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SPH4U: Fields 

Magnetic Fields 

The magnetic field intensity (or simply field) is denoted by the symbol �⃗� . The S.I. unit 

of magnetic field strength is the Tesla (T).  We observed last year that a current 

carrying wire experienced a force when the direction of the current was 

perpendicular to the direction of the magnetic field and direction of this force formed 

a right handed system with the field and the current. We also observed that the 

magnitude of the force was determined by the size of the field and the flow of the current. The current flowing 

is a measure of both the amount of charge flowing and its speed. When we examine the force on an individual 

charge (𝑞) we find that the force is given by 

 

this vector operation is called the cross product and always results in a vector that is perpendicular to the two 

vectors. In magnitude this cross product yields  

      

where 𝜃 is the angle between 𝑣 and 𝐵. Thus, we can see that the cross product is maximum when the velocity 

and fields are perpendicular and minimum (0) when the velocity and fields are parallel or antiparallel. 

Magnetohydrodynamic drives use this force to propel ships noiselessly (not detectable by SONAR) through salt 

water. The diagram below shows how this works 

 

The ions in the sea water flow in response to electric field. These ions then experience a force when they 

interact with the magnetic field. They apply an equal and opposite reaction on the field which causes the drive 

(and ship) to move forward. Because the magnetic force is always perpendicular to both the field and the 

velocity of the charges, it causes the particles to deflect rather than speed up or slow down. That is, the 

magnetic force acts as a net force towards the centre. As a result, a charged particle will travel in a circular path 

in a magnetic field. The direction of the circle will depend on the sign of the charge. 

Sample problem 

A positron (𝑚 = 9.11 × 10−31 𝑘𝑔, 𝑞 = 1.602 × 10−19 𝐶)  travelling at 4.0 × 10−5 𝑚

𝑠
 [𝐸] enters a magnetic 

field that is 0.50 𝑇 [𝑢𝑝]. What is the magnitude of the force acting on the charge and what is the radius of the 

circular orbit that it will travel in? 






