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Physics
Class 12"

Guess Paper

Guess Questions with answer for CBSE of Year 2020
Electrostatics
MCQ
1. Anelectric dipole is placed inside a closed surface. The net electric flux linked
with closed surface will

A) L (B) zero.
€o
(C) infinity. (D) Ei Ans.(B)
0
Hint: Net charge of dipole =q—-q =0, hence p,= sg = 83 =0
0 0

2. A hemisphere is uniformly charged positively. The electric field at a point
on a diameter away from the centre is directed
(A) at an angle tilted towards the diameter.
(B) parallel to the diameter.
(C) perpendicular to the diameter.
(D) at an angle tilted away from the diameter. Ans.(C)

3. A point charge +q, is placed at a distance d from an isolated conducting
plane. The field at a point P on the other side of the plane is
(A) directed radially towards the point charge.
(B) directed perpendicular to the plane but towards the plane.
(C) directed radially away from the point charge.
(D) directed perpendicular to the plane and away from the plane.
Ans.(D)

4. The Electric field at a point is
(A) continuous if there is no charge at that point.
(B) always continuous.
(C) discontinuous only if there is a negative charge at that point.
(D) discontinuous if there is a charge at that point.

Ans. (A, D)
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5. If [ E.dS =0 over asurface, then
(A) the electric field inside the surface and on it is zero.
(B) the number of flux lines entering the surface must be equal to
the number of flux lines leaving it.
(C) the electric field inside the surface is necessarily uniform.
(D) all charges must necessarily be outside the surface.
Ans. (B, D)
6. If anelectron and a proton are placed in uniform electric field, then
(A) forces acting on them will equal.
(B) magnitudes of forces acting on them will equal.
(C) their acceleration will equal.
(D) magnitudes of their acceleration will equal.
Ans.(B)
Hint: Electric force F = qE,
force on electron E, = - eE

and force on proton F, =+e€E |

Magnitude of force on electron |Fg| =eE ........ (1)
Magnitude of force on proton |E,| =eE ......... (ii)
- —_ __ Fe — - eE
Acceleration of electron a, = =% = :
me me
: ., _F, _ +eE
Acceleration of proton @, = -2 = ==
me my
. . — F, eE
Magnitude of acceleration of electron |a,| = %= ———
m, 9.1x10731
. . —| _ Fp _ eE
Magnitude of acceleration of proton |a,|= %= ———
my 1.67 X 10727

From equation (i) and (ii), magnitude of forces acting on them will equal.

7. The distance between two charges is doubled, then force between them will be
(A) - time (B) 2 times
(C) - time (D) 4 times Ans.(C)

. K XqqX K 1 K
Hint: F = 91 X492 _ 84192 _ =% 414>

(2r)2 412 4 T2
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8. The distance between two charges is reduced to half and magnitude of charges
are doubled, then force between them will be

(A) 8 times (B) 16 times
(©) itimes (D) 2 times Ans.(B)
Hint: F = ZX20X2492 - 4 o 4 5 L9192 - 15 5 K192

(r/2)2 r2 r?

9. Whena glass rod is rubbed with silk, it acquires a charge of +32 Pico coulomb.
The number of lost or gained electrons by glass rod will

(a) 5 x 10" (gained) (b) 5 x 10" (lost)
(c) 2 x 108 (lost) (d) —8 x 107*? (lost) Ans.(c)
Hint: The number of lost electrons by glass rod,

Q _ 32x10712

N=-=—"——=20x10"=2x 108
e 16x1071°

10. The electrostatic force between two point charges kept at a distance d apart,
ina medium g, =4, is 0.8 N. The force between them at the same distance

in vacuum will
(@) 20 N (b) 0.5N
(c)1.8N (d)3.2N Ans.(d)

Hint: &, =~ or Fy= & Fy =4 X 0.8 = 3.2N

11. The electric field intensity at a distance of 4 m from a point charge is
200V m*. It will be 400 V m " at a distance?
(@) 50 cm (b) 4 cm
(c)4m (d) 2v/2m Ans.(d)

. K E K % T E
Hint: E =2 Therefore £ = — x 2 =2 or r,2=21 x 2
TZ E2 T'12 Kq T12 Ez

200
:4—OO><42:80rr2:\/8:2\/2m

12. Two point charges +4q and +2q are placed at distance of 20 cm in vacuum. At
what point on the line joining them the electric field is zero?

