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Physics 12" Guess Questions with answer for CBSE of Year 2021
Electrostatics

VSA
Why do the electric field lines never cross to each other?
Answer:
When will do so, there will be two directions of electric field at the point of
intersection, which is not possible.
2. An electrostatic field line cannot be discontinuous. Why?
Answer:
It represents the actual path of a unit positive charge, which experience a
continuous force.

3. Figure shows the field lines on a positive charge./The work done by the
field in moving a small positive charge from Q.toP is positive or negative.
Give reason.

N
7N

® o
Q P
Answer:
Negative.
Because, the charge is displaced along the force exerted by the electric
field.

4. Define the term ‘dielectric constant’ of a medium in terms of capacitance of
a capacitor.

Answer:

Dielectric constant:-The ratio of electrical capacitance of capacitor with
dielectric medium in between plates of a capacitor (C,,) to the electrical
capacitance of capacitor with air or vacuum in between the plates of
capacitor (Cy) is called dielectric constant (K).

) C
le. K="
0

What is the electric flux through a cube of side 1 cm which encloses an
electric dipole?
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10.

Answer:

The net charge of an electric dipole is zero. Hence, the electric flux through
a given cubewill be zero?

Does the charge given to a metallic sphere depend on whether it is hollow
or solid?

Answer:

No, the capacity of spherical conductor is C = 4meyR 1.e. Capacity of
spherical conductor depends on radius of spherical conductor.

What is the amount of work done in moving a point charge around-a
circular arc of radius r, where another point charge is located at-the centre ?

Answer:

. : . : kqy - . .
The potential at every point of circular arc is V = % ,1.e. The potential at

every point of circular arc is equal.

~ Required work done, W =q,(V; —V,) =q,(V. — V)

= q, X 0 = zero.
Two dipole, made from charges + q and £ Q respectively, have equal
dipole moments. Give the (i) ratio between separation of these two pair of
charges, (i1) angle between the dipole axis of these two dipoles.

Answer:

(1) Sincep; = p,Orq X [; =Q X [, Ori—l = %
2

(1) Angle between the dipole axis of these two dipoles is zero.
How does the electric flux due to point charge enclosed by a spherical
Gaussian surface get-affected, when its radius is increased ?

Answer:

Anet

Since, ¢p= Pt therefore electric flux will remain unaffected ?
0

Two charges of magnitudes — 2Q and + Q are located at points (a, 0), (4a,
0) respectively. What is electric flux due to these charges through a sphere
of radius 3a with its centre at the origin ?

Answer:
2a
-2Q (4a, 0)
(0,0) +Q
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The net charge enclosed by sphere of radius 3a = - 2Q .
~Electric flux, ¢ = == Csharge = _SZQ
0 0
11. What is the geometrical shape of equipotential surface due to a single
1solated charge ?
Answer:

Concentric spherical surfaces as shown in the figure.

equipotental
surfaces

12. Why are electric field lines perpendicular at.a point on an equipotential

surface of a conductor ?

Answer:

If it were no so, the presence of a component of the field along the surface
would violate its equipotential nature.

13. A charge q is moved from a point A above a dipole of dipole moment p to a
point B below the dipole; in equatorial plane without acceleration. Find the
work done in the process.

Answer:
On the equatorial line of a dipole, the electric potential is zero. Therefore,
required work done without acceleration (W = Vq) will zero.

14. Force of attraction between two point charges placed at a distance d is F.
What distance apart should they be kept in the same medium so that force
between them is F/3 ?

Answer:

Since  Force at distance d ,F =k % .......... (1)

F )
Let force becomes; at distance x.

R I EL (i)

3 x?
Dividing equation (i) by equation (i1),
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2 2
FLB:%:B: %:x2=3d2
~x=v3d? =+/3 d SI units
15. In which orientation , a dipole placed in uniform magnetic field is in (i)
stable equilibrium (ii) unstable equilibrium ?
Answer:

For stable equilibrium angle () between p and E should be zero

For unstable equilibrium angle (6) between p and E should be 180°
16. At what points, electric field intensity of an electric dipoleis parallel to the
line joining the charges?
Answer:
At any point on axial line or equatorial line of the dipole.
17. A hollow metal sphere of radius 5 cm is charged such:that potential on its
surface is 20 volt. What is the potential at the centre of the sphere?
Answer:

The potential at every points inside the hollow sphere is equal to the
potential at on the surface of sphere.

Potential at centre of hollow sphere will 20 volt.

18. Two plane sheets of charge densities +o0 and - oare placed in air as shown
in the figure.

o A +C

nB — O

S
What are the electric field intensities at points A and B ?

