
Recitation 13
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a) The field due to the straight segments at point 𝑃 is zero. The right hand
rule tells us that the magnetic field due the small and large arcs at point 𝑃
are out of the page and into the page, respectively.

The net field 𝐵 is then

𝐵 = 𝐵𝑏 − 𝐵𝑎 =
𝜇0𝑖𝜃

4𝜋𝑏
−

𝜇0𝑖𝜃

4𝜋𝑎
=

𝜇0𝑖𝜃

4𝜋

1

𝑏
−

1

𝑎

=
4𝜋 × 10−7 T ∙ m/A 0.411 A 74.0° ×

𝜋
180°

4𝜋

1

0.107 m
−

1

0.135 m

= 1.03 × 10−7 T.

b) Out of the page since the outward field (𝐵𝑏) is larger than the field
inward (𝐵𝑎).
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The magnetic field above the wire is out of the page. At the proton’s
location

𝐵 =
𝜇0𝑖

2𝜋𝑑
 k =

4𝜋 × 10−7 T ∙ m/A 0.350 A

2𝜋 0.0289 m
 k = 2.42 × 10−6 T  k.

 𝐹𝐵 = 𝑞  𝑣 × 𝐵 = 1.60 × 10−19 C 200
m

s
2.42 × 10−6 T −  j ×  k

= −7.75 × 10−23N  i.
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The outward field (the field of the two semi-infinite wires) is equal to the
field of the arc but opposite to it. Thus,

𝜇0𝑖

4𝜋𝑅
+

𝜇0𝑖

4𝜋𝑅
=

𝜇0𝑖𝜃

4𝜋𝑅
.

This gives that

𝜃 = 2 rad = 115°.
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Part (c) is optional.



Ampere’s law gives

a) 𝑟 < 𝑐

2𝜋𝑟𝐵 = 𝜇0𝑖
𝑟2

𝑐2
⟹ 𝐵 =

𝜇0𝑖𝑟

2𝜋𝑐2
.

b) 𝑐 < 𝑟 < 𝑏

2𝜋𝑟𝐵 = 𝜇0𝑖 ⟹ 𝐵 =
𝜇0𝑖

2𝜋𝑟
.

c) 𝑏 < 𝑟 < 𝑎

2𝜋𝑟𝐵 = 𝜇0 𝑖 − 𝑖
𝑟2 − 𝑏2

𝑎2 − 𝑏2
⟹ 𝐵 = 1 −

𝑟2 − 𝑏2

𝑎2 − 𝑏2

𝜇0𝑖

2𝜋𝑟
.

d) 𝑟 > 𝑎
2𝜋𝑟𝐵 = 0 ⟹ 𝐵 = 0.
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