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5.1 Field Patterns 

Specification link-up 3.4.3: Electric field strength  
 
How can we charge a metal object?  
 
What does the direction of an electric field line show concerning a test 
charge?  
 
How is the strength of an electric field represented by field lines?  
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Charging by Induction 
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Charging by Induction - GLE 





Same charges repel,  different charges attract  

               Two types of  charge 

+ 

- 

+ 
- - 

+ 



Same charges repel,  different charges attract  



How rubbing can produce static electricity 

At the start each material has no overall charge. 

Friction rubs  
electrons off 
the cloth onto  
the surface atoms of  
polythene.  

The polythene 
gains electrons 
and becomes 
negatively 
charged.  

The cloth loses electrons and becomes equally  
positively charged.  

However, 
acetate 
becomes  
positively  
charged 



However, 
acetate 
becomes  
positively  
charged 

Insulators do not have any  
delocalised electrons, 

 
They are all firmly attached 

 to individual atoms 







If the voltage is high 
enough the air  
molecules will ionise 
and a spark discharge 
occurs. 

- 

Ionisation is the ability to remove electrons  
from atoms leaving a trail of positive ions. 

Electrical potential energy or  
potential difference between  
the conductor and the ground 







slowly and safely  

( thick copper strip )   



An experiment to show that  current is a moving charge 

micro ammeter 

Carbon coated  ball  
on nylon thread 

Van 
 der  
Graff 

generator 



An experiment to show that  current is a moving charge 

Carbon coated  ball  
on nylon thread 

+ 
+ _ 

_ 
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The negative charges on the 
 metal plate attract the ball 



An experiment to show that  current is a moving charge 

Carbon coated  ball  
on nylon thread 

+ 
+ _ 

_ 
_ 
_ 

The negative charges on the 
 metal plate attract the ball 

_ 
_ 

_ 
_ 

The ball receives negative charge 
and is repelled away  
carrying the charges 

 across to the other plate   



An experiment to show that  current is a moving charge 

The faster the charges are carried across from one plate to the other  
the greater the current flows: 
 

Charge             =            Current       X      Time   
 

Q                     =              I                  X         t   
 

Coulombs Amps seconds 

For AS PHYSICS we said:   
 



Charge             =            Current       X      Time   
 

Q                     =             I                  X         T   
 

Coulombs Amps seconds 

Example:   
Calculate the amount of charge flowing through a wire 
carrying a current of 5 Amps  in 10 minutes. 

Q                      =            I                 X          t  
 
Q                     =            5                 x          10 x  60 
Q                     =            3000        Coulombs  of charge 
 



The faster the charges are carried across from one plate to the other  
the greater the current flows: 
 

Current flowing depends on : 

*  Charge on the ball 

*  Frequency of transfer 

So:       I = Q f         = Charge Q   

Time of one cycle 

Q 
U 
E 
S 
T 
I 
O 
N 



Chips and Charge 

Electrons are attracted onto the  
chips pins via  ‘earthed’ fingers 

 
If the ‘earth’ is removed the chips  

remain (oppositely )charged  
–  by induction  ! 

Tiny circuits 
 get damaged 



The line of force or  
Field line direction is the path  

a small positive test charge would 
follow if free to move  

Electric field patterns 

The electric field pattern 
 can be produced by 

 using semolina grains 
 sprinkled on oil   

between + & - high voltage  
metal conductors 

+ 

+ 

+ 

90o 
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Plenary 

Answer the following questions using text, diagrams and formulae as 
you see fit. If there is not time to finish in the lesson make sure this is 
completed for homework. It may take half a page for each question… 
 
1. How can we charge a metal object?  

 
2. What does the direction of an electric field line show concerning a 

test charge?  
 

3. How is the strength of an electric field represented by field lines?  
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Field Examples... 

Can you explain what is 
happening here? 

s=ut+0.5at2 

E = V/d 
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5.2 Electric Field Strength 

Specification link-up 3.4.3: Electric field strength  
 
How, in principle, can we measure the strength of an electric field?  
 
Is electric field strength, E, a scalar or a vector, and does this affect 
the sign of a test charge we should use?  
 
Why should E be described as the force per unit charge, rather than 
the force that acts on one coulomb of charge? 



