@ SURE SHOT QUESTIONS 2026
Chapter — 02 (Questions)
Electrostatic Potential and Capacitance

+ Question

The electric field inside a parallel plate capacitor is
E. Find the amount of work done in moving a
charge q over a closed rectangular loop abcda.
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Establish the relation between electric field and
electric potential at a point. Draw the
equipotential surface for an electric field pointing
in +Z direction with its magnitude increasing at
constant rate along -Z direction.

Define an equipotential surface. Draw,
equipotential surfaces: 7
(i) In the case of a siniglé point charge'and”

(i) In a constant electric field jn.2—direction.

Why the equipotentialsurface about a
single charge are not\@qaidistant?

(iii) Can electric field exist tangential to an
equipotential surface? Give reason.

(a) Two point charges +Q; and -Q; are placed r
distance apart. Obtain the expression for the
amount of work done to place a third charge Q; at
the midpoint of the line joining the two charges.

(b) At what distance from charge +Q; on the line
joining the two charges (in terms of Q;, Q; and r)
will this work done be zero.

Obtain an expression for electrostatic potential
energy of a system of three charges ¢, 2q and -3q
placed at the vertices of an equilateral triangle of
side a.

Three point charges Q, g and -q are kept at the
vertices of an equilateral triangle of side L as
shown in figure. What is

(i) The electrostatic potential energy of the
arrangement? And
(ii) The potential at point D?
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N small conducting liquid droplets, each of radiusr,
are charged to a potential V each. These droplets
coalesce to form a single large drop without any
charge leakage. Find the potential of the large

drop.

TWopbint charges q and -2q are kept ‘d’ distance
.apart. Find'the location of point relative to charge

‘q’ @bwhich potential due to this system of charges
\iszero.

Four point charges Q, q, Q and q are placed at the
corners of a square of side ‘a’ as shown in the
figure. Find the

Q

q a Q
(a) Resultant electric force on a charge Q, and
(b) Potential energy of this system.

. (a) Three point charges q, -4q and 2q are placed at
the vertices of an equilateral triangle ABC of side *
I” as shown in the figure. Obtain the expression for
the magnitude of the resultant electric force acting
on the charge q.

(b) Find out the amount of the work done to
separate the charges at infinite distance.

. In a parallel plate capacitor with air between the
plates, each plate has an area of 6 x 10° m? and
the separation between the plates is 0.3 mm.

{i) Calculate the capacitance of the capacitor.
(i) If this capacitor is connected to 100 V supply,
what would be the charge on each plate?




(iii) How would charge on the plates be affected, ifa 3
mm thick mica sheet of K = 6 is inserted between
the plates while the voltage supply remains
connected?

12. (i) Find the equivalent capacitance between A and
B in the combination given below. Each capacitor is
of 2 uF capacitance.
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If a dc source of 7 V is connected across AB, how
much charge is drawn from the source and what is
the energy stored in the network?

13. A 12 pF capacitor is connected to a 50 V battery.
How much electrostatic energy is stored in the
capacitor? If another capacitor of 6 pF is connected
in series with it with the same battery connected
across the combination, find the charge stored and
potential difference across each capacitor.

14. Two parallel plate capacitors X and Y have the
same area of plates and same separation between
them. X has air between the plates while Y

contains a dielectric of &£, = 4.
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Calculate capacitance of eatheapacitor if
equivalent capacitanég af the
combination is 4 uF .

(ii) Calculate the potential difference
between the plates of X and Y.

(i) Estimate the ratio of electrostatic energy
storedinX and Y.

15. In the following arrangement of capacitors, the
energy stored in the 6 ,uF capacitor is E. Find the
value of the following

(i) Energy stored in 12 pF capacitor
(ii) Energy stored in 3 uF capacitor
(iii) Total energy drawn from the battery
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16. The magnitude of electric field (in N C?) in a region
varies with the distance r (in m) as
E=10r+5
By how much does the electric potential increase
in moving from pointatr=1mto a pointatr=10
m.

17. The electric potential as a function of distance X’ is
shown in the figure. Draw a graph of the electric
field E as a function of x.

18. Derive an expression for the potential energy of an
electric dipole in a uniform electric field. Explain
conditions for stable and unstable equilibrium.

