
X-RAYS 
These are short wavelength electromagnetic radiations produced when fast 
moving electrons are suddenly stopped by a metal target 
Production of X-rays 
X-rays are produced in an X-ray tube. 

 Mode of operation  
 The cathode filament is heated by a low voltage supply and emits 

electrons thermionically 
 The electrons are focused onto the metal target by the focusing cup 
 Electrons are accelerated to a high speed by a high p.d across the 

anode(E.H.T) 
 On striking the target, about 1%  the kinetic energy of electrons is 

converted into x-rays and the rest dissipated as heat in the target 
 The heat generated at the target is cooled by means of copper cooling 

fins 
N.B:  

1. The X– ray tube is evacuated to prevent cathode rays from colliding 
with air molecules before reaching the target there by reducing their 
kinetic energy.  

2. The tungsten metal is used because it has a high melting point that 
can withstand the heat generated when electrons hit the target. 

3. The Anode is made of copper because it is a good conductor of heat. 



4. The cooling fins are painted black to quickly radiate heat to the 
surroundings. 
 

Energy changes which occur in an X-ray tube 
Electrical energy⟶ Heat energy in the filament ⟶  K.E of electrons ⟶  X-
ray energy+ Heat 
 
Functions of parts of parts of an x-ray tube 

1. Low voltage 
This heats up the cathode filament to emit electrons 

2. Cathode filament 
Emits electrons thermionically 

3. Focusing cap 
Focuses electrons onto the metal target 

4. High voltage 
This accelerates the electrons to the target 

5. Vacuum 
Prevents collision of electrons with air molecules which would otherwise 
reduce their kinetic energy 

6. Copper anode 
Accelerates the electrons towards the metal target 

7. Tungsten target 
To stop electrons suddenly, hence producing x-rays  

8. Copper cooling fins 
Carries away excess heat through conduction and radiation 

9. Lead shield 
To absorb stray x-rays 



Properties of X-rays: 
 They carry no electric charge. 
 They are not deflected by electric and magnetic fields. 
 They travel in straight line at the speed of light. 
 They cause fluorescence on certain substances.  
 They affect a photographic film. 
 They readily penetrate matter. Penetration is least with materials of 

high density (e.g. lead). 
 They cause ionization of gases. 
 They cause photoelectric emission 
 They undergo interference, reflection, refraction and diffraction 

effects. 
 
Intensity/quantity of X-rays 
The intensity of X-rays is increased by increasing the filament current such 
that more electrons are produced and reach the target 
Penetrating power/quality of X-rays 
The penetrating power of X-rays is increased by increasing the accelerating 
p.d applied across the X-ray tube. The kinetic energy of the electrons 
increases, hence producing more energetic X-rays 
 Types of X-rays 

a) Soft X-rays  
 Are X-rays of low penetrating power/energy 
 Are produced at low accelerating voltage  
 They have low frequency and long wave lengths. 
 Are used to investigate body organs (soft tissues) 

b) Hard X-rays  
 Are  X-rays of high penetrating power/energy 
 Are produced at high  accelerating voltage  
  They have a high frequency and short wave length. 
 Are used for treating cancerous cells 

 



Uses of X-rays 
Medical (hospital use)/biological uses 

 X-ray photography can be used to show fractured bones  and 
dislocated joints 

 Used to locate swallowed metal objects 
 Used to detect lung tuberculosis 
 Used to detect stomach ulcers  
 Treat cancerous diseases and other malignant growth in human body 

i.e. Radiotherapy, very hard X-rays are directed onto the cancer cells 
such that they are destroyed. 

 Sterilization of medical equipment 
 
How X-rays are used to locate parts of a broken bone 
Bones are composed of much denser material than flesh hence, if X- rays 
are passed through the body, they are absorbed by the bones but penetrate 
through the flesh. 
This produces a shadow photograph of the bones on the photographic 
plate 
Or 

 An x-ray sensitive film is placed behind the broken part  
 The part is then irradiated with x-rays briefly 
 The film is then developed, and the borne appears white while the 

broken part appears dark  
State three reasons why it is possible to detect fractures in bones using X-
rays 

 Because X-rays (soft x-rays) can penetrate flesh but not bone 
 X-rays affect photographic films 
 X-rays travel straight lines 
 Causes certain substances to fluorescence 

Explain why soft x-rays are used instead of hard x-rays to take 
photographs of internal parts of a patient in a hospital 



Soft x-rays are used to show malignant growths since they only penetrate 
soft flesh. Hard x-rays can penetrate flesh but are absorbed by bones. 
Industrial uses of X-rays 

 They are used to detect defects in motor tyres. 
 Used to detect faults in internal parts of items being manufactured 

e.g. coiled filament inside an electric kettle 
 To detect cracks in metal castings and welded joints 
 Used to study structure of crystals (crystallography) 

Security  
 Used to check luggage for potentially dangerous weapons and 

smuggled items at airports and security check points 
Health hazards of X-rays 
Frequent exposure to X-rays can lead to dangers like; 

 Causes blood cancer (Leukemia) 
 Skin burns 
 Destruction of living body cells especially hard X-rays 
 Causes genetic mutation or genetic change, which may appear in 

subsequent generation. 
 Destruction of eye sight and blood. 