(a) 12.75 cm from the charge q (b) 7.5 cm from the charge g
(c) 20 cm from the charge 4q (d) 11.71 cm from the charge 4q
Ans.(d)
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. 4qK _  2qK _ 2 _ 2
Hint: =5 =7 0r2(20-x)? =x? or{V2 (20 —x)} =x

Orv2(20-x)=x 0or20v2-v2x=x o0r20v/2=/2x + x

_ _ 20vV2 _ 20x1.414 _ 28.280 _
Or20v2=(L+v2)xorx= (V2+1) 141441 2414 11.71cm

13. Anelectric dipole is placed in a uniform electric field with its axis parallel to
the field. It experiences

(a) only a net force (b) only a torque
(c) both a net force and torque (d) neither a net force nor a torque
Ans. (d)

14. If a point lies at a distance x from the midpoint of the dipole, the electric
potential at this point is proportional to

(a) (b)

(c) = (d) i Ans.(a)

Hint: Electric potential at any point dﬁe to an electric dipole is
V: :7::051‘92 or V x le

15. Four charges +q, +q, —q and —q respectively are placed at the corners A, B, C
and D of a square of side x. The electric potential at the centre O of the square

is
2q \V2q
(a) 4TEGX (b) 4TTEGX
() zero (d) 4;jox Ans.(c)
Hint: V = — 4 tg L, o 9

4n£0x/\/§+ Amegx/V2  Amegx /N2 Amegx /2
_ V24 V2q _ V2q v2q  _

B 4TMEGX  4ATEYX 4TTEGX 4TTEGX
16. The work done in moving 200 uC charge between two points A and B on

equipotential surface is

(@) zero (b) finite positive
(c) finite negative (d) infinite Ans.(a)
Hint: Potential difference between two points Aand B is,
_ Was
VAB -
q

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 | Schoals | Alumni | CBSE Results | CBSE Datesheet |



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

Or Wag=Vpagq=0xq=0
17. The number of electric lines of force originating from a charge of 1 C is
(@) 1.6 x 1071° (b) 1.129 x 10!
(c) 8.85 x 10712 (d) 8.85 x 102 Ans.(b)

Hint: From Gauss’ theorem, the number of electric lines of force originating

from a charge is,

1 _ 100 x 102

= — = = 0.1129 x 102 = 1.129 x 10
g 8.85x 10712 885

18. The capacitance of a parallel plate capacitor increases from 4 pF to 28 pF,

when a dielectric is filled in between the plates. The dielectric constant of the

dielectric is

(@) 84 (b) 7
(c) 24 @ > Ans.(b)
Hint: The dielectric constant of the dielectric is, K = Cc—m = —248:: =7

0
19. A hollow metal ball carrying an electric charge, produces no electric field

at points

(a) outside the sphere. (b) on its surface.

(c) inside the sphere. (d) at a distance more than twice.

Ans.(c)

Hint: Electric field inside a hollow charged conductor is zero.

20. Consider a region inside which there are various types of charges but
the total charge is zero. At points outside the region
(@) the electric field is necessarily zero.
(b) the electric field is due to the dipole moment of the charge
distribution only.

(c) the dominant electric field is « ris , for large r, where r is the

distance from a origin in this region.
(d) the work done to move a charged particle along a closed path,
away from the region, will be zero.
Ans. (c, d)
21. A positively charged particle is released from rest in an uniform
electric field. The electric potential energy of the charge
(a) remains a constant because the electric field is uniform.
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(b) increases because the charge moves along the electric field.
(c) decreases because the charge moves along the electric field.
(d) decreases because the charge moves opposite to the electric field.
Ans. (c)
22. Equipotentials at great distance from a collection of charges whose total
sum is not zero are approximately
(a) spheres. (b) planes.
(c) paraboloids. (d) ellipsoids. Ans. (a)
23. The electrostatic potential on the surface of a charged conducting sphere
Is 100V. Two statements are made in this regard:
S1: At any point inside the sphere, electric intensity is zero.
S2 : At any point inside the sphere, the electrostatic potential is 100V.
Which of the following is a correct statement?
(a) S1istrue but S, is false.
(b) Both S1 & S, are false.
(c) Syistrue, S, is also true and S; is the cause of S..
(d) Sy is true, S, is also true but the statements are independent.
Ans. (c)
24. If the electron of mass m and charge e is accelerated by electric field of
intensity E, then velocity of electron after travelling a distance x will

