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• A magnetic field exists wherever there is force on a magnetic pole. 

• You can make a magnetic field in two ways: using a permanent magnet, or 

using an electric current. 

• We represent magnetic field patterns by drawing magnetic field lines. 

• The magnetic field lines come out of north poles and go into south poles.  

• The direction of a field line at any point in the field shows the direction of 

the force that a ‘free’ magnetic north pole would experience at that point.  

• The field is strongest where the field lines are closest together. 

• The idea that magnetic field lines emerge from north poles and go into 

south poles is simply a convention. 
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Magnetic field patterns for (a) a solenoid, and (b) a flat circular coil: 

                

 

The magnetic field pattern around a current carrying wire:  
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The right-hand grip rule gives the direction of magnetic field lines in an 

electromagnet.  

 

“Grip the coil so that your fingers go 

around it following the direction of 

the current. Your thumb now points in 

the direction of the field lines inside 

the coil, i.e. it points towards the 

electromagnet’s North Pole.” 

 

 

 

 

The circular field around a wire carrying a current does not have magnetic poles. 

To find the direction of the magnetic field you need to use another rule, the 

right hand rule.  

“Grip the wire with your right 

hand, pointing your thumb in 

the direction of the current. 

Your fingers curl around in the 

direction of the magnetic field.” 
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Magnetic force: 

• A current-carrying wire is surrounded by a magnetic field.  

• This magnetic field will interact with an external magnetic field, giving rise 

to a force on the conductor, just like the fields of two interacting magnets.  

• We use Fleming’s left-hand (motor) rule to predict the direction of the 

force on the current-carrying conductor, placed in a magnetic field 

 

 

“If the thumb and first two fingers of the left hand 

are held at right angles to one another, with the First 

finger pointing in the direction of the Field and 

seCond finger in the direction of the Current, then 

the thuMb points in the direction of the Motion or 

force.” 

 

 

• If you think of the magnetic field lines as elastic bands then you can see 

why the wire is pushed out in the direction shown.  

• The production of this force is known as the motor effect, because this 

force is used in electric motors.  

\ 
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Magnetic flux density 

• The strength of a magnetic field is known as its magnetic flux density, with 

symbol B. 

“The magnetic flux density (B) at a point in space is the force experienced per 

unit length by a long straight conductor carrying unit current and placed at right 

angles to the field at that point.” 

 

• The unit for magnetic flux density is the tesla, T.  

• It follows from the equation for B that  

1 T = 1 NA−1m−1. 

The tesla is defined as follows:  

“The magnetic flux density is 1T when a wire carrying a current of 1A placed at 

right angles to the magnetic field experiences a force of 1N per metre of its 

length.” 

The force on the conductor is given by the equation:  

F = BIL 

• Note that you can only use this equation when the field is at right angles to 

the current. 

• The force on a current-carrying conductor depends on the angle it makes 

with the magnetic field lines. At an angle other than 90°, to calculate the 

force, we need to find the component of the magnetic flux density B at 

right angles to the current. We use the following equation 

F = BILsinθ 
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Q: An electric motor has a rectangular loop of wire with the dimensions shown in 

Figure given. The loop is in a 

magnetic field of flux density 0.10T. 

The current in the loop is 2.0A. 

Calculate the torque that acts on the 

loop in the position shown. 
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Forces between currents:  

• There are two ways to understand the origin of the forces between current-
carrying conductors. 

• In the first, we draw the magnetic fields around two current-carrying 
conductor.  

• The diagram shows the resultant field in both the cases i.e current in same 
and opposite direction. 

 
Current in opposite direction 

 

Current in same direction 

 

• The other way to explain the forces between the currents is to use the idea of the motor 
effect.  

• Figure on right again shows two like currents, I1 and I2, but this 
time we only consider the magnetic field of one of them, I1.  

• The second current I2 is flowing across the magnetic field of I1; 
from the diagram, you can see that B is at right angles to I2.  

• Hence there will be a force on I2 (the BIL force), and we can 
find its direction using Fleming’s left-hand rule.  

• The arrow shows the direction of the force, which is towards 
I1. Similarly, there will be a BIL force on I1, directed towards I2.  

• These two forces are equal and opposite to one another.  

