TAP 415-4: Thinking about the design of a simple dc motor

1.
Describe a simple experiment to show that a magnetic field exerts a force on a wire 
carrying an electric current.

Here are the relationships between the force and the current and between the force and the length of the conductor in the field.
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A magnetic field exerts a force of 0.25 N on an 8.0 cm length of wire carrying a current of 3.0 A at right angles to the field. 

2.
Calculate the force the same field would exert on a wire 20 cm long carrying the same 
current

3.
Calculate the force the same field would exert on three insulated wires, each 20 cm long 
and held together parallel to each other, each carrying a current of 3.0 A in the same 
direction. 

4.
Use this diagram to help you relate the answers you have calculated to the design of a 
simple electric motor. 
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What are the design features that will make a good motor? 

Practical advice

These simple questions point towards what must be maximised in order to build a motor capable of delivering a high torque. 

Answers and worked solutions

1.
The answer should give some simple arrangement of a conductor carrying a current 
arranged to be flowing perpendicular to the field of a bar magnet, e.g. a loop of wire free 
to swing in a field. When the current is switched on, the wire kicks out of the field. 

2.
For 20 cm length
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3.
If each wire carries 3.0 A this is the same as effective current of 9.0 A, 


so force F = 3  0.625 = 1.9 N. 

4.
There are no forces on the short sides of the coil. Forces on the other two sides are in 
opposite directions because the current flow in each side is in the opposite direction. 
More turns of wire on the coil give more force for the same current, i.e. it is the ampere-
turns which are important.

External reference

This activity is taken from Advancing Physics chapter 15, 250S
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