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Velocity Selector

2

If a charged particle 𝑞 is experiencing both 𝐸 and 𝐵:      𝐹⃗ = 𝑞𝐸 + 𝑞𝑣⃗×𝐵

If 𝑞 > 0, then the magnetic force will be downwards 
and the electric force will be upwards.

It is possible to achieve a perfect cancellation 
between magnetic & electric forces.

𝑞𝐸 = 𝑞𝑣𝐵 𝑣 =
𝐸
𝐵

Velocity selector: only particles with the right velocity can pass! 



A charged particle moves through a region of space that has both a 
uniform electric field and a uniform magnetic field. In order for the 
particle to move through this region at a constant velocity,

A. the electric and magnetic fields must point 
in the same direction.

B. the electric and magnetic fields must point 
in opposite directions.

C. the electric and magnetic fields must point 
in perpendicular directions.

D. more than one of A, B, or C is possible.

E. not enough information



Magnetic Force on a Current-Carrying Wire
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We start with a wire of length 𝑙 and cross section area 𝐴 in a magnetic 
field of strength 𝐵 with the charges having a drift velocity of 𝑣! .

If the charge density is 𝑛, the total charge in this wire is 𝑛𝐴𝑙.

The magnetic force on a single charge is 𝑞𝑣!𝐵.

The total force on the wire is 𝐹 = 𝑞𝑣!𝐵𝑛𝐴𝑙 = 𝑛𝑞𝑣! 𝐴𝑙𝐵

𝐼 = 𝐽𝐴 = 𝑛𝑞𝑣! 𝐴 𝐹 = 𝐼𝑙𝐵



Magnetic Field
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o The force is ALWAYS perpendicular to both the wire & 
the magnetic field.

o The direction of 𝐹⃗ is determined by the right-hand rule.

Warning: Use your right hand even if you are left-handed.



Example
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A wire 20.0 cm long lies along the z-axis and carries a current of 5 A in the +z-direction. The 
magnetic field is uniform and has components Bx = -0.2 T , By = -0.9 T , and Bz = -0.3 T. 
Find the magnetic force on the wire and its magnitude.



Current Loop in a Magnetic Field
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The net force on a current loop in a uniform 
magnetic field is zero. 

However, the net torque is not in general 
equal to zero.

𝐹 = 𝐼𝑎𝐵,   𝐹" = 𝐼𝑏𝐵𝑐𝑜𝑠𝜙

Torque: 𝜏 = 𝑟×𝐹⃗ = 𝑟𝐹𝑠𝑖𝑛𝜙

The lever arm for each force is  #
$
𝑠𝑖𝑛𝜙

The net torque is 𝜏 = 2𝐹 #
$
𝑠𝑖𝑛𝜙 = 𝐼𝐵𝑎𝑏	𝑠𝑖𝑛𝜙



Magnetic Dipole/Moment
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Magnetic Dipole: 𝜇 = 𝐼𝐴

𝜏 = 𝜇𝐵	𝑠𝑖𝑛𝜙

Vector Magnetic Dipole: 𝜇 = 𝐼𝐴

The direction of 𝜇 follows a right-hand rule.

The direction of 𝜏 follows a right-hand rule.
(because of the cross product)



Potential Energy of  a Current Loop
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As the loop rotates due to the torque, the magnetic field does work on the loop. 

The potential energy is zero. The potential energy is maximal.



Example
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The loop of wire shown in forms a right triangle and carries a current I = 5 A in the direction shown. 
The loop is in a uniform magnetic field that has magnitude B = 2 T directed into the screen.

Find the net Force exerted by the magnetic field.
Find the net torque on the loop.



Two current carrying loops are oriented in a uniform magnetic field.  
The loops are nearly identical, except the direction of current is 
reversed. Which loop has a smaller potential energy?

A. Loop 1
B. Loop 2
C. Same

BU

×-= µ



Direct Current Motor
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The rotor is a wire loop that is free to rotate about an axis; the rotor ends are attached to the two 
curved conductors that form the commutator.


