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Electrostatics 
This is the study of electrical charges at rest. 
 
Positive and negative charges 
There are two kinds of charges positive and negative charges. 
 
Glass rubbed with silk develops a positive charge whereas an ebonite rod rubbed with fur 
develops a negative charge. This is because during rubbing electrons move from glass to silk 
whence the glass become positively charged whereas silk becomes negatively charged. 
 
Similarly, electrons move from fur to rubber during rubbing and rubber becomes negatively 
charged while fur becomes positively charged. 
 
Laws of electrostatics 
 
 (a) Like charges repel   b) Unlike charges will attract 
 

 

Insulators and conductors 
In insulators, electrons in the atoms are firmly bound to the nucleus and the removal or addition 
of electrons at a place does not cause flow of electrons elsewhere. 
 
In conductors, the electrons are free to move from individual atoms and if such materials gain 
electrons these can move about in them. The loss of electrons by conductors cause a 
redistribution of those left.  A charge on the conduct therefore spreads over entire surface. 
 
Examples of insulators include glass, rubber and plastics.  

Charge        Charge Observation  

Positive   Positive            Repulsion 

Negative   Negative  Repulsion 

Positive             Negative  Attraction 

Negative   Positive  Attraction 

 Uncharged material               + or - Attraction  
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Examples of conductors include metals, water, and electrolytic solutions 
 

Differences between conductors and insulator 

Conductors Insulators 

Electrons easily move                      Electrons hardly move 

Electrons loosely held by nucleus.       Electrons tightly held by nucleus. 

The charge acquired is not fixed        Charge acquired is fixed 
 

 
 
 

Charging insulators by contact rubbing or friction 
 

- When two insulators of different types are rubbed, one insulator with loosely bound 
electrons to its atoms loses electrons to another whose electrons are tightly bound to its 
atoms.  

- The insulator that loses electrons becomes positively charged while the insulator that 
gains electrons becomes negatively charged. 

- The two charged body will get equal and opposite charges.  
 

For example: When 
(i) Polythene is rubbed with wool, Polythene becomes negatively charged while wool 

becomes positively charged. 
(ii) Silk is rubbed with glass, silk becomes negatively charged while glass becomes positively 

charged. 
(iii) Ebonite rubbed with fur, ebonite becomes negatively charged while fur becomes 

positively charged. 

 
This is because when bodies are rubbed they generate heat which is gained by electrons 
resulting in these electrons to move from bodies where they are less attracted by nucleus 
making them positive to bodies where they are tightly attracted to the nucleus making them 
negative. 
 

 
Example 1 
Explain how charging by rubbing occurs. 
 
Solution 

When bodies are rubbed together; they generate heat. This heat is gained by electrons to move 
from bodies where they are less attracted by nucleus to bodies where electrons are more tightly 
attracted to the nucleus. The bodies that lose electrons become positively charged while those 
that accept electrons become negatively charged. 
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Electrostatic induction 
 
It is the formation of charges on a conductor when a charged body is brought near it. 
 
Charging by induction 

(i) Charging a conductor negatively by induction.  

 
 

(ii) Charging a conductor positively by induction 

 
 

(iii) Charging two bodies with equal and opposite charges by induction 
 

- Two insulated metal spheres A and B, arranged such that they touch one another.  
- A negatively charged rod C is brought near A. 

 

                    
 

- Keeping the inducing rod C in position, the spheres are separated and tested with a 
charged pith ball.  
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- Metal sphere A acquires a positive charge while B acquires a negative charge. 

 
Gold leaf electroscope 

This is an instrument for testing the presence, the sign and the magnitude of the charge. 
 
It consists of a circular metal disc (cap) attached to a metal rod with a brass plate to which is 
attached a thin foil of gold or aluminium. 
 
It is fitted in a metal case with help of a plug (insulator) using perspex windows. The metal case 
is earthed in order to screen the electroscope from outside influences other than those brought 
nearer the cap and it is insulated from the ground. 
 

 
 

Mode of action 
When a charged body id brought near or in contact with the cap of the electroscope, the cap 
will acquire an opposite charge by induction. The charge on the body will repel all charges 
similar to it down to the rod, to the plate and the leaf. 
 
Due to presence of like charges on the plate and gold leaf, the leaf diverges as it is repelled by 
the plate. 
 