• They are an example of an action and reaction pair, as described by Newton’s third law 
of motion.  
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Comparing forces in magnetic, electric and gravitational fields: 

Gravitational and electric fields are defined in terms of placing a test mass or a 
test charge at a point to measure the field strength. Similarly, a test wire carrying 
a current can be placed at a point to measure the magnetic field strength. 
Therefore all fields are defined in terms of the force on a unit mass, charge or 
current. 
 

• Action at a distance, between masses, between charges or between wires 
carrying currents. 

• Decreasing strength with distance from the source of the field. 

• Representation by field lines, the direction of which show the direction of 
the force at points along the line; the density of field lines indicates the 
relative strength of the field. 

 

• The force between two 1 kg masses 1 m apart = 6.7 × 10–11 N 

• The force between two charges of 1 C placed 1 m apart = 9.0 × 109 N 

• The force per metre on two wires carrying a current of 1 A placed 1 m apart 
= 2.0 × 10–7 N 

 

• For an electron, or any other small charged object, electric forces are the 
most significant. 

• However, over larger distances and with objects of large mass, the 
gravitational field becomes the most significant. 
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The magnetic force on a moving charge 

The magnetic force F on a moving particle at right angles to a magnetic field is 

given by the equation: 

F = BQv 

B = the magnetic flux density (strength of the magnetic field) 

Q = the charge on the particle 

v = the speed of the particle. 

 

If the charged particle is moving at an angle θ to the magnetic field, the 
component of its velocity at right angles to B is v sin θ.  
Hence the equation becomes: 
 

F = BQv sin 

 

• The direction of the force can be determined from Fleming’s left-hand rule.  

• The force F is always at 90° to the velocity of the particle. 
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Orbiting charges 

• Consider a charged particle moving at right angles to a uniform magnetic 

field.  

• It will describe a circular path because the magnetic force F is always 

perpendicular to its velocity.  

• We can describe F as a centripetal force, because it is always directed 

towards the centre of the circle. 

• The fact that the Bev force acts as a centripetal force gives us a clue as to 
how we can calculate the radius of the orbit of a charged particle in a 
uniform magnetic field. 
 

The centripetal force on the charged particle is given by: 
 

 
 

The centripetal force is provided by the magnetic force Bev. Therefore: 
 

 
 

Cancelling and rearranging to find r gives: 
 

 
 

 
The above equation shows that: 

• faster-moving particles move in bigger circles (r ∝ v) 

• particles with greater masses also move in bigger circles (they have more 
inertia: r ∝ m) 

• Stronger field makes the particles move in tighter circles (r ∝ 1/B). 
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The charge-to-mass (e/m) ratio of an electron: 

• This ratio is also known as the specific charge on the electron  

• the word ‘specific’ here means ‘per unit mass’. 

• the equation for an electron travelling in a circle in a magnetic field, we 
have 

𝑒

𝑚
=

𝑣

𝐵𝑟

 
Practically, there are difficulties in measuring B and r. 
 
Method 01: 

• One way is to use the cathode–anode voltage V.  

• This p.d. causes each electron to accelerate as it moves from the cathode to 
the anode.  

• If an individual electron has charge −e then an amount of work e × V is done 
on each electron.  

• This is its kinetic energy as it leaves the anode. Hence, 
 

𝑒 𝑉 =
1

2
 𝑚 𝑣2

• here m is electron mass and v is the speed of the electron. 

• Eliminating v from the two equations gives, 

𝑒

𝑚
=

2𝑉

𝑟2𝐵2

• Hence, if we measure V, r and B, we can calculate e/m. 
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Q: An electron is travelling at right angles to a uniform magnetic field of flux 
density 1.2 mT. The speed of the electron is 8.0 × 106 m s−1. Calculate the radius 
of circle described by this electron.  
(For an electron, charge e = 1.60 × 10−19 C and mass m = 9.11 × 10−31 kg.) 
[3.8 cm] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Q: If the electron charge is 1.60 × 10−19 C and the charge-to-mass ratio e/m is 
1.76×1011 C kg−1, calculate the electron mass. 
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The deflection tube:  

• A deflection tube is designed to show a beam of electrons passing through 
a combination of electric and magnetic fields. 

• By adjusting the strengths of the electric 
and magnetic fields, you can balance the 
two forces on the electrons, and the 
beam will remain horizontal. 

