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Magnets

• Magnets! 



Earth’s Magnetic field

• Earth behaves like huge (gigantic) bar magnet
• Freely suspended bar magnet or a magnetic compass

comes to rest in a position which is approximately 
along the geographical north-south direction of the 
Earth. This means the magnetic pole of the Earth and 
geographic pole of the Earth do not coincide. 

• If the north pole of the magnet compass points to the 
north then the magnetic pole at the northern end of 
the Earth should be a south pole

• This implies, the southern end of the Earth should be 
north pole. 
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Definition

• Geographic meridian at a point (place) is defined 
as a plane containing that point and the 
geographic north and geographic south pole of 
the Earth.  

• Magnetic meridian at a point (place) is defined as 
a plane containing that point (place) and the 
magnetic north and magnetic south pole. 

• The quantities that are completely determine 
Earth’s magnetic field are defined as the 
elements of the Earth’s magnetic field



Geomagnetism

• To completely specify the magnetic field at 
any point on the surface of the Earth, we have 
to specify three elements at a point
 Declination or magnetic declination (D)
 Dip or magnetic inclination (I)
 Horizontal component of Earth’s magnetic 

field (BH)



Angle of declination

• The angle between geographical meridian and 
geographical meridian at a point (place) is 
called declination ata point (place)



Dip or inclination
• The angle between a freely suspended magnet 

compass and the horizontal plane at a point (place) 
is defined as the dip or inclination at that point 
(place) 

• In the Northern hemisphere, north pole of the 
magnetic compass dip downward and in Southern 
hemisphere, south pole of the magnetic compass 
dip downward



Horizontal component of Earth’s 
magnetic field

• The component of Earth’s magnetic field along 
the horizontal direction in the magnetic 
meridian. 



• At magnetic equator – Earth’s magnetic field is parallel to the 
surface of the Earth (i.e., horizontal) which implies that the needle 
of magnetic compass rests horizontally at an angle of dip

• A magnetic poles – Earth’s magnetic field is perpendicular to the 
surface of the Earth (i.e., vertical) which implies that the needle of 
magnetic compass rests vertically at an angle of dip



Magnetic dipole moment

• The magnetic dipole moment is defined as 
the product of its pole strength and magnetic 
length. It is a vector quantity.





Magnetic field
• Magnetic field is the region or space around 

every magnet within which its influence can 
be felt by keeping another magnet in that 
region.

• The magnetic field at a point is defined as a 
force experienced by the bar magnet of unit 
pole strength.



Properties of a bar magnet
• 1. A freely suspended bar magnet will always point along the north-

south direction.
• 2. A magnet attracts another magnet or magnetic substances 

towards itself. The attractive force is maximum near the end of the 
bar magnet. When a bar magnet is dipped into iron filling, they 
cling to the ends of the magnet. 

• 3. When a magnet is broken into pieces, each piece behaves like a 
magnet with poles at its ends.

• 4. The pole strength of two poles of a magnet is equal of strengths. 
• 5. The length of the bar magnet is called geometrical length and the 

length between two magnetic poles in a bar magnet is called 
magnetic length. Magnetic length is always slightly smaller than 
geometrical length. 



Properties of Magnetic field lines
• 1. Magnetic field lines are continuous closed curves. The direction of 

magnetic field lines is from North pole to South pole outside the magnet 
and South pole to North pole inside the magnet.  

• 2. The direction of magnetic field at any point on the curve is known by 
drawing tangent to the magnetic line of force at that point. In the Figure, 
the tangent drawn at points P,Q and R gives the direction of magnetic field  
at that point.

• 3. Magnetic field lines never intersect each other. Otherwise, the magnetic 
compass needle would point towards two directions, which is not possible. 

• 4. The degree of closeness of the field lines determines the relative strength 
of the magnetic field. The magnetic field is strong where magnetic field lines 
crowd and weak where magnetic field lines thin out. 



Magnetic flux



Magnetic flux (cont…) and Flux density

• If the magnetic field is not uniform, then 





Magnet – Monopole or dipole?

• For Magnets – no isolated monopole exists
• Only dipole exists 
• In general, except isolated monopole, all the 

higher order moment exists for magnetism –
dipole moment, quadrupole moment, 
octopole moment, etc. (often known as 
multipole expansion)



Coulomb’s inverse square law in 
magnetism

Coulomb’s law in magnetism - The force of attraction or repulsion between two 
magnetic poles is directly proportional to the product of their pole strengths 
and inversely proportional to the square of the distance between them 



Dipole – magnetic field at a point

• Dipole - (a) Magnetic field at axial line
(b)  Magnetic field at equatorial line



Magnetic field at a point along the
axial line due to magnetic dipole

Results from electrostatics



Magnetic field at a point along the 
equatorial line due to magnetic dipole

Results from electrostatics





Magnetic dipole in a uniform magnetic 
field

The net force on the dipole









Potential energy of bar magnet in 
uniform magnetic field



The difference in potential energy between the angular positions   

We can choose the reference point                  , so that second term in the equation 
becomes zero and the potential energy is 







Tangent Galvanometer

• Tangent Galvanometer is a device used to 
measure very small currents. It is a moving 
magnet type galvanometer. Its working is 
based on tangent law. 



where B is the magnetic field produced by passing current through the coil of 
the tangent galvanometer and BH  be the horizontal component of Earth’s 
magnetic field. The action of two magnetic fields, the needle comes to rest 
making angle 
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