19. If two similar large plates, each of area A having
surface charge densities + 0 and - O are separated
by a distance d in air, find the expressions for

(a) Field at points between the two plates and on
outer side of the plates. Specify the direction
of the fieldir each case.

b) Thepotential difference between the plates.

{‘c,! fﬁfcapacitance of the capacitor so formed.

,20./(a) Define an ideal electric dipole. Give an example.
(b) Derive an expression for the torque
experienced by an electric dipole in a uniform
electric field. What is net force acting on this
dipole?

(c) An electric dipole of length 2 cm is placed with
its axis making an angle of 60° with respect to
uniform electric field of 10° N/C. If it experiences a

torque of 8\]5 N/m, calculate the magnitude of
charge on the dipole, and its potential energy.

21. Four point charges @, g, Q and q are placed at the
corners of a square of side ‘a’ as shown in the
figure.

Find the

(a) resultant electric force on a charge Q, and

(b) potential energy of this system.

Q q
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22. Show that the capacitance of a spherical conductor
is 4mreo times the radius of the spherical conductor




23. Two identical parallel plate capacitors A and B are

connected to battery of V volts with the switch S
closed. The switch is now opened and the free
space between the plates of the capacitors is filled
with a dielectric of dielectric constant K. find the
ratio of the total electrostatic energy stored in
both capacitors before and after the introduction

of the dielectric.
—

A 100 uF parallel plate capacitor having plate
separation of 4 mm is charged by200 V dc. The
source is now disconnected. When the distance
between the plates is doubled and dielectric slab
of thickness 4 mm and dielectric constant 5 is
introduced between the plates, how will (i) its
capacitance, (ii) the electric field between the
plates, and (iii) energy density of the capacitor get
affected? Justify your answer in each case.

. Figure shows two identical capacitors, C, and C,
each of 1 uF capacitance connected to a battery of
6 V. Initially switch 'S" is closed. After sometime 'S’
is left open and dielectric slabs of dielectric
constant K = 3 are inserted to fill completely thé
space between the plates of the capaciterS:rHow.
will the (i) charge and (ii) potential difference
between the plates of the capacitors be affected
after the slabs are insertedi
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26. Two tiny spheres carrying charges 1.5 uCand 2.5

uC are located 30 cm apart. Find the potential and
the electric field

. At the mid-point of the line joining the two charges,
and

. At a point 10 cm from this mid-point in a plane
normal to the line and passing through the mid-
point.

27. Define an equipotential surface. Draw

equipotential surfaces :

In the case of the single point charge and

In a constant electric field in Z-direction. Why the
equipotential surfaces about a single charge are
not equidistant ?

Can electric field exist tangential to an
equipotential surface? Give reason.

28. Derive a relation between electric field & potential
& explain significance of —ve sign.

29.

An electric dipole of length 4 cm, when placed
with its axis making an angle of 60 with a uniform
electric field experiences a torque of 4y3 Nm.
Calculate (i) magnitude of the electric field, (ii)
potential energy of the dipole, if the dipole has
charges of + 8 nC.

. Two particles have equal masses of 5.0 g each and

opposite charges of +4 x 10° C and -4 x 10° C. They
are released from rest with a separation of 1.0 m
between them. Find the speeds of the particles
when the separation is reduced to 50 cm.

. Thescapacitors«Ci'and C; having plates of area A
‘éach, are connetted in series, as shown. Compare
‘the capacitance of this combination with the

cap@gfﬁr C;, again having plates of area A each,
‘but ‘made up’ as shown in the figure.

32, In the circuit shown in the Fig., if the point Cis

earthed and point A is given a potential of +1200 V,
find the charge on each capacitor and the potential
at the point B

1200 V

e




@ SURE SHOT QUESTIONS 2026
Chapter — 02 (Solutions)
Electrostatic Potential and Capacitance

+ Question

1. Ans. Electric field inside a parallel plate capacitor =

d

Here, electric field is conservative. Work done by the
conservative force in closed loop is zero.
So, required work done = 0.

