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The electric potential

Best wishes and good Luck
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The electric potential
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Ex:1 At a certain distance from a point charge the magnitude of the electric field
Is 300 N/C and the potential is -300 V. The distance of the point from the
charge is:

a)8m b) 3m c) 10m d) 5m
Solution
Ea =300 N/C
i
o Y — A
q Va=-300V
V
oo AV 3000 oo
E 3000

Ex:2 Three point charges each of charge is 4ucare located at the corners

of square of side length 0.5 cm. The electric potential at the forth corner
of the square is:

a) 3x10°V  b)1.95x10°V  ¢)159x10'V  d) 5.19x10"V

Solution
4y, Ape
[ 2 ,’
Va :K|:CI1_|_C|2+Q3:| ,
L € 0.005| 0.0071,"
=Kgt,6,1_ 1 ’
L ry I3 ’
.’ O4uc
0.005
:9x109x4><10_6{ 1 + 1 + 1 }
0.005 0.0071 0.005

= 195%x10" V
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Ex:3 Four point charges are located at the corners of a square of

side 0.5 m in length. The electric potential at the center of this square is:
a) Zero b) —2.6x10*V
c) 2.6x10*V d) 1.13x10° V

Solution

g sbuiie sl S (688 el S e die Vo Gl osllad) *

=== =r (GOl Ge cus)

29 —2q
Q\ ,.
Skl 2r = 4/0.52 + 0.52 =0.707 T 0
- w = O35m //X\\ 05
2 r. NI
Va = 5[+ + g+ ]
A [ 2 3 4 3q ¢ "y ® 4
K N
= [20 — 29 — 49 + 30] (o aeally Lolal sl o) 1Y)
_ —Kg _ -9x10°x1x107° |
r 0.35
V. = -26x10*V
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Ex:4 A 2uc point charge is located at the origin, and a second charge of —8uc
Is placed on the y-axis at y = 30 cm. Point A and B are on the x-axis at 40
cm, 80 cm respectively the potential difference (V, —Vg) is:

a) 3x10*V b) —3x10*V
c) 4x10*V d) —4x10%V
Solution
_8“'0 L\\\
i ..0.854
VA = K i + q_2 0.3 \\\ AN .
_rlA r2A 0_5 \\\ \\\\
— I \\ \\\
—6 _ —6 21 A B
— K 2)(10 n ( 8X10 ) % 9 % 109 ]J,: 04 >
0.4 0.5
- 0.8
= -99x10% V
Ve =k |0, %2 Va~ Ve
T, = (-9.9x 10%) - (6.2 x 10%)
2x10°  8x10°° =-37x10* V
=9 x 109 + 4
0.8 0.85 —_4x10* V
= —6.2x10% V
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Ex:5 A 20uc point charge is at the origin and —15uc is at (2,0) m. The point
which on x-axis where the total electric potential is Zero is:

a) (-2,0) b) (1.14,0) c) (-1.14,0) d) (1,0)
Solution
g, = 20x10°° C g = -15x10°C r=2m
(0, 0) (2,0)
Ot & daliiad e 4 slhall bl
Legin 058 o) A
G| _ [9]
X r— X
20x10°  5x10°
X 2 — X
4(2 - Xx) =3x
8 —4x = 3x
8 =7x X = % =114 m (114,0) il
dal NI 2 2 SY agad) a3 e el 5ad clua
L X e Al V(X) = E=-_9Vj
O X
Ly aen A V() = E=-_9Vj Faal
oy
Lt 7 b V(x) = E=-_9Vk
oz
X, Y, Z &l V(XY 2 = E=- OVi. aVj- aVk
O X oy 0z

1001004u.com Qs o gl ;i Iia mmmwmﬁaw} 6 L



00966502047005 B4 bws— Zewail = —

Ex:6 If the electric potential V is a function of x-coordinate only and is given
by V(x) = (a — bx)i where a =100 V and b = 25V/m. The electric field
IS:

2) (25V/m) i b) (23V/m) i
0) (25V/m) i d) (18V/m) |
~——— Solution o
V =(@-bx i
E =- Vi =_(0-bi =-(0-25 =(25 N/m) i
o0 X

Ex:7 The electric dipole lies a long the Z-axis with its center at the origin. The
electric potential V due to the dipole at a point A on the Z-axis is given by

V(Z)= KPZ 2. The electric field at A is:
a) 2KPZ j b)-2KPZ? k ¢)2KPZ® k d)2KPZ?® j

Solution
V(z) = KPZ?
e o=- Yy = —(-2KPZ7®
0Z

= (2Kpz3 Vm) k
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Ex:8 The electric potential in a certain region is given by

