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Magnetism

Probliem B

PROBLEM
In March 1967, a 1000 T magnetic field was obtained in a lab for a frac-
tion of a second. Maximum sustained fields presently do not exceed 50 T.
If a 25 cm long wire is perpendicular to a 1.0 x 10°T magnetic field
and the magnetic force on the wire is 1.6 X 10% N, what is the current
in the wire?
SOLUTION
Given: B=10x10’T
Fonagnetic = 1.6 X 10° N
/=25cm=025m
Unknown: L=

Use the equation for force on a current-carrying conductor perpendicular to a
magnetic field.
= Fmagnetic
B/
1.6x 10° N
= o<1 Dosm -

0.64 A

ADDITIONAL PRACTICE

1. In 1964, a magnet at the Francis Bitter National Magnet Laboratory
created a magnetic field with a magnitude of 22.5 T. Ten megawatts of
power was required to generate this field. If a wire that is 12 cm long
and that carries a current of 8.4 X 102 A is placed in this field at a right
angle to the field, what is the force acting on it?

2. One of the subway platforms in downtown Chicago is 1066 m long.
Suppose the current in one of the service wires below the platform is
0.80 A. What is the magnitude of Earth’s magnetic field at that location
if the field exerts a force of 6.3 X 107> N on the wire? Assume the cur-
rent is perpendicular to the field.

3. The distance between the pylons of the power line across the Ameralik
Fjord in Greenland is 5.376 km. If this length of wire carries a current
of 12 A and experiences a force of 3.1 N because of Earth’s magnetic
field, what is the magnitude of the field in that region? Assume the wire
makes an angle of 38° with the field. (Hint: Only the component of the
magnetic field that is perpendicular to the current contributes to the
magnetic force.)

4. In February 1996, NASA extended a 21.0 km conducting tether from the
space shuttle Columbia in order to see how much power could be gener-
ated by interacting with Earth’s magnetic field. Suppose the
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magnetic field at the shuttle’s location has a magnitude of 6.40 x 107 T.
What current must be induced in the tether, located perpendicular to
the field, to create a magnetic force of 1.80 X 1072 N?

Magnetic fields are created by the currents in home appliances. Sup-
pose the magnetic field in the vicinity of an electric blow-dryer has a
magnitude of about 2.5 X 10~* T. If a wire 4.5 cm long in such a blow-
dryer experiences a magnetic force of 3.6 x 1077 N, what current must
exist in the wire? Assume the wire is perpendicular to the field.

At Sandia National Laboratories, in Albuquerque, New Mexico, an inter-
esting project has been developed. Engineers have proposed a train that
will roll on existing rails and use existing wheels but be propelled by mag-
netic forces. Suppose such a train is pushed by a 5.0 x 10° N force and re-
sults from the interaction between a current in many wires and a magnetic
field with a magnitude of 3.8 T that is oriented perpendicular to the wires.
Find the total length of the wires if they carry a 2.00 x 10% A current.

. The largest electric sign used for advertising was set on the Eiffel

Tower, in Paris. It was lighted by 250 000 bulbs, which required an im-
mense number of electric cables. Find the total length of those cables if
a single straight cable of identical length experiences a force of 16.1 N
in Earth’s magnetic field. Assume the magnitude of the magnetic field
is 6.4 x 10~ T and the wire, carrying a current of 2.8 A, is placed
perpendicular to the field.

Cows have four stomachs, so if a cow swallows a nail, it is hard to re-
move it. To extract the nail, a veterinarian gives the cow a strong mag-
net to swallow. Suppose that such a “cow magnet” has a magnetic field
magnitude of 0.040 T. If a 55 cm straight length of wire located near
the magnet carries a current of 0.10 A and is positioned so that the
angle between the magnetic field lines and the current is 45°, what is
the magnetic force that the current will experience? (Hint: Only the
component of the magnetic field that is perpendicular to the current
contributes to the magnetic force.)

. For many years, the strongest magnetic field ever produced had a mag-

nitude of 38 T. Suppose a straight wire with a length of 2.0 m is located
perpendicular to this field. What current would have to pass through
the wire in order for the magnetic force to equal the weight of a gradu-
ate student with a mass of 75 kg?

The longest straight span of railroad tracks stretches 478 km in south-
western Australia. Suppose an electric current is sent through one of
the rails and that a force of 0.40 N is exerted by Earth’s magnetic field.
If the magnetic field has a strength of 7.50 X 107 T at that location and
is perpendicular to the rail, how large is the current? ‘
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