Leaf divergence indicates that the body brought nearer or in contact with the cap carries a 
charge. 
 
 
Charging the Gold-leaf electroscope 

(a) Charging gold leaf electroscope positively by induction 
Procedures 
- A negatively charged rod is brought a cap of GLE 
- The cap is earthed while the charged body is still in place. 
- Earth connection is removed. 
- Lastly the charged body is removed. 
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Observation/explanation 

 
(i) When a negatively charged body is brought near a cap of GLE, positive charges are 

induced on the cap while electrons are repelled to the metal plate and the gold leaf. 
The gold leaf is repelled and diverges. 

(ii) When the cap is earthed say by touching it with a finger, electrons flow to the earth 
and the leaf collapses. 

(iii) When the earth connection is removed, the remaining positive charge on the cap 
redistributes itself on the Gold leaf and the leaf diverges again. 

(iv) When the charged body is removed, the GLE acquires a permanent positive charge. 
 

(b) Charging gold leaf electroscope negatively by induction 
Procedures 
- A Positively charged rod is brought a cap of GLE 
- The cap is earthed while the charged body is still in place. 
- The earth connection is removed. 
- Lastly the charged body is removed. 

 

Observation/explanation 
 

 

 
(i) When a positively charged body is brought near a cap of GLE, positive charges are 

induced on the cap while electrons are repelled to the metal plate and the gold leaf. 
The gold leaf is repelled and diverges. 

(ii) When the cap is earthed say by touching it with a finger, electrons flow from the 
earth and the leaf collapses. 

(iii) When the earth connection is removed, the acquired negative charge on the cap 
redistributes itself on the Gold leaf and the leaf diverges again. 

(iv) When the charged body is removed, the GLE acquires a permanent negative charge. 
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Uses of the gold leaf electroscope 

(i) Detecting of charge on a body 
(ii) Testing the nature and sign of charge on the body 
(iii) Comparing the magnitude  of charge on various bodies 
(iv) Test the insulating and conducting properties of various substances 
(v) Measure potential difference 

 
1. Testing for the nature or sign of charge 

Charge a gold electroscope (GLE) negatively. Bring the body under test near the cap of GLE, 
it the leaf diverges further, then the body has a negative charge but if the gold leaf collapses, 
then that body is either has a positive or a neutral conductor. 
 
The experiment is repeated is repeated where the GLE is charged is charged positively. 
A charged body is brought near the cap; if the gold leaf diverges more, the body is positively 
charged. If the gold leaf collapses, the charged body is either negatively charged or neutral 
conductor. 
 
Note that an increase in divergence occurs when the charge on electroscope and the tested 
charge are the same. Therefore, an increase in divergence is the only sure test for a sign of 
charge on the body. 
 

2. To detect the presence of a charge on a body  
Bring the b0dy to be tested near the metal cap of a neutral gold leaf electroscope. When 
the leaf deflected, then the body has got a charge. However, it the leaf remain undeflected, 
then a charge is absent on the body.  
  

3. To compare and measure potentials 
Two bodies which are similarly charged are brought into contact with the metal cap of the 
gold electroscope one after another. The body that cause a big divergence has a big charge. 
 

4. To classify conductors and insulators 
Bring the body to be tested in contact with the metal cap of a charged gold leaf 
electroscope. When the leaf collapses suddenly, then the body is a good conductor. If it 
collapses gradually, the body is a bad conductor. However, if it does not collapse then, it is 
an insulator. 
 
Example 
Describe how a gold leaf can be charged positively and negatively by induction. 
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Faraday’s ice pail experiments 

The ice pail is placed on an insulator and connected to a gold leaf electroscope 

 

A metal ball held on a long silk thread is charged positively and then lowered into the pail 

without allowing it to touch the pail side or the bottom of the pail. The positive charge is 

induced on the outside of the pail and the leaf diverges 

Once the ball is inside the pail, the divergence of the leaf does not change when the ball is 

moved around, near to or further from the bottom of the pail which shows that the amount of 

induced positive charge does not the position of the ball once it is in the pail 

 

The metal ball is allowed to touch the pail and no leaf divergence is observed. This means that 

when the ball touches the pail no charge is given to or taken away from outside of the pail. 

