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Oersted experiment

• The deflection of magnetic compass around current 
carrying conductor is due to presence of magnetic 
field. Magnetic needle deflects in opposite direction if 
the current is reversed. 
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Magnetic field around 
and circular coil

Magnetic field around – straight conductor 
and circular coil
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Maxwell’s right hand cork screw rule
• This rule is used to determine the direction of 

the magnetic field. 
• If we rotate a right-handed 
screw using a screw driver, then 
the direction of current is same 
as the direction in which screw 
advances and the direction of 
rotation of the screw gives the 
direction of the magnetic field.
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Biot-Savart’s law

• Experimentally observed 
the magnitude of magnetic field at a point 
P at a distance r from the small 
elemental length taken on a conductor carrying
current varies as  
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Long straight conductor 

In a right angle triangle, PAO

Differentiating

Long straight conductor – B field 

Differentiating











Magnetic field produced along the axis of 
the current carrying circular coil

Magnetic field produced along the axis of 
the current carrying circular coil

Assume that current I flows 
in anti-clockwise direction 







Current loop as magnetic dipoleCurrent loop as magnetic dipole





This implies that a current carrying circular loop behaves as a 
magnetic dipole of magnetic moment . So, the magnetic dipole 
moment of any current loop equal to the product of the current and 
area of the loop. 
Right hand thumb rule – In order to determine the direction of 
magnetic moment, we use right hand thumb rule (mnemonic) which 
states that  ‘If we curl the fingers of right hand in the direction of 
current in the loop, then the stretched thumb gives the direction of 
the magnetic moment associated with the loop’
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Magnetic dipole moment of revolving 
electron

Magnetic dipole moment of revolving 
electron











Applications 

• Amperian loop for current carrying straight 
wire

Applications -

loop for current carrying straight 



Solenoid
• When electric current is 
Passed through the solenoid
the magnetic field is Produced. 
The magnetic field of the solenoid 
is due to the superposition of the 
magnetic fields of each turn of the solenoid. The direction
of the magnetic field of the solenoid is given by right hand
palm-rule.
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Solenoid

Note:

Solenoid can be used as electromagnets.
that can be turned ON or OFF. This is not
magnet. Further the strength of the magnetic
keeping iron bar inside the solenoid. This
the solenoid magnetizes the iron bar and
the sum of magnetic field of the solenoid
magnetized iron. Because of these properties,
designing variety of electrical applications

Solenoid

It produces strong magnetic field
not possible in case of permanent

magnetic field can be increased by
This is because, the magnetic field of
and hence the net magnetic field is

solenoid and magnetic field of
properties, solenoids are useful in

applications.



Toroid

(a) Open space interior to the toroid:

(b) Open space exterior to the toroid:

(c) Inside the toroid:

Toroid



Lorentz force

• Force experienced by a charge in electric and 
magnetic field

• In magnitude
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Motion of charged particle in a 
perpendicular uniform magnetic field

Motion of charged particle in a 
perpendicular uniform magnetic field





Cyclotron

• Cyclotron time period

• Cyclotron frequency or gyro

Cyclotron

Cyclotron frequency or gyro-frequency





Helical path of an electron

• Helical path of an electron when it moves in a 
magnetic field. Inside the particle detector 
called cloud chamber, the path is made visible 
by the condensation of water droplets.
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Problem 3.22 – An electron moving perpendicular
to a uniform magnetic field 0.500 T undergoes
circular motion of radius 2.50 mm. What is the speed
of electron? 
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Velocity selectorVelocity selector
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Force on a current carrying conductor 
placed in a magnetic field

Force on a current carrying conductor 
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Fleming’s left hand rule (mnemonic)
• When a current carrying conductor is placed in a magnetic 

field, the direction of the force experienced by it is given by 
Fleming’s Left Hand Rule (FLHR)

• Stretch forefinger, the middle finger and the thumb of the 
left hand such that they are in mutually perpendicular 
directions. If forefinger points the direction of magnetic 
field, the middle finger points the direction of the electric 
current, then thumb will point the direction of the force 
experienced by the conductor.
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Force between two long parallel 
current carrying conductors

Force between two long parallel 
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Moving coil galvanometer

• Moving coil galvanometer is a device which is 
used to indicate the flow of current in an 
electrical circuit. 

• Principle : When a current carrying loop is 
placed in a uniform magnetic field it 
experiences a torque.
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Conversion of galvanometer into 
ammeter and voltmeter

• Galvanometer to Ammeter 
resistance) connected in parallel

Conversion of galvanometer into 
ammeter and voltmeter

Galvanometer to Ammeter - Shunt (low 
resistance) connected in parallel



Galvanometer to a voltmeterGalvanometer to a voltmeter



Expression for torque on a current 
loop placed in a magnetic field

• Consider a single rectangular loop PQRS kept in a 
uniform magnetic field 

• Let a and b be the length and breadth of the 
rectangular loop respectively. The area of the 
loop PQRS is 

• Let       be the unit vector normal to the plane of 
the current loop. 

• When an electric current is passed through the 
loop, the net force acting is zero but there will be 
net torque. 
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(a) When unit vector       is perpendicular to the magnetic field(a) When unit vector       is perpendicular to the magnetic field














