www.Padasalai.Net www.CBSEtips.in

SAIVEERA ACADEMY’S GUIDE
VOL -1

(2022-2023 EDITION)

It includes
v Complete Book Back Answers

v Knowledge Based Questions
v Knowledge Based One Marks

v Additional Book Inside Questions

» PHYSICS & CHEMISTRY GUIDE AVAILABLE
+ EXTRA DISCOUNT FOR SCHOOLS & TUITION CENTERS
+ BULK ORDERS AVAILABLE

TO ORDER
SAIVEERA ACADEMY
8098850809

Kindly send me your study materials to our email id - padasalai.net@gmail.com



https://www.padasalai.net/
https://www.padasalai.net/

www.Padasalai.Net

12th PHYSICS
UNIT -1 ELECTROSTATICS

Important Formulae

1. Electrostatic force between charges q;

3 1 419z
and gy, F;, = P rlfzz 71 (Vector form)
2. Value of k =—— = 9 x 10° Nm2C 2
471'50

3. Value of ¢, = 8.854 x 107*2C2N"1m=2
4. Total charge g = n X e;

5. Components of force F. F; =
FcosO; F;, =Fsin@ ;|F| =m

6. Relative permittivity or Dielectric

e(permittivity of medium)

constant &, = go(permittivity of vaccum )

7. Force between charges in medium

Fm — Fair
87‘
S force F
8. Electrostatic field, E = =- =
charge q
F =qE
9. Electric field due to a point charge
1 a
T Amey 12

10. Electric dipole moment, p = g X 2ai

11. (i) Electric field due to a dipole at a
| ial line, B = —12P
point on the axial line, E = pp— (r>a)

Direction of electric field : parallel to
direction of dipole moment
(i1) Electric field due to a dipole at a

point on the equatorial line

- -1 2p

(r>a)

41ey T3
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Direction of electric field : anti parallel to

direction of dipole moment

12. Magnitude of torque

T=pPXE =pEsinf (p = q X 2a)
13. Electric potential at a point due to a

1 q

ATEY T

point charge, V =

14. Electric potential energy of dipole
U= —pEcosf = —p.E

15. Electric potential at a point due to an

. 6
electric dipole V = £—-=2
41TE

o T2

16. Electric flux =% = ¢, = E.A=EAcos®
0

17. Electric field due to infinite long

A
2wEgT

straight charged wire, E =

18. Electric field due to plane sheet of

1
charge F = —=31—
280 A 280

19. Electric field at a point between two

parallel sheets of charge E = gi
0

Electric field at a point outside two
parallel sheets of charge E = 0
20. Electric field due to a uniformly
charged sphere —

(i) at a point on the surface of the

sphere, E = 2 Lp

41y R?
(ii) at a point outside the sphere

_ 1 0.
T Amey 12

(ii1) at a point inside the sphere E = 0
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12t PHYSICS
21. Capacitance of a conductor C = %

22. \Work done by a charge W = qV

23. Surface Charge density, o = %

Linear charge density = %

24. Capacitance of a parallel plate

. A
capacitor € = %

EQA

(i) with a dielectric slab, € = W

(i) with the dielectric completely filled

8057«14

the capacitor C1 = =CXe¢g,

25. Energy stored in a capacitor
E = L Ccv? . V L 2
=3 or > qV or °C Q

26. Capacitance of a spherical capacitor,

A
9%x10°

C =4meygA or C =

27. Equivalent capacitance

(i) C; and C, in series

GG 11 1
S C+C,

Q -same V- different

P o o
(il) C; and C, in parallel
C, =C +C,
Q - different V-same
Values and units
1. Permittivity of free space
g= 8.854 x 10712C2N"tm2

1
' 47'[80

=9 x 10° Nm?C~2

3. Charge of an electron e = 1.6 x 107%°C

4. 1 micro farad = 107° farad
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5.1 pico farad =107 farad

6. Permititivity of medium ¢ = C2N~1m™2
7. Electric charge (g) = Coulomb (C)

8. Electric field (E) =NC™! or VYm™?!
9. Electric potential (V) =JC™! or wvolt
10. Electric dipole moment (p) = Cm

11. Electric potential energy (U) = Joule
12. Capacitance (C) = farad

13. Electric flux = Nm?2(C 2

14. Torque =Nm

15. Relative permittivity of air = 1(no
unit)

16.Linear charge density A = C/m

17. Surface charge density o = Cm™

Textbook One Marks Solved
1.Two identical point charges of
magnitude —q are fixed as shown in the
figure below. A third charge +q is placed
midway between the two charges at the
point P. Suppose this charge +q is
displaced a small distance from the point P
in the directions indicated by the arrows, in
which direction(s) will +q be stable with
respect to the displacement?

