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3-a (i) Write the properties of conductors in electrostatic equilibrium,

{- V is constant everywhere on the surface of a charged conductor in equilibrium.

2- That is "the surface of any charged conductor in equilibrium is an equipotential
surface,

3- Furthermore, since the electric field is zero inside the conductors,

4- we conclude that the potential is constant everywhere inside the conductor and equal
to its value at the surface".

(1) Write the properties of electric charge;

1- Charge is fundamental and cannot be described in terms of simpler, more basic
concepts. Two pieces of glass rubbed with silk will repel each other, Summarized, "like
charges repel, unlike charges attract." )

2- There are two kindes of charges: positive charge and negative charge. An
electron is negatively charged, there is no way to discharge an electron.

-

3- The smallest unit of charge known is the electron charge e (the same as for proton):
le| = 1.60219x10-19 C
which mean that, the unit of charge; C is equal to the charge of 6.3 x 1018 electrons. .

4- All electric charge comes in whole number multiples of the charge of the electron, e.
Whether positive or negative, charge is quantized. That is electric charge exists as
discrete "packets". Thus, we can write

q=Ne where N is some integer. .
5- Another aspect of electricity is the implicataion that electric charge is always
conserved. That is, when one body is rubbed against another, charge is not created in the
process. This is consistent with the fact that neutral, uncharged matter contains as many
positive charges (protons within atomic nuclei) as negative charges (electrons).

3-b- A proton accelerates from rest in a uniform electric field of 640 N/C. At some later
time, its speed is 1.20 x 106 m/s. (a) Find the magnitude of the acceleration of the
proton. (b) How long does it take the proton to reach this speed? (c) How far has it
moved in this interval? (d) What is its kinetic energy at the later time?

Solution
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m, @.ixw" kg, e = 1.6 x10™° C, K =9x10° Nm*/C?, &, = 8.85 x 10"% F/m. m,= 1.6 x10” kg
- J-a (1) Write the properties of conductors in electrostatic equilibrium, Write the properties of

o electric charge. (3 marks) _
- 3-b- A proton accelerates from rest in a uniform electric field of 640 N/C. At some later time, its

speed is 1.20 x 10° m/s. (a) Find the magnitude of the acceleration of the proton. (b) How long

does it take the proton to reach this speed? (c) How far has it moved in this interval? (d) What is

its kinetic energy at the later time? (3 marks)

Question four: electricity Jsts 4 Sl gilii x.2)
4-a- Four closed surfaces, S, through S,, together with the charges - 2 Q, Q, and - Q are sketched
here. Find the electric flux through each surface. Q = 45uC, fig. 4-a (3 marks)

4-b- Draw the electric field lines and equipotential surfaces for (i) positive point charge, (ii) solid
conducting sphere negatively charged, (iii) uniform electric field..Swdl au il 53 & siae (3 marks)

Question five electricity Jsa A Jilwall geilii )

3-a- Two spherical conductors of radii 4cm and 7 cm are separated by a distance much larger than
the radius of either sphere. The sphere charges are initially q; = +2.0nC and q = -5.0nC. After
that the spheres are connected by a conducting wire. Find the electric potential and the electric
field strengths at the surfaces of the spheres. (3 marks)

3b-Derive the capacitance for a spherical capacitor consists of a spherical conducting shell of
radius b and charge -Q that is concentric with a smaller conducting sphere of radius a and charge
+Q. Ifa=2mm, b =5mm and Q = 45uC, calculate the capacitance of this capacitor and
calculate the electric field at » = Imm, 3mm and 7 mm. What is the value of the potential

difference between a and 5? (4 marks)

Question six: electricity o A Jilwal] geilii gu)
6-a- Determine the current in each branch of the circuit figure 6-a I l (3 marks)
6-b-For the circuit shown fig. 6-b., find (a) the equivalent capacitance, (b) the charge and potential
difference for each capacitor. j 73 (3 marks)
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figure 6-a-. figure 6-b-
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~ The magnitude of the acceleration of the proton is

m 1.67x10 kg

a=64x10"m/s?

And it is directed toward the negative plate. From Newton’s law
V=V +2ax x=11.25m

V2=V, +at t=187x107 sec

KE. =05mV’ =115x10" J = 7200eV

4-a- Four closed surfaces, S1 through,S4, together with the charges - 2 Q, Q, and - Q are
sketched here. Find the electric flux through each surface. Q = 450C, fig. 4-a

Solution

®; = (-2Q + Q) / g9 = -Q/ g9 =-5.08x 10° Nm? /C
O =(-Q+Q)/&=10

@; = (-2Q +Q — Q)/ go=-10.16 x 10°* Nm? /C
D=0 .

4-b- Draw the electric field lines and equipotential surfaces for (i) positivg point charge,
(ii) solid conducting sphere negatively charged, (ii1) uniform electric field

»
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s :'c,apacitance of this capacitor and calculate the electric field atr=
. What is the value of the potential difference between a and b?

we draw a sphere of radius r concentric with the sphere,

Q=ToEA=0oE@#Or2)

lmm, 3mm and 7 mm.
As a Gaussian surface

in which (40 r2) is the area of the spherical Gaussian surface, from which

the potential difference

then,

V=kQ (l/a - 1/b)
= kQ (b - a)/ab

Solving for C=Q/V,

ab

C = ——
k(b - a)

C=0.37pf
E(lm) =E(7m)=0
E (3m)=4.5x10"" V/m

Vv =121 x10° volt

6-a-1,=1.186 A I, =0.837A

6-b- C (uF) 8 6
Q(uC) 24 18
V(volt) 3 3

r
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. 3-a- Two spherical conductors of radii 4cm and 7 cm are separated by a distance much
larger than the radius of either sphere. The sphere charges are initially q1 = +2.0nC and
g2 = -5.0nC. After that the spheres are connected by a conducting wire. Find the electric
potential and the electric field strengths at the surfaces of the spheres.

The total charge on the spheres after the spheres are connected,
Q=-5+2=-3nC
Then Q1 + Q2 =-3nC (1)

Since the spheres are connected by a conducting wire, they must both be at the same
potential V, given by

y=r2 ;&

n r

Therefore, the ratio of charges is,
Q1 =(4/7) Q2

From eq. (1)

(4/7) Q2 +Q2=-3nC

Q2=-1.9nC Q1 =-1.09 nC

Since the spheres are very far apart, their surfaces are uniformly charged and we can
express the electric fields at their surfaces as,

E; =6136N/C
E;=3506 N/C

Taking the ratio of these two fields and making use of (1), we find that

V =V -=-245 volt

3b-Derive the capacitance for a spherical capacitor consists of a spherical conducting
shell of radius b and charge -Q that is concentric with a smaller conducting sphere of
radius a and charge +Q.. If a =2 mm, b = 5 mm, and Q = 450C, calculate the
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