
Magnetic Fields



Review

Magnetic Field Line – One of a set of lines 
drawn to indicate the strength and direction 
of a magnetic field



Principle of Electromagnetism

Moving electric charges    
produce a magnetic field

Conventional Current direction –the direction 
of flow of positive charge





Magnetic Field of a Straight 
Conductor

Right-Hand Rule: If your right thumb is pointing  
in the direction of conventional current, and 
you curl your fingers forward, your curled 
fingers point in the direction of the magnetic 
field lines.



Magnetic Field of a Current Loop

• Magnetic field will circle around each segment 
of the loop

• Field lines inside the loop are stronger (closer 
together) than those on the outside



Magnetic Field of a Coil or Solenoid

• A Solenoid is a conducting wire wound into a 
coil

• Magnetic field of a solenoid is composed of 
the combined fields of all its loops

• Field is strongest inside the coil(closer 
together)



Right Hand Rule for a Solenoid

If you coil the fingers of your right hand around 

a solenoid in the direction of the conventional 

current, your thumb points in the direction of 

the magnetic field lines in the centre of the 

coil



• Magnetic forces at on all types of electric 
charges, such as electrons, protons, and ions.

• Magnetic force depends on the velocity of the 
charge

• The magnetic force is non-zero only if a charge 
is in motion

• Where      is the angle between v and B

• Magnetic force is a vector quantity

sinqvBFM 





Magnetic Force on Moving Charges

Tesla – the SI unit of measure for describing the 
strength of a magnetic field; 

1T = ?



Right-Hand Rule for a Moving 
Charge in a Magnetic Field

If you point your right thumb in the direction of 

the velocity of the charge, and your straight 

fingers in the direction of the magnetic field, 

then your palm will pint in the direction of the 

resulting magnetic force.

Jumping Wire Demo

https://youtu.be/tUCtCYty-ns




Quick Question
1) A proton with a mass of 1.67 x 10-27 kg is 

moving horizontally eastward at 9.4 x 104 m/s 
as it enters a magnetic field of strength 1.8 T. 
The field is directed vertically upward.

a) Calculate the magnitude and direction of the 
magnetic force on the proton

b) Determine the gravitational force on the 
proton

c) Determine the ratio of the gravitational force 
to the magnetic force on the proton



Quick Question

2) An electron moving at a velocity of 6.7 x 106 m/s[E] 
enters a magnetic field with a magnitude of 2.3 T 
directed at an angle of 47° to the direction of motion 
and upward in the vertical plane.

a) What are the magnitude and direction of the 
magnetic force on the electron?

b) What is the electron’s acceleration? 

c) What would the acceleration be if the charged 
particle were a proton?



Magnetic Force on a Current 
Carrying Conductor

• Magnetic field is uniform and perpendicular to 
the wire

• An external force produces this field not the 
current

• Where     represents the angle between I and 
B

• Use the right hand rule for a moving charge in 
a Magnetic Field





Quick Question

1) The magnitude of the force exerted on a length of 
wire in an electric motor is 0.75N. The 15 A current 
in the wire passes at a 90° angle to a uniform 
magnetic field of 0.20T. Calculate the length of the 
wire in centimeters. 

2) An electrical cord in a lamp carries a 1.5A current. A 
5.7 cm segment of the cord is tilted at a right angle 
to Earth’s magnetic field. This segment experiences 
a 5.7 x 10-6N magnetic force due to the Earth’s 
magnetic field. Calculate the magnitude of Earth’s 
magnetic field around the lamp.



Motion of Charged Particles in 
Magnetic Fields

Mass spectrometer 

• used to study atoms and molecules

• used to define the elemental composition of a 
sample or molecule

• to determine masses of particles and to reveal 
the chemical structures of molecules

• Uses a magnetic field to deflect electrically 
charged particles



• Ions are deflected by the magnetic field by 
different amounts depending on the mass of 
the ion

• Lighter ones deflect more

• Ions with positive charges are deflected more

• Have multiple applications in the medical 
field, food industry, genetics, carbon dating, 
forensics, and space exploration





Charges and Uniform Circular 
Motion

Recall: when a particle experiences a force of 
constant magnitude perpendicular to its 
velocity, the result is circular motion.
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Quick Practice

1) A helium 2+ ion with charge 3.2 x10-19 C and 
mass 6.7 x 10-27 kg enters a uniform 2.4T 
magnetic field at a velocity of 1.5 x 107 m/s, 
at right angles to the field. Calculate the 
radius of the ion’s path.



Quick Practice

2) Consider a mass spectrometer used to separate the 
two isotopes hydrogen and deuterium. The isotope 
hydrogen has a proton, and deuterium has a proton 
and a neutron. Assume both ions have a 1+ charge 
and they enter the magnetic field region with a 
speed of 6.0 x 105 m/s. Calculate the magnitude of 
the magnetic field that is required to give a detector 
placement difference of 1.5mm as measured from 
the initial entry point into the spectrometer 
compared to when the ions leave the spectrometer.



Earth’s Magnetic Field

What’s the reason for the Aurora’s?

-charged particles emitted from the sun are 
deflected by the Earth’s magnetic field.

-the charge particles spiral towards the poles 
and the collisions release light that cause the 
glow

- Aurora Borealis occurs in the northern 
hemisphere and Aurora Australis occurs in the 
southern hemisphere

https://youtu.be/1DXHE4kt3Fw


Van Allen Belts

• Van Allen radiation belts are at high altitudes 
in Earth’s magnetic field 

• Discovered by James A. van Allen

• Most intense over the equator, and almost 
absent over the poles

• The outer region contains charged particles 
from the atmosphere and the Sun

• Inner region is a ring of highly energetic 
protons

https://youtu.be/dyl1LsB7Xr8


Field Theory

• A scientific model that describes forces of 

entities that exist at every point in space

https://youtu.be/bPSy5vZN-go


Particle Accelerator
Cyclotron

https://youtu.be/m2jp0klZHEE


Image of charged particles being deflected 

by a magnetic field



Applications

• Loudspeakers

• Electromagnetic Pumps 

• RFID chips
(Radio-frequency identification)

• MR Fluid Dampers

• High Voltage Power Lines

• Medical Applications (MRI)