Answer:
E:l A TE1
Ezl 5 l E1

Atpoint A, E=E; — Ezzi—%
0 0

At point B,E=E; + E,=—+>=2

+ G

280 280 =N
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19. What is the work done in moving a test charge q through a distance of 2
cm along the equatorial axis of an electric dipole ?

Answer:
On equatorial line of a dipole , electric potential V =0
W=qV=0

20. Figure shows three point charges + 2q, - q and + 3q . What is the electric
flux due to this configuration through the surface S ?

S

+3q

Answer:

¢Op = %Where Qnec = net charge inside the surface S.
0

_ *2a-q_a
€o €0
21. Draw an equipotential surface for'a uniform electric field.
Answer:
For a uniform electric field , assumed along X- axis, the equipotential
surfaces are planes normal to the X- axis and parallel to the Y-Z plane as
shown in the figure.

o / L I:E}
- oo
Z
> »— X- axis
> I
Y
— 3
22. Can a metallic sphere of radius 4 cm acquire 1 C of charge? Justify your
answer.
Answer:

Potential produced due to this charge,
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9
V=1 =22 70 =295 x 101 volt. >>breakdown field of air about 3

X 10% V/m.Therefore , whole charge will leak out.
Hence, a metallic sphere of radius 4 cm can not acquire 1 C of charge.
23. Sketch a graph to show how charge Q given to a capacitor of capacity C
varies with the potential difference V.
Answer:

V

Q

o]

Initially the graph between V and Q is a straight line. But, beyond a
certain stage, charge from plate of capacitor starts leakage and V does not
increase with increase of Q.

24. Why does the electric field inside a dielectric decrease, when it is placed in

an external electric field?

Answer:
In presence of an external electric field, opposite electric field induces
inside dielectric medium. Due to this, electric field inside a dielectric
decreases.

25. What is the relation between dielectric constant and electric susceptibility ?
Answer:
k=1+y,
where k = dielectric constant and y, = electrical susceptibility.

Fill in the blanks
1. Two point charges of equal magnitude of 1 coulomb exert a force
............ mutually, when they are placed 1m apart in air.
Answer:
9% 10° N
2. If a net charge exists outside a closed surface, the net electric flux linked
with the closed surface will be ............. :
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Answer:

Zero

Explanation:

The net electric flux linked with the closed surface,
_ Anet__ g _

¢B B €o B €o =0

Where q,,.; = net charge inside a closed surface.

The maximum value of electric field that a dielectric medium can tolerate
without its electric break down is called its ........

Answer:

Dielectric strength

The distance between the two plates of an isolated charged air parallel plate
capacitor is increased. The potential difference between the plate will be

Answer:
Increases
Explanation:
q .
= E ...... (1)

For air parallel plate capacitor, C = de_A

L d .
~From equation (1), V = :—A this implies V « d
0
The value and units of gyare ............ and ........... .

Answer:

8.85 x 10712 ;C2N~Im™2,

The electric field at a point near an infinite thin sheet of charged conductor
1S oot .

2¢

The electric potential inside positively charged hollow spherical conductor
1S oveennnn and .........

Answer:
Positive ; uniform
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8. The electric field intensity at distance r on the axis of an electric dipole is
E;and on the perpendicular bisector axis of dipole is E,. The angle between

E,and E,1s0. Then E, : E;and O will be ......... and ....... .
Answer:

21, m

Explanation:

Raxis _2_7:

Eeq 1

Again direction of E,,;s along X-axis,
And direction of Eqis alongX'- axis.

Hencef=180" =1
9. An electric dipole is placed in a uniform electric field . with its axis parallel
to the field. It experiences ............ .
Answer:
Neither a net force nor a torque.

10. The electrostatic force between two-point charges kept at a distance d apart,
in a medium €= 4, is 0.8 N. The force between them at the same distance in
vacuum will ... :

Answer:

3.2N

Explanation:

& =7> or Fy=gF,=4x08=32N

11. The electric field intensity at a distance of 4 m from a point charge is 200 V
m ' . Tt will be 400 V. m ' at a distance of ................ :

Answer:

2\/7 m.

Explanation:

Kq Ei Kq _ 1% 1,2 E
E=— .Therefore 2 =— X2 =% or n2==Xn
r? E, 12 Kq 1% E,

2

200
" 400

X 4*=8orr,=V8=2vV2m
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12.

13.

14.

15.

16.

17.

1.

Electrons are transferred from the material whose ........ 1S vviinnnn. to the
material whose ........... IS v :

Answer:

Work function ; lower ; work function ; higher.

The electric lines of force are .............. as against magnetic lines of force
whichare ................ )

Answer:

Discontinuous ; continuous.

Electric fluxisa ............ and its units are ................ .

Answer:

Scalar ; Nm?C~1.