(8 |~ (b) |
() anex (d) ZEjm Ans.(c)
qE eE

Hint: F:maorqE:maora:;: &
Again from V2 = 1 +2as or V2 =0 + 2ax

Or V% =2axorV =+2ax = fo = ’ijx

25. An electric dipole consists of two opposite charges each of magnitude 1uC

separated by a distance of 2 cm. The dipole is placed in an external electric
field of intensity 1 X 10° N/C. The maximum torque on the dipole is
(a) 0.2X1073 Nm (b) 1X1073 Nm
(c)2X 1073 Nm (d)4X 1073 Nm Ans.(c)
Hint: Tmax = PE 5in 90° = PE = (q x 21) X E
= (1x107°x2x1072)x1x10° =2X 1073 Nm
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26. 64 identical drops each of capacity 5uF combine to form a big drop. The
capacity of big drop will be
(A) 164 uF (B) 4 uF
(C) 25 uF (D) 20 uF Ans.(D)
Hint: A/Qc=4ngyr=5puF, C=?

Since, Volume of big drop = VVolume of 64 small drops
Or 64 m*=2nR*=64r°=R’> R=4r

=~ Capacitance of big drop
C=4neyR =4ney X 4r=4 X 4ngyr =4 X ¢

=4 X5 uF=20pF
27. The equivalent capacitance between A and B in the given figure is

3 uF
||
il!31| 4 uF
A I I =B
|2 L#F Cs
||
C:
(a) 6 uF (b) 9 uF
(c) 18 uF (d) = wF Ans.(d)
28. Dimensional formula of dielectric strength is
(a) MLTA™ (b) ML’TA™
(c) MLT3A™ (d) MLT3A Ans.(c)

) . . v_ W w_Fxl _F _F _ MLT™2
Hint: Dielectric strength = — = Ta-w_FXL_F_F _
l l ql ql q It AT

= MLT3A?
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29. 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, is 6. Then E;:E, and 6 will be -

(A) 1:1, (B) 1:2, /2
(C)2:1,n (D) 1.3, Ans. (C)
Hint: % = % = 2:1, Again direction of E,; along X-axis,

eq

And direction of Eg,is along X'- axis.
Hence 6 =180° = 1
30. N capacitors of same capacitance are connected in parallel and again they are
connected in series. The ratios of equivalent capacitances in both cases will

(A) N*:1 (B) N:1
(C) 1:N (D)1: N? Ans.(A)
Hint: 2 = X< = N21

Cs C/N

31. The ratio of electric fields due to an electric dipole at any point on the axil
line and equatorial line is

(A) 8:4 (B) 1:2
(C) 14 (D) 2:1 Ans.(D)
Hint: EE—q =2=21
32. The electric potential inside positively charged hollow spherical conductor is
(A) zero (B) positive and unequal
(C) positive and uniform (D) negative and uniform Ans.(C)

33. The work done to taking 2 coulomb charge from one point to another point
Is 20 joule. The potential difference between these points is

(A) 2 volt (B) 5 volt
(C) 20 volt (D) 10 volt Ans.(D)
HintV:%:ZZ—Ozlovolt
34. The capacitance of spherical conductor is proportional to
(A) mass of sphere (B) radius of sphere
(C) volume of sphere (D) area of sphere Ans.(B)

Hint: capacitance of sphere C =4ne,R
35. The capacitance of parallel plate air capacitor does not depend on
(A) shape of plates (B) charge on plates
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(C) distance between plates (D) medium in between plates
Ans.(B)
goA

Hint: capacitance of air parallel plate capacitor, C = e

36. Two capacitors of capacitance 1puF are connected in parallel. A third capacitor
of capacitance 0.5 puF is connected in series with this combination. The
equivalent capacitance of circuit will

(A) 12 uF (B) 16 uF
(C) 10 uF (D) 0.4 uF Ans.(D)

Hint: C12 = Cl + C2 = h,lF + h,lF = 2HF
Again Cy, is connected in series with C;

Ci2XC3_2X05 _ 2
o Cppg = == =-=0.4pF
Cip+C3 2405 5

37. Ifaglass plate is placed in between plates of air capacitor, then new
capacitance will

(A) increase (B) constant

(C) decrease (D) zero Ans.(A)

Hint: Cn=KC,

where K is dielectric constant of substance placed in between plates of
capacitor.