2. Ans. Equipotential surfaces in a constant electrie.
field in Z — direction.
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For constant electric field

Electric field as gradient of potentidl cohsider a point
charge +q placed at point O. Supposethat V and
V + &6V are electrostatic potential at points A and B,
where distance from the charge +q arer and r-or
respectively.
V+ov)=v+22
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If Eis electric field at point P due to charge +q placed
at point O, then the test charge qo experiences a force

equal to gy E and the external force required to move

the test charge against the electric field E is given by
F - _qDE
Therefore, work done to move the test charge through

an infinitesimally small displacement PQ = &l is given
by

AW = F. 8l = (—qE).8l = —q,E6lcos 180° =
GoE6l

As the distance r decreases in the direction of &1, then
oW=—q,Edr

M = —Ebr

qo
From equations (i) and (ii), we get
sV

6V = —Eér;E = ~% (1)
Ans. Equipotential surface is the surface with a
constant value of potential at all points on the
surface.

(i) Equipotential surface for single point
charges

V=V
Equipotential surfaces in a constant
electric field in Z - direction.

For constant electric field

Equipotential surfaces about a single charge are not
equidistant because electric potential, V « rl

(iii) Electric field cannot exist tangential to an
equipotential surface.
If the field lines are tangential, work will be done in
moving a charge on the surface whereas on
equipotential surface but we know that

Wi =q,(Vz-V,)=0

4. Ans. (a) The work done to bring the charge Qs from

r
infinity to —,
2




Potential at D

_ k(-q)x2 | kqx2 kQx2

V= L + L V3L
— 2kQ

V3L

g 3 Ans. Let g be the charge on each droplet.
I | @@ : 1 g .
4meg '; 4meg : ThenV = F&;; t...........(ll
1

g™ 203 — Q1 — Q2] Volume of big drop = N x volume of small drop

(b) Consider a pomt P at a distance x from Q; where Enga =Nx 5 r3

i 3
wrirkidiane s zerd. Then r-x Where R is the radius of the big drop.

-ll-—x———-b-l?i > = R =NV3r
1

' Wl= 0 And Q = Nqg, where Q is the charge of bigger drop
+Q, = > -Q, .". Potential of larger drop,

", Potential at P due to Q; potential at P due to Q; P g1 Na v = N3y

. _kq ameg R 4mey N3y a.rl»‘3
=g = (r=x)Q =xQ,

le =xQ; = rQ, = x(Q, + Q) 8. Ans. g, = qandqz = —2q
A P B
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Ans. Electrostatic potential energy, Ga " s

—y %% 4.9 € "
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Given an equilateral triangle, Vi = ka4
Let side of triangle is r. NFA TN

There are three pair of charges. Potential energy, 1 Vem=
4 {

g
d-x)
Vpa+Vpp =0

kg _ 2ky | =
~ —M_R_).d x=2x

d
31=d;x=q

2q -3q

1 [q(iq}+2a(;3a}+(—3r;1g?1

9. Ans. (a) Force on charge Q due to charge q.

4meg

6. Ans. (i) PE = Z@
ij

Potential energy of the arrangement is given by Fy=— qt’g
U = keCa | keq  k(-a)q dme, a

TR L L Force on charge Q due to another charge Q.
— Qz = 1 Qa

J X
Q™ ane, {av"i} 4me, 2a2
Net force on charge Q is

Fret = Fg + ff-;f +F2=Fy+FV2

_ 1 Q* 1 GQ r
T amey " 2a? T ca ﬁ

Q |Q
= < +/2q | along diagonal
dre,@®| 2 a B el

(b) Potential energy of the given system




U=Uy+Upg + Uyp + Uyq + Ugg
= 4Uqq + Uqq + Uge _
_ 440 % _ il 97

4mEy 0 4-1nn(v.au] 4mey(V2a)

+..._.........

i 4TE, @ I vZa VZa

10. Ans. (a) Fyp = - q(:;q)

ae) _ _1 2¢°
127 amey 12

Angle between forces F,; and F,. is 120°
Magnitude of resultant force,

F= JF}B + FAZC + ZFAHFAC cos 120°

(%) J(w +(2)?+2x4%x2X (;_)

m———(zﬂ

(b) Required work done -Change in potential
energy of the system=U, -U,,

=0- (U +Up +UA
[q(-4q) + (—4q](2q)’+ ((2q)]

104
4re,l

zm.ﬂi

8"+ 2¢°)=
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o
d

11. Ans. (i) Capacitance

BB5Sx10" ¥ x6x10™F =
= — =17.7 x10~11F
3x10

(ii) Charge Q = CV = 17.7 x 10" x 100
=17.7x10°C

(iii) €' =
L Q'=KQ=1062x1078C

12. Ans. (i) In the circuit C;, C; and Cs are in parallel

“Cparattet = C2 + C3+ C, =2+ 2+ 2= 6uF

€, Couae C
8 A

.'. Equivalent capacitance between A and B is
1 _1 1 1
Cequivatent €1 Cparatet Cs
1 1 1 3+1+3 7