Safety precautions of X-rays 
 Avoid unnecessary exposure to X-rays. 
 Keep exposure time as short as possible. 
 The X- ray beam should only be restricted to parts of the body being 

investigated. 
 Workers handling X-rays should wear protective gear made of lead 

shield. 
 Exposure should be avoided for unborn babies and very young 

children.  
 Thick concrete walls should be used to store X- ray machines  to 

absorb stray radiations.(e.g hospitals and industries) 



Differences between X- rays and Cathode rays 
X- rays Cathode rays 
Have no charge Are negatively charged 
Are electromagnetic waves  Are fast moving electrons 
Are not deflected by both magnetic 
and electric fields 

Are deflected by both magnetic and 
electric fields 

High  penetrating power Low  penetrating power 
Travel at  a high speed (3x10^8ms) Travel at a lower speed 

 
Differences between Gamma rays and X- rays 

Gamma  rays X- rays 
They are produced by unstable 
radioactive material. 

They are produced when fast 
moving electrons are stopped by 
a metal target. 

Similarities between x - rays and gamma rays: 
 They are both electromagnetic waves. 
 They carry no charge. 
 They are not deflected by both magnetic and electric fields. 
 They penetrate matter. 
 They cause fluorescence. 
 They can cause harmful effects. 
 They travel at the speed of light and in a straight line. 

 
                                          
 
 



ELECTROCHEMICAL CELLS An electric cell is a device which directly changes chemical energy to electrical 
energy 
OR  
An electric cell is a device that is capable of driving an electric charge around a 
circuit in form of current 
Therefore electric cells are sources of electrical energy. Other sources include;  Batteries  Generators  Solar panels  Thermocouples  Some crystals under pressure 
Electrical energy is used in producing heat, light, sound and operating electronic 
devices like radios, televisions, telephones etc. Currently, the major sources of 
electricity are chemical cells, generators and solar panels 
Chemical cells They produce electromotive force (e.m.f) as a result of a chemical reaction. There 
are two types of chemical cells namely;  Primary cells   Secondary cells 
 
Primary cells  These are chemical cells that cannot be recharged once exhausted  They produce current as a result of an irreversible chemical reaction (i.e. 

chemical energy converted to electrical energy) 
Examples   Simple cell (Voltaic cells)  Leclanche cell (dry cell and wet cell) 
 

1. Simple cell 

 



Construction  Consists of two electrodes dipped in an electrolyte (dilute sulphuric acid)  The cathode is a zinc rod (reactive metal) while anode is a copper rod (less 
reactive metal)  The electrodes are connected by pieces of conducting wires 

Note: An electrolyte is a substance which when in molten state conducts an electric current 
(due to presence of free ions) 
 
Mechanism of action 
At the cathode The zinc rod slowly dissolves and gives electrons according to the equation 
 ( ) ⟶  +  
 
At anode The electrons travel through the external circuit and arrive at the copper electrode, 
where they are picked up by the hydrogen ions from the acid to form hydrogen gas 2 ( ) + 2 ⟶ ( ) Bubbles of a colourless gas are seen on the copper rod 
The reaction generates an electric current 
 
Disadvantages of a simple cell  Bulky  Electrolyte can easily pour  Slow depolarizing action  Cannot maintain high steady currents which can light 
 
DEFECTS OF A SIMPLE CELL 
A defect is anything that reduces the amount of current produced by a simple cell 
There are two defects in a simple cell 
 
Defect  How to minimize 

1. Polarization:  This is the accumulation of 
hydrogen bubbles on the 
copper plate. 

 Use of a depolarizing agent like 
potassium dichromate or 
Manganese dioxide, which 
oxidizes Hydrogen to form water, 
though the electrolyte gets more 
diluted 



 The hydrogen given off 
insulates the anode from the 
electrolyte.   This increases the internal 
resistance of the cell hence 
reduces the voltage of the 
cell 