? A, P%"q A, (;P:
(@) A1 and A; (b) By and By(c)

both directions (d) No stable
Hint : 6 between B,&B, is 90°
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12th PHYSICS SAIVEERA ACADEMY CENTUM GUIDE
v =—-222 which implies V = 0 (@) 4 mC (b) 8 mC
meo T (c)5mC (d) 7mC

Therefore W =V.q =0
+q will be stable along B; and B,

(b) B1and B>
2. Which charge configuration produces a
uniform electric field?
(a) point Charge
(b) infinite uniform line charge
(c) uniformly charged infinite plane
(d) uniformly charged spherical shell
Hint : Electric field due to point charge ,
line charge , charged spherical are
dependant on distance as they contain r
term , where as electric field due to

uniformly charged infinite plane (E = %)
0

does not contain r term
(c) uniformly charged infinite plane

for

3. What is the ratio of the charges %
2

the following electric field line pattern?

@1/5 (b) 25/ 11

(€)5 (d) 11/ 25

Hint : No of lines entering g =11, No of
lines entering g, = 25

q1 11

q.l 25

(d) 11/ 25
4. An electric dipole is placed at an
alignment angle of 30° with an electric
field of 2 x 10° N CL. It experiences a
torque equal to 8 N m. The charge on the
dipole if the dipole length is 1 cm is

Hint : T = pE sin 8 = 2qa (Esin 0)
Given 8 = 30°,F =2x10°,1 =
8,2a=1x%x10"2m

T
1= 20 Esino = 8me

(b) 8mC
5. Four Gaussian surfaces are given below
with charges inside each Gaussian surface.
Rank the electric flux through each
Gaussian surface in increasing order.

@D<C<B<A (b)A<B=C<D
(ccC<A=B<D (dD>C>B>A
Hint : Net charge of A=3q — q = 2q
similarly net chargeon B,CandDisq, 0
-0 Flux ¢ = =+

€o

(@) D<C<B<A

6. The total electric flux for the following
closed surface which is kept inside water

80q q
(@) O)brom
q q
(c) 80¢, (d) 160¢,

Hint : Netcharge=-g+q+2q9=2q9 e,
of water is 80

9 q
(p"et_sr g, 40¢,

(b) 7o,

40¢,
7. Two identical conducting balls having
positive charges g; and g, are separated by
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12t PHYSICS
a center to center distance r. If they are

made to touch each other and then
separated to the same distance, the force
between them will be
(@) less than before
(b) same as before
(c) more than before
(d) zero
Hint : We all know that force is directly
proportional to charge
When they are separated , the magnitude of
charge will be increased

(c) more than before

8. Rank the electrostatic potential energies
for the given system of charges in
increasing order.
Qr-Q 'Q"O < . x Q 2,'20
@ (b) (© (d)

@1=4<2<3 (b)2=4<3<1
(c)2=3<1<4 (d)3<1l<2<4

Hint: v = &%
For a: U= — = , For b: U= L
4TTEY T 4TTEY T
For ¢: U= — E,Ford:U= i
4TTEY T 4TTEY T
(@1l=4<2<3

9. An electric field E = 10x{ exists in a
certain region of space. Then the potential
difference V = V,— Va, where Vo is the
potential at the origin and V is the
potential at x =2 m is:

(@) 10V (b)-20V

(c) +20V (d)-10V
Hint: E = — & dv = —10x dx

On integration V,—Va=20J
(c) +20J

SAIVEERA ACADEMY

www.CBSEtips.in

CENTUM GUIDE
10. A thin conducting spherical shell of

radius R has a charge Q which is uniformly
distributed on its surface. The correct plot
for electrostatic potential due to this
spherical shell is

\'4 VA

-

+—R = - =

(a) (b)

VI j V[ i
- R —> r o-q—n—- T

©) (d)

Hint : For option b potential decreased
outside the spherical shell as distance
increases vp

(b) N

R — or

(b)

11. Two points A and B are maintained at
a potential of 7 V and -4 V respectively.
The work done in moving 50 electrons
from AtoB is
(a) 8.80 x 1017 ] (b) -8.80 x 101" ]
(c) 4.40 x 1017 ] (d) 5.80 x 1017 J
Hint : PotenialV =7 — (—4) = 11V
w=gq.V=(ne)V

=50 x1.6 x1071% x 11

=8.8x 10717

(a) 8.80 x 1017 J

12. If voltage applied on a capacitor is
increased from V to 2V, choose the correct
conclusion.
(@) Q remains the same, C is doubled
(b) Q is doubled, C doubled
(c) C remains same, Q doubled
(d) Both Q and C remain same
Hint: Q = CV i.e Q « V when V changes
Q changes

TO ORDER OUR PHYSICS AND CHEMISTRY GUIDE
SAIVEERA ACADEMY,COIMBATORE CONTACT - 8098850809 4

Kindly send me your study materials to our email id - padasalai.net@gmail.com


https://www.padasalai.net/
https://www.padasalai.net/

www.Padasalai.Net

12t PHYSICS
But C = ? (It does not contain any V

term)

