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Introduction to Magnetic Fields 
 
 
8.1  Introduction 
 
We have seen that a charged object produces an electric field E

G
at all points in space. In a 

similar manner, a bar magnet is a source of a magnetic field B
G

. This can be readily 
demonstrated by moving a compass near the magnet. The compass needle will line up 
along the direction of the magnetic field produced by the magnet, as depicted in Figure 
8.1.1. 
 

 
 

Figure 8.1.1 Magnetic field produced by a bar magnet 
 
Notice that the bar magnet consists of two poles, which are designated as the north (N) 
and the south (S). Magnetic fields are strongest at the poles. The magnetic field lines 
leave from the north pole and enter the south pole. When holding two bar magnets close 
to each other, the like poles will repel each other while the opposite poles attract (Figure 
8.1.2).  
 

 
 

Figure 8.1.2 Magnets attracting and repelling 
 
Unlike electric charges which can be isolated, the two magnetic poles always come in a 
pair. When you break the bar magnet, two new bar magnets are obtained, each with a 
north pole and a south pole (Figure 8.1.3). In other words, magnetic “monopoles” do not 
exist in isolation, although they are of theoretical interest.   
 

  
 

Figure 8.1.3 Magnetic monopoles do not exist in isolation 
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Magnetic field produced by a bar magnet

(similar to Coulomb force)

Magnet attracts iron. There’s no magnetic monopole!

From north pole to south pole
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o Magnetic field 𝐵 is a vector field and it has both 
magnitude and direction.

o The SI unit of 𝐵 is tesla, 1 tesla= 1𝑇 = 1𝑁/(𝐴 ⋅ 𝑚)
o Another unit is gauss, 1 gauss= 10!"𝑇
o Unlike electric field which begin and end on 

charges, magnetic field does not have a beginning 
or an end (magnetic charge does not exist). 

Magnetic field lines
o The denser, the stronger.
o Magnetic field is tangent to the field line.



Gauss’s Law for Magnetic Field
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o Magnetic flux: Φ# = ∯𝐵 ⋅ 𝑑𝐴
o Unit of Φ#  is weber, 1Wb = 1 𝑇 ⋅ 𝑚$

!
!
𝐵 ⋅ 𝑑𝐴 = 0 for any closed surface 𝑆

o The net magnetic flux for any closed surface is always zero.
o The 2nd Maxwell equation.
o There is no magnetic monopole.



Electric current and magnets
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There is a fundamental relationship between Magnetic Fields and Electric Currents.

Ørsted’s experiment (1820)

Movement of electric charges



Magnetic Force
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The magnetic force is 
o Proportional to the charge 𝑞, the speed 𝑣⃗, and sin𝜙
o Perpendicular to both	𝑣⃗	& 𝐵

Force Magnitude:   𝐹 = 𝑞 𝑣𝐵	𝑠𝑖𝑛𝜙

(𝜙 is the angle between 𝑣⃗	& 𝐵)



Right-hand Rule
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Warning: Use your right hand even if you are left-handed!



Right Hand Rule for Negative Charges
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Flipping the sign of charge also flips the direction of magnetic force. 



Vector Product
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The vector (or cross) product between two vectors 𝐴	& 𝐵 is also a vector 𝐶 = 𝐴×𝐵, s.t.

o 𝐶 is perpendicular to both 𝐴 and 𝐵  (right-hand rule)

o 𝐶 = 𝐴𝐵 sin𝜙, where 𝜙 is the angle between 𝐴 and 𝐵.

Vector product of Cartesian 
coordinate components

Example: Calculate 𝐴×𝐵 with 𝐴 = 1,2,0  and 𝐵 = (0,1,3)



Example
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A particle with a charge of 𝑞 = 1×10!%𝐶 is moving with an instantaneous velocity 𝑣⃗ = 4×10" &
'
	 ̂𝚤 −

3×10" &
'
	 ̂𝚥. What is the force exerted on the particle by a magnetic field 𝐵 = 1.5𝑇 ̂𝚤?

𝑥

𝑦

𝑧



Motion of  a Charged Particle under B
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When a charged particle moves in a magnetic field it experiences a force that is perpendicular to 
the velocity.
1) The magnetic force does NO work on the particle.
2) The acceleration is perpendicular to 𝑣⃗.
3) The acceleration only changes the direction of 𝑣⃗, but NOT its magnitude.
4) The magnetic force only provides a centripetal acceleration.

centripetal 
acceleration

magnetic 
force



Motion of  a Charged Particle under B
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Angular speed 𝜔 =
𝑣
𝑅 =

𝑞 𝐵
𝑚

Cyclotron frequency 𝑓 =
𝜔
2𝜋 =

𝑞 𝐵
2𝜋𝑚

(# of revolution per unit time)

This is actually the velocity 
component 𝑣( perpendicular 
to the magnetic field



Example
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A proton at point A has a speed v0 of 1.6×10!)𝑚/𝑠. 

Find the magnetic field that will cause the proton to follow the semicircular path from A to B.
Find the time required for the proton to move from A to B.