38. The equivalent capacitance between A and B in given figure is

6 pF 6 uF
| ||
| | ||
AG——— % B
6 pF
||
|
(A) 6 uF (B) 9 uF
(C) 18 uF (D) 4 uF Ans.(B)
. C1Cs
Hint: C, =C, + C, and CS:c C
1 2
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39. The electric field at a point near an infinite thin sheet of charged conductor is:
(8) &0 (b)

(€)= (d) 2 0%, Ans. (c)

280

40. Two capacitors C; = 2uF and C, = 4uF are connected in series and a potential
difference of 1200V is applied across it. The potential difference across 2uF

will be:
(a) 400V (b) 600V
(c) 800V (d) 900V Ans.(c)
Hint: Equivalent capacitance of C, and C, will,
C1XC 2X4 4 4 _
C,, :Cij—czzz—;:g uF == x 107°F

and charge on each plate of capacitor will,
q=CpV= g x 1076 x 1200
=1600 x 107 C

-~ Potential difference across 2uF will,

1600 X 10~°
V= G 020X 0 - 800 volt.
C, 2% 10-6

41. In the figure, if net force on Q is zero then value of % IS :

Q q
s . r.
q r - Q
(a) V2 (b) 2v/2
1 1

Hint -+ Net force on Q due to remaining charges is zero.

F,+F,=F,or /F + F,> =Fqor /ZF2 = F,

KqQ KQQ V2KqQ KQQ Qo Q=
or Zx(rz) " U S 0rv2g=-0 ;—2\/2
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42. The electric potential due to a small electric dipole at a large distance r from
the centre of the dipole is proportional to:

(ar (b) -
(©) (d) 5 Ans.(c)
Hint: Electric potential due to an electric dipole isV = %
43. Minimum number of capacitors of 2uF each required to obtain a capacitance

of 5uF will be:
(a) 4 (b) 3
(©)5 (d)6 Ans.(a)

VSA

1. Why do the electric field lines never cross to each other ?
Ans.
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?
Ans.
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. Is the work done by the
field in moving a small positive charge from Q to P, positive or negative

? Give reason.

;/\:</\>
AnNS.
Negative.

Because, the charge is displaced against of the force exerted by the
electric field.
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4. Define the term ‘dielectric constant’ of a medium in terms of capacitance
of a capacitor.
Ans.
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 plates of
capacitor (Cy) is called dielectric constant (K).

. C
le. K=-2
C

0

5. What is the electric flux through a cube of side 1 cm which encloses an
electric dipole?
Ans.
The net charge of an electric dipole is zero. Hence, the electric flux
through a cube of side 1 cm which encloses an electric dipole will be
zero?

6. Does the charge given to a metallic sphere depend on whether it is hollow
or solid?
Ans.
No, the capacity of spherical conductor is C = 4meyR i.e. Capacity of
spherical conductor depends on radius of spherical conductor.

7. 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
n
Ans.
The potential at every point of circular arcis V = % , 1.e. The potential at

every point of circular is equal. Therefore, required work done W =g, V
= g, X 0 = zero.

8. 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, (ii) angle between the dipole axis of these two dipoles.

Ans.
Q

(i) since, p; = p,org x Iy =Q X I, ori_1= 2
2

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

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 -

Ans.
Electric flux will remain unaffected ?

10. 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 ?

Ans.

2a
-2Q (4a, 0)

(0,0) +Q

The net charge enclosed by sphere of radius 3a = - 2Q .
= Electric flux, ¢ = 2 Cgharg ‘= _EZQ
0 0
11. What is the geometrical shape of equipotential surface due to a single
isolated charge ?
Ans.