(c) C remains same, Q doubled
13. A parallel plate capacitor stores a
charge Q at a voltage V. Suppose the area
of the parallel plate capacitor and the
distance between the plates are each
doubled then which is the quantity that will

change?
(a) Capacitance  (b) Charge
(c) Voltage (d) Energy density

Hint : Area A changes to 2A , distance d
changes to 2d

SoA

. 2A A
Capacitance € = =2~ = C = 2o2f 22

2d  d
Charge Q < V'V remains same so Q remains
same

. d d d
Potential V = £ =8¢ @24 _ od ('same
c EoA 802A EoA

Ug = %soEZAd = %soE2 x 2A x 2d ( changes by four

('same)

times)

(d) Energy density
14. Three capacitors are connected in
triangle as shown in the figure. The
equivalent capacitance between the points

AandCis

N7
(a) 1uF (b) 2 uF
(¢c) 3 uF (d)1/4 uF
Hint :

1 1 1 1 1
Cs € C 2 2
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-1 x 102 C and 5 x 102 C respectively. If

these are connected by a conducting wire,
the final charge on the bigger sphere is

(a) 3x 102C

(b) 4 x 102C

(€)1x102C

(d)2x 102C

Hint:v =%, y =54 y K&
r 3 1

v, =V, which implies 30, = Q,
Q; +0Q,=4x%x10"%C
On solving
(@) 3x 102C

Creative One Marks Solved
1. Three point charges each +q are placed
at the corner of an equilateral triangle of
side a the electric field at the
circumference coil be

q q
a) 4ATTET b) 4TTEQT 2
c) q/r? d) Zero

2. If electric field is through an area 3 m?
saying in 1/2 plane then the electric flux
due to the electric field in a region is given

by E =37+47 NC™lis ____ units
2) 3 b) 9

¢) 18 d) 6
Solution:

pp=E.A=(3T+4)).3i=9
3. Two charged conducting spheres of radii
R; and R, separated by a large distance
are connected by a wire. The ratio of the
charges on them is

C,=C +Cs=1+1=2yF a) =2 b) 2
Ry R;
(b) 2 pF R2 R1
15.Two metallic spheres of radii 1 cm and c) 2 d [z,
3 cm are given charges of Solution:
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12t PHYSICS
Since the two spheres are connected they

have the same potential.

a9
4megR,  4meyR,
@ _Ri
q4z R

4. The effective capacitance of a system in
which n identical capacitors having
capacitance ‘C’ are connected in series is

Cc
a) nC b) e
ok d) n2C
5. The equivalent capacitance between A
and B in the following circuit is

a)38uF b) 19 uF
c) 9 uF d) 11uF
Solution:

C,=C+C+ G
=3+3+13 =19 uF

6. A charged oil drop is suspended in
uniform field of 3 x 10* V/m So that it
neither falls nor rises. If mass of the charge
i 9.9 x 10715 kg then its charge is
___ [g=10m/s?]
a) 6.6 x 10718 C b)3.3x10718C
c)13.2x 10718 (C d) 1.65x 10718 C
Solution:
In steady state
Electric force on drop = weight of drop
qE = mg

mg 9.9x1071°x 10
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b) negative charge is not distributed

uniformly over the surface of the sphere.
C) negative charge appears only at the point charg
d) Zero

Solution:

When a point charge is placed outside the
neutral conducting sphere, the net charge is
zero.

8. Two capacitors of equal capacitance are
first connected in parallel and then in
series. The ratio of the total capacities in
two cases would be

a)1:2 b) 1:4

c)4:1 d) 2:1

Solution:

C,=2C

C
p
G ¢ *
Cp/Cs =4:1

9. Van de Graff generator works on the
principle of :

(a) electromagnetic induction and action at
points

(b) electrostatic induction and action at
points

(c) electrostatic induction only

(d) action at points only

10. In the figure the distance of the point

q = from A where the electric field is zero is
E N 108 a) 20 cm b) 36 cm
=3.3x10718¢C 10 d) 54
7. Consider a neutral conducting sphere. A ) _cm ) 54 ¢m
positive charge is placed outside the Solution:
) 1 (10x1079) 1 (20x107%)x1
sphere. The net charge on sphere is then e, S X2 ame, Y (08—x)?
a) negative charge is distributed uniformly . 2x% = (0.8 — x)?
over the surface of the sphere. 1.414x = 0.8 — x
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12th PHYSICS

x=2—:2=0.36m=36cm

11. A long hollow, conducting cylinder is
kept coaxially inside another long, hollow
conducting cylinder of larger radius. Both
the cylinders are initially electrically
neutral.

a) A potential difference appears
between two cylinders when a charge
density is given to the inner cylinder.

b) A potential difference appears between
two cylinders when a charge density is
given to the outer cylinder.
c¢) No potential difference between two
cylinders when a line charge is kept along
the axis of the cylinder.

d) No potential difference between two

cylinders when same charge density is

given to both cylinders.