• If the electron beam remains straight, it 
follows that the electric and magnetic 
forces on each electron must have the 
same magnitude and act in opposite 
directions. 

 

 

 

e E = B e v 

 

• E is the electric field strength between the parallel plates with a p.d of V. 

• The speed v of the electrons is simply related to the strengths of the two 
fields. That is: 

 
 
The electric field strength is given by: 

 
 
therefore: 
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What happens when an electron beam passes through an electric field and a 

magnetic field at the same time? 

Velocity selection: 

• Balancing the effects of electric and magnetic fields is also used in a device 

called a velocity selector. 

• The construction of a velocity selector is shown in Figure 

• The apparatus is very similar to the deflection tube 

• Two parallel plates are situated in an evacuated chamber.  

• They provide a uniform electric field of strength E. 

 

 
A velocity selector – only particles with the correct combination of charge, 
mass and velocity will emerge through the slit S. 

 

• The region between the plates is also occupied by a uniform magnetic field 
of flux density B which is at right angles to the electric field.  

• Charged particles (electrons or ions) enter from the left.  

• They all have the same charge and mass but are travelling at different 
speeds.  

• The electric force Ee will be the same on all particles as it does not depend 
on their speed; however, the magnetic force Bev will be greater on those 
particles which are travelling faster.  

• Hence, for particles travelling at the desired speed v, the electric and 
magnetic forces balance and they emerge undeflected from the slit S.  

• If a negative ion has a speed greater than V/Bd the downward magnetic 
force on it will be greater than the upward electric force.  

• Thus it will be deflected downwards and it will hit below slit S. 
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The Hall effect 

• The Hall effect is another mechanism in which the magnetic and electric 

forces on a moving charged particle are balanced. 

• The probe itself is made of semiconductor. This material is used because 

the electrons move much faster in a semiconductor than in a metal for a 

given current, and so the effect is much greater. 

• The mean drift velocity of free 

electrons in a semiconductor is 

perhaps a million times greater than in 

a metal because there are many fewer 

free electrons in a semiconductor. 

• A small current flows through the 

probe from one end to the other.  

• When a magnetic field is applied, the 

electrons are pushed sideways by the 

magnetic force, so that they 

accumulate along one side of the 

probe (the right-hand side in Figure.) 

• This is the Hall effect. 

• The charge is detected as a small voltage across the probe, known as the 

Hall voltage.  

• The greater the flux density of the field, the greater the Hall voltage 

• If the direction of the magnetic field is reversed, the electrons are pushed 

in the opposite direction and so the Hall voltage is reversed. 
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Equation for the Hall voltage: 

• The Hall voltage is the voltage which appears 

between the two opposite sides of the slice. 

• The voltage arises because electrons 

accumulate on one side of the Hall probe.  

• There is a corresponding lack of electrons on 

the opposite side, i.e. a positive charge. 

• As a result, there is an electric field between 

the two sides.  

• The electric field strength E is related to the 

Hall voltage VH by:  

 

𝐸 =
𝑉𝐻

𝑑
 

 

d is the width of the slice. 

• When the current first starts to flow, there is no Hall voltage and so an 
electron will be pushed to the right by the magnetic force.  

• However, as the charge on the right-hand side builds up, so does the 
electric field and this pushes the electron in the opposite direction to the 
magnetic force.  

• Soon an equilibrium is reached.  

• The resultant force on this moving electron is zero so that no more charge 
accumulates. 
 
 
Now we can equate the two forces: 
 

 
 

Substituting for E we have: 
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• But current I is related to the mean drift velocity of electrons by 
 

I = nAve 
 

• A is the cross-sectional area of the conductor 

• n is the number density of conducting particles (in this case electrons).  
 
 
So we can substitute for v to get: 
 

 
 

Or 
 

 
 

• But the area of the side face of the conductor A = d × t 

• t is the thickness of the slice. 
 
Substituting and cancelling gives: 
 
 

 

• This equation for the Hall voltage shows that VH is directly proportional to 

the magnetic flux density B.  

• That is what makes the Hall effect so useful for measuring B fields. 

 

 

M
ega Lecture

For Live Classes, Recorded Lectures, Notes & Past Papers visit:
www.megalecture.com

youtube.com/c/MegaLecture/
+92 336 7801123