V =ax?+bx+c where a=12V/m?, b=-10V/m, c=26V. The magnitude
of the electric fieldat x =2 m is:

a) 40V/m b) 38V/m
c)15V/m d) 23V/m
Solution

all sV :ax2+bx+ C

E = _(2ax + b) (x=2, a=12, b=-10)

—(2x12x2 + (-10))

~ (48 - 10)

— 38 V/m E =38 V/m
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Osadal) ABlaY e milil gl
Potential due to a charged ring

Ex:9 A ring of radius 6 cm and has a charge density of 4uc/m. The electric
potential at a point on the axis of the ring at 10 cm from the center is:

a) 1.43x10°V  b)2.13x10° V ¢) 1.25x10° V  d) 1.13x10° V
Solution

r= ,/R? + Z? ,lA

= J0.06% + 0.1 = 0.12m
r// Z 0.1m

R
=A2nR

= 4x10°%%x2x3.14 x 0.06 qg=rL
= 151x 10°% C L =2xR
-6
V=K 3= gy 1oix10
r 0.12
= 1.13 x 10° V

E=0 cSIVE K L ogall ) S e vic 140 gale
r
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Osadaall o Al o il agad)
Potential due to a charged disk
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Ex:10 The electric potential at the center of uniformly charged disc of radius R
Is 30 V. The potential at a point on the axis of the disc at a distance of

R:3is:

a) 10V b) 12V c)8V d) 13V
Solution
Zl =0 El =30V
Z, = R+/3 E, = 77

v, ZZ+R? -z J(RV3)? + R?
Vo \Z5+R% - Z, _ [ar? + R?

4R? = 2R

w
o
|
(@)
+
Py
)
|

o

[
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Potential due to the electric dipole

Dipole moment — P =qd

'A'"'q>0
P
Va =K— Cosb IS
r e
d -
= K_(gd Cost ?
r
Yo
0=900 culs 1y 4 sy
+  0<90 + vi.
C)lé V = O e = 90 - V:O
- 69 I ~ --------------
A

R R R R S R R P P R P P S R R S S R R S R R P S R R P P R R P S R R P S R R P S R R P S R P P S P

Ex:11 An electric dipole is of an absolute charge g =12nc if the distance
between dipole charges is 3cm, then the potential at a point at a distance

15 cm. making an angle 40° measured from the dipole axis is:

a) —335V b) +620V ) +1103V  d)-77V
Solution
— -9
q =12x107"C v =K% s
d =003 m r2
r =015 m -9
_ o = 9x 109 1210 <003 4o
6 = 40 (0.15)
= 1103 V
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Conducting Sphere

g g g
I:VA:KE y VB:KE, VC:KTj|
r<R | r=R | r>R

Ex:12 A conducting sphere of radius 10 cm and charge of 20uc. The electric
potential at the center of the sphere is:

a) 3MV b) 1.8 MV c) 8.1MV d) 10 MV
~— Solution o
R =01m r=0<R qg=20x10"°C
-6
VK9 =9x1092019° _ 15,108V
R 0.1
= 1.8 MV

1001004u.com  Ggall o yadlly ;hall 1 SaaLha liSay g gy laaila | 13-




b) 2.7x10""c/m?

a) 3.4x10°c/m?
d) —2.7x10" "¢/ m?

c) 8.1x107"¢c/m?

Solution
R =01m V = -3000V r=R
vek 3 o g= VR _ -3000x01
R K 9x10
e V oYl aaal = —333x10°8 C
-8
9 -4 _ =333x107 _ 500 107 o’

A 4xR?2  4x314x0.12
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Ex:13 A conducting sphere of radius 10 cm and has an electric potential at the
surface —3000V(V =0 at «).The surface charge density at the sphere is:

1001004u.com sl o guaally ) al 130 Sanldia iy g agy aw} 14 L
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Ex:14 Consider two concentric (then and conducting) spherical shells. The
inner has a radius a = 10 cm and a charge of 8 nc. The outer has a radius

b=30 cm and a charge of -15 nc. The electric potential on the surface of
the inner shell is:

a) 300V b) 270 V c) 168V d) 200 V
Solution
V = V]_ + V2
= K i + K 92
a
(r=a) (r<b)
-9 -9 S 1Y s gata
~9x10° 8x10 N 15x10 .
0.1 0.3 sba <r<b
=270 V