Solution:

Electric field between two cylinders is
. q
 2megrl
A
 2meor

12. A bullet of mass of 2 g has a charge of
2uC. The potential difference through
which it must be accelerated from rest to
acquire a speed of 10ms~1is

[q = AL]

a) 5V b) 50 V
c) 5 kv d)50kV
Solution:
W = KE
1
qV = Emv2
m?v?  2x1073 x 102 10°

2q 2X2x10°° 2
13. A point charge +q is placed at the

origin O as shown in the figure. Work done
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in taking another point charge —Q from the

point A to another point B along the
straight line path AB is

aQ (a -aQ\ 5=
a) ameya? (ﬁ) b) (47‘[80) 2a
qQ
C) (4nsoa2) Vv2a d) Zero
Solution:
Initial PE, E; = £-2 Final PE, £, = 12
TTEQ TEg

Work done —change in PE=Ef — E; = 0
14. Three capacitors each of capacitance C
and of break down voltage V are joined in
series. The capacitance and breakdown
voltage of the combination will be

a) 3C, V b) %, 3V
c) 3C, 3V d)s =
Solution:
1_1+1+1_3
c, C C C C
C
Cs - §
Vo=V, +V,+ Vo=V +V+V =3V

~ V=3V
15. The work done in placing a charge
8 x 108 C on a capacitor of capacitance
100 uF is
a) 16 x 10732
c) 64 x 10732

b) 4 x 10716
d) 32 x 10716

Solution:
Q Q?
W = XV = = — = —
(8 x 10718)2 _
=00 x10-¢ — 64x107%J

16. An electric dipole is placed at angle of
30° with an electric field of
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12t PHYSICS
2 x 105 NC™1 . Its length is 2 cm and if it

experiences a torque about 4 Nm then its

charge is mC
a) 8 b) 2 c)5 d) 7
Solution:
2l=2x%x10"*m 6 = 30°
T=4Nm
T =PEsinf = (q X2l) XE X sinf

z 4

1= 2D XExsin® 2x102x2x 105 x sin30°
=2x10"3=2mC

17. In aregion potential is V = (6x —

8xy —8y + 6yz)VinVandx,yand z

are in m. The electric force experienced by

a charge of 2C situated at (1,1,1) is

a) 24 N b) 4V35 N
) 6v5N d) 30 N
Solution:

N avy . (oVy . OV

E=- |G G+ &)

V =6x—8xy—8y+6yz

At point (1,1,1)

av

y=—5=—[—8x—8+6z]

=—(—-8-8+6)=+10

At point (1,1,1)

v
E, == =—[+6y] = =6(1) = —6

|F| = q|E| = 2/ (2)% + (10)? + (—6)?
= 2v4 + 100 + 36
=2V140 = 4 x V35N
F=4V35N

18. A force of 0.01 N is exerted on a
charge of 1.2 x 10°C at a certain point.
The electric field at that point is
a) 5.3 X 10*NC? b) 8.3 x 10*NC™!
€)53x107"*NC™! d)8.3 x102NC 1

Solution:
E = F__ 001 _ 8.3 x 102NC1
g 12x105
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19. The electric field intensity at a point 20

cm away from a charge of 2 x 107>C is
a)4.5x 10 NC™1 b) 3.5 x 10°NC™1
€)3.5x 10 NC™1 d)4.5x10°NC™?!

Solution:
_q _ 9x10%°x2x107° 6 1
= e = 027 =4.5x10° NC

20. How many electrons will have a charge
of one coulomb?

a) 6.25 x 1018 b) 6.25 x 10%°

c) 1.6 x 1018 d) 1.6 x 10*°
Solution:
Number of electron, n =4 = —>- = 6.25 x 10'8

e 1.6x10-19

21. The ratio of the force between two
charges in air and that in a medium of
dielectric constant K is

a)K:1  Db)1:K c)K%1 d) 1: K2
22. At a large distance (r), the electric
field due to a dipole varies as

a) - )= 0 d) =
23. Two isolated, charged conducting
spheres of radii R, and R, produce the
same electric field near their surfaces. The
ratio of electric potentials on their surfaces
is

Ry R Ri RS
a) & D) 2 O d) 25

24. A 1 uF c capacitor is placed in parallel
with a 2 uF capacitor across a 100 V

supply. The total charge on the system is
100

a) —-uC b) 100 uC
c) 150 uC d) 300 uC
Solution:

Equivalent capacitor =1+ 2 = 3 uF
Total charge, g = CV = 3 x 100 = 300 uC
25. A parallel plate capacitor of
capacitance 100 uF is charged to 500 V.
The plate separation is then reduce to half
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12t PHYSICS
its original value. Then the potential on the

capacitor becomes

a)250V b)500V c)1000V d)2000V
Solution:

Here, C' = 2C, since the charge remains

the same.