2 6 2 6 T 6
C{Jqul’uahml = > = 0.86puF

("] Q = ceqm'vﬂk'mv =086X7= 6#(:
« Energy,E=3QV =3x6x7 =21

13. Ans. Electrostatic energy stored in the capacitor,

i1
1t
12 pF

n
"s0v
U=3CV2=2x12x107"% x (50)2

(As C = 12 pF, V = 50V)

U=15x10%)

When 6 pF is connected in series with 12 pF,

charqe stored acrpss each capacitor,
C rz

E,T

i-rﬁr;
forp 6pF |
‘_{p_._.l

50V
12x6x10~ %
= (12+46)x10~12 X50= ZUUpC
Now, potential difference across 12 pFis,
_ 200x10712
12x10-12
Potential difference across 6 pF is,

_0 _ 200x107% _
T 33.33V

14. Ans. Here,

E,A
=ttt
*~ d

g, _‘";*‘" &Gy = 4G,

A —
G [

0 O
15V

(i) C,and C,arein series, so equivalent capacitance

is given by
el
Cx#Cy
C, x4C,

4_W( C = 4uF)

C.
5:( 5 Cy = 5uF




And C,=4C,=20uF
(ii) Charge on each capacitor, Q= CV
Q=4x10"x15=60x10"C
Potential difference between the plates of X,
60x10°

N
Potential difference between the plates of Y,
V,=V-V,=15-12=3V
(iii) Ratio of electrostatic energy stored,

15. Ans. (i) Given that energy of the SyF capacitor is E
Let V be the potential difference along the
capacitor of capacitance 6 _H.F .

Since, %’!f"li!"z =E .. %xﬁxlO SxV:*=E

= Vi =Zx100

Since potential is same for parallel connection, the
potential through 12 ,uF capacitor is also V. Hence,

energy of 12 uF capacitor is

E, =%x12x10 xV? _%xlzxmu?w‘ =3Eu

(ii) Since charge remains constdnt.in’series, thpcharge
on 6 uF and 12 uF capacitors cambmedﬂnl’llbe equal
to the charge on 3 ,uP capacitor. Ugingthe formula, Q
= CV,
We can write
(6+12)x10 *xV =3x10 *x V"

V=6V

Using (i) and squaring both sides, we get

V' =12Ex10°
E, =%x3x10“x12£:<10[‘ ~18E

{iii) Total energy drawn from battery is

E. ,=E+E,+E,=E+2E+18E =21E

16. Ans. Given E=10r+5

Now the electric potential, V = —I E.dr

10
10 10?.2

(10r +5)dr = — T+5r
1
= —1[5r? + 5r]}" = =[(5 X 100 + 50)
= —540V

- (5+5)]

17. Ans. Electricfield E = =

tx

Forx = 0tol,V = kx

x=1to2,V =k

x = 2to3,V = —kx

Where k is some constant

So, using (i) the variation of electric field is shown
in figure.

-»

+E

18. Ans. Since net force on electric dipole in uniform
electric field is zero, so no work is done in moving
the electric dipole in uniform electric field,
however some work is done in rotating the dipole
against the torque acting on it. So, small work
done in rotating the dipole by an angle do in
uniform electric field E is

dW, =1d6 = pE sin6 d6
Hence, net’wb?k done in rotating the dipole from

, fa,__rf@e Bquﬁffnhmfarm electric field is

a;

W = | pEsin8do = pE[-cos 9]9
B
‘Orw PE[— cos 85 + cos 6;] = pE|[cos 8; — cos ]

If initially, the dipole is placed at an angle 0; =90 to
the direction of electric field, and is then rotated to the

angle 9; =@, then net work done is

W = pE|cos 90" — cos 6]
orW = —pkE cos 8

This gives the work done in rotating the dipole through
an angle fin uniform electric field, which gets stored in
it in the form of potential energy i.e.,

U = - pE cosé
This gives potential energy stored in electric dipole of
moment p when placed in uniform electric field at an
angle fwith its direction.