 Brushing the copper plate 
occasionally 

2. Local action:  This is due to chemical 
reaction between the 
impurities in zinc and the 
acid resulting into formation 
of Hydrogen bubbles on the 
zinc plate.  The Hydrogen bubbles 
insulate the zinc from the 
electrolyte 

 Amalgamating Zinc (rubbing 
zinc with mercury). This prevents 
contact of impurities with the 
electrolyte.  Cleaning zinc with conc. 
Sulphuric acid 

 
Note  A simple cell has an e.m.f of about 1.0V but stops working after a very short time 
Reason: the cell stops working after a very short time because the hydrogen bubbles 
accumulate on the copper rod and then block current 
 
 

2. Leclanche cells (dry Leclanche cell, button cells ) These are cells in which polarization and local action are eliminated. There 
are two types of Leclanche cells namely;  Dry Leclanche (dry cell, button cells)  Wet Leclanche ( 
 

Dry Leclanche cells  
This type of cell has no liquid, hence called dry cell. The electrolyte used is 
ammonium chloride jelly instead of a solution. 
Manganese (IV) oxide is used as a depolarizer so that the hydrogen produced is 
oxidized to water which makes the cell wet after being used up. 



  
Action   Carbon is the anode and zinc is the cathode  The electrolyte is ammonium chloride jelly  The chemical reaction between zinc and ammonium chloride  is the source of 

electrical energy in a dry cell ( ) + ( ) ⟶ ( ) + ( ) + ( ) 
The e.m.f produced goes on to fall due to polarization and local action. These are the 
defects of a dry cell 
Polarization: The formation of Hydrogen bubbles at the carbon rod  
Prevention: The Manganese (IV) oxide around the carbon rod acts as a depolarizing 
agent which oxidizes Hydrogen to water. 
 
Note: Even if the cell is not working (giving out e.m.f), e.m.f reduces because of 
local action. 
 
Functions of the parts 1. Carbon rod: positive electrode 

2. Zinc can: Negative electrode 
3. Ammonium chloride jelly: acts as an electrolyte 
4. Manganese(IV) Oxide: acts as a depolarizer 
5. Powdered carbon:  absorbs oxygen 
6. Carbon disc: prevents the positive electrode from touching the negative 

electrode (zinc) 
7. Starch and flour: makes the cell dry 

 
Advantages   It is portable  Electrolyte cannot pour out  Faster depolarizing action  Can maintain high steady current for some time 



Disadvantages   The dry cell slowly detoriates owing to local action which cannot be 
prevented  High internal resistance 

 
Button cells  Consist of Mercury and Silver oxide that produces a steady e.m.f 
They are used where stable e.m.f is required e.g. in watches and calculators 
Diagram 
  
Difference between Dry cells and Wet cells 
Dry cell Wet cell  High internal resistance  Low internal resistance 

 Local action can not entirely be 
prevented 

 Local action can be prevented 
 
 
 
SECONDARY CELLS (storage cells)  These are cells that can be recharged by passing a current through them from 

another source once they have been used up  Current is produced as a result of a reversible chemical reaction taking place 
within the cell 

 
Examples of secondary cells   Lead- acid accumulators (lead-acid battery)  Alkaline accumulator (e.g. Nickel-Cadmium; NiCd, Nickel-Iron; NiFe cell 

and Nickel-Metal hydride)  Lithium-ion (Li-ion) battery 
A battery is a group of electro-chemical cells connected together to provide a source 
of an e.m.f 
 
Lead- acid accumulator 

 



Construction   A lead-acid accumulator consists of cells connected in series  Each cell consists of Lead plate cathode, Lead dioxide anode and dilute 
sulphuric acid as the electrolyte 

The Vent  Allows topping up of the battery  Allows escape of gases during gassing 
 
Note: When it is working, both electrodes gradually change to Lead sulphate while the 
acid becomes more dilute and its relative density decreases 
 
Mechanism 
When in use, the lead cathode dissociates into free electrons and Lead (ii) ions ( ) ⟶ ( ) + 2  The electrons travel through the external circuit while Lead (ii) ions combine with 
the sulphate ions in the electrolyte to form Lead (ii) sulphate. 

( ) + ( ) ⟶ ( ) 
When the electrons re-enter the cell at the positive Lead dioxide electrode, a 
chemical reaction occurs. The Lead dioxide combines with the H-ions in the 
electrolyte and the electrons to form water, releasing Lead (ii) ions into the 
electrolyte to form additional Lead (ii) sulphate. 
 