. . CV 500
q=CV'=CV =>V'=55=—-=250V
26. A point charge q is rotating around a
charge Q in a circle of radius r. The work

done on it by the coulomb forces is

a) 2nrq  b) 2mQq c)zf7 d) Zero

27. Capacitance of a parallel plate
capacitor can be increased by

a) increasing the distance between the plates
b) increasing the thickness of the plates

c) decreasing the thickness of the plates

d) decreasing the distance between the plates
28. Two charges are placed in a vacuum at
a distance d apart. The force between them
is F. if a medium of dielectric constant 2 is
introduced between them, the force will
now be

a)4F  b)2F oI d)j
29. An electric charge is placed at the
centre of a cube of side a. The electric flux
through one of its faces will be
a) — b)-L  o—— d)<

6gg

goa? 4TEHA> o

Solution:
According to Gauss’s law, the electric flux

through the cube is gi since there are six
0

faces, the flux through one face is %.
0

30. Total electric flux coming out of a unit
positive charge put in air is

a) & b) g5 ) (4mey)™t d) 4ne
31. A point Q lies on the perpendicular
bisector of an electric dipole of dipole
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moment P. if the distance of Q from the

dipole is r, then the electric field at Q is
proportional to

a)p~tand r? b) p and r~
c)pandr3 d) p? and r~
32. A particle of charge g is placed at rest
in a uniform electric field E and then
released. The Kinetic energy attained by the
particle after moving a distance y is

a) qE?y b)q°Ey c)qEy® d)qEy
Solution:

Force on the particle =gE

KE = work done by the force = F.y = gEy
33. Twenty seven water drops of the same
size are charged to the same potential. If
they are combined to form a big drop, the
ratio of potential of the big drop to that of a
small drop is

a) 3 b) 6 c)9 d) 27
Solution:

2
3

!

14
V' =n?B3y => 7= (27)?/3 =9

34. A point charge +q is placed at the
midpoint of a cube of side [. The electric
flux emerging from the cube is

q 6ql° q
A, V5 Oz 9

c?y?
2
35. If the electric field in a region is given

by E = 51 + 4] + 9k. then the electric flux
through a surface of area 20 units lying in
the y — z plane will be

a) 20 units b) 80 units c) 100 units d) 180 units
Solution:

The area vector 4 = 20 1; E = (5 + 4 + 9k)
Flux (¢) = E.A = 5 x 20 = 100 units
36.An electric dipole is placed in a uniform
electric field with its axis parallel to the
field. It experiences

a) only a net force
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12t PHYSICS
b) neither a net force nor a torque

¢) both a net force and torque
d) only a torque

37. The work done in moving 4uC charge
from one point to another in an electric
field is 0.012J. The potential difference
between them is

a) 3000V b)6000V ¢)30V d)48x 103V

Solution:
w 0.012
V= Pl beri 3000

38.The electric field outside the two
oppositely charged place sheets each of
charge density o is

o o o
a)a b) e C) = d) zero
Solution:
o (0]
F=—+(-—)=0
€o €0

39. Torque on a dipole in a uniform
electric field is maximum when angle
between P and E is

a)0° b) 90° c)45° d)180°
Solution:

T =pEsinf

sin 8 will be maximum when it is 90°
40.Potential energy of two equal negative
point charges of magnitude 2uC placed 1
m apart in air is

a)2J b)0.36J ¢)4J d)0.036J
Solution:
1 q1q; 9%10° x2x107¢%x2x107°
= = =.036
ey T 1

41.A hollow metallic spherical shell
carrying an electric charge produces no
electric field at points

a) on the surface of the sphere

b) inside the sphere

SAIVEERA ACADEMY

www.CBSEtips.in

CENTUM GUIDE
¢) at infinite distance from the centre of the

sphere

d) outside the sphere

42. Electric potential energy of an electric
dipole in an electric field is given as

b) —pEsin 6

d) pEcos 0

a) pEsin 6
c) —pEcos 0

43. The direction of electric field at a point
on the equatorial line due to an electric
dipole is

a) along the equatorial line towards the dipole

b) along the equatorial line away from the dipole
c) parallel to the axis of the dipole and opposite
to the direction of dipole moment

d) parallel to the axis of the dipole and in the

direction of dipole moment.

43.The number of electric lines of force
originating from a charge of 1 micro
coulomb is

a) 1.129 x 10°
c) 6.25 x 108
Solution:
N=<=1x10"%x1.29 x 10! =1.129 x 10°

44. An electric dipole place at an angle 0 in
a non- uniform electric field experiences

a) neither a force nor a torque

b) torque only

c) both force and torque

d) force only

45. A capacitor of capacitance 6 pF is
connected to a 100 V battery. The energy
stored in the capacitor is

a) 30J b)3J ¢)0.03J
Solution:

b) 1.6 x 10
d) 8.85 x 1012

d) 0.06 J

1 1
E=ECV2=§><6><1O_6><1002 = 0.03]