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 ?

Ans.

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.

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

SA (2 marks)

14. An electric dipole is placed in uniform electric field at an angle 6 with the
direction of field. Show that dipole will not done translator motion. Then,
obtained expression for torque acting on the dipole.

Ans.

F-q

According to figure, electric force on charge +q of electric dipole due to
uniform electric field will,
F.q=QE [along E]
And Electric force on charge -q of electric dipole due to uniform electric
field will,
F,= QE [opposite to E]
Net force on dipole F = F,;+F4,=qE-qE=0
Hence, electric dipole will not done translator motion.
But, action lines of forces F.,qand F_, are different. So, dipole will want
to rotate.
Torque acting on the dipole will,
T = magnitude of either force x perpendicular distance between forces.
=qE X AC =gE X ABsin©

[ From triangle ABC, sin 0 = % = AC=ABsin0]
=(qE x 2lsin6=2ql (Esin6)

=PEsin®©
t=PESING ......... (i)
In vector form, T=P X E .o (i)

15. A'test charge g is moved without acceleration from A to C along the path from
Ato B and then from B to C in electric field E as shown in the figure,
(i) Calculate the potential difference between A and C will, Vac = E
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(if) At what point (of the two) is the electric potential more and why?

B(2,3)

CVemmmmm oo A
(2,0) (6,0)

Ans.
(i) Potential difference between A and C will,
VAC =—Edr=— E(6—4) =—4FE
(if) At point C, electric potential is more. Because along direction of electric
field, electric potential decreases.

16. (a) Define the term ‘clectric flux’. Write its SI units.
(b) What is the flux due to electric field E = 3 x 103 i N/C through a square of
side 10 cm, when it is held normal to E.
Ans.
(@) The electric lines of force (electric field) passing through a surface normally
is called electric flux.
Its SI unit is newton metre? per coulomb (Nm?C™).
(b) Given, E = 3 x 103 along X-axis, A= (0.1)> =0.01 m?,
6 = angle between E and normal drawn on square, ¢ = ?
¢ =EA cos8 =3x10% x 0.01 x cos0°=30Nm*C*
17. Calculate the amount of work done in arranging a system of three charges
6 uC, 6 uC and —6 uC placed on the vertices of an equilateral triangle of
side 10 cm.
AnRS.
Given q; =6uC=6x10"°C,q, =6 uC=6x10"°and
gs =6puC=-6x10"°,U="?

_ K q1q> n K q1q3 + K q2q3
T12 13 T23

- U

_9x10°x6x10"°x6x107° +9X109x6x10_6x—6X10_6
0.1 0.1
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9x10°x6x10"°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 7 in a uniform electric field E.
(b) What will be happen if the field were not uniform?

AnNS.
(@)

ﬁ- A F+q
A2 g —
31 : E

B <%
Fq=— > ""7"7"777 ﬁg
I

According to figure, electric force on charge +q of electric dipole due to
uniform electric field will,
F.q=QE [along E]
And Electric force on charge -q of electric dipole due to uniform electric
field will,
Fq= —QE [opposite to E]
Net force ondipole F=F,;+F,=gE-qE=0
Hence, electric dipole will not done translator motion.
But, action lines of forces F.qand F.q are different. So, dipole will want
to rotate.
Torque acting on the dipole will,
T = magnitude of either force x perpendicular distance between forces.
=qE X AC =gE X ABsin©
[ From triangle ABC, sin 0 = % = AC=ABsin0]

=qE x 2Isin®=2ql (Esin0)

=PEsin©®
T=PEsin® ........... (1)
In vector form, T=P XE oo, (ii)

(b) When electric field is not uniform, then forces acting on the both charges
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are not equal. Therefore, net force on the dipole will non-zero.
Hence, dipole will do translator as well as rotatory motion.

2. An electric dipole is placed in uniform electric field at an angle 6 with
the direction of field.
(a) Show that no translator force act on it.
(b) Derive an expression for the torque acting on the dipole.
(c) Find work done in rotating the dipole through 180°.
Ans.

