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Unit 1 ð Electromagnetism  

A magnetic field is a region where magnetic materials feel a force. Magnetic fields are 
created by magnets, or current flowing in a wire. Here are some magnetic fields you should 
know about :  
 
 

A bar magnet  

Magnetic fields  

Notice that the magnetic field lines show three things     :  
 

   1 ) The shape of the field  

   2 ) The direction    ð   out of the North pole; into the South.  
 

   3 ) The strength of the field  ð   the field is stronger where  

                t he lines are closer together.  

           

N S 

A long, straight wire with a current flowing through it  

Current direction  A magnetic field is 
created around the 

wir e 

Notice that the field lines get further apart the further they are from the wire, since the 

magnetic field is getting weaker.  

Plan view (birdõs-eye) 

A long coil (solenoid)  

Notice that the field lines inside the coil are almost 
straight and parallel ð this shows the magnetic field 
has a constant strength in this region.  
 
Also, notice that the shape is very similar to that of 

the magnetic field around a bar magnet.  

A flat coil  
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We can use the magnetic effect of electricity 
to produce movement.  
 
If a current -carrying wire is placed in the 
magnetic fi eld of a permanent magnet, two 
magnetic fields will exist on top of each other 
ð one due to the permanent magnet, and one 
from the e lectricity flowing in the wire.  
 
This produces a force on the wire, in exactly 
the same way a force is produced between two 

magnets placed close together.  

The Motor Effect  

Current into 

wire 

Magnetic field 

downwards   

N 

S 

Permanent magnet 

The size of the force on the wire can be increased by doing one of three things :  
 

 1.  Increasing the current  

 2.  Increasing the magnetic field strength  

 3.  Increasing the number of wires in the field  
 

Itõs possible to predict the direction of the force by using  Flemingõs LEFT hand 

rule.  

 

 

If the thumb and first two fingers of the left hand  

are placed at right angles to each other as shown  

then  . . . . 

 

the First finger is in the direction of the Field  

 

the se Cond finger is in the direction of the Current  

 

and the thu Mb is in the direction of Motion.  
 

The force produced on a wire can be used to create 
movement (rotational), and is known as the ôMotor Effectõ. 
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N S 
Commutator 

(split ring) 

Carbon  

brushes 

A 

B 

A 

B 

N N S S 

Commutator 
 

When current passes through 
the coil, a force acts upwards 
on one side of the coil, and 
downwards on the other side.  
 
The overall effect of these 
forces is to make the coil turn 

on its axis. 

The Motor  

The split ring commutator ensures that the force on any wire on the left hand side 
of the motor is always directed upwards, and that the force on the right hand side is 
always downwards. This makes sure that the coil turns  continuously in one direction.  
 

Question   : Match each label (1 Č7) to the correct part (a Čg) for the  

           simple dc electric motor below :   

1.  Commutator (Split rings)  

          2.  Voltage in 

          3.  Magnetic field 

          4.  Motion / Force 

          5.  Coil 

          6.  Electric current 

          7.  Brushes 

.  
 

a 

b 

f 

e 

c 

g 

d 

Answer :     1=f, 2=e, 3=b, 4=a, 5=c, 6=d,7=g 
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If a metal wire is forced to move 
through a magnetic field (or a 
magnetic field is moved through a 
wire), a voltage  is produced across 
the wire.  
If this wire is part of a complete 
circuit, this voltage will push a 
current around the circiut.  
 
Another way of saying this would be :  

òelectricity is induced 
(created) when a wire CUTS 
through magnetic field 
linesó. 
 

Electromagnetic Induction  

N S 

0 
1 

2 

1 

2 
mA 

Wire   

Magnetic field lines  
 

Wire is forced downwards, cutting 

through the field.  
 

N S 

       coil rotating 

carbo

n  

brush
contact rings 

                  

                 Coil  

As you can see in the diagrams below, it makes no difference whether itõs a magnet turning 
inside a coil, or a coil turning inside a magnetic field, the effect is the same ð electricity is 
induced in the coil.  

 

A ôdynamoõ on a bicycle wheel 
 

A small generator, e.g. a wind up torch  
 

Generators are a crucial part of all power stations (except for solar PV).  
Shown below is a wind turbine ð the generator can be seen at the back.  

 
 

Hereõs a 
generator from a 
hydroelectric 
power station Č 
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The output voltage/current is proportional  (doubling one variable doubles the 

voltage/current) to :  
 

 1.   the speed of rotation       
 

 2.   the number of turns on the coil  
 

and increases if the magnetic field strength  increases. 
    

The direction of the induced current can be predicted by using  Flemingõs RIGHT hand rule.  
 