46.The capacitance of a parallel Plate
capacitor increases from SpF to 60 pF

TO ORDER OUR PHYSICS AND CHEMISTRY GUIDE
SAIVEERA ACADEMY,COIMBATORE CONTACT - 8098850809 10

Kindly send me your study materials to our email id - padasalai.net@gmail.com


https://www.padasalai.net/
https://www.padasalai.net/

www.Padasalai.Net

12t PHYSICS
when a dielectric is filled between the

plates. The dielectric constant of dielectric
IS

a) 65 b)55 ¢)12 d)10
Solution:

Cph=CXe¢g,
_Cp 60
TC T T

47. The magnitude of the force acting on a
charge of 2 x 10°%° C placed in a uniform
electric field of 10vVm is

a)2x10°N b)4x10°N
c)2x 101N d)4x 10N
Solution:

F=qFE=2x10"1"%x10=2x10""°
48.Electric potential energy (U) of two
point charges is
a) 0102/ 4 g, 1? b) qiq2/ 4w g,r
c) pE cosO d) pE sin0
49. The capacitance of a parallel plate
capacitor increases from 5 uF to 50 uF
when a dielectric is filled between the
plates. The permittivity of the dielectric is
a) 8.854 x 102 C2N'm b) 8.854 x 101t C?Ntm
c) 12 d) 10
Solution:
€= £ofr = £, = 8854 X 10712 X 2 = 8.854 x 107!
50. The negative gradient of potential is
a) electric force b) torque
c) electric current d) electric field
intensity
Solution:

dv
Cdx
51.When a point charge of 6uC is moved
between two points in an electric field, the
work done is1.8 x 10 J. The potential
difference between the two points is
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a)1.08V b)1.08mV c¢)3V d)30V
Solution:

_w_1.8><10‘5_
V=T ex10s
52. The electric field intensity at a distance
r due to infinitely long straight charged

wire is directly proportional to

a)r b) 1/r c)rz d)1/r?
Solution:

A

© 2meor

53.The ratio of electric potential at points
10 cm and 20 cm from the centre of an
electric dipole along its axial line is
a)l:2 b)2:1 ¢)1:4 d)4:1
Solution:

_p cosb
 4me, 12
Vv, 12 202
— === — =41
vV, 12 10

54. The intensity of the electric field that
produces a force of 10° N on a charge of

SuCis
a) 5x 10 NC? b) 50 NC1
c) 2 NC? d) 0.5 NC?
Solution:

F 107°
E‘E‘5x1m6_2

55.The unit of the number of electric lines
of force passing through a given area is

a) no unit b) NC

c) Nm2C* d) Nm

56. Two point charges +q and —q are
placed at points A and B respectively
separated by a small distance. The electric
field intensity at the midpoint O of AB

a) IS zero

b) acts along AB
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c)acts along BA

d) acts perpendicular to AB
57.The work done in rotating the dipole
through an angle of 90° is :

a) zero b)-PE c¢)PE d)2PE
Solution:

Work done = PE(1 — cos 9)

06 =90°w= PE

58. The total flux over a closed surface
enclosing a charge g (in Nm? C?)

a) 8mq b) 9 x 10%
¢) 36z x 10°q d) 8.854 x 1012 g
Solution:
d)E = Ei = 1 q
O 4z x9x10°

= 36m x 10%q

59.What must be the distance between two
equal and opposite point charges (say +q
and —q) for the electrostatic force between
them to have a magnitude of 16 N?

a) 116\/? metre b) %\/f metre
¢) 4 kq metre d) 4k / g metre

Solution:
q19> KCIZ
F=K _
r? 4
q
=~VK
=%

Short Answers Questions
Book Back
1.What is Quantisation of charges?

v" The charge g on any object is equal
to an integral multiple of this
fundamental unit of charge e.

v' g =nenisany integer (0, 1, £2,

+3,+4.. ).
v" This is called quantisation of electric
charge.

www.CBSEtips.in
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2. Write down coulomb’s law in vector
form & mention what each term

represents

According to Coulomb, the force
on the point charge g, exerted by another

point charge q; is

T q192 .
Fio= k=—=Tx
r

721 - the unit vector directed from charge

q, to charge g,

r? - the distance between charges
k - proportionality constant

3. What are the difference between
coulomb force and gravitational force?

Gravitational
force

Coulomb force

Force between two
masses Is always
attractive

Force between two
charges can be
attractive or
repulsive,
depending on the
nature of charges

Force between two
Mmasses is
independent of the
medium

Force between the
two charges
depends on nature
of the medium

The value of the
gravitational
constant

G =6.626x10"t Nm?K g

The value of the
constant k in
Coulomb law is

k = 9x10° Nm?C?

Force between two
point masses is the
same whether two

Force between two
point charges will
change with
respect to motion
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masses are at rest
or in motion.

4. Write a short note on Superposition
principle

The total force acting on a given
charge is equal to the vector sum of forces
exerted on it by all the other charges.

F)'i()t = F)IZ + F)13 + F14 -"F)ln

5. Define Electric Field
The electric field at the point P at a
distance r from the point charge q is the

force experienced by a unit charge and is
- FoF__1 a4
given by E = poalrmd

Quantity ; Vector quantity
Unit ; NC*

6.What is meant by Electric field lines

Electric field vector are visualized
by the concept of electric field lines . They
form a set of continuous lines which
represent the electric field in some region
of space.