The metal ball is then removed and tested for the charge with gold leaf electroscope. It was 

found that the ball had no charge, hence, the induced charge on the inside of the pail must 

have been equal in magnitude to the original positive charge on the ball 

These conclusion apply only to hollow closed conductors 

1. When a charged body is enclosed in a hollow conductor, it induces on the inside of a 

conductor a charge equal and opposite its own and on outside a charge equal and 

similar to its own  
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2. The total charge inside the conductor is always zero, either there is equal and opposite 

charges on the inside (before the ball touches) or there is zero no charge at all after the 

ball has touched. 

 

Electric field 
This is a space around a charged body in which electric force of attraction or repulsion can be exerted. 
When a charged body is placed in an electric field, an electric force is exerted. 
 
Presenting electric field: 
Lines are used to present electric fields. The direction is represented by an arrow.  
These lines originate from positive to negative. 
 
Electric field partner 
(a)      Isolated charge: 

              
 

 
(b)   Field lines due to unlike charges 

 
 
Attraction occurs. 
 

(c) Field lines due to like charges 
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A neutral point is a region at which opposing field lines of equal strength cancel one another. This is also 
the point at which the resultant flux density is zero 
 

(d) Field pattern between a charged point and metal plate 

                  
 

(e) Electric Field lines due to plate:  
(i) Plates with like charges 

 
 

Where x is the neutral point. 
 

(ii)    Plates with unlike charges. 

                           
 
 

(f) Electric field inside and outside a hollow conductor 
For hollow conductors charges are on the surface of conductor not inside because on the 
surface the charges can repel each other to the furthest point 
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Charge distribution on a conductor 
On a spherical conductor charges are uniformly distributed while on a pointed conductor charges are 
concentrated at the sharp points 

 
 

Lightning 
Lightning is a gigantic electric spark discharge occurring between clouds and earth. 
 
OR:  

Lightning is a result of sudden neutralizing electric charges which occur between clouds and earth when 

charges build up in the clouds. This rush may occur between oppositely charged clouds and the earth. 

The clouds get charged through collision with air molecules.  

 
How lightning occurs: 
Thunder clouds have regions of positive and negative charges. If these clouds have large amounts of 
charge, they attract each other resulting in a charge spark seen as lightning. In short; 
 
Thunder Clouds:  These clouds have regions of positive and negative regions. 
 
Attraction:    If these clouds have large amount of charge, they attract each other resulting in a spark 
seen as lightning. 
 
Dangers of lightning 

- Set fire on buildings 
- Damages plants especially tall tree 
- Cause death of animals 

 
Lightning conductor 

Lightning conductor is a conducting rod with sharp spikes erected at the topmost region of a 

building to be protected. The rod is connected to earth via thick copper strips. The contact with 

earth is  
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How a lightning conductor safeguards a house against lightning 

 
 
Action of a lightning conductor 

- Negatively charge clouds induce a large positive charge on the spikes of the lightning conductor 
by repelling electrons to the earth through a thick copper wire. 

- The large positive charge on the spike creates a large electric field that ionize air around it into 
positive and negative ions 

- The positive ions neutralize the negatively charged clouds while the negative ions neutralize the 
positive ions on the spikes. 

- In this way a building is protected from dangers electron current. 
. 
 
In daily life one should take the following measures to minimize the danger caused by lightning: 

(i) Copper strip of lightning conductor should not be touched when it is raining. This because 
when it is raining, the charged clouds may become discharged and electrons are conducted 
to the earth through the copper strip of the lightning conductor. These flowing electrons in 
the strip constitute very large current that causes a shock. 

(ii) One should not take shelter in a tall building without lightning conductor when it’s raining. 
This because lightning balls strike the highest point of the building resulting in large current 
to pass through. 

(iii) All electric appliances like radios, television etc. should be switched off when it’s raining to 
prevent being damaged by the large voltage from lightning. 

(iv) When it is raining one should put on plastic or rubber shoes these being poor conductors of 
electricity would prevent the flow of electron to the earth which is at zero potential. 