 
If the thumb and first two fingers of the right hand are  
placed at right angles to each other as shown then , 

 
the First finger is in the direction of the Field  
 
the thuMb is in the direction of Motion  
 
and the seCond finger is in the direction of the Current  

  
 

Generators  

What type of output voltage/current is produced by a generator ?  
 
Usually, the circular movement that occurs in generators produces an alter nating voltage or 
current. ôAlternatingõ means that the current/voltage direction changes regularly. For most 
generators the circular movement also means that the output current is constantly changing 
in size  ð this is explained on the next page.   
 
Hereõs a graph showing a typical output from a generator :  
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Notice the effect of doubling  
the speed of rotation of the 
generator.  
 
One ôrotationõ or cycle takes 
2 seconds (rather than 4s).  
 
Also, the peak voltage is now 
twice  as large since the coil 
in the generator is breaking 
through magnetic field twice  
as quickly ð see point 1 at 
the top of the page !  
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Understanding the shape of the output voltage of a generator  
 

Generators  
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The coil is cutting through magnetic 
field lines at its  greatest rate, and 

so this is when the maximum 
voltage/current is produced.  
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Side òAó of the coil is still cutting 
upwards through magnetic field lines , 

and so the voltage is still positive. 
However, because of the angle, the 
coil isnõt cutting the lines as quickly as 
before, and so thereõs less voltage.  
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The coil is not  cutting any field lines 
ð its just moving along with them in 

the North -South direction.  
This means that NO voltage is 

produced. 
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Once again lines are being cut at 
maximum rate, but side òAó of the coil is 
now cutting down through the magnetic 

field.  
This changes the direction of the voltage.  
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ċ Hereõs a large transformer in the     
     National grid éé 
 
    éé and hereõs a small transformer  

          ð a phone charger Č 

The explanation for how electricity is created in the secondary coil could be asked for in a 
òQWCó-style examination question. Hereõs an example of a well-structured answer :  
 
 
 
 
 
 
 
Additionally, whether this output voltage is greater or lesser than the primary voltage 
depends on the amount of turns in the secondary coil as compared to the primary.  
 
              where          V1  =  voltage across the primary coil  
                V2  =  voltage across the secondary coil 
                N1  =  number of turns on the primary coil  

                N2  =  number of turns on the secondary coil  

The alternating current in the primary c oil creates a changing magnetic field around it.  
Iron is a magnetic material, and so easily transmits this magnetic field to the secondary coil.  
The constantly changing magnetic field around the secondary coil induces a voltage in this 

coil.  
 

Example  :  The input (primary) voltage of a phone charger is 240V (mains). The output needs  

          to be 4.8 V. Calculate òN2ó (the number of turns on the secondary coil ) if N 1 = 2000. 
 

N2  =  N1 x V2  =   2000  x  4.8   =    40 turns 

               V1                   240 

 

A transformer is a device that makes use of the fact that electricity can be created (induced) 
by a changing magnetic field . Transformers are used to increase (step -up) or decrease (step-
down) the voltage.  
 
Hereõs a diagram of a transformer where two separate coils have been wound around two 

sides of the same piece of solid iron ôcoreõ: 

Primary voltage 

(input) 

Secondary 

voltage (output) 

Iron core     

240 V 

Primary coil Secondary coil 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Using Induction - TRANSFORMERS 

V1  =   N1 

V2       N2 
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Transverse:  The oscillations of the particles are at right angles (90Ě) 

to the d irection of travel (propagation) of the wave.   

Examples: All electromagnetic waves (Light, microwaves etc), S -waves,  

Longitudinal waves: The oscillations of the particles are in the same direction 

as the wave is moving.  

Examples: Sound waves, P-waves 

Characteristics What is it? Units  

1.Wavelength  

l 

The distance from a crest to the next crest or the distance 

it takes to repeat itself.If there are 10 waves in 5 metres 

then the wavelength is 0.5m  

Metres, m  

2. Frequency  

f 

The number waves per second. 1 Hz is 1waves per second. 

If there are 40 waves in  10 seconds then the frequency is 

4 Hz. 

Hertz, Hz 

3. Amplitude  

Distance from the middle of the wave to the crest/top. 

The greater the amplitude the more energy the wave is 

carrying.  

Metres, m  

Unit 2 ð Properties of waves + Structure of the Earth  

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=https://magareyphysics.wikispaces.com/Transverse%2BWaves&ei=MxfdVMiNCIzkaOKdgogE&bvm=bv.85970519,d.d2s&psig=AFQjCNErYOje0tg2djm9dhcYTh9jqeSkKg&ust=1423861709522587
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://imgarcade.com/1/longitudinal-waves/&ei=gBndVKL_I5TYapaKgcAB&bvm=bv.85970519,d.d2s&psig=AFQjCNGZ-kJwSdH6qyEAdNVDDiNVel0XKA&ust=1423862489458715
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Reflection. As the waves strike a plane (flat) barrier they are reflected. This is very similar for 

a beam of light reflecting on a plane mirror. If a curved (concave) barrier such as a satellite dish 

is used, the waves can be made to converge (concentrate) at a point.  The angle of inciden ce and 

reflection will be equal.                                       

                                                                                            Reflection on a satellite dish.  