F-q

(a) According to figure, electric force on charge +q of electric dipole
due to uniform electric field will,
F.,=0qE [along E]
And Electric force on charge -q of electric dipole due to uniform electric
field will,
Fq= —QE [opposite to E]
= Net force on dipole F=F,; +F,=0E—-qE=0
Hence no translator force act on the dipole.

(b) But action lines of forces F.qand F are different. So, dipole will want
to rotate.

Torque acting on the dipole will,
T = magnitude of either force x perpendicular distance between forces.
=gqE x AC =gqE x ABsin6

[ From triangle ABC, sin 6 = % = AC=ABsin 0]
=gE x 2lsin6=2ql (Esin0)
=PEsin 6
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~Tt=PEsSINO ........... (1)

In vector formZ2=P X E ................ (ii)
Now, work done on electric dipole by external torque in turning
through small angle d6 will,
dw = Tey; dO = 7, dO = PE sin 0 dO
= Total work done on electric dipole by external torque in turning

anticlockwise through angle 0° to 180° will,

180°

o dw=f010800 pEsind =PE f1800

o0 Siné

W= [

= pE {-cos 9}(1)30 = —pE (cos 180° — cos 0°)
=—pE(-1—-1) =2pE

3. 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

(i) outside the shell and (ii) 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.
ANS.

Gauss’ theorem: The total electric flux linked with a closed surface is
1 .. . .
— times of net charge inside the closed surface.

€o
. A = —)_Q
e ¢ =&, E.dS—;
/ﬁﬁ_h_&"x
L7 ~_~Closed Surface
ll.' \‘.
s RN
\ 7
3 ) ds
ST L
- - - - >
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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 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,

¢r =G E.dS=¢EdScosf=FEdScos0°=¢§EdS=E §dS

= E X total area of closed surface S;

pp =Ex4nr® ... (i)
According to Gauss’ theorem, ¢ = Sg ................. (i1)
0

Comparing equations (i) and (ii),we get
E X 4n 1’ 282

E=— (iii)

4ATTE(T?
This equation is same as electric field intensity due to a point charge. Hence
charged spherical shell can be assumed as a point charge.
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)

4. State Gauss' theorem in electrostatics. Apply this theorem to obtain the
expression for the electric field intensity at a point due to an infinitely long,
thin, uniformly charged straight wire.

Ans.
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Circular surface 82 Circular surface $1

Suppose an infinite long wire is placed in air of surface 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 I. The point is
situated on this surface as shown in the figure.
Now, electric field flux linked with surface S; will,
¢, =ES;cos6 [~ ¢ = ES cos 0]
Or ¢; =ES;cos90° =0 ... (i)
Electric field flux linked with surface S5 will,
03 =ES;c0s0 =ES;c0s90° =0 ... (ii)
And, electric field flux linked with surface S, will,
o, =ES,cos0=ES,cos0° =ES,
Or ¢, =E x 2mrl ........... (iii)
[+ Area of curved surface of cylinder = 2mrh]
Total electric flux liked with closed surface will,
e =¢1+ 3+ P=0+0+ E X 27rl
Or ¢ = E X 2mrl .......... (iv)
According to Gauss’s theorem,

e =+

€o

Where q is net charge inside closed surface.
OF de=2 (v)

€o
[~ linear density of charge A = % org=xa]
Comparing equations (i) and (ii),we get,

Al Al
Ex2nrl = — orE=
£o 2megrl
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5. (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.
Ans.
(@) Principle of capacitor:- when an earthed conductor plate is brought
near unearthed conductor, then capacitance of unearthed conductor is
increased extremely.

Dielectric medium
+ e
- +
—+ —= -
- = Er + -
+ —=
Eo -+ -
4 -
—_— - %-_
+ - =
+
+ — T
- = +
=+ -
- -t - =
- - - - - = d- - - - - - =

Suppose a dielectric medium of permittivity K and thickness t is
placed in between plates of capacitor, where t < d.

K=2 5E=2 . (iv)

5 paREe
Where E = electric field in dielectric medium and

E, = electric field in air.
-~ Potential difference between plates will,
V = Viir + Vielectric
=Ep(d—t)+Et=Eo(d-t)+-2t [From equation ()]
- M=% r1d_t+L
= Eo[d—t+K]—g0 [d t+K ]

-4 t
=>V_£0_A[d_t+E] .............. (V)
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Capacitance of capacitor will,

_q_ q —  &4q _ &4
C_;_L d-t+%] q[d-t+i]  d-t+L
2o | =l al rd e

6. 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 medium of k = 4.

