
5.27 In a given region of space, the vector magnetic potential is given by A =
x̂5cos πy+ ẑ(2+ sinπx) (Wb/m).

(a) Determine B.

(b) Use Eq. (5.66) to calculate the magnetic flux passing through a square loop

with 0.25-m-long edges if the loop is in the x–y plane, its center is at the origin,

and its edges are parallel to the x- and y-axes.

(c) Calculate Φ again using Eq. (5.67).

Solution:

(a) From Eq. (5.53), ~B = ∇×××~A = ẑ5π sinπy− ŷπ cosπx.

(b) From Eq. (5.66),

Φ =

∫∫
~B ·d~s =

∫ 0.125 m

y=−0.125 m

∫ 0.125 m

x=−0.125 m
(ẑ5π sinπy− ŷπ cosπx) · (ẑ dx dy)

=

((
−5πx

cos πy

π

)∣∣∣
0.125

x=−0.125

)∣∣∣∣
0.125

y=−0.125

=
−5

4

(
cos
(π

8

)
− cos

(−π

8

))
= 0.

(c) From Eq. (5.67), Φ = n

∫

C
A ·dℓℓℓ, where C is the square loop in the x-y plane with

sides of length 0.25 m centered at the origin. Thus, the integral can be written as

Φ = n

∫

C
A ·dℓℓℓ = Sfront + Sback + Sleft + Sright,

where Sfront, Sback, Sleft, and Sright are the sides of the loop.

Sfront =
∫ 0.125

x=−0.125
(x̂5cosπy+ ẑ(2+ sinπx))|y=−0.125 ·(x̂ dx)

=
∫ 0.125

x=−0.125
5cos πy|y=−0.125 dx

=
(

(5xcos πy)|y=−0.125

)∣∣∣
0.125

x=−0.125
=

5

4
cos

(−π

8

)
=

5

4
cos
(π

8

)
,

Sback =
∫ 0.125

x=−0.125
(x̂5cosπy+ ẑ(2+ sinπx))|y=0.125 ·(−x̂ dx)

= −
∫ 0.125

x=−0.125
5cosπy|y=0.125 dx

=
(

(−5xcos πy)|y=0.125

)∣∣∣
0.125

x=−0.125
= −5

4
cos
(π

8

)
,



Sleft =

∫ 0.125

y=−0.125
(x̂5cos πy+ ẑ(2+ sinπx))|x=−0.125 ·(−ŷ dy)

= −
∫ 0.125

y=−0.125
0|x=−0.125 dy = 0,

Sright =
∫ 0.125

y=−0.125
(x̂5cos πy+ ẑ(2+ sinπx))|x=0.125 ·(ŷ dy)

=
∫ 0.125

y=−0.125
0|x=0.125 dy = 0.

Thus,

Φ = n

∫

c
A ·dℓℓℓ = Sfront + Sback + Sleft + Sright =

5

4
cos
(π

8

)
− 5

4
cos
(π

8

)
+ 0+ 0 = 0.