Throughout the volume of the conductor, electric potential is ....... and 1t
hasthe .......... as on its surface.

Answer:

Constant ; same value

When plates of a capacitor are separated by a dielectric medium of relative
permittivity k , instead of air, ............ Becomes ......... times.
Answer:

Its capacity ; k

When charges are shared between-any two bodies, their .......... become
........ and ..... is really lost , but ....... does occur.

Answer:

Potentials ; same ; no charge ; some energy loss.

Assertion —reason Type Questions
Following questions have two statements - one labelled Assertion (A) and
the other labelled Reason (R).
Select the correct answer to these questions from the codes (a), (b), (¢)
and (d) as given below.
a) Both A and R are true and R is the correct explanation of A
b) Both A and R are true but R is NOT the correct explanation of A
c) Ais true but R is false
d) A is false and R is also false
Assertion (A)
In a non-uniform electric field, a dipole will have translatory as well as
rotatory motion.
Reason (R)
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In a non-uniform electric field, a dipole experiences a force as well as
torque.
Correct option:(a)
2. Assertion (A)
Electric field is always normal to equipotential surface and along the
direction of decreasing order of potential.
Reason (R)
Negative gradient of electric potential is electric field.
Correct option:(b)
3. Assertion (A)
Electrons move away from a region of lower potential to a region of higher
potential.
Reason (R)
Since an electron has a negative charge.
Correct option: (a)
4. Assertion (A)
During charging by rubbing, the insulating material with lower work
function becomes positively charged.
Reason (R)
Electrons are negatively charged.
Correct option: (b)
5. Assertion (A)
A metallic shield in the form of a hollow shell , can be built to block an
electric field
Reason (R)
In a hollow spherical shell, the electric field at every point inside the shell is
not zero.
Correct option: (c)
6. Assertion (A)
If a point charge q is placed in front of an infinite grounded conducting plane
surface, the point charge will experience a force.
Reason (R)
This force is due to the induced charge on the conducting surface which is at
zero potential.
Correct option: (a)
7. Assertion (A)
Capacity of a parallel plate capacitor remains unaffected on introducing a
conducting or insulating slab between the plates.
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Reason (R)
In both the cases, electric field intensity between the plates increases.
Correct option: (d)
8. Assertion (A)
Faraday is too big a unit of capacity.
Reason (R)
Capacity of the earth which is the largest sphere, is in microfarad.
Correct option: (a)
9. Assertion (A)
The work done in moving a charge between any two points in an electric
field is independent of the path followed by the charge, between these points.
Reason (R)
Electrostatic force is non-conservative.
Correct option: (c)
10.Assertion (A)
The work done in moving any charge through any distance on an
equipotential surface is zero.
Reason (R)
An equipotential surface is very smooth.
Correct option: (c)
11.Assertion (A)
When charges are shared between any two bodies, no charge is really lost,
but some loss of energy does occur.
Reason (R)
Some energy disappears in the form of heat , sparking etc.
Correct option:(a)
12.Assertion (A)
The whole charge of a body cannot be transferred to another body.
Reason (R)
Charge cannot be transferred partially.
Correct option: (c)
13.Assertion (A)
Charge is quantized because only integral number of electrons can be
transferred.
Reason (R)
There is no possibility of transfer of some fraction of electronic charge
(charge on an electron).
Correct option: (a)
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Study based questions / Based on the given Passage
Read the following passes carefully and choose the correct option of
questions 1, i1, 111 and iv:
A Faraday case or Faraday shield is an enclosure made of conducting
material. The field within a conductor cancel out with any external fields, so
the electric field within the enclosure is zero. These Faraday cages act as big
hollow conductors you can put things in to shield them from electrical fields.
Any electrical shocks the case receives, pass harmlessly around the outside
of outside of the cage.

(1) Which of the following material can be used to make a Faraday cage ?
(a) Plastic  (b) Copper (c) Wood (d) Glass
Correct option:(b)
(i1) Example of a real-world Faraday cage is
(a) metal rod  (b) plasticbox (c) car  (d) lighting rod
Correct option: (c)
(i11) What 1s the electrical force inside a Faraday cage when it is struck by
lightning?
(a) Half that of the lightning (b) The same as the lightning
(c) A quarter of lightning (d) Zero
Correct option: (d)
(iv) An isolated point charge +q is placed inside the Faraday cage. Its surface
must have charge equal to
(a) +q (b)—q (c) zero (d) +2q
Correct option: * (a)
SA (2 marks)

An electric dipole is placed in uniform electric field at an angle® with the
direction of field. Show that dipole will not done translator motion. Then,
obtained expression for torque acting on the dipole.