(i) When =0, then Uy, =—PE

So, potential energy of an electric dipole is
minimum, when it is placed with its dipole moment
p parallel to the direction of electric field E and so
it is called its most stable equilibrium position.

(i) When 0 =180, thenU,__ =+ pE

So, potential energy of an electric dipole is maximum,
when it is placed with its dipole moment p anti-parallel
to the direction of electric field E and so it is called its
most unstable equilibrium position.




19. Ans. Capacitor is based on the principle of
electrostatic induction. The capacitance of an
insulated conductor increases significantly by
bringing an uncharged earthed conductor near to
it. This combination forms parallel plate capacitor.

(a) Magnitude of electric field intensities
El. - Ez St

Jé‘g

Plate-1 Plate - 2

(i) In region | (outside)
Ei=E,-E d ‘
1T T 28y 26

(ii) In region Il (inside)
Ey=Ey +E; =~
(iii) In region lIl (outside)

Em = E1 — E; —E-Z_Eu 0
0 -

In the region Il i.e., in the space between,;hé'hj‘&fes,

resultant electric field E:, is directed-agrmal to plates;

from positive to negative charge plate.

(b) The potential difference betwéen"éheﬁplates is
V=E;d= —dmﬂlﬁ"— id
Agg
(c) Capacitance of the capamtor so formed is
Q0 &4
=—= orC = —
V  Qd/Ag, d

20. Ans. (a) A pair of equal and opposite charges
separated by a small vector distance is called an
electric dipole. An ideal dipole consist of two very
very large charges +q and -q separated by a very
very small distance. An ideal dipole has almost no
size.

Water molecule is an example of electric dipole.
(b) Torque on a dipole in uniform electric field:
When electric dipole is placed in a uniform electric
field, its two charges experience equal and
opposite forces, which cancel each other and
hence net force on an electric dipole in a uniform
electric field is zero.

However these forces are not collinear, so they give
rise to some torque on the dipole given by
Torgue = Magnitude of either force x Perpendicular
distance between them
T=Fry =qE.2asinf = q2a.E sin@
Ort = pEsint
Where (lis the angle between the directions of _6
and E.
In vectorial form, T = ]'-?. x E
When 8 = 0"or 180° then Tin
When 8 = 90°thent

Thus, torque on a dipole tends to align it in the
direction of uniform electric field.

If the field is not uniform in that condition the net
force on electric dipole is not zero.

WheMd= 0 r =0and’ p and Eare parallel and
it&h‘zdibo!elsh:r:a.pﬁsition of stable equilibrium.
c) ]"érquer = PEsin8 =Q/siné ..(i)

Here lis the length of the dipole, Q is the charge and
" E is the electric field.

Therefore Q = Torque/Esin ()

y 3 .
= 8V3/(2 x 1{)*)(10%% =8x1073¢C

Potential energy, U = —PE cos 8 = —Ql cos 8 ...(ii)
Divide equation (i) by (ii),
T Q/sind

U~ =Q/co

i
E=—tan8=>b'=

(whenP QD

f —
—tan60°

21. Soln. (a) Force on charge Q due to charge q.

. _ 1 _aq0
l‘r“"_fhrrsc, a?

Q

aV2

Force on charge Q due to another charge Q,




1 Q2
Q™ E X (av2)?
1 @
4meg 2a2
Net force on charge Q is

Fret = Fo +Jm = Fo+ 2
1 . 1 0l

= X
4:&0 2a%  4mey @

+ v"_q] alongdiagonal

4315.,:12 [2
(b) Potential energy of the given system.
= 4Uqq + Ugq + Ugq
_ _4aQ A
dmega 411&1,(\"? a) 4115_3(\«’5{1)
q° Q
4qQ + —
[ \’Eu \f_a

dmega

22. Soln. The potential at any point on the surface of
the conductor having radius r and charge q is given
by

1 q
V=1
4me, " r

Where g, = 8.854 x 107 12C2N~"1m~2
The capacitance f the spherical conductor situated
in vacuum is given by

Hence, the capacitance of an istlated spheriéal
conductor situated in vacuutn is 476, times its
radius.

