
In-class problems, Mon Apr 23 2018

magnetic force on current, torque on

loops

1. A power line runs along Earth’s equator, where the
magnetic field points to the north. The line carries
current to the west.

(a) Sketch this situation. Determine the direction
of the magnetic force on the power line.
(b) Calculate F

B

on a 1km long power line.
(c) Calculate F

B

on a 2km long power line.
(d) The longer the line, the larger the force. In this
case, it’s useful define the force per unit length, F/`.
Calculate the force per unit length for this line.

2. Since a current creates a magnetic field, and mag-
netic fields exert forces on currents, there will be
forces between current carrying wires.

Show that if the two wires are anti-parallel to each
other, the force is repulsive:

(a) Determine the direction of the magnetic field I

1

creates in the region where I

2

is.
(b) Use ~

F = ~

I` ⇥ ~

B to determine the direction of
~

F on I

2

.
(c) Repeat (a) and (b) where this time I

2

creates a
magnetic field, and determining its force on I

1

.

The strength of the force between the two wires is

F

`

=
µ

0

I

1

I

2

2⇡r

Derive this equation:

(a) A current, I
1

, creates a magnetic field B

1

. Write
the equation for B created by I

1

if it’s an infinitely
long, straight current carrying wire. B

1

= µ

0

. . ..
(b) Current I

2

experiences a force F = I

2

`B

1

. Sub-
stitute in (a) into this force.
(c) Solve for F

`

3. The force between the two wires is 5.4⇥10�5N. Cal-
culate R.

4. You want to produce a torque using a 700 turn rect-
angular coil measuring 30cm x 20cm in a uniform

field of 50mT. Calculate the current required by
your motor for a torque of 207 N· m.

(For comparison, one model of the Toyota Prius
uses a 60kW electric motor that develops a max-
imum torque of 207 N·m. The motor operates at
650V, so its 60kW power requires I = P/V = 92A.)
Wolfson ex26.6

5. A small bar magnet experiences a 0.020Nm torque
when the axis of the magnet is at 45o to a 0.10T
magnetic field. What is the magnitude of its mag-
netic dipole moment?

due next time, beginning of class

electromagnetic induction

1. What is motional emf? Give a 1-2 sentence descrip-
tion or example.

2. What is induced current? Give a 1-2 sentence de-
scription or example.

3. Write the equation for magnetic flux. Label each
term in this equation, and include its units.