 

 

 
 

 

 

 

 

 

Refraction : Refraction is the change in direction of a wave at the 

boundary between two materials. This is caused by a change in speed.  
 

Water .  This occurs when water 

waves pass between deep and 

shallow water.  The waves move 

more slowly in shallow water. The 

frequenc y of the waves remain 

constant  and so the wavelength 

decreases. When the  waves move 

from shallow to  deeper water, 

thei r speed increase and they 

change direction away from the 

normal   
 
 
Light.  When light passes in between 

materials of different optical 

densities, it causes the light ray to 

refract. When the light moves from air 

to glass it slows down , and bends 

towards the normal. When the light 

emerges from the glass block it speeds 

up and bends away from the normal 

(opposite direction).  

Properties of waves  
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                              (a)                                  (b)                                       (c)  

   

 

 

 This phenomenon occurs when light moves from a more optically dense material (e.g. 

water) to a less optically dense material (e.g. air) causing a change in speed.  

1. The incident angle Ȃ1 is less than  the critical angle and so the light ray refracts/  

bends away from the normal as it emerges from the water.  Ȃ2 is the angle of refraction.  

2. The incident angle Ȃ1 equal to the critical angle and so the light ray passes along the  

surface of the boundary.  

3. The incident angle is greater than  the critical angle and s o the light ray is  

 reflected back into the water. This phenomenon is known as total internal reflection .   

    Ȃ1 = Ȃ2 

 

 

Optical Fibres : these can be used to carry information by using infra -red light. There are 

many uses from internet, cable TV, phone, some signs  

 

 

 

 

Endoscope:An endoscope is any instrument used to look 

inside the body. Thousands of optical fibres are bundled 

together in an endoscope which  is inserted into a human 

body by the doctor. Light can be directed down the 

fibres even if they are bent, allowing the surgeon to 

illuminate the area under observation. He/she can then 

view this from a televis ion camera linked to a monitor.  

Total internal reflection  

Uses of total internal reflection.  

 

http://www.google.co.uk/imgres?q=endoscopes&um=1&hl=en&safe=active&sa=N&biw=1280&bih=843&tbm=isch&tbnid=jnjIqFbc5sb3yM:&imgrefurl=http://www.patient.co.uk/health/Endoscopic-Ultrasound-Scan.htm&docid=2NA_EWcNFsOXDM&imgurl=http://www.patient.co.uk/pilsinl/130.gif&w=357&h=542&ei=yfDVT7TOJcnB8gO8nLSBAw&zoom=1&iact=hc&vpx=1051&vpy=447&dur=9609&hovh=277&hovw=182&tx=93&ty=178&sig=110830518258848135169&page=1&tbnh=166&tbnw=109&start=0&ndsp=22&ved=1t:429,r:21,s:0,i:138
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The mechanisms and processes involved when earthquakes occur are extremely complex.   

However some of the characteristics of earthquakes can be explained:  

 

¶ Over time stresses in the Earth 

build up (often caused by the slow 

movements of tectonic plates)  

 

¶ At some point the stresses become 

so great that the Earth breaks é an 

earthquake rupture  occurs and 

relieves some of the stresses (but 

generally not all)  and a lot of  energy  

is released.   
 

 

 

Earthquakes result from P, S and surface waves generated by the release of energy 

stored in rocks on either side of a fault.  
 

Primary (P) Waves. They are called primary waves 

because they arrive first. The main characteristics of 

primary waves are:  

¶ They are longitudinal waves.  

¶ Faster than S waves. 

¶ Can travel through liquids  and solids.  

Secondary (S) Waves.  They are called secondary 

waves because they arrive second. The main 

characteristics of secondary waves are:  

¶ They are transverse waves.  

¶ Travel slower than P waves.  

¶ Can only travel through solids.  

Surface Waves:  Travel along the Earthõs crust. The 

main characteristics of surface waves are:  

¶ Have higher amplitudes than P and S waves.  

¶ These usually cause buildings to be knocked 

down. 

¶ Formed from a combination of P and S waves. 

¶ Generally slowest of the three waves.  

 Seismic waves / Earthquakes  

The 3 types of seismic waves.   
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The velocity of a P or S wave 

depends on the physical properties 

of the rock. In fact, if the velocity 

of the wave can be measured, it 

may be possible to predict the type 

of rock the wave travelled through 

- indirect detection of rock type . 