(s)+2 ( ) + 2 ⟶ ( ) + ( )  
 
Defects of Lead-acid accumulator 
 
 Sulphating This is the formation of excessive Lead sulphate on the plates of a battery 

When the e.m.f and relative density of the cell is allowed to fall below a 
recommended value, excessive Lead sulphate forms on the plate and the cell may be 
permanently damaged as it becomes so difficult to recharge it. When this happens, 
the cell is said to be sulphated 
 
 
 
 
 
 



Recharging a Lead-acid accumulator 
 

  An accumulator is charge by passing a direct current through it in opposite 
direction to the current it supplies  Positive of  d.c supply is connected to the positive of the accumulator  while 
negative of d.c supply is connected to the negative of the accumulator  The acid becomes more concentrated during charging and the relative density 
of  the acid increases  The rheostat adjusts the current and the ammeter measures the charging 
current which becomes low as the accumulator is charged and restored to 
usable condition  When the chemicals have been restored to their original condition, hydrogen 
gas is given off (gassing process) and the cell is said to be fully charged 

 
Note: 

 When the accumulator is being charged, electrical energy changes to 
chemical energy 

 When a battery is being used, chemical energy changes to electrical energy 
 Direct current is used during process because alternating current would 

charge the accumulator in the first cycle and then discharge it in the next 
half cycle 

 
Care and maintenance of Lead-acid accumulator  The battery should be charge regularly using a specific current  Level of dilute acid should be maintained using distilled water to ensure 

that electrodes are not exposed  The cell should be kept clean so that current does not leak away  Avoid shortening of terminals  Avoid overcharging and discharging  Cells should be charged when R.D reduces to 1.18. R.D can be checked 
using Hydrometer 



Applications: solar panel energy storage, car batteries,  
 
Alkaline accumulators 
 
 Nickel-Cadmium; NiCd cells Anode is Nickel-hydroxide, cathode is Cadmium 
 Nickel-Iron (Ni-Fe) Anode is Nickel-hydroxide, cathode is Iron 

In both cases, the electrolyte is Potassium-hydroxide solution (Caustic 
Potassium solution) 

 
 

 Uses  Used in battery driven vehicles  Used for emergency lighting 
Comparison between Alkaline cells and Lead-acid accumulators  
Alkaline cells Lead-acid accumulators  Require no special maintenance  Require special maintenance 

 May be left uncharged for a long 
time without being damaged 

 They get damaged if left 
uncharged for a long time  Can withstand overcharging  Can be damaged by overcharging

 They provide large currents 
without being damaged 

 They provide low currents  
 Are suitable for supplying a steady 

current for a long time 
 Can only supply steady current 

for a limited time  Are long-lasting  Are not long-lasting 
 Are less heavy  Are heavy 

 
Disadvantages of alkaline cells over Lead-acid accumulators  Alkaline cells are expensive compared to Lead-acid  Alkaline cells have a low e.m.f and higher internal resistance  Cadmium compounds are poisonous 



Lithium cells    They use lithium as the electron donor and Manganese(IV) Oxide as the 
electron acceptor  They have a long life span of up to 5years  They have a very high charge ratio 

 
Applications: mobile phones, smart devices 
 
Differences between Primary cell and Secondary cells 
Primary cell Secondary cell  Cannot be recharged once it stops 

working 
 Can be recharged once the e.m.f 

falls low  Current is produced as a result of 
irreversible chemical reaction 

 Current is produced as a result of 
a reversible chemical reaction  Provides a much lower e.m.f  Provides a relatively higher e.m.f 

 Works for a shorter time  Works for a longer time  Higher internal resistance  Lower internal resistance 
 
Factors to consider while choosing a battery  Capacity of the battery  The life span of the battery  Cost of the battery  Portability  
 
Capacity of an accumulator This is the amount of electricity which an accumulator can store. It is measured in 
ampere hours (Ah)                                                      = ( ) × ( ) =  
 
  
Examples   
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MAGNETISM 
Magnets 

 A magnet is a piece of metal 
which can attract other 
metals. 

Origin of magnetism 
 The word magnetism is derived 

from magnesia, the place where 
magnetic iron ore was first 
discovered 

 Magnetic iron ore is also referred to 
as lodestone (magnetite,݁ܨଷ ସܱ) 

 Lodestone is a naturally occurring 
magnet which comes to rest in 
North-South direction when freely 
suspended 
 

Properties of magnets 
 Every magnet has two ends called 

poles. The pole is the end where the 
magnetic forces are concentrated. 
i.e. the North pole (N) and the South 
pole (S) 

 Magnetic force of attraction and 
repulsion is greatest at the pole 

 A magnet attracts ferro- magnetic 
materials like iron fillings 

 When a magnet is freely suspended, 
it always comes to rest while 
pointing in the North-South 
direction with the North pole 
(North seeking) facing into 
Geographical North 

 
Laws of magnetism 
 Like poles of a magnet repel  
 Unlike  poles of a magnet attract  

 
 

Magnetic and Non-magnetic substances 
(a) Magnetic substances (Ferro-

magnetic) 
These are substances which are strongly 
attracted by a magnet. 
Examples; iron, cobalt, Nickel, Steel, 
Gadolinium, etc. 

