
ECE 329 Homework 2 Solutions Due: Friday, September 5, 2025, 4:59:00PM

1.

a) According to Gauss's law, the electric �ux Φ will be∮
S
E · dS =

1

ϵ0

∫
V
ρdV =

1

ϵ0
ρ× V =

1

ϵ0
ρ× L3 =

16

ϵ0
× 10−9Vm,

b) If ρ(x, y, z) = x2 + y2 + z2 C

m3 (within the cube), the total electric �ux can be computed as

follows: ∮
S
E · dS =

1

ϵ0

∫
V

x2 + y2 + z2 dV

=
1

ϵ0

∫ L/2

−L/2

∫ L/2

−L/2

∫ L/2

−L/2
x2 + y2 + z2 dx dy dz =

8

ϵ0
× 10−15Vm.

c) If the medium is homogeneous, then the displacement �ux is∮
S
D · dS = ϵ0

∮
S
E · dS

= 8× 10−15C.

d) Since the charge distribution is symmetrical around the center, the �ux for any of the square

surfaces is one-sixth of the total value, i.e., 4
3 × 10−15C.

© 2025 Victoria Shao. All rights reserved. Redistributing without permission is prohibited.



2. Two unknown charges, Q1 and Q2 are located at (1, 0, 0) and (−1, 0, 0), respectively. The displace-

ment �ux
∮
S D · dS through the yz−plane in the x̂ direction is −2C, thus,

−Q1

2
+

Q2

2
= −2C (1)

Also, the displacement �ux through the plane y = 1 in the −ŷ direction is 1C, which implies that

−Q1

2
− Q2

2
= 1C (2)

Using these two equations, we get

Q1 = 1C and Q2 = −3C.

3.

(a) Given that ρl = 2 C/m, r = 1 m, L = 2 m, we can apply cylindrical symmetry to set up the

surface integral while ignoring the end caps (D ⊥ endcaps).∮
S
D · dS =

∫
V
ρdV

∫
V
ρdV = QV = ρlL

Therefore, ∮
S
D · dS = ρlL = 2

C

m
· 2 m = 4C

(b) Yes, the �ux integral would change. While QV = ρlL is valid for both in�nite and truncated lines

of charge, the E-�eld due to an in�nite line of charge is strictly radial, whereas a truncated line of

charge will have �fringing� �elds that cross through the end caps of the cylindrical surface. Therefore,

we cannot treat the end caps as having zero contribution to the total displacement �ux. Instead, the

�ux due to fringing �elds will cause the �ux through the curved part of the cylinder to decrease.
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4.

a) A two-slab geometry of two identical slabs of equal widths W in z−direction and expanding

in�nitely in x and y directions is considered here. The electric �eld generated by a single

charged slab has been derived in the class notes. Making use of that result, we �nd that the

electric �elds generated by each of the two slabs are:

E1 =


ρ0W
2ϵ0

ẑ, z < −2W,

−ρ0
ϵ0
(z + 3W

2 ) ẑ, −2W < z < −W,

−ρ0W
2ϵ0

ẑ, z > −W

E2 =


−ρ0W

2ϵ0
ẑ, z > 2W,

−ρ0
ϵ0
(z − 3W

2 ) ẑ, W < z < 2W,
ρ0W
2ϵ0

ẑ, z < W

respectively. Adding these �elds, we �nd that the total �eld in space

E = E1 +E2 =



ρ0W
ϵ0

ẑ, z < −2W

−ρ0
ϵ0
(z +W ) ẑ, −2W < z < −W

0, −W < z < W

−ρ0
ϵ0
(z −W ) ẑ, W < z < 2W

−ρ0W
ϵ0

ẑ, z > 2W
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b) From D = ϵ0E,

∇ ·D =



0, z < −2W

−ρ0, −2W < z < −W

0, −W < z < W

−ρ0 W < z < 2W

0 z > 2W
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5.

a) For ρs1 = 8 C

m2 , the displacement vectors at the origin due to charge sheets 1 and 2 can be

written as

D1 =
1

2
ρs1 x̂ = 4x̂

C

m2
, and

D2 =
1

2
ρs2(−x̂) = −1

2
ρs2 x̂,

respectively. The resultant displacement vector is given by D = D1 +D2 = (4− 1
2ρs2)x̂ = 6 C

m2 .

Therefore, we can determine that the charge density ρs2 is −4 C

m2 .

b) Following the same procedure, the displacement vectors at the origin due to charge sheets 1 and

2 can be written as

D1 =
1

2
ρs1 x̂, and

D2 =
1

2
ρs2(−x̂) = −1

2
ρs2 x̂,

respectively. Given that ρs1 = −ρs2 , the resultant displacement vector is given byD = D1+D2 =
−ρs2 x̂ = 6x̂ C

m2 . As a result, the charge density ρs2 is determined to be −6 C

m2 .
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6.

a) Curl and divergence of the vector �eld F = xx̂+ yŷ are

∇× F = ∇×(xx̂+ yŷ) =

∣∣∣∣∣∣
x̂ ŷ ẑ
∂
∂x

∂
∂y

∂
∂z

x y 0

∣∣∣∣∣∣ = 0,

and

∇ · F =

(
x̂
∂

∂x
+ ŷ

∂

∂y
+ ẑ

∂

∂z

)
· (xx̂+ yŷ) = 2,

respectively. When we sketch the vector �eld F, we obtain the following �gure

b) Curl and divergence of the vector �eld F = yx̂+ 2xŷ are

∇× F = ∇× (yx̂ + 2x ŷ) =

∣∣∣∣∣∣
x̂ ŷ ẑ
∂
∂x

∂
∂y

∂
∂z

y 2x 0

∣∣∣∣∣∣ = ẑ,

and

∇ · F =

(
x̂
∂

∂x
+ ŷ

∂

∂y
+ ẑ

∂

∂z

)
· (yx̂+ 2xŷ) = 0,

respectively. When we sketch the vector �eld F, we obtain the following �gure
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c) Curl is a vector operator that describes the rotation of a 3-D vector �eld. In short, it is the

vector representing circulation per unit area. Since the vector �eld F in part (b) is de�ned only

by the curl operator (i.e. divergence-free), ∇ × F ̸= 0 implies the �eld strength varies across

the direction of the �eld.

d) Divergence is an operator picking up the variation of the �eld strength along the direction

of the vector �eld. As seen in part (a), the divergence operator picks up the �eld strength of

the vector F = xx̂+ yŷ which is curl-free. Therefore, ∇ · F ̸=0 implies the �eld strength varies

along the direction of the �eld.
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