+ 
_ 

5.2    Electric Field strength    E 



+ 
_ 
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F  =  E Q   so     E  = …… 

F  =  E Q 

-e 

+ 

_ 
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Electric Fields & Field Strength 



•Charge builds up in the cloud 
•Electric field strength increases 
•Electrons are pulled out of air molecules 
•A massive discharge occurs heating 
   and rapidly expanding the air 

Lightning:  



slowly and safely  

( thick copper strip )   

•Charge builds up in the cloud 
•Electric field strength increases 
•Electrons are pulled out of air molecules 
•A massive discharge occurs heating 
   and rapidly expanding the air 

Lightning:  

making a lightning strike less likely 

Using a Lightning conductor 



Field strength    (V/m)  
   

E  =  V 
         d 

Force on a small + test charge Q 
 in a field of strength E: 
  
  F  =   E  Q  

Work done by the field on Q  in  
moving from A to B: 
 
W  =   F  d 
      =  EQ d 

A 
 

B 

But Pd   V  across the plates:  
   
V    =   W    =   
            Q 

EQd   =  
   Q 

Ed 
    

so:    E  =  V 
                 d 



Mr Powell 2008 
Index 

In a Uniform Field E is Inversely proportional to d 



Field strength factors: 

* Amount of  CHARGE! 

* concentration of charge! 

Charge concentrates at points/tips 
So field lines concentrate there too. 
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5.3 Electric Potential 

Specification link-up 3.4.3 
 
Why is potential defined in terms of the work done per unit + 
charge? 
 
How do we calculate the electric potential difference between two 
points? 
 
How can we find the change in electric potential energy from pd? 
Why is potential (and pd) measured in V? 
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What do the dotted lines represent and why.... 

1. They are equipotential lines which are at the same potential 
2. They refer to E = V/d  so act at 90   to the surface of the electrode. 
3. They are a uniform potential gradient. 
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A Uniform Field E 1/d 



5.3 Electric Potential 

Work is done in 
 charging the 
 metal dome? 

 
Why? 

The van de Graaff generator 



5.3 Electric Potential 

Work is done in 
 charging the 
 metal dome? 

 
Why? 

‘like’ charges 
are being 

 moved closer 
 to each other   

The van de Graaff generator 



5.3 Electric Potential 

Work is done in 
 charging the 
 metal dome? 

 
Why? 

‘like’ charges 
are being 

 moved closer 
 to each other   

The van de Graaff generator 

The electric potential  
of the dome  
is increasing 



5.3 Electric Potential 

The electric potential V at a point P in an electric field is defined as:  
 

‘the work done per unit positive charge 
 on a positive small test charge when  
it is moved from infinity to that point’  

+ 
+ 

+ 

P 

o o r 

Unit: V or JC-1 

Zero  
Potential 
energy  
at  o o 

work done = electric potential energy gained 



The electric potential at point P:    Vp  =  Ep   
                                                                       Q 
 
So   electric potential energy         Ep =  Vp Q 

+ 
+ 

+ 

P 

o o r 

Zero  
Potential 
energy  
at  o o 

+ 1 C 

1000V  
Electric  
Potential 

 

electric potential energy             Ep =  Vp Q 
 
                                              Ep =  1000 x 1 C 
           

                                              Ep =  1mJ 

of a 1 C test charge moving 
from infinity to where the  
potential is 1000V 

( work done in moving 
 this charge from infinity  

to point P) 



The electric potential at point P:    Vp  =  Ep   
                                                                 Q 
 
So   electric potential energy         Ep =  Vp Q 

+ 
+ 

+ 

P 

o o r 

Zero  
Potential 
energy  
at  o o 

+ 1 C 

1000V  
Electric  
Potential 

 

electric potential energy             Ep =  Vp Q 
 
                                              Ep =  1000 
           

                                              Ep =  1mJ 

 x 1 C 

of a           test charge moving 
from infinity to where the  
potential is 1000V 

 1ųC 

( work done in moving 
 this charge from infinity  

to point P) 

 
 
 
 

If the test charge is moved in a field  
from where the potential is V1 

 to a position where the potential is V2 

 then the work done: 
ΔW  = Q ( V2 -V1) 

  
 
 
  



Equipotentials: are lines joining points of constant potential. 

They cross field lines at 90o. 