(b) Non-magnetic substances (non-
ferro) 

These are substances which are not 
attracted by a magnet. 
Examples; wood, glass, rubber, copper, 
brass, plastics, Lead, etc. 
All substances show some kind of 
magnetic effect even if it is very small. The 
apparently non-magnetic substances are 
classified as either diamagnetic or 
paramagnetic respectively. 
 
Note: 
 A freely suspended bar magnet 

rests in the N-S direction. The end 
pointing north is the North seeking 
pole while that pointing south is the 
South pole 

 

  
 On dipping a magnet in iron 

fillings, more iron fillings are 
attracted to the ends of a magnet. 
This indicates that magnetic forces 
are strongest at the ends 
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Testing for polarity of a pole 
 The magnet whose polarity is 

required is brought close to a 
known pole.  

 If repulsion occurs, implies similar 
polarity.  

 Attraction is either because of 
unlike poles or from ferro-magnetic 
material 

 Repulsion is therefore, the only sure 
test for polarity of a magnet. 

 
Domain theory of magnetism (molecular 
theory) 

 All magnetic substances are  
composed of ‘tiny’ magnets 
(molecular magnets or dipoles)  

 The dipoles are divided into regions 
called domains 

 All the dipoles in a single domain 
align in one direction 

 In an un-magnetized material, the 
domains face in different directions, 
their magnetic effects cancel out and 
there are no free poles near the ends 

Diagrams 

  
Breaking a magnet 
When a magnet is broken into two or more 
pieces, two or more smaller magnets are 
obtained but of reduced strength 
The breaking of a magnet does not 
separate the two poles of a magnet 

  
Magnetization 
This is the process by which randomly 
arranged molecular magnets of a ferro-
magnetic material are arranged to point in 
one direction 
 
Methods of magnetization 

 Single stroke method 
 Double stroke method 
 Electrical method 
 
1. Stroke method/touch method 
(a) Single stroke method 

  The steel bar is stroked several 
times from one end to another using 
a bar magnet 

 The stroke is done in the same 
direction with the same pole of a bar 
magnet 

 The stroking of the magnet pulls the 
randomly molecular magnets to 
face in one direction 
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(b) Double stroke method 

  The steel bar is stroked from the 
centre outwards with unlike poles 
of two magnets at the same time 

 The poles produced at the end of 
steel bar are opposite to that of the 
stroking poles 

 At the end of each stroke, the 
magnets are raised before the next 
stroke to avoid disorganizing the 
domains  

 
2. Electrical method 
Diagram  
 

 The steel bar is inserted in a 
solenoid 

 Direct current is then switched on 
for some small time and then off 

 The current flowing in one direction 
arranges the molecular magnets in 
one direction 

Note: 
 The polarity of the magnet depends 

on the direction of current at the 
ends of the solenoid 

 If current is anticlockwise, then the 
pole is NORTH pole 

 If current flow is clockwise, then 
the pole is SOUTH pole 

 The current is only switched on for 
a small time to avoid over heating 
of the coil 

 
Magnetic saturation 
This is a state reached when the magnetic 
strength acquired by a magnetic material 
cannot be increased any further. 
It occurs when all the magnetic dipoles are 
facing in only one direction 
Graphical explanation 

 At point O, the magnetic dipoles in a 
ferromagnetic material are randomly 
arranged, so the material is not magnetized 
Along OA, the graph is linear because the 
magnetic dipoles start to align in the same 
direction as the material gains magnetic 
strength 
Along AB, the graph flattens, indicating 
that all the dipoles are now facing in the 
same direction and no more magnetization 
is taking place. Point A is called the 
saturation point 
Induced magnetism 
This is a process by which an 
unmagnetized magnetic material acquires 
magnetism from a nearby magnet 
The end nearest to the pole of the magnet 
acquires an opposite pole 
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 Induced magnetism can be used to form a 
magnetic chain 
If the chain is broken, by removing the 
magnet, the iron nails fall off indicating 
that the magnetism acquired is temporal 
If steel nails are used, the chain remains 
despite the removal of the magnet, 
indicating that the magnetism in steel is 
permanent 
 