23. Soln. Energy stored = lle‘ = %%
Net capacitance wlth swntch Sclosed=C+C=2C
", Energy stored -- %20 X V& = LV
After the switch S is opened, capacitance of each
capacitor = KC
*. Energy stored in capacitor A = %KCW

For capacitor B,
Energy stored

On dividing (i) and (ii)

. . 2CV3K 2K
.. Required ratio = =

CVE(K2E+1)  (K2+1)

24, Soln. Given,

¢ = 100uF
d=4%x103m
v = 200V
k=5
Q=cCv

=200x 100 x 10°®
=2 x 10”7 Coulomb

As dielectric of 4 mm is inserted between the plates of
capacitor and the spacing between the plates is
doubled then it will acts as following fig-A and fig-B.

H

c c¢

amm Fig-B
Fig-A

Here, C’ will be capacitance with dielectric of 4 mm & 8
mm separation between the plates.
C'=¥C =5x100% 107¢ = 0.5 x 1073F

(i) Th:?,‘aquwalent capacitance

. 1
-—-— -_ + ‘ -
o =c e*'; 100x10=¢ * 0.5x10~2

= 10 0% + 2 x 10
% 312% 10°
A= 12x 103
eq
.
e‘?l_ 125103
=i -3
==Xx10
Ceq = 83.33uF
(ii) Eledrlc field inside dielectric will be
(EY=E 50

= 5x10-3
M =10 x 10°
= IUOOUv/m
And Electric field inside capacitor but out of dielectric
Area will be
E =50x10%V/m
(iii) Energy density f capacitor is given by:

2 ' 2% 102 % 2% 10~2
=9%-[-:-_+$]=2 10 :z 10 [12X193]
1
('E*E-a
=2x10%x 12
=24/

25. Soln. When S is closed:
P.d. across C: = P.d. across C2 =6V




Vi =V, =6V[w q=CV]
~q1=0q; = 1uF X 6V = 6uC
When 5 is open:
When dielectric slab (K = 3) are inserted,
Cy =3 X 1uF = 3uF
C, =3 %X 1uF = 3uF
P.d. across Cy,
V, =6V
& qy = 3uF x 6V = 18uC
P.d. across C,,
6ucC
V, = h = ﬁ =2V

“Va=2V

26. Soln. The potential due to similar charges is
additive while electric field at a point due to
individual charges are added vectorially.

A E;«—O0—sE, 8
— Ky ®
q,=1.5uC q;=2.5 uC

r=30cm=030m
(a) The electric potential at mid point O.
1 ;
dmeg \xy x5
0.30
Herex; = x, =—=0.15m

V =9x10° 2 ]=9x10"[10x

1.5x10~% Z5x107%
0.15 0.15

=24 m%afr

Electric field at O due to q, is towards AB‘agd-.jhat due
to q; is towards BOis net electricfieidat mid point

1 2
25%107% 1.5%17-8
(0.15)2 (0.15)? ]
= 4.0 x 10°N/CCharg e fromg,toq,.
(b) Let P be a point at distance 10 cm = 0.10 m from O,
in a plane normal to line AB.

AP = BP = \[(0.15)2 + (0.10)2 = 0.18m
.

=9x10?

+—015 cm—e=—015 cm—»

Electric potential at P
—_ 1 | 4 q;
Ve 4me, L(AP) + (BP)

-6 -6
=9 x loq[l.lel} + 2.5x10 ]

. L 0.18 0.18
9107 x4.0x107
= o = 2.0 x 10°volt.

Electric field at P due to q;,
.E‘1 = —L qlong PQ 9 x 10 x

1.5x107
018y ananQ

Electric field at P due to qz
Ey =

4m r2

r= anngPR

IH'IE

_ 9 3 2.5x107" 107"
=9x10 X-oas?®

Resolving E; and E; along and normal to AB.

aiaanF.’

Net electric field along BA, E, = E, cos 0 — E, cos @
= (Ey—Ey) cos 6 = (E — ;)2
1

2.5%107%-1.5%x10"° 0.15
9% 10° | % (&)
(0.18)2 0.18

9x10?x1.0x10°¢ (0.15
- (0.18)2 (u.m)
=23x10°N/C
Net electric field normal to AB, E,, =
(E; ¥ E,)sin@

=9 x

oS x10-6 s x 0~ 0.10
W <5
4,0 x 1076 » E
(0.18)? 18

=Px10° x = 6.2 x 105N/C

Net electric field £ = #EE +EZ=

J(23 x10%)% + (6.2 x 10°)% = 6.6 X 10°N/C
If & is the angle made by resultant field with AB,
then

6.2%x10°
tang = 2= 52210 _ 5 59
Ey 23x105

= a = tan"'(2.69) = 69. 6"

27. Soln. Equipotential surface is a surface
which has equal potential at every point on it.
(i) Equipotential surfaces due to single point charge
are concentric spheres having charge at the centre.

