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Figure P5.5: Problem 5.5.

Problem 5.5 In a cylindrical coordinate system, a 2-m-long straight wire carrying
a current of 5 A in the positivez-direction is located atr = 4 cm, φ = π/2, and
−1 m≤ z ≤ 1 m.

(a) If B = r̂ 0.2cosφ (T), what is the magnetic force acting on the wire?

(b) How much work is required to rotate the wire once about thez-axis in the
negativeφ-direction (while maintainingr = 4 cm)?

(c) At what angleφ is the force a maximum?

Solution:
(a)

F = Iℓℓℓ×××B

= 5ẑ2××× [r̂ 0.2cosφ]

= φ̂φφ2cosφ.

At φ = π/2, φ̂φφ= −x̂. Hence,

F = −x̂2cos(π/2) = 0.

(b)

W =
∫ 2π

φ=0
F ·dl =

∫ 2π

0
φ̂φφ[2cosφ] ·(−φ̂φφ)r dφ

∣

∣

∣

∣

r=4 cm

= −2r
∫ 2π

0
cosφdφ

∣

∣

∣

∣

r=4 cm
= −8×10−2 [sinφ]2π

0 = 0.



The force is in the+φ̂φφ-direction, which means that rotating it in the−φ̂φφ-direction
would require work. However, the force varies as cosφ, which means it is positive
when−π/2≤ φ ≤ π/2 and negative over the second half of the circle. Thus, work
is provided by the force betweenφ = π/2 and φ = −π/2 (when rotated in the
−φ̂φφ-direction), and work is supplied for the second half of the rotation, resulting in a
net work of zero.

(c) The forceF is maximum when cosφ = 1, orφ = 0.


