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Instruction: Answer Four (4) Questions in All - two from Section A and two from section B.
                                                                                                                                                                       1(a) Explain with the aid of a diagram how you can produce a negatively charged sphere by method of induction.                                                                                                                           When a positively charged rubber rod, is brought near a neutral (uncharged) conducting sphere that is insulated (so that there is no conducting path to ground). There is a repulsive force between the positive charges in the rod and those in the sphere. This causes a redistribution of charges on the sphere such that some positive charges move to the side of the sphere far from the rod. The region of the sphere near the positively charged rod then acquires an excess of negative charge. This is due to the migration of the positive charges away from this location. If a grounded conducting wire is then connected to the sphere some of the positive charges leave the sphere into the earth. The wire connected to the ground is then removed and the conducting sphere is left with an excess of induced negative charge. When the rubber rod is also removed from around the sphere, the induced negative charge remains on the ungrounded sphere and becomes uniformly distributed over the surface of the sphere.    
Diagram 


                                   A                                                            B

                    
                                                 C                                                                      D

(b) Each of two small spheres is charged positively, the combined charge being 5.0 x 10-5C.  If each sphere is repelled from the other by a force of 1.0N when the spheres are 2.0m apart, calculate the charge on each sphere.

Solution

   q1 + q2    =   5x10-5C ------------ i

   F = Kq1q2  ---------------ii
            r2
q1 = 5 x 10-5 - q2 ---------iii

    F = 1N, r= 2m, K = 9x109C

    1 = 9 x 109 (5 x 10-5 - q2) q2
                           22
Cross multiply

4 = 9 x 109 (5 x 10-5 - q2) q2
4 =4.5 x 105q2 - 9 x 109q22
9 x 109q22 - 4.5 x 105q2 + 4 = 0  
Using quadratic formula.

 ax2 + bx + c = 0

a =9 x 109, b = - 4.5 x 105, c = 4

q2 = - (- 4.5 x 105)   ±        (- 4.5 x 105)2 – 4(9 x 109) (4)
                                           2(9 x 109)
q2 = 4.5 x 105   ±     2.025 x 1011 – 1.44 x 1011                                                                                                                                                                                                                                                                                                  

                            1.8 x 1010        
q2 = 4.5 x 105    ±      5.85 x 1010
                 1.8 x 1010
q2 = 4.5 x 105 ± 2.4 x 105
               1.8 x 1010
q2 = 4.5 x 105 + 2.4 x 105             or          q2 = 4.5 x 105 - 2.4 x 105
              1.8 x 1010                                                            1.8 x 1010
 q2 = 3.8 x 10-5 C                       or                 q2 = 1.2 x 10-5C

  q1 = 5 x 10-5 - q2
q1 =5 x 10-5 - 3.8 x 10-5             or         q1 = 5 x 10-5 - 1.2 x 10-5
q1 = 1.2 x 10-5C   or   3.8 x 10-5C                                      

(c) Three charges were positioned as shown in the figure below. If Q1 = Q2 = 8µC and d = 0.5m, determine q if the electric field at P is zero. 

                                                        E1              Eq                 E2
                                                                       P

                                               1.1m

                        Q2 =8µC            d = 0.5m           q                  d = 0.5m                Q1 = 8µC

hyp2 = adj2 + opp2
          = 12 + 0.52

          = 1 + 0.25                                                                                                                                          

          = 1.25       

  Hyp = 1.251/2 = 1.1 

 E1 = kQ1 = 9 x 109 x 8 x 10-6 = 5.95 x 104N
          r2                 1.12
E2 = kQ2 = 9 x 109 x 8 x 10-6 = 5.95 x 104N
         r2                 1.12
Eq = kq = 9 x 109 x q = 9 x 109qN
         r2             12
Ep = 0 
Ep = E1 + E2 +Eq
0 = 5.95 x 104N + 5.95 x 104N + 9 x 109qN
0 = 11.9 x 104 + 9 x 109q
-11.9 x 104 = 9 x 109q
 q = -11.9 x 104 

          9 x 109

q = -1.3 x 10-5 = -13µC
2. (a) Distinguish between the terms: electric field and electric field intensity. 

 An Electric field is a region of space in which an electric charge will experience an electric force while Electric field intensity, can be defined as the force per unit charge.