(ii) In constant electric field along z-direction, the
perpendicular distance between equipotential
surfaces remains same.




For single charge, equipotential surface will be series
of concentric spherical shells with charge at centre,

1
dr o =
E

The separation dr between equipotential surface will
go on increasing with decrease in electric field.

(iii) No, because if the surface is not equipotential
then it would mean that there is tangential
component of electric field along surface.

This component will result in motion of electrons, but
since we have static fields, this is not possible,

28. Soln. Computing electric field from electric
potential. As shown in fig. consider the electric
field due to charge +q located at the origin O. Let A
and B be two adjacent points separated by
distance dr. The two points are so close that

electric field Ebetween them remains almost
constant. Let V and V + dV be the potentials at the

two points.
Ve=VedV  VamX

% R

0 B A

The external force required to rmove the test charge
qo (without acceleration) against the electric field

E is given by
F = —qoE
The work done to move the test charge from Ato B is
W = F.dr = —qoE.dr
Also, the work in moving the test charge from A to B is
W = Charge x potential difference
=qo(Ve —Va) = qodV
Equating the two works done, we get
-‘qUE.. d?‘ = qU' dir'

dv
orE = S

The quantity :‘:—tis he rate of change of potential
with distance and is called potential gradient. Thus
the electric field at any point is equal to the
negative of the potential gradient at that point. The
negative sign shows that the direction of the
electric field is in the direction of decreasing

potential. Moreover, the field is in the direction
where this decrease is steepest.

29, Soln. Here
0=60";
T=4V3Nm,q =8nC =8x107°C
Dipole moment,
p=qx2a=8x10"?x0.04=1032x10""Cm.
(i) Ast = pE sin8
e T 43
" psing 0.32x 1079 x sin60°
_ 43x107x2
0.32 x V3
(i) u = —=pE cos @
=-032x10""%x25x 10" x cos 60" = —4/.

2a=4cm=0.04m,

=2.5x 10'°NC"2,

30. Soln. Herem=5.0g=5x10"kg,

g =+4x1075C,r, = 1.0m,r, = 50cm = 0.50m

Let v = speed of each particle at the separation of 50
cm.

From energy conservation principle,

K.E. of the two particles at 50 cm separation + P.E. of

the two particles at 50.em separation

= P.E, ofthe two-pdrtitles at 1.0 m separation

. _e 1 19z 1 149z
= mu? ..-I-!'m-v! . = ;
2 i, . AMEq T3 4mey 1y
N & 1192 [l B i] gt M2 [Tz = ’”1]
~ dmeglry dnegml myry
") vz

_4x107° x (—4x107°) x 9 x 10° 0.50 — 1.0]

5x10-3 1.0 x 0.50
= 28800rv = 53.67ms ™}

- — Oy, . A% (M)
31.50ln. -~ Cpq = ik i
Now, capacitor C; can be considered as made up of
two capacitors C; and C;, each of plate area A and

separation d, connected in series.
AggK,

d

Wehave (=
* AggKy

And Cy =

Hence, the net capacitance of the combination is
equal to that of Cs.

32. Soln. Capacitors C; and Cs form a parallel
combination. Their equivalent capacitance is

C=C,+C;=0@+2)uF =6ufF
Now C,and C 'form a series combination,

therefore, the equivalent capacitance of the entire
network is




i = ,Jié' = 2uF
C+C 3+6
The charge on the equivalent capacitor is
g=CV-=2% 10"% X 1200C = 24 % 107°C
This must be equal to the charge on C; and also the
sum of the charges on C; and Cs. Thus
Va =V = ¢ = S50 = 800V
V, = 1200V
s~ Vg = 1200 — 800 = 400V

Hence Ve — Vg = 400 — 0 = 400V
q! = {:J(Vr_ VH) = 4 X 10"‘ X 4[}0(: = 1.6 X
107%¢C

s = C3(Ve = Vy) = 2 X 1076 X 400C
=0.8x1073¢C
gy =q=24x%x1073C.