 

  



Sponsored by The Science Foundation college +256 753 80 27 09 
 

Objective revision questions 

1. An electroscope become negatively charged when it 

A. Losses electrons 

B. Gains protons 

C. Gains electrons 

D. Loses protons 

2. It is easier to charge insulators than conductors because 

A. The insulators do not allow the charge to flow away but conductors allow it to flow away 

B. The conductors retain the charge by conduction but the insulators release it to atmosphere 

C. It is impossible to charge conductors under any conditions 

D. Insulators just receive the charge from atmosphere without being rubbed. 

3. The diagram below shows part of the gold leaf electroscope. What will happen to the leaf if 

positively charged metal is brought near the cap of electroscope? It will 

 
 

A. Increase the deflection 

B. Remain in the same position 

C. Reduce deflection 

D. Break off from the plate 

4. Which of the following shows a correct electric field pattern due to two charges? 

 

5. In the figure below name the polarities of P and Q 

 
 P   Q 

A.     N pole  S pole 

B.   N pole  N pole 

C.   S pole   S pole 

D.   S pole  N pole 
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6. The laws of electrostatic induction state that 

A. Like poles repel and unlike pole attract 

B. Like poles attract and unlike poles repel 

C. Like charges repel and unlike charges attract 

D. Like charges attract and unlike charges repel 

7. Which of the following diagrams represent the correct electric field pattern for oppositely 

charged points 

 
8. A metal rod gains a positive charge when rubbed with fabric. The fabric acquires 

A. No charge 

B. A negative charge equal to that on the rod 

C. A positive charge equal to that on the rod 

D. Both negative and positive charges 

9. A charged conductor usually loses charges gradually by a process called 

A. Leakage B. insulation C. conduction D. leakage  

10. When a negatively charged body is brought near the cap of a positively charged electroscope, 

the gold leaf 

A. Remain unchanged 

B. Decreases in divergence 

C. Increases in divergence 

D. Gains a positive charge 

11. The law of electrostatics states that 

A. Charges occur in pairs 

B. Charges repel each other 

C. Like charges repel each other 

D. Like charges attract each other 

12.  Which of the following statements best explains what happens when a negatively charged 

cloud passes over the lightning conductor? The 

A. Negative charges are attracted to the cloud and positive ions are repelled to the spikes 

B. Positive ions are attracted to the cloud and the negative charges are repelled  on the spikes 

C. Negative charges are attracted from the earth to the spikes which causes ionization of air 

D. Positive and negative ions are lost to the earth 
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Structured Questions 

1. (a) What is happens to an insulator when rubbed by another insulator of different material? 

(b)  

 
The figure above shows a conductor supported on an electric insulator. The conductor is given 

some positive charges. Show how the charge is distributed on the conductor. 

(c)   

               
Sketch the electric field pattern due to two unlike charges P and Q above 

2. (a)(i) Distinguish between a conductor and an insulator. 

    (ii) Describe, stating observations made, how a Gold leaf electroscope can be charged 

positively. 

 

3. (a) State the laws of electrostatics. 

(b) Two insulating materials are rubbed together, describe what is observed if 

   (i) the two are brought near the cap of a gold leaf electroscope. 

  (ii) only one of them is brought near the cap. 

(c) Why is it difficult to perform experiments in electrostatics under damp conditions? 

4. A positively charged rod is brought near two conducting spheres A and B as shown below 

 
(a) Show the charges on the spheres 

(b) Describe how the spheres may be given permanent charges. 

5. The figure below shows parts of an electroscope.  

 
(a) Name the parts labelled A, B, C and D. 

(b) State two uses of an electroscope 

6. (a) What is meant by a conductor and an insulator? Give an example in each. 
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(b) (i) Explain briefly how you can charge a conductor negatively 

     (ii) Describe how it can be confirmed that the conductor in (b)(i) is negatively charged. 

(c) Explain the action of lightning conductor. 

 

7. (a) Describe how you would use Gold leaf electroscope to determine the sigh of the charge on a 

charged body. 

(b) Explain how an insulator gets charged by rubbing 

(c) Sketch the electric field pattern between a charged point and a metal plate 

(d) Describe how a lightning conductor safeguards a tall building from being struck by lightning. 

8. The figure  below shows a negatively charged ball B, inside a hollow metal conductor, P resting 

on an insulator  

 
Describe the distribution of the charges on the metal conductor 

(i) Before B touches P 

(ii) After B touches P 

9.  (a) State the laws of electrostatics  

(b) A small metal sphere carrying a positive charge is lowered gently into a metallic can placed 

on the cap of an uncharged gold-leaf electroscope as shown below 

 
(i) State what happens to the leaf of the electroscope. 