Demagnetization  
This is the process by which a magnet loses 
its magnetism 
Once a magnet is demagnetized, the 
orderly arrangement of magnetic domains 
is disorganized 
Methods of demagnetization 

 By hammering it 
 Heating it and cooling it in E-W 

direction 
 Placing it in a solenoid of 

alternating current and 
withdrawing it in E-W direction 

 Dropping it hard on the ground 
 By keeping like poles together for a 

long time 
 Clamping it in E-W direction 

 
Hammering 
Done by hitting the magnet repeatedly 
while facing the E-W direction 
Hitting a magnet increases the 
rate/amplitude of vibration of the 
magnetic dipoles, hence leading to the 

collapse of the orderly arrangement of the 
dipoles 
Heating 
Magnet is heated to redness and then 
allowed to cool lying in E-W direction 
Increasing temperature increases the rate 
of vibration of the magnetic dipoles. The 
orderly arrangement collapses hence 
losing its magnetism 
Placing in a solenoid of alternating 
current 
The magnet is placed in a solenoid 
carrying alternating current lying E-W 
direction 
The A.c changes the orderly arrangement 
of the dipoles thus losing magnetism 
The demagnetized magnet should be 
stored in E-W direction to avoid 
magnetization by the earth’s field 
 
Storing/keeping of magnets 

  Magnets become weaker due to self-
demagnetization 

 The magnets are kept in pairs with 
their opposite poles adjacent 

 Small pieces of soft iron are placed 
onto their poles 

 These soft iron keepers become 
strong induced magnets which 
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neutralize the poles of the bar 
magnets 

 Hence the demagnetization effect 
disappears 

 
Soft and hard magnetic materials 
 
Soft magnetic materials 
These are magnetic materials which are 
easily magnetized but lose their 
magnetism easily 
Examples 

 Iron 
Soft magnetic materials are used for 
making electromagnets used in; 

 Transformers 
 Electric bell 
 Telephone receivers 
 Magnetic tape recorders 
 Electromagnets 
 Magnetic keepers 

 
Hard magnetic materials 
These are magnetic materials which are not 
easily magnetized but retain their 
magnetism for long period 
Example 

 Steel 
Hard magnetic materials are used for 
making permanent magnets used in; 

 Loud speaker 
 Electric motors 
 Voltmeters 
 Ammeters 
 Dynamo 
 Compass needle 

 
Difference between permanent magnets 
and temporary magnets 

Permanent magnets Temporary magnets 
Retains its 
magnetism for a long 
time 

Does not retain its 
magnetism for long time 

Made of hard 
magnetic materials 

Made of soft magnetic 
materials 

 
Experiments to distinguish between hard 
and soft magnetic materials 

(a) By use of permanent bar magnet 

  Strips of soft iron and steel of equal 
dimensions are placed side by side 
in contact with a magnetic pole 

 The free ends are dipped into iron 
fillings 

Observations 
More iron fillings cling to the soft iron  
However, when the magnetic pole is 
removed, soft iron loses almost all the iron 
fillings while steel retains almost all 
 

(b) Electrical method to distinguish 
hard and soft magnetic materials 

 
 
 
 

 Switch K is closed, the soft iron and 
steel get magnetized and attract the 
iron fillings 
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 More iron fillings are attracted to 
the soft iron rod than the steel rod 

 This shows that the magnetism in 
iron is stronger than that in steel 

 When switch is opened, all iron 
fillings on the soft iron fall off, while 
steel retains more iron fillings.   

 
MAGNETIC FIELDS 
A magnetic field is a region around a 
magnet or current carrying conductor in 
which a magnetic force is felt 
Are represented by magnetic field lines 
Note: 
A magnetic field line of force shows the 
path and direction, a north pole would 
take if freely placed at that point  
Properties of magnetic fields 

 Field lines run from North to South 
pole outside a magnet 

 They are continuous 
 They do not cross each other 

Plotting magnetic field patterns 
(i) Iron fillings 
(ii) Plotting compass 

Iron fillings method 
 A piece of magnet is placed on a flat 

surface 
 A piece of paper is placed on top of 

it 
 Iron fillings are gently sprinkled 

over the paper 
 The paper is tapped gently and the 

iron fillings re-arrange themselves 
into curved lines revealing the 
magnetic field pattern 

Advantage 
 It is quick 
Disadvantage 

 Direction of field is not indicated 
 Not suitable for weak fields. 