7. The electric field never intersect.
Justify

If some charge placed in intersection
point then it has to move in two different
direction at the same time, which is
physically impossible .Hence Electric field
lines do not intersect

8. Define electric dipole. Give the
expression for the magnitude of its
electric dipole moment and its direction

www.CBSEtips.in
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Two equal and opposite charges

separated by a small distance constitute an
electric dipole.

Dipole moment p = 2ga

Direction of dipole moment : from -q to +q

9.Write the general definition of electric
dipole moment for a collection of point
charge

It is product of any one of charges of
dipole and distance(2d) between them

n
p= Z qi7;
i=1

Quantity ; Vector quantity Unit : Cm
10. Define electrostatic potential

The electric potential at a point P is
equal to the work done by an external force
to bring a unit positive charge with
constant velocity from infinity to the point
P in the region of the external electric field

E Unit : V or JC!

11 What is an equipotential surface ?

An equipotential surface is a surface
on which all the points are at the same
potential

12. Write about Properties of
equipotential surfaces
(i) The work done to move a charge ¢
between any two points A and B is
zero
(ii) The electric field is normal to an
equipotential surface.
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13.Give the relation between Electric

field and electric potential

dV = —E dx
E=-%
dx

Electric field is negative gradient of
electric potential

14.Define electrostatic potential energy

It is defined as work done in bringing
the various charges to their respective
positions from infinitely large mutual
separation

Unit : Joule

15.Define Electric Flux

The number of electric field lines
crossing a given area kept normal to the
electric field lines is called electric flux

& = EA cosO

Unit: Nm?C? Quantity : scalar

16.What is meant by electrostatic energy
density?

The energy stored per unit volume
of space is defined as energy density

U 1 2
= =-g,E
E ™ yoLumeg ~ 2°°

17.Define electrostatic shielding

Consider a cavity inside the
conductor.Whatever the charges at the
surfaces and whatever the electrical
disturbances outside, the electric field
inside the cavity is zero. A sensitive
electrical instrument which is to be
protected from external electrical
disturbance is kept inside this cavity. This
Is called electrostatic shielding.

18. What is polarization?

SAIVEERA ACADEMY
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Polarisation is defined as the total

dipole moment per unit volume of the
dielectric

p = XF ext
y 1s a constant called the electric
susceptibility which is a characteristic of
each dielectric.

19.What is dielectric strength?

The maximum electric field the
dielectric can withstand before it
breakdowns is called dielectric strength
20.Define capacitance

The capacitance C of a capacitor is
defined as the ratio of the magnitude of
charge on either of the conductor plates to
the potential difference existing between
the conductors.

c=2
|4
Unit : coulomb per volt or farad (F)
21.Write about action of points or
corona discharge ? (Mar 20)

When the electric field near the edge is
very high and it ionizes the surrounding
air. The positive ions are repelled at the
sharp edge and negative ions are attracted
towards the sharper edge. This reduces the
total charge of the conductor near the sharp
edge. This is called action at points or
corona discharge.

Book inside
1.State Coulomb’s law

It states that the electrostatic force is
directly proportional to the product of the
magnitude of the two point charges and is
inversely proportional to the square of the
distance between the two point charges.

TO ORDER OUR PHYSICS AND CHEMISTRY GUIDE
SAIVEERA ACADEMY,COIMBATORE CONTACT - 8098850809 14

Kindly send me your study materials to our email id - padasalai.net@gmail.com


https://www.padasalai.net/
https://www.padasalai.net/

www.Padasalai.Net

12t PHYSICS
1 q1q;
 4me, 12
2. What is dielectric?

A dielectric is a non-conducting
material and has no free electrons. The
electrons in a dielectric are bound within
the atoms.

Examples : Ebonite, glass and mica
3.What is Non-polar molecules?

A non-polar molecule is one in which
centres of positive and negative charges
coincide. It has no permanent dipole
moment. Examples : Hydrogen (H,),
oxygen (O,), and carbon dioxide (CO,)

4. What is Polar molecules

In polar molecules, the centres of the
positive and negative charges are separated
even in the absence of an external electric
field. They have a permanent dipole
moment.
Examples : H,0O, N,O, HCI, NHs.

5. Define electrostatic induction
Charging without actual contact is
called electrostatic induction

6.Why it is always safer to sit inside a bus
than in open ground or under a tree ?

The metal body of the bus provides
electrostatic shielding, since the electric
field inside is zero. During lightning, the
charges flow through the body of the
conductor to the ground with no effect on
the person inside that bus.

