
9. ELECTROSTATICS: The principle of fields superposition - answers 

9.1.   a) distance from Q1, between Q1 and Q2:  𝑥 = 𝑟
𝑄1−√𝑄1𝑄2

𝑄1−𝑄2
=

2

3
𝑟 

b) distance from Q2, outside Q1 and Q2: 𝑥 = 𝑟
𝑄2+√𝑄1𝑄2

𝑄1−𝑄2
= 𝑟 

9.2. 𝑞 = √
𝑚𝑔𝑥3

𝑘√4𝑙2−𝑥2
 

9.3. 𝜌 =
𝜀𝜌0

𝜀−1
 

9.4. 𝑞 =
4

3
𝜋𝜌𝑟3√

𝐺

𝑘
 

9.5. a) 𝐸 =
8𝑘𝑞(𝑑2+4𝑥2)

(𝑑2−4𝑥2)2 ;  𝑉 =
±2𝑘𝑞𝑥

𝑑2

4
−𝑥2

 

the sign of the potential is like the sign of the dipole charge closer to the test charge 

b) 𝐸 =
2𝑘𝑞𝑥𝑑

(𝑥2−
𝑑2

4
)

2 ;  𝑉 =
±𝑘𝑞𝑑

𝑥2−
𝑑2

4

 

c) 𝐸 =
2𝑘𝑞𝑑

𝑥3 =
2𝑘𝑀𝑒

𝑥3 ;  𝑉 =
±𝑘𝑀𝑒

𝑥2 , where 𝑀𝑒 = 𝑞𝑑 −  dipole moment 

In all cases: 𝐹 = 𝐸𝑞1 

9.6. 𝐸 =
𝑘𝑄𝑑

(𝑥2+
𝑑2

4
)

3 2⁄  and 𝑉 = 0. When x >> d: 𝐸 =
𝑘𝑄𝑑

𝑥3 =
2𝑘𝑀𝑒

𝑥3  

9.7. a) 𝐸 = 0;  𝑉 = −3√3
𝑘𝑞

𝑎
;      b) 𝐸 = 6

𝑘𝑞

𝑎2 ;  𝑉 = −√3
𝑘𝑞

𝑎
;      c) 𝐸 = 6

𝑘𝑞

𝑎2 ;  𝑉 = √3
𝑘𝑞

𝑎
 

9.8.* e.g. between charges q2 and q3:  

𝐸 =
4𝑘

𝑟2
√16(𝑄3 − 𝑄2)2 +

1

25
𝑄1

2 +
2

5
𝑄1(𝑄3 − 𝑄2)cos(arctg2), 

and in the middle of the hypotenuse 𝐸 =
2𝑘

𝑟2 √(𝑄2 − 𝑄1)2 + 𝑄3
2. 

9.9. a) 𝐸 = 0;      b) 𝐸 = 0;      c) 𝐸 = 4√2
𝑘𝑞

𝑎2 

9.10. 𝐸 =
𝑘𝑞(𝑎√2+2𝑟)

(𝑎2+𝑎𝑟√2+𝑟2)
3 2⁄ −

𝑘𝑞

(𝑟+𝑎√2)
2 −

𝑘𝑞

𝑟2  

9.11.* 𝐸 = 0 

9.12. 𝐸 =
2𝑘𝜆

𝑅
;  𝐹 =

2𝑘𝜆𝑞

𝑅
 

9.13. a) 𝐸 =
2𝜋𝑘𝜆ℎ𝑅

(ℎ2+𝑅2)3 2⁄ ;      b) 𝐸 = 0;      maximum value of E for ℎ =
√2

2
𝑅 

9.14. 𝑬 =
𝒌𝑸(𝒙+

𝟏

𝟐
𝑹)

((𝒙+
𝟏

𝟐
𝑹)

𝟐
+𝑹𝟐)

𝟑 𝟐⁄ +
𝒌𝑸(𝒙−

𝟏

𝟐
𝑹)

((𝒙−
𝟏

𝟐
𝑹)

𝟐
+𝑹𝟐)

𝟑 𝟐⁄  

9.15. a) 𝐸 =
𝜎

2𝜀𝜀0
(1 −

ℎ

√𝑅2+ℎ2
);      b) 𝐸 =

𝜎

2𝜀𝜀0
;      c) 𝐸 =

𝜎

2𝜀𝜀0
  

9.16. 𝐸 =
𝜎ℎ

2𝜀𝜀0
(

1

√𝑑2

4
+ℎ2

−
1

√𝐷2

4
+ℎ2

) 

9.17. ℎ = √
𝑅2(1−

2𝑚𝑔𝜀0
𝜎𝑞

)
2

1−(1−
2𝑚𝑔𝜀0

𝜎𝑞
)

2                     

9.18. 𝐸 =
2𝑘𝜆

𝑥
 

9.19.* 𝐸 =
2𝑘𝜆

𝑥
cos

𝛼+𝛽

2
                         

 

 

 

 

 

9.20. 𝐸 =
𝑘𝜆

𝑥
                            

9.21. 𝐹 = 𝜀𝜀0
𝑆𝑈2

𝑑2  

  


