
Recitation 8
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Φ = 𝐸 ∙  𝐴 = 𝐸𝐴 cos𝜙

= 1800 N/C 3.2 × 10−3 m 2 cos 145°

= −0.015
N ∙ m2

C
.
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Hint: We can divide the electric field into two parts, uniform and non-
uniform:

𝐸 = 𝐸u + 𝐸nu = 4.00  i + 6.00  j + 7.00  k + (3.00𝑥  i)

The net flux due to the uniform part is zero!
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The non-uniform field can result in non-zero flux through the front
and back faces of the cube only.

Φ =  𝐸 ∙ 𝑑  𝐴 = ΦF + ΦB

Φ𝐹 = 𝐸nu ∙  𝐴F = 3.00𝑥  i ∙ 4.00  i = 3.00 0 4.00 = 0

Φ𝐵 = 𝐸nu ∙  𝐴B = 3.00𝑥  i ∙ −4.00  i

= 3.00 −2.00 −4.00 = 24
N ∙ m2

C
.

Φ = 24.0 N ∙ m2/C.

𝑞enc = 𝜀0Φ = 8.85 × 10−12N ∙ C2/m2 24.0 N ∙ m2/C

= 2.12 × 10−10 C = 21.1 nC.
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a) We draw a cylindrical Gaussians surface of radius 𝑟 and
length ℎ. Assuming 𝐸 is outward,

Φ = 𝐸 ∙  𝐴 = 𝐸𝐴 = 𝐸 2𝜋𝑟ℎ

𝑞𝑒𝑛𝑐 = 𝜆1 + 𝜆2 ℎ =
𝑄1

𝐿
+

𝑄2

𝐿
ℎ

𝐸 2𝜋𝑟ℎ =
1

𝜀0

𝑄1

𝐿
+

𝑄2

𝐿
ℎ

𝐸 =
𝑄1 + 𝑄2

2𝜋𝜀0𝑟𝐿
=

𝑄1 − 2.00𝑄1

2𝜋𝜀0 2.00𝑅2 𝐿
=

−𝑄1

40.0𝜋𝜀0𝑅1𝐿

=
−3.40 × 10−12C

40.0𝜋𝜀0 1.30 × 10−3m 11.0 m
= −0.214 N/C.

The magnitude of the electric field must be 0.214 N/C.

b) 𝐸 must be radially inward, since we got the wrong sign for 𝐸.
7



c) We draw a cylindrical Gaussians surface of radius 𝑟 and
length ℎ. Assuming 𝐸 is outward,

Φ = 𝐸 ∙  𝐴 = 𝐸𝐴 = 𝐸 2𝜋𝑟ℎ

𝑞𝑒𝑛𝑐 = 𝜆1ℎ = 𝑄1ℎ/𝐿

𝐸 2𝜋𝑟ℎ =
1

𝜀0
𝑄1ℎ/𝐿

𝐸 =
𝑄1

2𝜋𝜀0𝑟𝐿
=

𝑄1

2𝜋𝜀0 5.00𝑅1 𝐿
=

𝑄1

10.0𝜋𝜀0𝑅1𝐿

=
3.40 × 10−12C

10.0𝜋𝜀0 1.30 × 10−3m 11.0 m
= 0.885 N/C.

d) 𝐸 is radially outward.
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e) We draw a cylindrical Gaussians surface of radius 𝑟 inside
the shell, where the electric field is zero.

𝑞enc = 𝑄1 + 𝑄𝑖𝑛 = 𝜀0Φ = 0.

𝑄𝑖𝑛 = −𝑄1 = −3.40 × 10−12 C.

f)
𝑄𝑜𝑢𝑡 = 𝑄2 − 𝑄𝑖𝑛 = −2.00𝑄1 − −𝑄1 = −𝑄1

= −3.40 × 10−12 C
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𝑸𝟏

𝑸𝒊𝒏

𝑸𝒐𝒖𝒕
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a)

𝐸 =
𝑞1

4𝜋𝜀0

𝑟

𝑎3
=

𝑞1

4𝜋𝜀0

0

𝑎3
= 0.

b)

𝐸 =
𝑞1

4𝜋𝜀0

𝑟

𝑎3
=

𝑞1

4𝜋𝜀0

𝑎/2

𝑎3
=

𝑞1

8𝜋𝜀0𝑎
2
=

5.00 × 10−9C

8𝜋𝜀0 2.00 × 10−2 m 2

= 0.0562 N/C.

c)

𝐸 =
𝑞1

4𝜋𝜀0

𝑎

𝑎3
=

𝑞1

4𝜋𝜀0𝑎
2
= 0.112 N/C.

d) 

𝐸 =
𝑞1

4𝜋𝜀0𝑟
2
=

𝑞1

4𝜋𝜀0(3𝑎/2)
2
=

𝑞1

9𝜋𝜀0𝑎
2
= 0.0500 N/C.
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e) At 𝑟 = 2.3𝑎, 𝐸 = 0 because this radius is inside the conducting shell.

f)

𝐸 =
𝑞1 + 𝑞2

4𝜋𝜀0𝑟
2
=

𝑞1 − 𝑞1

4𝜋𝜀0(7𝑎/2)
2
= 0.

g) To have zero electric field inside the shell, we must have the charge
on the inner surface of the shell to be

𝑞𝑖𝑛 = −𝑞1 = −5.00 × 10−9 C.

h)
𝑞𝑜𝑢𝑡 = 𝑞2 − 𝑞𝑖𝑛 = −𝑞1 − −𝑞1 = 0
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Optional
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Optional
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Optional