 
Plotting compass method 

  A bar magnet is placed on a sheet of 
paper fixed on a soft board 

 Its outline is traced and the poles 
indicated on the paper 

 A plotting compass is then brought 
near the north pole of the magnet 

 The position of the north pole of the 
compass needle is marked using a 
pencil dot 

 The compass is moved until its 
South pole coincides with the 
marked dot 

 The procedure is repeated to obtain 
a series of dots until the South pole 
is reached 

 The dots are joined by a smooth 
curve which represents magnetic 
field lines 

 This method is slow but suitable for 
weak fields. 
 
 
 
 

Magnetic field patterns 
Diagrams  
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A neutral point is the point in a magnetic 
field where the resultant magnetic flux 
density is zero 
 
Magnetic screening 
Diagram  
 

 
 
 
 
 
 
 

 This is the creation of a magnetically 
neutral space in the neighborhood of a 
strong magnetic field 

 Iron has the ability to draw and 
concentrate all the magnetic flux 
from the surroundings through its 
self. 

 It is said to be more permeable to 
the magnetic flux than air 

 The space inside the ring is said to 
be shielded or screened from the 
magnetic flux 

 
Applications of magnetic screening 

 Non-digital watches 
 T.V tubes and C.R.O tubes 
 Electron beams 

They are used to shield them from external 
magnetic field by placing a strong iron 
cylinder along the neck of the tube 
The earth as a magnet 
The earth behaves as though contains a bar 
magnet inclined at an angle at its axis of 

rotation with its South Pole in the 
geographic north 
The study of the earth’s magnetic field 
involves  

(i) Two imaginary planes called 
magnetic meridian and 
geographic meridian 

(ii) Two angles called angle of 
declination and angle of dip 

 

 Magnetic meridian 
This is a vertical plane containing poles of 
a freely suspended magnet 
Geographic meridian 
This is a vertical plane which passes 
through the earth’s geographic poles 
Angle of declination 
This is the angle between the magnetic 
meridian and geographic meridian 
Angle of dip 
This is the angle between the earth’s 
resultant magnetic field and the horizontal 
Magnetic axis 
This is an imaginary line joining the earth’s 
magnetic poles 
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Geographic axis 
This is 
an 

imaginary line passing through the centre 
of the earth and the geographic poles 
 

  
 

  
 
 
Earth’s magnetic field 

 
 

a) Bar magnet with North pole 
pointing geographic north 
  

 
 
 
 
 
 
   
 
 
 
 
 
 
(b)Bar magnet with South pole pointing 
geographic North 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
TEST FIVE 

SECTION A 
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1.   

 Figure two shows the super position of the earth‘s magnetic field and the field due to a 
magnet. Identify point marked 1, 2, 3 and 4. 
 

 1 2 3 4 
A. 
B 
C.  
D.  

South 
pole  
North 
pole 
Neutral 
point 
Neutral 
point    

North 
pole 
South 
pole  
Neutral 
point 
Neutral 
point   

Neutral 
point 
Neutral 
point   
North 
pole  
South 
pole  

Neutral 
point  
Neutral 
point  
South 
pole  
North 
pole  

 
2.  Which of these factors affect the magnitude of force on a current-carrying conductor in 

a magnetic field. 
(i)  The direction of current  
(ii)  the amount of current  
(iii)  the direction of the magnetic field  
(iv)  the strength of the magnetic field 
 
a)  (i) and (ii)     b)  (ii) and (iii)  
c)  (i) and (iii)     d)  (ii) and (iv) 
 

3.  A magnetic material can be magnetized by 
(i)  stroking with a permanent magnet  
(ii)  using a direct current  
(iii)  by induction 
 
(a)  (i) only     (b)  (i) and (ii) only  
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(c)  (ii) and (iii) only    (d)  (i), (ii) and (iii)  
 
4.  Which of the following statements isn’t true about a magnet? 

A.  Magnetic poles can’t be separated 
B.  A paramagnetic material is a material from which strong magnets can be made 
C.  The neutral in a magnetic field is a point where there is no force experienced 
D.  Heating a magnet can reduce its magnetism 

 
5.  Four metals P, Q, R and S are tested for magnetism. Q attracts both P and R but not S. 

S does not attract P, Q or R. P and R sometimes attract one another and sometimes 
repel each other. Which of the following statements is correct about P, Q, R and S? 

 
a)  P, Q, R are magnets, S is magnetic    
b)  P and Q are magnets, S and R are magnetic.   
c)  P and R are magnets, Q is magnetic, S is non-magnetic.   
d)  P and R are magnets, Q and S are non-magnetic. 

