold wire makes 
the best conductor.

If you double the length of a wire, you will double the 
resistance of the wire. 

If you double the cross sectional area of a wire you will cut 
its resistance in half. 



▪The Greek ρ is the resistivity of the particular material the resistor 
is made from. It is measured in Ωm.

Resistivities and Temperature Coefficients for Various Materials at 20°C
ρ (Ω⋅m) α (C° -1)Material ρ (Ω⋅m) α (C° -1)Material

Conductors Semiconductors

2.82×10-8 4.29×10-3Aluminum Carbon 3600×10-8 -5.0×10-4

1.70×10-8 6.80×10-3Copper Germanium 4.6×10-1 -5.0×10-2

10×10-8 6.51×10-3Iron Silicon 2.5×102 -7.0×10-2

98.4×10-8 0.89×10-3Mercury

100×10-8 0.40×10-3Nichrome Nonconductors

7.8×10-8 6.0×10-3Nickel Glass 1012

10×10-8 3.93×10-3Platinum Rubber 1015

1.59×10-8 6.1×10-3Silver Wood 1010

5.6×10-8 4.5×10-3Tungsten

Gold 2.3×10-8



PRACTICE: What is the resistance  of a 0.00200 meter long carbon                                      
core resistor having a core diameter of 0.000100 m?  Assume                                    
the temperature is 20 °C.

▪r = d / 2 = 0.0001 / 2 = 0.00005 m.
▪A = πr2 = π(0.00005)2 = 7.854×10-9 m2.
▪From the table ρ = 3600×10-8 Ω m.
       R = ρL / A 
   = (3600×10-8)(0.002) / 7.854×10-9 
              = 9.17 Ω.

Resistance 
▪Note that resistance depends on temperature. The IBO does not require 
us to explore this facet of resistivity.
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End of Day 1


