1.
Find (a) the potential (b) the electric field intensity at a point  C on a line ABC in a vacuum where AB = BC = 5.0 cm given that there are point charges of 6.0 (C and –4.0 (C at A and B respectively. State the direction of the field. 



Solution:

(a) AB = BC = 5.0 cm.

C is 10.0 cm from the point charge at A. Potential at C due to the point charge at A is  (6.0 x 10-6 C)/ 4((8.85 x 10-12 F m-1)(0.10 m) = 5.4 x 105 V
C is 5.0 cm from the point charge at B. Potential at C due to the point charge at B is 

(-4.0 x 10-6 C)/ 4((8.85 x 10-12 F m-1)(0.05 m) =-7.2 x 105 V
Potential is a scalar quantity. This means that the potential at C is the sum of the electric potentials at C due to the charge at A and that at B.

i.e. VC = VCA + VCB. = 5.4 x 105 V + -7.2 x 105 V = -1.8 x 105 V
(b) The electric field at C due to the charge at A is pointing to the right (away from the charges) and the field at C due to the charge at B is pointing towards the left i.e. towards the charges.

Field intensity is a vector quantity so the combined field intensity at C should be treated as such. 

EC due to A 

= (6.0 x 10-6 C)/ 4((8.85 x 10-12 F m-1)(0.1 m)2  =5.4 x 106 N C-1to the right
EC due to B

= (4.0 x 10-6 C)/ 4((8.85 x 10-12 F m-1)(0.05 m)2  =1.44 x 107 N C-1to the left.

Resultant field strength at C = ( 1.44 x 106 - 5.4 x 106  )N C-1
= 9.0 x 106 N C-1 from C to A.
2.
Three point charges are placed at the following points on  the x-axis. +2 (C at x = 0, -3(C at x = 40 cm, -5 (C at x = 120 cm. Calculate the force on the –3 (C charge.



Solution:

F1 is the electrostatic force on -3 (C due to the +2 (C 

F2 is the electrostatic force on -3 (C due to the -5 (C

F1 = ( +2 x 10-6 C)(-3 x 10-6 C)/ 4((8.85 x 10-12 F m-1)(0.40 m)2 = -0.3375 N towards the +2 (C

F2 = ( -5 x 10-6 C)(-3 x 10-6 C)/ 4((8.85 x 10-12 F m-1)(0.80 m)2 = 0.21 N towards the -3 (C

Resultant force on – 3 (C = (0.3375 N + 0.21 N) = 0.55 N to the left.

3.
Two  point charges x = +5 nC and y = -3 nC are placed 40.0 mm apart. Calculate

(i) the force between the charges.

(ii) The combined electric field strength at their midpoint. 

(iii) The field strength at a point that is 100 mm from x and 60 mm from y.

Solution:


(i)
F = QxQy/4((0r2 = (+5 x 10-9 C)(-3 x 10-9)/4((8.85 x 10-12 Fm-1)(0.40 m)2

= -8.44 x 10-6 N


The negative sign indicates that force is attractive.

(ii)
Field at the midpoint due to the  + 5 nC


= +5 x 10-9 C/4((0(0.20 m)2 = 1125 N C-1 towards y


Field at the midpoint due to the – 3 nC


= -3 x 10-9 C/4((0(0.20)2 = 675 NC​-1 towards y

Resultant field intensity at the midpoint = (1125 + 675) N C​-1 =1800 N C-1 to the right.

(iii)
The point 100 cm from x and 60 cm from y is a point to right of y.

Field strength at the point due to charge x is Ex pointing away from x and y and Ey is pointing towards y and x.

Ex = (+5 x 10-9 C)/4((8.85 x 10-12 Fm-1)(1.0 m)2 = 45 N C-1 away from x and y

Ey =(-3 x 10-9 C)/4((8.85 x 10-12 Fm-1)(0.60 m)2 = 75 N C-1 towards  x and y

Resultant field strength at the point E = (75 – 45) NC-1 = 30 N C‑1.

4.
Two positive charges each of magnitude Q are fixed at points A(0,2) and B(0,-2) in a Cartesian coordinate system.

(i) Draw a diagram showing the position of the charges.

(ii) What is the potential at the origin?

(iii) Show that the potential at any point on the x-axis is given by 

V= Q/2((0((4+x2).

Solution:


(i)

(ii) Potential at the origin V0 is sum of the electric potentials at the origin due to the charge at A (V0A) and that at B. (V0B)

V0 = V0A + V0B = Q/4((0(2) + Q/4((0(2) = Q/4((0

(iii)


C is a point on the x-axis at a distance x from the origin. 


AC = ((4+x2) and BC = ((4+x2)


Electric potential at C, VC =VCA + VCB

VC = Q/ 4((0((4+x2) +  Q/ 4((0((4+x2) = Q/ 2((0((4+x2)

5.
Two tiny balls have identical masses of 0.20 g each. When suspended from 50 cm long strings, they make an angle of 370 to the vertical. If the charges are the same, what is the magnitude of each charge? State any assumption made in your calculations.

Solution





The system is in equilibrium. 

The electrostatic force on a ball is balanced by the component of the tension in the string T sin 370 and the weight mg is balanced by the component of the tension T cos 370.

FE = T sin370  and mg  = T cos370
FE/mg = tan 370
FE = mg tan 370 = (0.20 kg/1000)(9.81 m s-2)(tan 370) =1.48 x 10-3 N

But FE = Q2/4((0r2
The separation, r of the balls is 2(0.50sin370) = 0.60 m

Therefore Q =((4((0r2FE) =([4((8.85 x 10-12 Fm-1)(0.60 m)2 (1.48 x 10-3)] =2.4 x 10-7C = 0.24 (C

The assumption made is that the radius of  a ball is negligible when compared with the length of the thread.

6.
The tiny ball shown in the diagram has a mass of 0.60 g and is in a horizontal electric field of intensity 700 NC-1. Given that the ball is in equilibrium in the position shown, what is the charge on the ball?




The system is equilibrium. All forces acting on the ball are balanced.

FE = T sin200  and mg  = T cos200
FE/mg = tan 200
FE = mg tan 200 = (0.60 kg/1000)(9.81 m s-2)(tan 200) =2.1 x 10-3 N

But FE = EQ where Q is the charge on the mass. E = 700 NC-1
Therefore Q = FE/E = 3.0 x10-6C.
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