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Answers Key:
III. Three Marks:
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@) q1 = #2 uC, q = +3 uC, and r = Im. Both are positive charges. so the force will be repulsive.
Force experienced by the charge q, due to q; is given by

Fy = Tlsﬂ AL Dy

Here r3; is the unit vector from q; to q. Since qz is located on the right of qi, we have

5 = 4, and = = 9 x 10° so that

F;l — 9x109x2><11(3 6x3x10°6 %

=54x103 N;

According to Newton’s third law, the force experienced by the charge q; due tg q, is F;,.= + &, Therefore,
F1,= 54 X103 N;

The directions of r;, and F, are shown in the figure (case (b)).

(b) @1 = 2 uC, @3 = -3 uC, and r = Im. They are unlike charges. Sothe force will be attractive.

Force experienced by the charge q, due to q; is given by
= 9x10°x (2x10°) x (~3x10™)
Fy = 712

T
— 54 x 1073 N; (Usinghg = z)

The charge q will experience an attractive force towards qi; which is in the negative x direction.
According to Newton’s third law, the force experienced by the charge q; due to q; is 7, = — F,; Therefore,
Fiz =54 x 107% N

The directions of F»; and Fy, are shown in the figure (case (b)).

(c) If these two charges are kept inside the water, then the force experienced by gz due to qi

F;%V = #Eu m;;gz'rfz

since ¢ = ereo,

we have £l — - s, — L

Therefore,

= 240N = -0.675x 103 N;

2. According to the superposition principle, the total electrostatic force on charge q is the vector sum of the forces due to the other charges,
Ff* = Fyy + Fy + Fyy
The following diagram shows the direction of each force on the charge q;.
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The charges g, and g, are equi-distant from q;. As a result the strengths (magnitude) of the forces F7, and F;, are the same even though their directions are
different. Therefore the vectors representing these two forces are drawn with equal lengths. But the charge qs is located farther compared to g, and gy,
Since the strength of the electrostatic force decreases as distance increases, the strength of the force Fy, is lesser than that of forces F;, and F;,. Hence the
vector representing the force £y, is drawn with smaller length compared to that for forces Fj, and 7.

From the figure, r; =v2m = r; and r3; = 2m

The magnitudes of the forces are given by
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_ ke 9x10°x10°12
Fp=-r ="

F3 =225x10°N

Fia= %2 =F, = gxmg;w’“

= 45x103N

From the figure, the angle 0 = 459. In terms of the components, we have
Fiy = Fjycos0i — Fyysinfj

=45%107X Li - 45x10° x £

Fy, = Fl3i=225%103Ni

F,, = Fyycos0i + Fy sinfj

=45x103x %;i+4.5 X 107% x %5

Then the total force on q; is,

Fiot = (F,,co80i — Fiasindj) + Fisi + (Fy,cos6i + Fusingy)
Fiet = (Fiacos + Fug + Fucos)i + (—Fiasind + Fusing)j
Since Fy, = Fyy, the j th component is zero.

Hence we have

Fit = (Frac080 + Fi3 + Fucosf)i

substituting the values in the above equation,

(42 +225+ 42) x 107 = (45v7 +2.25) x 10°%

Ft = 8.61x 1073 Ni

The resultant force is along the positive x-axis.

. Case (@)
The magnitude of the electric field at point P is
Ep — 1 4 _ 9x10°x1x10°°
Tne, 12 1

=2.25x103 NC1

Since the source charge is positive, the electric field points away from the charge. So the electric field at the point P is given by
E,=2.25x10>NC?

For the point Q

|E| = L0 = 0.56 x 103 NC™!

Hence E; = 056 x 10%] NC™

Case (b)
The magnitude of the electric field at point P
E = ke _ 1 g _ 9x10°x2x10°
P ™ dmey, 7 T
=45x103NC?

Since the source charge is negative, the electric field points towards the'charge: So the electric field at the point P is given by
B, = 4.5 x10%NC™

For the point Q, | Bp| £0x2x10°

=05x10°NC?

Ey = 05x10%NC?

At the point Q the electric field is directed along the positive x-axis.
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. (@) The capacitance of the capacitor is
C = &2A _ 885x10 "x25x10™*
d 1x10°°
=221.2x10BF
C = 22.12 x 10"2F = 22.12pF
(b) The charge stored in any one of the plates is Q = CV, Then
Q=2212x10"12x10 = 221.2 x 1012C = 221.2 pC.

