
PHYS 301 Tutorial #7 – group problem solving

Copies of the inside front and back covers of the Griffiths text are provided on the last

page.

1. In class, we used the Biot-Savart law:

B(r) =
µ0

4π

∫
I dℓ′ × r̂

r 2

to show that the magnetic field due to a long, straight current is given by:

B =
µ0I

2πs
ϕ̂

Use Ampère’s law to obtain the same result. For geometries with a high degree of symmetry,

Ampère’s law provides a much simpler method for finding the magnetic fields due to various con-

figurations of current.

2. In class, we saw that currents in a magnetic field B experience a force given by:

Fmag =

∫
(I×B) dℓ.

Consider two long straight wires that are parallel and separated by distance d. The wires 1 and 2

carry currents I1 and I2, respectively. Assume that the currents are in the same direction. Find the

force per unit length that the currents exert on one another. Is the force attractive or repulsive?

What changes if the currents are antiparallel (i.e. are in opposite directions)?
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3. Notice from problem 1 that the magnitude of the magnetic field due to a long straight current:

B =
µ0I

2πs
,

has a similar form to the electric field produced by a long straight line of charge:

E =
λ

2πε0s
.

The directions of the magnetic and electric fields are clearly different, but the magnitudes are both

proportional to 1/s. Let’s see if this similarity continues. . .

Find the magnetic field due to a uniform sheet of current K. Complete this calculation by con-

structing the sheet of current by placing an infinite number of long straight wires carrying current

I side by side (as shown in the figure below). Note that, in this case, the current in an infinitesimal

width perpendicular to the current direction dℓ⊥ is given by dI = K dℓ⊥.

Compare your final answer to the electric field due to an infinite sheet carrying charge per unit area

σ which produces an electric field of magnitude:

E =
σ

2ε0
,

on each side of the sheet.

4. Repeat the calculation of the magnetic field due to an infinite surface current K. This time,

complete the calculation using Ampère’s law. You should, of course, find the same result. The

calculation, however, should be much more straightforward.
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5. Consider the coaxial cable in the figure below. It has current I to the right in the inner conductor

and current I to the left along the outer conductor. Using Ampère’s law, find the magnetic fields

in the regions:

(a) s < a (inside the centre conductor)

(b) a < s < b (in the region of space between the centre and outer conductors)

(c) s > b (outside the outer conductor)

For s < a, assume that the current is uniformly distributed across the cross-sectional area πa2 of

the centre conductor.
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