Answer:
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According to figure, electric force on charge +q of electric dipole due to
uniform electric field will,

Fg=qE............... M alongt_?) ]

And electric force on charge -q of electric dipole due to uniform electric
field will,

Fy=—qE ............. (i1) [opposite to E]

Net force on dipole F=Fz + F4,=qE—qE=0
Hence, electric dipole will not done translator motion.
But, action lines of forces Fzand F, are different. So, dipole will want
to rotate.

Torque acting on the dipole will,

T = magnitude of either force X1 distance between forces.
=qEXBC =qEX AB sin 6

[ From triangle ABC, sin 0 = % = BC=AB sin 0 ]
=qEX 2/sin0=2q/ (Esin0)

= PE sin 0
2t=PEsin® ......... Q)
In vector form, Z=P X E ...cc.......... (ii)

2. A test charge q is moved without acceleration from A to C along the path
from A to'B and then from B to C in electric field E as shown in the figure,
(1). Calculate the potential difference between A and C will Ve =E
(11) At what point (of the two) is the electric potential more and why?

CBSE Sample Papers | CBSE Guess Papers | CBSE Practice Papers | Important Questions | CBSE PSA |
CBSE OTBA | Proficiency Test | 10 Years Question Bank | CBSE Guide | CBSE Syllabus | Indian Tutors |
Teacher' Jobs CBSE eBooks | Schools | Alumni | CBSE Results | CBSE Datesheet | CBSE News



http://www.cbseguess.com/
http://www.cbseguess.com/papers/sample_papers/
http://www.cbseguess.com/papers/guess_papers/
http://www.cbseguess.com/papers/practice-papers/
http://www.cbseguess.com/papers/cbse_important_questions/
http://www.cbseguess.com/papers/problem_solving_assessment/
http://www.cbseguess.com/papers/open-text-based-assessment/
http://www.cbseguess.com/papers/proficiency_test/
http://www.cbseguess.com/papers/question_papers/
http://www.cbseguess.com/cbse-guide/
http://www.cbseguess.com/syllabus/
http://www.cbseguess.com/tutors/
http://www.cbseguess.com/jobs/
http://www.cbseguess.com/ebooks/
http://www.cbseguess.com/schools/
http://www.cbseguess.com/alumni/
http://www.cbseguess.com/results/
http://www.cbseguess.com/datesheet/
http://www.cbseguess.com/news/

Cbse CBSEGuess.com
uess

B(2,3)

m

CH¥-----—-—=——-—-—---= A
(2,0) (6,0)
Answer:

(1) Potential difference between A and C will,

Vac =— Edr=—-E(6-2) =—4E
(i1) At point C, electric potential is more. Because along direction of
electric field, electric potential decreases.

3. (a) Define the term ‘electric flux’. Write its SI units.
(b) What is the flux due to electric field E = 3 x 1031 N/C through a square
of side 10 cm, when it is held normal to E.
Answer:
(a) The electric lines of force (electric field) passing through a surface
normally is called electric flux.
Its ST unit is newton metre” per coulomb (Nm2C'1).
(b)Given, E = 3 x 103 along X-axis, A = (0.1)? =0.01 m®,
0 = angle between E and normal drawn on square= 0°, ¢pp =2
¢z =FEA cos@ =3x 103 x 0.01 X cos0° =30 Nm’C"

4. Calculate the amount of work done in arranging a system of three charges

6 uC, 6 uCand —6uC placed on the vertices of an equilateral triangle of
side 10 cm.

Answer:
Given,

G1=q=6uC=6x10"°C, qg3=—6uC=—-6x10"°,U=7?

K K K
. U= 4192 + 4193 + 42493
T12 713 T23
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_9x10°x6x107°x6x107° 4 9x10% x 6x107® X (-6 x107°)
- T
0.1 0.1

9x10° x 6x107° X (—6x107°)
0.1

=324 - 324-324=-324]

LA-I (3 marks)

1. (a) Obtain an expression for the torque 7 experienced by an electric

dipole of dipole moment p in a uniform electric field E.
(b) What will be happen if the field were not uniform?

Answer:

(a)

According to figure, electric force on charge +q of electric dipole due to
uniform electric field will,

Fg=qE ......... (1) [ alongE ]

And Electric force on charge -q of electric dipole due to uniform electric
field will,

F,= —qE ......... (i1)[opposite to E]

Net force on dipole,
Fret =Fp + F4=qE—-qE=0
Hence, electric dipole will not done translator motion.
But, action lines of forces Fzand F, are different. So, dipole will want
to rotate.
Torque acting on the dipole will,
T = magnitude of either force X L distance between forces.
=qEXBC =qEX AB sin 0
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[ From triangle ABC, sin 0 = % = BC=AB sin 0 ]
=qEX 2/sin0=2q/(Esin0)

= PE sin 0
~t=PEsin0 ........... (1)
In vector form, 7=P X E ....c........... (i)

(b) When electric field is not uniform, then forces acting on the both
Chargesare not equal. Therefore, net force and net torque on the
dipole will non-zero.

