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In class, we saw the result for the magnetic field of a moving point charge and the force from a magnetic
field on a point charge. In this question, we’ll understand how to use these to find the field from a current
in a wire or the force on a current-carrying wire. Consider the little segment of wire shown above.

a) Suppose the charges in the wire have an average velocity v in the direction of the current (imagine here
that they are positive charges flowing in the direction of the current). How much time dt does it take for
the charges to travel the distance ds? (answer in terms of ds and v)

dt=ds/v

b) In this amount of time, how much charge flows into the segment? (answer in terms of ds, v, and 1,
using your previous result for dt)

Q=Idt=Ids/v

¢) Using your result from b), rewrite Q v (the moving charge in the segment times its velocity) in terms of
the current I and the vector ds.

Qv=1Ids

Using this result, we can start with equation (32.4) for the field from a point charge to get the field from
the small segment of wire shown above. To get the field from the whole wire, we need to integrate this
over the wire.

d) Read Example 32.3 (The magnetic ficld of a long, straight wire) to see an example of this. What is the
result for the magnitude of the field at a distance d from a wire carrying current [?

B=pl/(2mnd)

Use the result to find the magnetic field lcm away from a long straight wire carrying a current of 1A.
Answer in Tesla (T):

B=pl/2nd)y=@nx10"N/A* (1 A)/Q2nr0.0lm)=2x10"T
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Now let’s find the force on the same small segment of wire from some other magnetic field (not the one
created by this segment of wire)

e) Use equation (32.17) for the force on a point charge together with your result from c) to find the force
on this segment of wire in a magnetic field.

Starting with F = Q v x B and replacingQ v — Idswe get F=1ds x B

f) When there is a long straight segment of wire and the magnetic field is constant, the result above
applies to the whole segement (replacing ds with the vector 1 along the wire with magnitude equal to the
length). Make this replacement and check your result with equation 32.25 from the text.

F=I11xB

¢) How much force is there on 10cm of wire carrying 1A in a magnetic field of 1T aligned perpendicular
to the wire? Indicate the direction of the force on the wire if the magnetic field points into the page.

—

IF|=11xB= 1A (0.1m) (IT)=0.IN



Question 2

Charged particles traveling perpendicular to a constant magnetic field move in circular trajectories.
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a) Find an expression for the radius of the circle, clearly explaining the logic. Answer in terms of g, B, v,
and m, the mass of the particle.

For circular trajectories at constant speed, the acceleration is related to the speed and the radius
of the circle by

a=v/R.
In this case, the acceleration is due to the magnetic force. Its magnitude is given by
a=F/m=qvB/m.

The velocity is always perpendicular to the magnetic field, so the sin(0) in the cross product is
always equal to 1.

Equating our two expressions for the acceleration, we get:

vJ/R=qvB/m

so we find that

R=mv/(qB)

b) If the velocity increases, what happens to the period of the orbit?

The period is T = circumference/ speed = (2  R) / v. Using the result from a), this gives
T=2nm/(qB)

This doesn’t depend on v, so the period doesn’t change if the velocity increases.
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