 
6.  Which of the following statements are correct? 

(i) the particles of magnetic materials are tiny magnets. (ii) the particles in un 
magnetised  iron arrange themselves in closed chains   

(iii) the particles in a magnet are arranged in open chains with N pole of one 
particle against the S pole of its neighbouring particle  

(iv)  groups of atoms form a magnetic domain 
(a)  (i), (ii) and (iii)only      (b)  (i), (iii) and (iv) only  
(c)  (ii)  and (iv)only     (d)  (iv) only 

7.  Which one of the following diagrams shows a correct magnetic field due to a current 
flowing in a solenoid? 
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8.  Which of the following statements are true about magnets                                                                     
1.  magnets always have opposite polarites  
2.  A magnet can be used as a compass  
3.  Repulsion is the only sure test for a magnet  
4.  Magnets attract all metals 

 
A.  1 only     B.  2 and 3 only   
C.  1, 2 and 3 only   D.  All 

 
9.  Permanent magnets are made from  

(a)  diamagnetic materials   (b)  Ferro magnetic materials 
(c)  paramagnetic materials  (d)  dielectric materials 

10.  Which one of the following diagrams shows the correct arrangement of the magnetic 
domains in a magnetised material? 

 

 11.  Which of the following sentences is/are true about molecular theory of magnetism 
1.  Breaking a magnet into two results into the formation of two magnets 
2.  Heating and rough treatment destroys magnetism 
3.  The poles of a magnet are of equal strength 
4.  The lines of force travel from a north pole towards a south pole 
A.  1 only     B.  1 and 3 only   
C.  2 only     D.  All  

                               
 

SECTION B 
 
1. (a) What is a soft magnetic material?  
(b)  State two ways in which a bar magnet can be demagnetized. 
2. a)  (i) What is a magnetic field?  
           (ii)  State the law of magnetism  
3.  What is a neutral point in a magnetic field? 
 
 
4.  (a) What happens when a magnet is 

i)  Dipped in iron filings  
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ii)  Freely suspended in air 
(b)  A powerful magnet Q is placed on a soft board. Plastic pins are firmly stuck in 

the soft board around the magnet. An identical magnet P is held in the space 
surrounded by the pins above the magnet Q. When the magnet P is released, it 
floats above the magnet Q as shown in figure 3. 

 
(i)  Explain why P floats above Q.  
(ii)  Why are plastic pins used instead of steel pins?  
(iii)  What would happen to magnet P if all the pins were removed at the 

same time? 
5.   (a)  What is meant by the following;  

(i)  Magnetic meridian  
(ii)  Geographic meridian  

(b)  Describe briefly how a steel bar may be magnetized.  
6.  (a)  What is meant by 

(i)  Magnetic saturation                        
(ii)  Demagnetisation by heating or hammering.  

(b)  

  
An iron ring is placed between two poles of two permanent magnets as shown 
in the figure above. Draw the magnetic field pattern set up between the two 
poles. 
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7.  (a) (i)  Describe an experiment to distinguish between soft and hard  

magnetic materials.  
(ii)  State one instance in which each of these materials is used. 

(b) 

 The figure above shows how a magnetic material can be magnetised by 
electrical method 
(i)  Indicate the direction of current in the coil.  
(ii)  Name the polarities P and Q.  

 
8.  A bar magnet is placed in the earth’s magnetic field with its north pole pointing to  the 

geographical west as shown below. 
 

  
(i)  On the diagram, draw the lines of the resultant magnetic field around a 

magnet.  
(ii)  Mark the neutral point X  

  
9.  (a)  Explain how a piece of iron can be magnetised by a single touch  

method illustrate your answer with a diagram  
(b)  How can you determine the polarity of a magnet?  

 
10.  With the aid of a diagram, explain the use of keepers to store magnets.  
 
11.  (a)  The diagram in the figure shows a metal sphere of weight W in  

equilibrium. Complete the diagram to show the forces acting on the metal 
sphere. 



14 
 

 
 
 
 
 
 
 
 

(b)  State two effects that a force can have on a body. 
 
12.  (a)  Explain why a magnet loses its magnetism when placed in a coil of a wire 

carrying alternating current  
(b)  Describe the motion of a beam of electrons directed midway between the north 

and the south poles of a permanent magnet. 
 

13.   (a)  Explain with the aid of diagrams how a steel bar can be magnetized by   
Double/divided touch method  

(c) Sketch the magnetic field pattern of two bar magnets whose north poles face each 
other 

 
14.  (a)  What is meant by 

(i)  Magnetic declination.                        
(ii)  Angle of dip.  
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