Hence, dipole will do translator as well as rotatory motion.

2. State Gauss' theorem for electrostatics. Applying this theorem, derive an
expression for the electric field intensity due to a uniformly charged
spherical conducting shell at a point

(1) outside the shell and (11) inside the shell.
Plot a graph showing variation of electric field as a function of r > R
andr <R
Where r is the distance from the centre of the shell.
Answer:
Gauss’ theorem:The total electric flux linked with a closed surface is

1. o
—times of net charge inside the closed surface (q,e¢)-

€o

ie.pp=¢ E.dS=2c

€o

L7 *, ~Closed Surface
/ K
I'II P?‘(H—:-,N
\ o
. ] ds
S{f\ S /f
e

Consider a charged spherical shell of radius R placed in air or vacuum.
Let we have to determine electric field intensity at point P outside the
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shell at distance r from centre O. For this we imagine a spherical closed
surface S; of radius r such that point P is on the surface of S;. The electric
field intensity at every point on the surface of S is E directed outside
along radius. Let surface S; is divide into many equal parts of area ds.
Again, consider one area element ds.

Now, total electric flux linked with closed surface S; will,
¢pr=¢E.dS=¢EdScosd =FEdScos0° =FE dS=E $dS

= E X total area of closed surface S,

Or ¢p=EX4nr’ ....ccoooeiiin., Q)
According to Gauss’ theorem, ¢ = q::t = f_o ................. (i)
Comparing equations (i) and (i1),we get
Exdnr =2
€o
= 4n§0r2 .................... (iii)

This equation is same as electric field intensity due to a point charge.
Hence charged spherical shell can be assumed as a point charge.

If point P is at inside the spherical shell, theng,,; =0

2 q 0
~ EXd4nr =—1% = =9
4TTEGT 4TTEGT

Or E=0
A graph showing variation of electric field as a function of r is shown in
the figure:

E(N/C)
A

Eo
Eao 1/r2

= >r (inm)

(a) Briefly explain the principle of a capacitor.

(b) Derive an expression for the capacitance of a parallel plate capacitor,

whose plates are separated by a dielectric medium partially.
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Answer:

(a) Principle of capacitor:-when an earthed conductor plate is brought
Near totheunearthed conductor, then capacitance of unearthed
conductorisincreased extremely.

Dielactric medium
" Y
- —+
-+ —=n -
= Er + =
+ —
Eo I -
R b _
+ —
-+ - =
+
+ — — =
- -+
-+ -
-~ - — ==
- - - - - - d— - - - - - =

Suppose a dielectric medium of permittivity k and thickness t is

placed in between plates of capacitor, where t < d.
E E )
ck===E== ... (i)
E K
Where E = electric field in dielectric medium and
E, = electric field in air.

~Potential difference between plates will,

V= Vair + Vdielectric

Eg(d-t)+Et=Eg(d—t)+2>t [since V=Ed]
t o t
= Eo[d—t+z]:;[d—t+z ]

|

_ 94 gt ' e g
=V = [d—t+ K] .............. (11) [since o=

> |

~.Capacitance of capacitor will,

C_CI_ q _ &4q _ A
V9 [d-t+L] q[d-t+L] d-t+i
g0A K q K K
LAY ..
= C= e (111)
d-t (1- %
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4. Two parallel plate capacitors X and Y have the same area of plates and
sameseparation between them. X has air between the plates while Y
contains a dielectric medium of k = 4.

15V
(1) Calculate capacitance of each capacitor if equivalent capacitance
of thecombination is 4 pF.
(i1) Calculate the potential difference between the plates-of X and Y.
(ii1) Estimate the ratio of electrostatic energy stored in X and Y.

Answer:

. _ C1XC2_ C X kC_
(I)CS—4,uFOI‘m—4,uF Om—4[1F
C x4C 4C?

Orc+4c=4uFOr ?=4uF0rC=5uF

s Ci=5uF and C,=kC =4 X 5 uF =20 uF
(i1) Charge (q) on each capacitor in series combination is same
Wq=CsV=4uF x15=4x107%x 15

=60 X 10~°coulomb =0.6 uC

60 X10~°
a =4 80X10

& x10-6 12 volt

60 x107°
AndV, =+ =22""_ =3 yolt
C, 20x107°

1
U, 5CiVi? 5% 1076x 122
(iii)—= = £ = =
U, leov,2 20x1076x32
5 G212

4:1

5. A parallel plate capacitor of capacitance 20 uF is connected to a 100 V
supply. After sometime, the battery is disconnected, and the space between
the plates of the capacitor is filled with a dielectric of dielectric constant 5.
Calculate the energy stored in the capacitor.
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(1) before (i1) after the dielectric has been put in between its plates.
Answer:

