
Chapter 4: 
a. Definition of magnetic field
b. Magnetic force 
c.   The Biot-Savart Law 

Electromagnetism

c.   The Biot-Savart Law 



a-Definition of magnetic fielda-Definition of magnetic field



Facts about Magnetism
• Magnets have 2 poles 

(north and south)
• Like poles repel
• Unlike poles attract
• Magnets create a 

MAGNETIC FIELD 
around them



Magnetic Field
A bar magnet has a magnetic field around it. This field is 3D in nature and often represented by lines LEAVING north and ENTERING south
To define a magnetic field you need to understand the MAGNITUDE and DIRECTIONDIRECTION
We sometimes call the magnetic field a B-Field as the letter “B” is the SYMBOL for a magnetic field with the TESLA (T) as the unit. 



b- Magnetic Force
( Lorentz’ Law and Laplace’s law)( Lorentz’ Law and Laplace’s law)



Magnetic Force on a moving charge
If a MOVING CHARGE moves 

into a magnetic field it will 
experience a MAGNETIC 
FORCE. This deflection is 3D 
in nature.
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in nature.

The conditions for the force are:
•Must have a magnetic field present
•Charge must be moving
•Charge must be positive or negative

Magnitude of Magnetic Force Or



The Vector Product (or the Cross Product)







Example
A proton moves with a speed of 1.0x105 m/s through the Earth’s 
magnetic field, which has a value of 55μT at a particular location. 
When the proton moves eastward, the magnetic force is a maximum, 
and when it moves northward, no magnetic force acts upon it. What 
is the magnitude of the magnetic force acting on the proton?

SOLUTION



Direction of the magnetic force? 
Right Hand Rule

To determine the DIRECTION of the force on a POSITIVE charge we use a special technique that helps us understand the 3D/perpendicular nature of magnetic fields.

Basically you hold your right hand 
flat with your thumb perpendicular 
to the rest of your fingers •The Fingers = Direction B-Field

•The Thumb = Direction of velocity
•The Palm = Direction of the Force

For NEGATIVE charges use left hand!



Example
Determine the direction of the unknown variable for a proton 

moving in the field using the coordinate axis given
+y

+x+z
B = -x
v = +y
F = +z

B =+Z
v = +x
F = -y

B = -z
v = +y
F = -x



Magnetic Force and Circular Motion
X X X X X X X X X
X X X X X X X X X
X X X X X X X X X
X X X X X X X X X

v B
- -

FB

FB

FB

FB -

-

-

Suppose we have an electron 
traveling at a velocity , v, entering a 
magnetic field, B, directed into the 
page. 

The magnetic force is equal to the 
centripetal force and thus can be used to 
solve for the circular path. Or, if the radius - solve for the circular path. Or, if the radius 
is known, could be used to solve for the 
MASS of the ion. This could be used to 
determine the material of the object.

There are many “other” 
types of forces that can be 
set equal to the
magnetic force.







Magnetic Force on a Current-Carrying ConductorMagnetic Force on a Current-Carrying Conductor
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Laplace’s law



The Biot-Savart Law 



Some Applications of the Biot-Savart Law