V:l:ﬁ_kq_z:l
r b

r>a r<b
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OS] i) gl
Common potential of two spheres

q, q,

S ) sen eI 5 e JiE At o8 ) Jia s el 5,80 Jua s 513 #
i g lagile dgall (5 gy A 3¢

G _ 92 > (1)
Rl RZ

G+0, =0q1+0q | > (2

Y A dsaasll s doa gl aay &l agall (5506

common

v o o=kd_k
Rl

s |é{

2

01, 0% abad (S 2 ¢ 1 oliladll Jay cdligala
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Ex:15 Two conducting sphere are very far apart. The smaller sphere carries a
total charge of guc. The larger sphere has a radius twice that of the
smaller sphere and is uncharged. After the two spheres are connected by

a thin conducting wire, the charge on the smaller and the larger spheres
respectively are:

a) 3uc, 6uc b) 6uc, 3uc
C) 2uc, 4uc d) 4uc, 2uc

P Solution e
R, = g =9x10°C a =??
R, = 2R q = Az = 77
Oy + p = q'1 + q'2 (1) i (2) (o g 92l
9%x107% = g} + q, > (1) 9x107° = g} + 2q]
9 _  a, 3q) = -
9 - Q92 q; = 9x10
o R } =3x107° = 3
, ' = X = C
i — q2 q:yl ' u
R 2R A2 = 20
_ -6 _
L = 2q 5 Q) =6x107" = 6 pnc
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electric potential difference between A , B
* The work required to bring g (1C) from A to B:

;B Akl Y A Akl (e g sl JEI AP Jidd *

W =g (Vs — Vi) A
tosSe V laaga Akt IV, =0 Ale ¥ Lo e Al J85 e :Adgale

w

W =qV —

Ex:16 An external agent brings a charge of 4uc from infinity to a point where
the electric potential is 24x10°V. The work done by the agent is:

a) 30J b) 90 J c) 96 d) 100 J
Solution

q =4x10"° W =gV

V, = 24x10° V = 4x10%x24x10°

V, =0 = 96 J
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Ex:17 Two points charges g, =15uc , g, =20uc are placed at two corners of

00966502047005 B4 bws— Zewail = —

an equilateral triangle of length 15cm. the amount of work required to
bring a charge g5 =-5uc to the third corner of the triangle from infinity

IS:
a) 10.5J b) —10.5J c) 1.05J d) —1.05J

Solution

9, = 15x10°C ,q,=20x10°%C , g =-5x10°C

d1
0.15
VA = K |:ﬁ + q_2:|
R b
-6 -6

gy 1g0 |15X10°° 20x10

0.15 0.15
= 21x10% Vv

= 5x10%x21x107°®
= -105
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The electric potential energy (U)
A S puagl Aol

The electric potential energy of a system of fixed point charges is equal to the work
that must be done by an external agent to assemble the system, bringing each
charge in from an infinite distance.

q,
U — K q1q2 J
r
P s
U:K{qlqz L ls Q2q3} W=U. o ;
o I3 I3 P ’

—1lSL Y AV e clinall Jail o DU Jall) Leuds o 38U o3a e

Ex:18 The work is required to bring four identical +4uc charges from infinity
to the four corners of a square of side 10 cm long is:

a) 8.7 b) 127 c) 7.8 d) 3.4]
Solution

1 2
q q

qg=4x10"°C

1 = 02 =03 =04 = Q 0.14

W U =K | 992, 995 , 99 , 905 | 9ods , 9l

r12 r-13 r14 r-23 r-24 I’-34 4 3

a 01 a

=9><109><(4><10_6)2[1 PR S SUNNE SN S 1} = 781
01 014 01 01 014 0.1
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Ex:19 A ring of radius R=4cm, with its axis along the x-axis carries a
uniformly distributed charge of 8nc. A small particle of charge 5nc is
placed at a distance of x = 3cm from the center of the ring. The potential
energy of the charge system is:

a) 7.2u) b) 2.7u] c) 3.2 d) 1.4u

Solution

r = 0.05 cm \/ 3em O
g =8x10"° C

¢ =5x107° C

U = K q1q2
r
-9 -9
94 10° 8x1077 x5x10
0.05
=72x10% J =72 pl
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Ex:20 Two parallel plates are connected to a 100V- power supply. An electron
starts from rest at one plate and accelerates toward the other. The speed
of the electron when it hits the second plate is:

a) 4Mm/s b) 6Mm/s ¢) 3Mm/s d) L.5Mm/s

Solution
Vo =0 V- 22
m
V =100 V
_ |2x1.6x101° x100
g =e=16x10"C - \/ M9 1 < 1031

— =31
m = 9.1x10" kg 5.93 x 10° m/s
o 6 Mm/s

Ex:21 A point charge particle of mass 2x107°kg and charge g=1ucand

initially at rest. Falls under a potential difference of 2x10°V its final
speed is:

a) 2km/s b) 1.14 Km/s c) 25Km/s d) 3.4 Km/s
Solution
vV — IZqV — [2x1x10°%x2x10°
0 m 2 x10°°

= 1.14x10% m/s = 1.14 Km/s

=
I
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X
[HEN
o
|
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=
(o]
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