(i) C=20 uF = 20 X 107SF, V = 100 volt, E = ?
~E =§ CV2=05%x20 Xx10°6x1002=0.1]J

(ii) C= 20 uF = 20 X 10°F , k =6, V = 100 volt, E = ?
2B=2CpuV2= kCV?  [Cp=KC]

=kx§cvz=5x0.11 =05]J

6. A particle, having a charge +5 uC, is initially at rest at the point x = 30 cm
on the x axis. The particle begins to move due to the presence of a charge Q
that is kept fixed at the origin. Find the kinetic energy of the particle at the
instant it has moved 15 cm from its initial position if

(a) Q=+15uC and (b) Q =-15uC

Answer:
(a)
Q=+15 uC g=+5 uC
(@) —
(@] x X1
e SOCHR: oo e
ol e — D IBIIY = e —

(a) Kinetic energy of the particle at final position (x;) if Q =+ 15 uC,
-=a(3-2)-kei-2)

=Q( ) =Q - qQ e
=9x10° x5 x 107 x 15 x 107° (—— - ——)

30X 10~2 45x 1072

100 100
30 45

100

=45 x 15 X 10~ ( ) 45X 15X 1073 x 02 =0.75]

(b) Kinetic energy of the particle at final position (x;) if Q = —15 uC,
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g= -15 pC 3% a5 uC
5 3 =4
=== 30cm--=-- —
b
15¢cm
E,=9x10° X5x 1076 x 15 x 107 (——— — ——)
30x10 15x 10

=45><15x10—3(%—%)=45x15x10—3x%:—zzﬂ

7. (a) Obtain equivalent capacitance of the following network given in the
figure below.

(b) For a 300 V supply, determine the charge and voltage cross each
capacitor.

C1=100 pF
||
|
|| | |
|| |
C2 =200pF C3=200pF &+
300 V
|| I
||
Ca4 =100 pF

Answer:
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C1=100 pF
| |
||
ql2
N |92
| | | q
C2 =200 pF C3=200pF &+
qd 300V
| | I
q |
Ca =100 pF

(a) Equivalent capacitance of C, and Cj is

.. C2Ca _ 200X200 _ 200 x200
BT C,+C3 2004200 2 %200

=100 pF

C,; is connected with capacitor C, in parallel.

Therefore, equivalent capacitance of Cy; and C; will,
C123 = C23 + C1 =100 pF + 100 pF =200 pF

Again, C; is connected with Cy in series.

Equivalent resistance of Circuit will,

_ C1z3XCa _ 200X100 _ 200X100 _ 200 -
" Cip3+Cs 2004100 300 3 p

(b) Charge flowing in the circuit will,

q=CV = Z-pF x 300 V

= % % 10712 x 300 V =2 x 10~8 coulomb

Since charge does not distribute in series,

= Charge on each plate of Cjp3and C, =2 X 10~ coulomb

i.e. q3=qs =2 X 1078 coulomb

Again, charge distribute equally in parallel , when they are of equal

capacitances

q 2x1078 -8
~ Charge on each plate of C; and Cy; = P = 107° coulomb

i.e.q; =q,=qs3 =108 coulomb
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1078

Now, voltage across C; will, V= % = Toox 10z = 100 volt
1
. a 10”8
Voltage across C, will, V,= = 7001012 = 50 volt
2
. qs 1078
Voltage across C; will, V3 =—==—————=50 volt

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

Q q
d
q a Q

Find the (a) resultant electric force on charge Q and (b) potential energy of
this system.

Answer:
(a)
QA 2 B(q)
a a
(Q) .
(@)D a C 0

s\
Fce FCA\

Electric force on charge Q at corner C due charge q at corner B,
K019, _ K99 _ g (1) along BC produced

r2 az
Electric force on charge Q at corner C due charge q at corner D,

FCB =
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Fep = & =F along DC produced

Resultant force of F.p and F pwill,

Fegp=VF? + F2 =+/2F% =+/2 F along AC produced
Electric force on charge Q at corner C due charge Q at corner A,

2
Fop= Kz;qz = (If/?' ;22 = 222 along AC produced

~Net force on charge Q at corner at C =2 F +— X
= 25 Qq - ke (\/_ +Q/2) along AC produced
(b) Potential energy of system,
K KQ. K .
Qq+ QQ+ Qq+KCIQ +qu+KQq
TAB rac aAD TBC BpD TcD
KQq , KQQ  KQq A KQq  Kq*> KQq
a + V2 a + a + a + V2 a + a

KQq  KQ.Q Kq? _gkQa KQ* Kq*
a VZa NZa a V2a Za

2
¢ )
=2 (s0a+ 5+ 5
9. (a) Three point charges q ,-'4q and 2q are placed at the vertices of an
equilateral triangle ABC of side ‘x” as shown in the figure. Obtained the

expression for the magnitude of the resultant electric force acting on the
charge q.