. (a) The capacitance of the capacitor in the presence of dielectric is

C = oA _ 5x885x102x6x10
d 6x10°°

= 4425 x 103F = 4.425 pF

The stored charge is
Q=CV=4425%x101x10

= 4425 x1078C = 44.25pC

The stored energy is
U=1cv2=1x4425%10Bx100
=221x1070]



(b) After the removal of the dielectric, since the battery is already disconnected the total charge will not change. But the potential difference between the
plates increases. As a result, the capacitance is decreased.

New capacitance is

Co= Eg _ 44.25;1042

=0.885x 102F = 0.885 pF

The stored charge remains same and 44.25 pC. Hence newly stored energy is

Uo =% =% —cU

=5x2.21x10719] = 11.05 x 10719]

The increased energy is AU = (11.05 - 2.21) x 1010 =8.84x1010]

When the dielectric is removed, it experiences an inward pulling force due to the plates. To remove the dielectric, an external agency has to do work on the
dielectric which is stored as additional energy. This is the source for the extra energy 8.84 x 107°].

II. Two Marks:

6. By using superposition principle, the net electric field at point A is
E = L

Ine,

where 11, and 1, are the distances of point A from the two charges respectively

= 9x10%x1x1076 (7 9x10°x1x10°6 (%
By = =5y 0+ (2x10 ) (@)

=2.25x10% + 2.25x 10% = 2.25 x 109 ((i + })
The magnitude of electric field

g1 ~ 1 g1 -~
77, 114 + 72, 124

|4l = \/(2.25 x 10%)2 + (2.25 x 10°)?
=225xv2x10°NC?
The direction of £/ is given by £+ = 22500 _ [ \which is the unit vector along OA as shown in the figure.
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The acceleration experienced by an electron placed at point A is

- P E.
==

- (—l.ﬁx1(]"")><(2.23><10”)(?+})
- 395107 (; + )Nkg™
The electron is accelerated in a direction exactly opposite to £,.
7. The maximum torque experienced by the dipole is when it is aligned perpendicular to the applied field.
Tmax = PE sin 90° = 3.4 x103° x 3 x 10* Nm
Tmax = 10.2 X 1026 Nm.
8. (a) The work done to arrange the charges in the corners of the square is independent of the way they are arranged. We can follow any order.
(i) First, the charge +q is brought to the corner P. This requires no work since no charge is already present, Wp = 0
(ii) Work required to bring the charge —q to the corner Q = (-q) x potential at a point Q due to +q located at a point P

a _ 14

Wq=-gx TIEQ e = " Treg @
(iii) Work required to bring the charge +q to the corner R = q x potential at the point R due to charges at the point P and Q.

Wr=qx 7 (-2 + %)
= L(-1+%)

(iv) Work required to bring the fourth charge —q at the position S = q x potential at the point S due the all the three charges at the point P, Qand R.
WS:_qXL(szz _L)

4mey \ a a V3a
W = _4735.,(172(27 %)
(b) Work required to bring the charge q' to the center of the square = q' x potential at the center point O due to all the four charges in the four corners.
The potential created by the two +q charges are canceled by the potential created by the -q charges which are located in the opposite corners. Therefore
the net electric potential at the center O due to all the charges in the corners is zero.
Hence no work is required to bring any charge to the point O. Physically this implies that if any charge q' when brought close to O, then it moves to the
point O without any external force.

9. The electric field on the surface of the sphere(by Gauss law) is given by

E= 1%
The potential on the surface of the hollow metallic sphere is given by
V= g% =ER

Since Vipax = EmaxR
Here Eax = 3 x 109Vm-L So the maximum potential difference created is given by
Vipax = 3x10°x 0.5
= 1.5 x 10V (or) 1.5 million volt.
10. Chargeq=50nC=50x10C,e=16x1019C
No. of electrons n = £

g _ 50x107°

e 1.6x1071




= 31.25 x 10" electrons

To produce 50 nC charge, number of electrons transferred = 31.25 x 10'° electrons
I. Multiple Choice Question:
11. The charge + q will be stable between B; and B, with respect to the displacement.
12. (¢) uniformly charged infinite plane
13. (b) 8mC
14. E =10xi, whenx =2m

E=10x2x7=20i

Since, E = =& - V = 420V
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15. (b)



