A-LEVEL PHYSICS « EXERCISE SHEET

20.2 Force on a current-carrying con-
ductor

Name: - Class: - Date: Total: 12 marks

Objective

Build the skills to answer exam questions on the force on a current-carrying con-
ductor.

You must be able to:

e use F' = BlLsin# and Fleming’s left-hand rule
o define magnetic flux density

1 Worked examples

Study these first. Each one shows the method for a question type used later —follow the
steps and you can do the Practice and Exam-style questions yourself.

B The motor effect

A current in a wire in a magnetic field feels a force, perpendicular to both:

force F
— >
— >
field B ———> @ current I (out of page)
— >
— >
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Force / motion
F = thuMb
A

90°

] _ Field B

~ First finger

Current [
seCond finger

use the left hand; hold the three at right angles

Fleming left-hand rule for the motor force
F = BILsiné,

where 6 is the angle between wire and field. The force is maximum at 90° (F' = BIL)
and zero when the wire is along the field. Fleming’s left-hand rule: thuMb =
Motion/force, First finger = Field, seCond finger = Current.

Magnetic flux density B is defined as the force per unit current per unit
length on a wire at right angles to the field (unit: tesla, T).

Worked example. 0.20 m wire, 3.0 A, B =0.50 T at 90°: FF = BIL = 0.50 x 3.0 x
0.20 = 0.30 N.

2 Practice

Now apply the methods above.

2.1 Write F' = BILsin# and state what each symbol means. b

2.2 A 0.20 m wire carries 3.0 A at right angles to a 0.50 T field. Find the force. [
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2.3 Define magnetic flux density. 1]

2.4 State the three quantities in Fleming’s left-hand rule. 1]

3 Exam-style questions
3.1 The force on a current-carrying wire is maximum when the wire is: 1]

o A parallel to the field

e B at 45° to the field

o C at 90° to the field

e D removed from the field

3.2 A wire of length 0.15 m carries 4.0 A at right angles to a 0.30 T field. Calculate the
force. [2]

3.3 State what happens to the force when the wire is parallel to the field. 1]

3.4 A wire carries current out of the page in a field pointing to the right. Use
Fleming’s left-hand rule to find the direction of the force. 2]

4 Go further

You are now ready for the real exam questions on this subtopic. Open the 20.2 Force
on a current-carrying conductor past-paper sheet in the Library, or try these in
Practice mode:

« 9702/43 J25 —QT (force on a conductor, F' = BIL)
e 9702/44 J25 —Q6 (motor effect and flux density)

A-Level Physics ¢ 20.2 Force on a current-carrying conductor 3



Solutions

2.1 ' = force, B = flux density, I = current, L = length, § = angle between wire and
field.

2.2 F=BIL =0.50 x 3.0 x 0.20 = 0.30 N.

2.3 The force per unit current per unit length on a wire placed at right angles to
the field.

2.4 Force (motion), field, current.

3.1 C —at 90° to the field.

3.2 F=PBIL=0.30x4.0x0.15=0.18 N.
3.3 The force is zero (sin0° = 0).

3.4 First finger = field (right), second finger = current (out of page); the thumb points
upwards, so the force is upward.
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