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Problem 1.
See handwritten solution further back.

Problem 2.
See Griffiths.

Problem 3.

a) The magnetic field from a line element dl′ is given by Biot-Savart’s law,

dB =
µ0I

4π

dl′ × R̂

R2
(1)

where dl′ points along the wire, in the direction of the current, and R = r − r′. At
position O (the origin), r = 0, so R = −r′, giving (using a× b = −b× a)

dB =
µ0I

4π

r̂′ × dl′

r′2
. (2)

There is no contribution to the magnetic field from the straight parts of the wire, since
the line elements dl′ along those parts are parallel to r̂′, so r̂′ × dl′ = 0. Thus the
only contribution comes from the semicircle. There r̂′×dl′ points into the paper plane,
so therefore the magnetic field does too. Using also that along the semicircle (i) dl′ is
perpendicular to r̂′, so |r̂′ × dl′| = dl′, (ii) r′ = R, the magnitude of the field becomes
(the integral goes over the semicircle only)

B =

∫
dB =

µ0I

4πR2

∫
dl′︸ ︷︷ ︸

πR

=
µ0I

4R
(3)

since
∫
dl′ is just the semicircle length. As already noted, B points into the paper plane.

b)

|B| = µ0I

4R
= 4π · 10−7 N/A2 · 1

4
· 102 A/m ≈ 3 · 10−5 T. (4)

Problem 4.
See handwritten solution further back.

Problem 5.
See handwritten solution further back.


















