Model answer

Preparatory year first term 2015-2016 leftover

The first question (15 marks)
a) Define each of the following

1- Equi-potential surface 
a) Equi-potential surface is the surface in which electric potential is constant for all points lies on it Va=Vb
b) Potential difference between two points on it is zero Vab=0

c) No required work to transfer any charge between two point lies on it Wab=0

d) This surface is perpendicular to the electric field

   2- Potential gradient 
Is defined as the change in electric potential with respect to radial distance and equal to the electric field [image: image2.png]


 
 3- Potential difference between two points 
Is defined as the work done per unit charge to transfer between two points in an electric field 

b) Using charge distribution principles to derive the electric field intensity at a point on axis of charged ring and find it at point of infinity and its center
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Consider a differential element of length ds located at arbitrary position on the ring in fig. 7. It contain an element charge given by
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Since the element at a distance r from point P the electric field element dE at point P due this charge element is given by 
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The axial component of dE is dE cos θ and 
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The axial component of the of the electric fields due to all element of length is E, where 
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But q=2πR
                                   
[image: image9.wmf](

)

2

/

3

2

2

R

z

z

q

k

E

+

=

\

                                    (2)

For points far enough away from the ring so z>>R we can put R=0 and E becomes 
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 as a point charge.
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 c) Two parallel plates a and b separated by 25 cm and placed parallel to charged conducting plane of charge density σ=20 C/m2 as shown in figure. Calculate 1-the electric field at plate a and at plate b 

  2- the electric potential difference between plate a and plate b  

  3- the potential gradient at plate a and at plate b 

  4- kinetic energy of mass 200 gm and charge 40 μC transfer between a and b 

1- [image: image12.png]
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4- kinetic energy=QV=40 C [image: image16.png]QV=40 x10"%cx55.65 X 1010 polt
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The second question (15 marks) 

a) Using Gauss's law to derive the electric field intensity due to charged conducting sphere at points inside, at surface and distance x from the surface  
 This derivation in lecture notebook 
b) Prove the mutual force per unit length between two parallel charge infinite thin conductors is independent on the length of each of them. 

This derivation in lecture notebook
c)  Consider two charges q1=2 μC and q2= - 4 μC placed at a and b. the two points of coordinates (4,5) cm and (-4,5) cm respectively. 1-Draw the figure  2-calculate the electric field at origin 3-the electric potential at the origin  4-the electric potential energy applied on q1   5- the electric potential energy applied on q2  6- the electric potential at point a 7-the electric potential at point b  8-the electric potential difference between points a and b  9- the electric flux at sphere surface of center  at origin and radius 7cm
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2- to find e at origin 
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3-
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4- potential energy on [image: image25.png]
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5- potential energy on [image: image28.png]


 is the same on [image: image30.png]


 equal [image: image32.png]-1.8 joule




6- the electric potential at point a is due to charge [image: image34.png]



[image: image35.png]9x10° x (—4x 107%)
08m

45%105




7- the electric potential at point b is due to charge [image: image37.png]
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8-the electric potential difference between points a and b  
[image: image39.png]—45x105V —-45x105V=-9x105V




9- the electric flux at sphere surface of center  at origin and radius 7cm 

The two charges lies inside the sphere so the electric flux
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III- A. See your book page 69-71. 

B. See your book page 82. 

C-1. C = (0   A/ l = 8.85 x 10-12 x 100 x 10-4  / 3 x 10-3

  = 295 x 10-13  = 29.5 PF 

2- C = Q / V = 


( Q = C V 

 = 29.5 x 10-12 x 110           

= 3245 x 10-12



    = 3.25 x 10-9 C 

3- Energy = ½ C V 2 = ½ x 29.5 x 10-12 x (110) 2

= 356950 / 2 x 10-12              = 17847.5 x 10-12  

= 0.01785 x 10-6 J 

IV-A. Ohm’s Law 

In order for a current to exist in a conductor, there must be a potential difference between its ends. In the case of a metallic conductor, the current I is proportional to the applied potential difference V. this relationship is known as Ohm’s Law and is expressed in the form     I = V / R 

The resistance is independent of the magnitude and polarity of the potential difference. 

Also, Ohmic conductor obeys law if its resistivity is constant at a given temperature and is independent of the magnitude and the direction of the applied electric field. 

E  = (   J 

B – Definitions: 

1 – Current density = electric current per unit area   J = I / A 
 amp / m 2 

2- Electromotive force: E m f : the work done per coulomb on the charge passing through a battery, generator, or other source of electrical energy is called e m f of the source. It is equal the p.d. across the terminals of the source when no current flows. But when current flows, this p.d. is less than e m f because of the internal resistance of the battery or the source. 

(V = ( - Ir

Where V is terminal voltage, ( is e m f and Ir is the potential drop due to internal resistance. 

E m f is measured in volts.   

3- Electric power 

The rate at which work is done to maintain an electric current is given by  P = I V Watts 

= current x potential difference

OR: the rate of energy transfer from electric potential energy to some other form (e.g. mechanical, thermal, chemical) is known as 

P = d U / d t  = V I 

In case the transfer of electrical energy to heat energy in a resistor, we have 

P = I2 R = V2 /R

J / S = watt 

C – Kirchhof’s laws : see your book page 122 – 123. 

D – For circuit ABCDA,  2 – 1 = - 4 I 1 + 3 I2 

For circuit NBADN , 4 – 2 = 2 ( I1 + I 2) = 4 I1

2 = 6 I1  + 2 I 2
Solving (1) an (2) 

I1 = 2/13 amp

   I2 = 7 /13 amp 

( current through N = I1 + I2



         = 9 /13 amp
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