(ii) Explain the observation in (b)(i) above 

10. (a) Two insulators X and Y are rubbed against each other. If X gains electrons what charge does it 

have? 

(b) Explain briefly what happens when a negatively charged rod is positioned near the cap of an 

uncharged gold leaf electroscope? 
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 Answers 

Objectives  

1. C 2. A 3. C 4. B 5. B 6. C 7. A 8. B 9. D 10.B 

11.  C 12.B 

Answers to structured questions 

1. (a) Electrons are transferred from the atoms of one material to the atoms of on the 

surface of another material. The two materials acquire equal and opposite charge. I.e. the 

material that lose electrons becomes positively charged while that that acquires electrons 

becomes negatively charged. 

  

(b)  

 

 

 

 

 

(c)  

 
2. (a) (i) Conductor has freely moving valence electrons while insulator has firmly bound valence 

electrons to its atoms. 

Or 

A conductor allows electrons to go through while an insulator does not. 

(b) - A negatively charged body is brought near the cap of gold leaf, the leaf diverges. 

- the cap is then earthed by touching it while the body is still in place, the leaf collapses. 

- the earth connection is broken while the charged body is still in place 

- the charged body is finally removed, the leaf diverges. The gold leaf is now charged 

positively. 

3. (a) like charges repel; unlike charges attract. 

(b)(i) Leaf neither diverge or collapse (because the charges are equal and opposite) 

   (ii) because damp air allows flow of charges or electrons to leak. 

4. (a)  



Sponsored by The Science Foundation college +256 753 80 27 09 
 

 
(c) Spheres are separated while the charged rod is in place and then the charged rod is 

removed. A will be negatively charged while B positively charged. 

5. (a) A- cap, B- brass rod, C. gold leaf D. brass leaf 

(b) detecting charges, identifying charges 

6. (a) a conductor is a material that has freely moving electrons while an insulator is a substance 

whose electrons are not free to move and has no other charged particles. Example of a 

conductor is a metal while that of an insulator is glass, clay, soil, polyethene, perpex. 

(b)(i)  

 
- A positively charged rod is brought close to a conductor supported by an insulator. 

- The conductor is then earthed by touching with the positively charged rod is still in place 

- Earthing broken while the charged rod is in place. 

- The positively charged rod is finally removed. 

(ii) When the negatively charged conductor is brought close to the cap of negatively charged 

gold leaf electroscope divergence increases. 

(c) Action of a lightning conductor 

- Negatively charge clouds induce a large positive charge on the spikes of the lightning 
conductor by repelling electrons to the earth through a thick copper wire. 

- The large positive charge on the spike creates a large electric field that ionize air around it 
into positive and negative ions 

- The positive ions neutralize the negatively charged clouds while the negative ions 
neutralize the positive ions on the spikes. 

- In this way a building is protected from dangers electron current. 
 

7. (a) Through friction electrons move from a materials whose electrons are less attracted to its 

atoms to a materials whose electrons are more tightly bound by its atoms. The material that 

loses electrons becomes positively charged while that that gains electrons becomes negatively 

charged. 

(b)  
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(c) Action of a lightning conductor 

- Negatively charge clouds induce a large positive charge on the spikes of the lightning 
conductor by repelling electrons to the earth through a thick copper wire. 

- The large positive charge on the spike creates a large electric field that ionize air around it 
into positive and negative ions 

- The positive ions neutralize the negatively charged clouds while the negative ions 
neutralize the positive ions on the spikes. 

- In this way a building is protected from dangers electron current. 
 

8. (i) Equal magnitude of negative charge is uniformly distributed outside P and equal positive 

charges distributed uniformly inside P. 

(ii) the positive charges inside P are neutralized leaving negative charges uniformly distributed 

outside P. 

9. (a) Like charges repel, unlike charges attract. 

(b) (i) the gold leaf diverges 

     (ii) the positive ion on the outside of the can, then to the cap, then to the gold leaf that 

diverges. 

10. (a) it will be negatively charged because it has excess electrons 

(c) The leaf diverges because the negatively charged rod induces positive charges on the cap 

and negative charges on the brass and gold leaves. 

Thank you 

 