QZ

U=

A
-4q 2
B X C :
(b) Find out the amount of the work done to separate the charges at infinite
distance.
Answer:

Electric force on charge q at corner A due to charge (2q) at corner C,
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klqil.la2l  K2q.q  2Kq?
r2 T x2 T x2

Electric force on charge q at corner A due to charge (-4q) at corner B,

kl-4ql.lql  K4q.q _ 4Kq*
72 T x2 T 42

Fyc = along CA produced

Fyg = along AB

Angle between F,o and Fp is 120°
Resultant force on charge q will,

F :\/(2’“’2)2 + (‘“‘qz)2 +2. 2K KL 51200

x2 x2 x2 x2
2Kq2\2 4Kq2\? 2Kq2 4K q2 1
- |EE) + (BF) +2.5E % x(=3)
x2 x2 x2 x2 2
N N N
JHE) + 16(52) - 8 ()
X X X
2 2 2
B ar16-8 =L y12=23%C
X X X

N 2
» F=2v3EL
X

K . K \ K .
b)U = lqal . laBl + lqal . lqcl + lagl. lacl

TAB rac rBC

k k k
419> + 4193 + CIZCI3]
T2 T3 T3

** for three point charges U =

Klq|. |-4 Klq|. |2 K|-4q|. |2
_ lq|. |-4q]| + lq]. 12q| + [—4q|. |2q|
X X X

4Kqg? 2kg? 8kg? 14Kqg?
q + q + qa_ q
X X X X

LA-II (5 marks)

1. (a) An electric dipole of dipole moment p consists of point charges +q and
—q separated by a distance 2/ apart. Deduce the expression for the electric
fieldE due to the dipole at a distance r from the centre of the dipole on
its axial line in terms of the dipole moment p .
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Hence, show that in the limit r >>/,
7 p
k= ATTeyT3
(b) Consider a uniform electric field E =3 x 103{ N/C. what is the flux of
this field through a square of 10 cm on a side whose plane is parallel to
theyzplane?
Answer:

(a) Electric field at any point P on the axial line

o ==

9 =P a By B

X - T e X
A | 0 | B P
—(r-[)—

= r -

(r+)

Suppose an electric dipole AB of charges *q,dipole length 2/ and dipole
moment P is placed in air. We have to calculate electric field at point P
on the axial line at distance r from O. For this, we imagine a unit positive
charge at point P.

Now, Magnitude of electric field at point P due to charge +q will,

q _ q :
E+q—41T£0 (BP)2 ~ amegr—DZ (1) [along P to X]

And magnitude of electric field at point P due to charge -q will,
q S q . ,
T amea(AP)Z . ameg(riD? (i1) [ along P to X’]
~Magnitude of net electric field at point P due to whole dipole will,

_ N\ q B q
E=E.=-Eq T 4amey(r-1)2 4meg(r+1)2
q [ 11 ] _q |+D*=(r-D?
Tameg Lr-02  (r+D2] T 4amey L (r—-D2(r+1)2
q arl . 2 (o P2 —
2r(2ql)  2rXxp

[~ p=2dl]

= (r2—12)2 _ (r2— [2)2
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2pr 2p .
E = % o Ex= o T TTEPP PP TRPP PR RPP RS (iv)
N 2D
In vector form, E, = T—I;

Its direction is along P to X i.e. along p.

(b) Given,

Electric field intensity E =3 x 103{ N/C or E=3x 103 N/C,
Area of square A = side’ = 102 = 100 cm® = 100 X 10™* m*=10"%m’,
Electric flux passing through the plane of square ¢= ?

Z
normal drawn on the
plane of the square

square

N
E

X

Y
Since, the plane of the square is parallel to the y-z plane and direction of
electric field is along X- axis. Therefore, angle between the normal drawn
on plane of square and direction of Eis0=0"
~p=EA cosf =3x 103 x 1072 x cos 0° = 30 Nm’C™".

2. (a) Explain, using suitable diagrams, the difference in the behavior of a
(1).conductor and (ii) dielectric ; in the presence of external electric field.
Define the terms polarization of a dielectric and write its relation with

susceptibility.

(b) A thin metallic spherical shell of radius R carries a charge Q on its

surface.

A point charge % is placed at its Centre C and another charge +2Q is
placed outside the shell at a distance x from the Centre as shown in the
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figure.