(b) A positive charge q1 = 8nC is on the x-axis at x = 4m. Find
 is at the origin, and a second positive charge q2 = 12nC
(i) The net electric field at a point P on the x-axis at x = 7m

                       q1        4m     q2    3m  P
E1 = kQ1 = 9 x 109 x 8 x 10-9 = 1.47N/C
          r2                    72

E2 = kQ2 = 9 x 109 x 12 x 10-9 = 12N/C
         r2                    32
	Vector
	Angle
	X component
	Y component

	E1 = 1.47N/C
	     00
	E1x Cos 0 = 1.47N/C
	E1y Sin 0   = 0N/C

	E2= 12N/C 
	     00
	E2x Cos 0 = 12N/C
	E2y Sin 0 = 0N/C

	
	
	∑Ex  = 13.47N/C
	∑Ey = 0N/C


E =   Ex2 +  Ey2
E =   13.472 + 02
E = 13.47N/C
(ii) The electric field at a point Q on the Y axis at y = 3m due to the charges 

          E2    E1
                Q


                     θ

           3m                     5m                         hyp2 = adj2 + opp2
                                                                                 = 32 + 42

                                                                                 = 9 + 16                                                                                                                                              

                                                                                 = 25       

                                                                           Hyp = 251/2 = 5 

                  q1          4m           q2
E1 = kQ1 = 9 x 109 x 8 x 10-9 = 8N/C       θ = tan-11.33 = 53.10
          r2                    32

E2 = kQ2 = 9 x 109 x 12 x 10-9 = 4.32N/C
          r2                    52

	Vector
	Angle
	X component
	Y component

	E1 = 8N/C
	      900
	E1x Cos 90 = 0N/C
	E1y Sin 90   = 8N/C

	E2= 4.32N/C
	      53.10
	E2x Cos 53.10

 =  -2.59N/C
	E2y Sin 53.10

 = 3.45N/C

	
	
	∑Ex  = -2.59N/C
	∑Ey = 11.45N/C


E =   Ex2 + Ey2
E =   (-2.59)2 + 11.452
E =   6.7081 + 131.1025
E =   137.8106
E = 11.7N/C
3. (a) State the formulation of the following identities of charges:                                                              i) Volume Charge density
                   Ƿ = dQ              
                          dV
                  dQ = ƿdV

     Where dQ is the charge element and dV is the volume element
ii) Surface Charge density 
                                 σ = dQ        

                                        dA

                                dQ = σdA
      Where dQ is the charge element and dA is the area element
iii) Linear Charge density
                             λ = dQ        

                                  dL 

                              dQ = λdL

    Where dQ is the charge element and dL is the length element
(b) Explain with appropriate equations, the electric potential difference

The electric potential difference between two points in an electric field can be defined as the work done per unit charge against electrical forces when a charge is transported from one point to the other.it is a scalar quantity and it is measured in Volt (V) or Joules per Coulomb (J/C).

                         VB – VA = W (A       B)Ag
                                               q0

(c) Two point charges Q1 = 10μc and Q2 = -2μc are arranged along the x-axis at x = 0 and x=4m respectively. Find the position along the x-axis where v = 0.

                                                                              P

             Q1        4m                   xm
                                                      Q2                      V = 0

Vp = 9 x 109 (10 x 10-6 + -2 x 10-6)
                          4 + x              x                        

0 = 10 x 10-6    -   2 x 10-6
         4 + x                x

      10 x 10-6    =    2 x 10-6
         4 + x                x

Cross multiply

(10 x 10-6) x   =    (2 x 10-6) (4 + x)
  10 x 10-6   = 4 + x 
  2 x 10-6           x
    5 = 4 + x

             x

     5x = 4 + x

   5x – x = 4

     4x = 4

        x =1

Position (P) at V = 0 is 4 + 1 = 5m

4 (a) What is Magnetic flux?

Magnetic flux is defined as the strength of magnetic field represented by lines of force which is usually represented by the symbol ɸ.

(b) An electron with a rest mass of 9.11 x 10-31kg moves in a circular orbit of radius 1.4 x 10-7m in a uniform magnetic field of 3.5 x 10 -1 Weber/meter square, perpendicular to the speed with which electron moves. Find the cyclotron frequency of 
the moving electron.
 ω = qB     = 1.6 x 10-19 x 3.5 x 10-1 

         m               9.11 x 10-31  
       ω = 6.15 x 1010rad/s
(c) Discuss your answer in 4b above. 

It shows that the cyclotron frequency also known as the angular speed is proportional to the product of the charge and the magnetic field and is also indirectly proportional to the mass of the electron.
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