
Recitation 6
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𝑄 = 𝑖∆𝑡 = 2.5 × 104 A 20 × 10−6 s = 0.50 C.
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𝐹31 = 𝐹32

𝑘
𝑞1 𝑞3

2𝑟 2
= 𝑘

𝑞2 𝑞3

𝑟2

Thus,
𝑞1

𝑞2
= 4.

However, 𝑞1 and 𝑞2 must have opposite signs to have zero net force on
Particle 3. Thus,

𝑞1

𝑞2
= −4.
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𝐴𝐸 = 4𝜋𝑅𝐸
2 = 4𝜋 6.37 × 106 m 2 = 5.10 × 1014 m2.

𝑖 = 1500
proton

s ∙ m2
1.60 × 10−19

C

proton
5.10 × 1014 m2

= 0.122
C

s
= 0.122 A = 122 mA.

𝑅𝐸 = 6.37 × 106 m
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a) 𝐹𝑔 = 𝐹𝐶

𝐺𝑀𝐸𝑀𝑀

𝑟2
=

𝑘𝑄2

𝑟2

𝑄 =
𝐺𝑀𝐸𝑀𝑀

𝑘
=

6.67 × 10−11 N ∙ m2

kg2 5.97 × 1024 kg 7.35 × 1022 kg

8.99 × 109 N ∙ m2

c2

= 5.71 × 1013 C.

𝑀𝑀 = 7.35 × 1022 kg 𝑀𝐸 = 5.97 × 1024 kg
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b) Both 𝐹𝑔 and 𝐹𝐶 are proportional to 𝑟2.

c)

𝑁 =
𝑄

𝑒
=

5.71 × 1013 C

1.60 × 10−19 C/proton

= 3.57 × 1032 protons (hydrogen ions)

𝑚 = 𝑁𝑚𝑝 = 1.67 × 10−27
kg

proton
3.57 × 1032 protons

= 5.96 × 105 kg. = 596 ton.
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Along the y-axis:

 𝐹72 = 𝑘
6𝑒 4𝑒

𝑑2
−  j = 𝑘

24𝑒2

𝑑2
−  j

 𝐹75 = 𝑘
6𝑒 2𝑒

𝑑2
 j = 𝑘

12𝑒2

𝑑2
 j

 𝐹76 = 𝑘
6𝑒 8𝑒

2𝑑 2
 j = 𝑘

12𝑒2

𝑑2
 j

 𝐹𝑛𝑒𝑡,𝑦 = 0

4𝑒

2𝑒 6𝑒 𝑒 4𝑒

2𝑒

8𝑒
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Along the x-axis:

 𝐹71 = 𝑘
6𝑒 2𝑒

𝑑2
 i = 𝑘

12𝑒2

𝑑2
 i

 𝐹73 = 𝑘
6𝑒 𝑒

𝑑2
−  i = 𝑘

6𝑒2

𝑑2
−  i

 𝐹74 = 𝑘
6𝑒 4𝑒

2𝑑 2
−  i = 𝑘

6𝑒2

𝑑2
−  i

 𝐹𝑛𝑒𝑡,𝑥 = 0

Thus,

 𝐹𝑛𝑒𝑡 = 0

4𝑒

2𝑒 6𝑒 𝑒 4𝑒

2𝑒

8𝑒
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a) By the shell theorem, 𝑎 = 0.

b) By the shell theorem

𝐹 = 𝑘
𝑄𝑞𝑒

𝑟2
= 𝑘

𝐴𝜎𝑒

𝑟2
= 𝑘

4𝜋𝑅2𝜎𝑒

2.00 𝑅 2
= 𝑘𝜋𝜎𝑒

𝑎 =
𝐹

𝑚𝑒
= 𝑘

𝜋𝜎𝑒

𝑚𝑒

= 8.99 × 109
N ∙ m2

c2

𝜋 6.90 × 10−13C/m2 1.60 × 10−19C

9.11 × 10−31 kg

= 3.42 × 109 m/s2.