2Q

Find (i) The force on the charge at the Centre of shell and at the point
A,
(11) the electric flux through the shell.
Answer:

(a)

Conductor:

Conductor
C A

+ + + + + +
1
+ + + + +

D B I
When a conductor ABCD is placed in an external electric field of
intensity
E—ex)then free electrons of conductor move from AB side to CD side.

As a result, an opposing electric field E_p) induces inside the

conductor, which is equal to the external electric field E_e,; . Therefore, net
electric field inside the conductor is zero.
Dielectric:

Dielectric

l
B D "

“Er ]

CH P

+ + + + + +
¥

EEK
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When a dielectric is placed in an external electric field of intensity ij
then some molecules of dielectric are polarized.

As a result, an opposing electric field _E';; induces inside the

dielectric, which is less than external electric field E_ex) . Therefore, net
electric field inside the conductor is not zero.
Polarization:

The dipole moment per unit volume is called polarization(ﬁ). For a linear
1sotropic dielectrics,

PxE
OrP= )(ef
wherey,is a constant characteristic of the dielectric and 1s known as the
electric susceptibilityof the dielectric medium.

(b) Charge gat Centre induces a charge — % at the inside surface of the

shell and + %at the outside surface. Therefore, net charge on the outer
surface will be
@+ ).

K@Q+d)
x2
(1)  Since, the electric field inside a hollow conductor is zero. Therefore,

Now, electric field at point A will be, E =

forceexperienced by the charge g at the Centre will be zero.

And, the force on charge 2Q at point A will be,

K(Q+g) _ 3Q°%K
x2 0 x2

F =qE = 2Qx

(i1) The electric flux through the shell = et _ 2 _

£ &9

3. (a) Define electric flux. Is it a scalar or vector quantity ?
A-point charge Q is at a distance of d/2 directly above the centre of a
square of side “d’ as shown in the figure. Use Gauss’s law to obtain the
expression for the electric flux through the square.
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_O)O

d/2

d

(b) If the point charge is now moved to a distance ‘d’ from the centre of

the square and the side of the square is doubled , explain how the electric

flux will be affected.

Answer:

(a) The electric field lines passing normally through a surface is called
electric flux.

It is a scalar physical quantity.

According to Gauss’ law, total electric flux passing through a closed

surface is
¢ — dnet
E= g,

~Electric flux passing through given square,

1 Gnet Q

bg =, X o " oee

(b) Since, net charged within closed surface made by cube of side 2d is
same asnet charge within closed surface by cube of side d.
Therefore, electric flux does not change, when side of square would

be doubled and distance of charge would be increased by distance d.

4. (a) Use Gauss’s law to derive the expression for the electric field due to a
straight uniformly charged infinite line of charge of charged density A C/m.
(b) Draw a graph to show the variation of E with perpendicular distance r
from the line of charge.

(c).Find the work done in bringing a charge q from perpendicular distance
rtor, (r, > 1 ).
Answer:

(a)
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9=03E*°' Curved Surface

E 83 E
— 0
eN_goﬁl P l 6= 90°
L r i
N S L LS L LT L LT L L
++++j++++++++++++++ +++&+++++++++¢K|-+++++
o m e m e m e mm— o | — oo mo—— o >
Circular surface S2 Circular surface S1

Suppose an infinite long wire is placed in air of linear density of charge
A. We have to calculate electric field intensity at point P at distance r
from wire. For this, we imagine a cylindrical closed surface of length /
and radius r. The point P is situated on this surface as shown in the figure.
Now, electric flux linked with surface S; will,
¢; = ES;cos0 [ ~dg = ES cos0]
Or ¢, =ES;c0s90° =0 ........ i)
[Since, angle between normal drawn on S; and direction of E is 90°. ]
Electric field flux linked with surface S, will,
0, = ES»c0s0 = ES,c0s90° =0 ........ (ii)
[Since, angle between normal drawn on S, and direction of E is 90°. ]
And, electric field flux linked with surface S; will,
03 = ES;3cos0 = ES;cos0’ = ES;
[Since, angle between normal drawn on S; and direction of E is 0% ]
Or ¢ =E X2mrl ... (i11)
[+~ Area of curved surface of cylinder = 2nrh = 2nr/ |
~ Total electric flux liked with closed surface will,
=01 +Pr+03=0+0+ E X 2mr!/

Or dg= EX 2mrl .......... @1v)
According to Gauss’s theorem,
Op = Anet
E=

Where q,,.; is net charge inside the closed surface.

OF Gs=22 o )

l
€o
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[*linear density of charge A = % or q=Al]

Comparing equations (iv) and (v),we get

E X 2nrl A
€o
Or E-= A
2megrl
A .
Or = amegr T (v1)
(b)
E
r
(c)

Required work done,
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