Electric 
potential  
Energy:  
Ep = Q Vp 

             then the work done: 
            ΔW  = Q ( V2 -V1) 
                    =            (400 - 1000) 
                    =             x  - 600 
                    =  - 1.2 x 10-3 J 
 
 
  

+ 2 C  

+ 2 C  



Equipotentials: are lines joining points of constant potential. 

They cross field lines at 90o. 

Electric 
potential  
Energy:  
Ep = Q Vp 



E   =   - Δ V 
             Δ X 

Potential relative  
to the negative plate 

Distance X 

Distance X 
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5.4 Coulomb’s law 

Specification link-up 3.4.3 
 
How does the force between two point charges depend on 
distance? 
 
How can we calculate the force between two charged objects? 
 
What does the sign of the force (+ or –) indicate? 



Q 

- q 

r 

F 

F 

Distance r 36 

Force     f 36 

18 

144 

9 

576 

Charged  
pith balls 

Torsion wire  
(eg  μN 

 per degree  
of twist) 

Counter weight 

+ 

- 



Q 

- q 

r 

F 

F 

Distance r 36 

Force     f 36 
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144 

9 

576 

Torsion wire  
(eg  μN 

 per degree  
of twist) 

Charged  
pith balls 

Charged  
pith balls 

Torsion wire  
(eg  μN 

 per degree  
of twist) 

Counter weight 

+ 

- 

Charles Coulombs apparatus 1784 



Q 

- q 

r 

F 

F 

Distance r 36 

Force     f 36 

18 

144 

9 

576 

Torsion wire  
(eg  μN 

 per degree  
of twist) 

Charged  
pith balls 

Charles Coulombs apparatus 1784 



The force between two charges  is proportional to each of the charges 
and inversely proportional to the square of their distance apart. 

The  electrostatic force can be either positive or negative.  
                 +   + ,  _  _  repell,        +   _      attract 
                           

Q 

- q 

r 

F 

F 

   F  =     k qQ 
                  r2 
 
   k =   9.0x 109 

 

             (N m2 C- 2 ) 

The value of k is large so the forces  
between charges are measurable.  
Its value depends on the material  
between the charges.   
     k  =      1       
               4  0 

 

                                  0  = 8.85x 10-12   Fm- 1  
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A Radial Field E 1/r2 
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5.5 Point Charges  

Specification link-up 3.4.3 
 
What equation gives the electric field strength near a point charge? 
 
What equation gives the potential associated with a point charge? 
 
Why does E = 0 inside a charged sphere? 
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Electric Potential is Potential Energy per Unit charge 

0 = 8.85 x 10-12 F m-1 

2

04

1

r

Q

dr

dV
E
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Summary 

The electric potential of a point charge is given by 

   

so that the radius r determines the potential. The equipotential lines are therefore circles 

and a sphere centered on the charge is an equipotential surface. The dashed lines illustrate 

the scaling of voltage at equal increments - the equipotential lines get further apart with 

increasing r.  

k = 9.0 x 109 N m2 C-2   

0 = 8.85 x 10-12 F m-1 

http://hyperphysics.phy-astr.gsu.edu/hbase/electric/elevol.html
http://hyperphysics.phy-astr.gsu.edu/hbase/electric/potpoi.html
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Field strength and potential gradient 

As with the gravitational field there is a deep and important connection 
between the rate at which potential changes in a field, and the field strength 
there.  
 
Quite simply, the field strength is equal to the negative of the rate of change of 
potential: 
 
E = – (change in EPE)/ (change in distance) 

It should now also be clear 
why equipotential 
surfaces get further apart 
as the field decreases in 
strength, and why field 
strength can be quoted in 
units of V m-1. 
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Alpha Particle Scattering 

2

21

0

2

4

1

2

1

r

QQ
mv 



Particles arrive at nucleus with KE. 
 
They interact with the field and reach a 

point of potential (V) to form an 
equilibrium of radius (r) 

 
If we equate KE and V and assume a 100 

% exchange. 
 
This gives the distance of closest 

approach...... 
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5.6 Comparison between Electric and Grav fields 

Specification link-up 3.4.3 
 
Which electrical quantity is analogous to mass? 
 
What are the main similarities between electric and gravitational 
fields? 
 
What are the principal differences between electric and 
gravitational fields? 
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Parallels? 

Differences? 
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Summary...... 