  

The velocity depends upon  

1.  The density of the rock/material. The higher the density the more 

slowly waves travel.  

2. The rigidity  of the material ð waves travel more quickly more 

rigid/stiff  materials.  
 

Speed of P - waves in the core : the density of the iron core is very much greater than 

that of the mantle, their speed is much less. As in the mantle, the speed increases with 

depth and the speed increases as it crosses into the more rigid  solid inner core.  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Rigidity of the material has a greater effect on speed than density.  

Look at the graph and notice that there are no S -waves in the outer core. P -waves, S-

waves and surface waves can travel in the following.  

¶ Crust (solid) : P-waves, S-waves and surface waves. 

¶ Mantle (solid):  P-waves and S-waves. 

¶ Outer core (liquid):  P-waves only. 

¶ Inner core (solid):  P-waves.  

The speed of seismic waves.   
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Both the density and stiffness increase with depth in the mantle, but the rigidity wins and 

so the speed of both S - and P-waves increases with depth. If the speed of the waves 

changes then the waves will refract a nd so will change direction.  
 

Refraction in the Mantle  Over a few hundred km refraction has the following effect 

ð ignoring th e curvature of the Earth:  

           

F = earthquake focus                                                                              S = Seismometer  

 

 

 

 

 

 

 

 

 

 

The waves curve because the bottom edge travels faster than the top edge and so it 

overtakes the top edge. This makes it bend upwards.  Note that both P - and S-waves curve 

like this. They both travel faster the deeper they go into the mantle.  

 

Inside the core.  
 

The waves refract/ bend at the core -mantle 

boundary because they slow down. Inside the 

core, the waves curve gradually, just like in 

the mantle, because the deeper they get, the 

faster they become  - because the core is 

more rigid  at greater depths. They donõt 

refract/ bend very much though because the  

speed doesnõt change very much                                      

ð see the graph.  (The dotted lines represent 

the normal which is always at 90Ě to the 

boundary).  

 

 

If the waves pass through the inner core, they refract again. They also  refract  as they 

pass back into the mantle.  

Refraction of seismic waves.  
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The outer co re of the Earth is liquid . The mantle a nd the inner core are solid . Only ôPõ 

waves can travel through the liquid outer core. By measuring 'P' and 'S' waves after an 

earthquake at different points across the globe, we can estimate the size of the Earth's 

liquid outer core.  

P and S waves travel very differently  through the Earth. Initially P and S waves travel in 

all directions from the epicentre  of an earthquake outwards. They are refracted as they 

travel from the epicentre  and follow arcs . 

However, S waves cannot  travel through the 

liquid outer core of the Earth.  

1. the large shadow zone for the S waves 

on the opposite side of the earth fr om 

the epicentre.  

2. the two smaller shadow zones for P 

waves 

 

Note that there is a considerable change in density from the solid mantle to the liquid 

outer core. By finding the angles at which the P and S waves both  disappear we can 

calculate the radius of the liquid core of the earth.  

 

The existence of the S shadow zone  

is due to a liquid outer core [at all 

angles > 104° from the epicentre] 

shows that there must be a molten 

layer  (liquid)  and gives evidence for its 

size.  

 

The size of the P shadow zone  reveals 

the amount of refraction  at the core ð 

hence gives evidence for its density / 

rigidity . 

 

 

Shadow zones.  

http://schools.matter.org.uk/content/Seismology/refraction.html
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Seismograms can be used to locate  the epicentre of an earthquake.  

 

P-waves arrive first then S -waves 

followed by the surface wave. The 

greater the distance from the 

earthquake to the monitoring 

station the greater the time 

lag/ gap between the waves. 

Remember not all monitoring 

stations will receive the seismic 

waves due to the shadow zones. 

 

Example question. The diagram shows the first seismic signals received from an 

earthquake at two monitoring stations A and B.  

 

 

 

 

 

 

 

 

 

 

 
1. What evidence is shown by the seismic data that suggests A is nearer the epicentre  than B? 

Answer:  The seismic waves arrive at A before they arrive at B.  

 

2. What evidence suggests P and S waves have travelled with different speeds from the earthquake?  

Answer: P and S waves do not arrive at the same time.  

 
3. The time lag between the arrival of the P and S waves for a seismic station which is 100km from the  

epicentre of an earthquake is 12s. Calculate the distance of the monitoring station A from t he epicentre  

      of this earthquake.  

Answer :      1 st  step is  to work out the time gap between P and S waves for station A. Between 12:21 :30 and 

12:22:41 there is a 71s gap/delay.  

                    2nd step is to realise that there is a 12s delay for each 100km (as s tated). How many times 

more is 12s than 71s ? 

     So,   71 ÷ 12 = 5.92       and then                 5.92 x 100 =   592km  

Seismogram.  