X Y

-+ —
0 G
15V

(i) Calculate capacitance of each capacitor if equivalent capacitance of the
combination is 4 pF.

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

(iii) Estimate the ratio of electrostatic energy stored in X and Y.

Ans.
(i) Cs= 4,uFor —4uFor

C XkC C X 4C

—4,uFor =4 uF

Or %=4yForC:Z X 4 uF =5 uF

& Cy=5uF and C, =4 X 5uF =20 uF
(i1) Charge (q) on each capacitor in series combination is same

nq=(2E2 = ()= Lx v =0 s

C1+Cy

=60 X 107° coulomb =6 x 10> coulomb

-5
A :i:6X10_ =12 volt
C, 5x10-6
-5
AndV, =L =2X19" _ 3yt

C, 20x107°
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1
Uy _3G%° _ 5x1070x 122 _ 41
Uy €732 20x1076x32 7

(iii)

7. 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.

(i) before (ii) after the dielectric has been put in between its plates.
Ans.

(i) C=20 uF =20 x 10~ F , VV = 100 volt, E = ?

E=- CV2=05x20 x 107 x 1002=0.1J

(ii) C=20 uF =20 x 10~ F, K =6, V/ = 100 volt, E =?
Ez% C,.V? :g KCV? [C,, =KC]

=KX CV2=5x01J] =05

8. A particle, having a charge +5 pC, 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
(@) Q=+15uC and (b) Q = -15uC

Ans.
Q=+15uC q=+5 uC
< or-15uC O—
(@) X X1
e - - 30em ----- >
< ---------- -45cm-------- =

() Kinetic energy of the particle at final position (x,) if Q =+ 15 uC,
K K
Er=Q -V =Q (M- M) - kgq (2 - 1)

Tri T'f

T'l' Tf
:9><109><5><10—6><15><10-6( L 1_)
30 X 10—2 45 x 102
:45><15><10-3(ﬂ—ﬂ):45x15x10-3xﬂ:o.753
30 45 90

(b) Kinetic energy of the particle at final position (x;) if Q = —15 uC,
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E,=—Q(V;—V,) = —0.751]

9. A capacitor of 200 pF is charged by a 300 V battery. The battery is
then disconnected and the charged capacitor is connected to another
uncharged capacitor of 100 pF. Calculate the difference between the
final energy stored in the combination system and the initial energy
stored in the single capacitor.

Ans.

The initial energy stored in the single capacitor,

FEEIN %

=%>< (200 x 10712) x 3002=9 x 107]
Again, Common potential of combination after connecting with
uncharged capacitor,

_ C{Vi+ CyV, _ 200%x10712x3004100%x10712x0

C1+C, 200%x10712+100x1012
6x10°8
= = 200 volt
3x10~10

The final energy stored in the combination system,
EZ:% X (C, + C,) V?
:g X (200 X 10712 + 100 x 10~12) 2002
=3x107°J
= The difference between the final energy stored in the combination

system and the initial energy stored in the single capacitor.
E= El_E2= —6X 10_6J

9. Obtain equivalent capacitance of the following network given in the figure
below.

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

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

C1=100 pF
| ]
|
| | ||
|| | |
C2 =200pF C3=200pF &+
300V
| | I
|
C4 =100 pF
Ans.
C1=100 pF
| |
||
ql2
| | | 92
|| | q
C2 =200 pF C3=200pF &+
q 300V
"
| |
q ||
Ca =100 pF
(a) Equivalent capacitance of C, and Cs is
Cpa = C2.C5 _ 200 X200 _ 200 x200 _, 1 oF

Cy+ C3 2004200 2 X200
Cos is connected with capacitor C, in parallel.
Therefore, equivalent capacitance of C,3 and C; will,

C123 = Cy3 + C; =100 pF + 100 pF = 200 pF

Again, Cp3 Is connected with C, in series. Therefore, equivalent resistance

of Circuit will,
_ €123 X C4 _ 200 X100 _ 200 X 100 _ 200 F
Cip3+Cs  200+100 300 3 P

(b) Charge flowing in the circuit will,
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q=CV= Zgﬂpr3oov
:200

5 X 10712 x 300V =2 x 1078 coulomb

Since charge does not distribute in series,
- Charge on each plate of C;,3and C, =2 x 1078 coulomb
I.6. Qi3 =04 = 2 X 1078 coulomb

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

_q_2x10"% _ _g
=~ Charge on each plate of C; and Cy3 = P = 107° coulomb

i.e. 01 =02=03=10"8 coulomb

. 108
Now, voltage across C; will, V;=%=———— =100 volt
C, 100 x 10-12

. 108
Voltage across C, will, V,=%=——_ =50 volt
C, 200 x10-12

. 10~8
Voltage across C3 will, Vz=8=——__ =50 volt
Cs 200 x 10-12

. 2x1078
And voltage across C, will, V, = e - 2227 =200 volt
C, 100x 1012

LA-I1 (5 marks)

1. (a) An electric dipole of dipole moment p consists of point charges +q and
—(q separated by a distance 2l apart. Deduce the expression for the electric

field E 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 .
Hence, show that in the limitr >> |,
F=_2
4TTEyT3

(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
the yz plane?

Ans.

(a) Electric field at any point P on the axial line
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== = ==
4 ===P +( Eq E+q
G fe oo -- X
A | 0 | B P
—(r-)—=
r
(r+l)

Suppose an electric dipole AB (Dipole charges +q, dipole length 21 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,
Ei = 1 = i_ (i) [alongPto X ]

- 41ey(BP)2 4mEy (r—1)2
And magnitude of electric field at point P due to charge -q will,

— q _ q . ,
U7 amey(AP)2  Ame (r+D)?2 (ii) [along P to X’ ]
- Magnitude of net electric field at point P due to whole dipole will,
E=E.,,—E4 = q _ q
e 4meg(r-1)2 4ey (r+1)2
—_4 [ 11 ] q |+D?= (r=D?
Came Lr-D2 (r+D2 T ame, L (r-1)20r+D?
_ q 4rl . 2 B -
= aeq [(TZ— 12)2] [- (a, + b) (a b) - 4ab]
_ 2r(2ql) _ 2rxp o
T (r2-12)2  (r2-12)2 [ p=2ql]
= Zpr oo
(B [2)2 "t (111)

If r > | then neglecting I?, we get from equation (iii),

E= 220 or Ea= 22 (iv)

r4

2p

In vector form, E, = =
T

Its direction is along P to X.

(b) Given, Electric field intensity £ =3 x 103 { N/C or E =3x 103 N/C,
Area of square A = side” = 102 = 100 cm® =100 x 10~* m?=10"2 m?,
Electric flux passing through the plane of square ¢ = ?

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 | Schoals | Alumni | CBSE Results | CBSE Datesheet |



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 -

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 E is 6 = 0°.
~¢d=EAcosf =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
figure.

Q A
2Q,

Find (i) The force on the charge at the Centre of shell and at the point A,
(i1) the electric flux through the shell.
Ans. (a)
Conductor:
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Conductor
c 4 A

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

D B
When a conductor ABCD is placed in an external electric field of intensity
E,, 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,,, . Therefore, net electric field
inside the conductor is zero.
Dielectric:

Dielectric

l
B D "

“Er ]

CH P

+ + + + + +
¥

EEK

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

As a result, an opposing electric field E_P’ induces inside the dielectric,

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

The dipole moment per unit volume is called polarization (P). For a linear
isotropic dielectrics,
P x E
or P = Xe E
where y, is a constant characteristic of the dielectric and is known as the
electric susceptibility of the dielectric medium.
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(b) Charge % at 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
Q
@+ ).
L . . _K@+Y
Now, electric field at point A will be, E = =

(i) Since, the electric field inside a hollow conductor is zero. Therefore, force
experienced by the charge % at the Centre will be zero.
And, the force on charge 2Q at point A will be,

Q 2
F =qE = 2Qx Kers SizK

x2
(i) The electric flux through the shell = 2t = 2 = g

€0 €o
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