7. Define Gauss’s law
Gauss’s law states that if a charge Q is
enclosed by an arbitrary closed surface,

SAIVEERA ACADEMY
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then the total electric flux @ through the
closed surface is

— Qencl

()
E €0

8. What are two kind of electric field?

Uniform electric field will have the
same direction and constant magnitude at
all points in space. Non-uniform electric
field will have different directions or
different magnitudes or both at different
points in space

9.Define one coulomb

One coulomb is a quantity of charge
which when placed at a distance of one
metre in air from equal and opposite
charge experiences a repulsive force of
9x10°
r=1m ,F = 9x10°N ,q; = q, = 1C

10. When is electric potential energy (i)
maximum (ii) minimum
v" The potential energy is maximum
when the dipole is aligned anti-
parallel (0 = ) to the external
electric field and
v The potential energy is minimum
when the dipole is aligned parallel
(6 = 0) to the external electric field.

11.What is called triboelectric charging?
Charging the objects through
rubbing is called triboelectric charging

12.Give reason to support water acts as
good solvent

When common salt (NaCl) is taken in
water , the electrostatic force between Na
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and Cl ions is reduced due to high relative

permittivity of water

13.What is dielectric breakdown?

When the external electric field
applied to a dielectric is very large, it tears
the atoms apart so that the bound charges
become free charges. Then the dielectric
starts to conduct electricity. This is called
dielectric breakdown.
14.What is fringing field?

For finite sized plates, the electric
field is not strictly uniform between the
plates. At both edges, the electric field is
bent outwards which is called as fringing
field

15. State the application of corona
discharge

(i) Lightning arrester

(if) Van de Graff generator

16. Give the applications of capacitors
They are used in

(i) digital camera to emit flashlight

(i) heart defibrillator to retrieve the normal
heart function

(iii) ignition system of automobile engines
to eliminate sparking

(iv) to reduce power fluctuations in power
supplies and to increase the efficiency of
power transmission.

17.Explain the working of computer
keyboard keys
v" They are constructed using
capacitors with a dielectric
v When the key is pressed, the
separation between the plates
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decreases leading to an increase in

the capacitance. This in turn triggers
the electronic circuits in the
computer to identify which key is
pressed.

18. Sometimes we notice that the ceiling
fan does not start rotating as soon as it is
switched on. But when we rotate the
blades, it starts to rotate as usual. Why
it is so?

To rotate any object, there must be a
torque applied on the object. For the
ceiling fan, the initial torque is given by
the capacitor widely known as a condenser.
If the condenser is faulty, it will not give
sufficient initial torque to rotate the blades
when the fan is switched on.
19.Give the principle of Van de Graff
Generator
(i) Electrostatic induction
(if) Action at points

Long Answer Question
Book back
1.Discuss the basic properties of electric

charge
() Electric charge
v" Electric charge is intrinsic and
fundamental property of particles..
v The Sl unit of charge is coulomb.

(if) Conservation of charges
v" Charges are neither created or nor
destroyed but can only be
transferred from one object to other.
v" This is called conservation of total
charges
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v" The total electric charge in the

universe is constant and charge can
neither be created nor be destroyed.

(iif) Quantisation of charges

The charge g on any object is equal to an
integral multiple of this fundamental unit
of charge e.

g =ne nis any integer (0, 1, ........ )

2.Explain in detail about Coulomb’s law
& its various aspects

It states that the electrostatic force is
directly proportional to the product of the
magnitude of the two point charges and is
inversely proportional to the square of the

distance between the two point charges.
Fa Q1¢212
r
The direction of forces is along the line
joining two charges

_ 14
F=k iZZ
where k = —— Kk = 9x10° Nm?2C2
4Te,

gy — Permittivity of free space and its
value is 8.854x1012 C2Nm?

e One coulomb is defined as quantity
of charges which when placed at a
distance of 1m in air or vaccum
from an equal and similar charge
experiences a repulsive force of
9x10° in vaccum

In medium of permittivity

1
Fm - 9192

°
4we 12

L £>£0’
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e Force between two point charges in
a medium other than vacuum is
always less than that in vacuum
£r _ &

€0

Gravitational force | Electrostatic force
or coulomb force

Force between two
charges can be
attractive or
repulsive, depending
on the nature of
charges

Force between two
masses is always
attractive

Force between two Force between the

masses is two charges depends
independent of the on nature of the
medium medium

The value of the
constant kK in
Coulomb law is

k = 9x10° Nm?2C2

The value of the
gravitational
constant

G =6.626x10!
Nm2Kg?

Force between two Force between two
point masses is the point charges will
same whether two change with respect
masses are at rest or | to motion

in motion.

3.Define Electric field and its various
aspect
The charge q creates an electric field in the
surrounding space. The electric field at the
point P at a distance r from the point
charge q is the force experienced by a unit
charge and is given by

= F _kq .

9o r2
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Unit : NC1 Quantity : Vector

Important aspects of Electric field

v" If charge q is positive -electric field
points away from the source charge .
If g is negative - electric field points
towards the source charge q.

v" Force experienced by test charge
placed at point P is Egq,.

v From equation of electric field. its
depends only on the source charge g
& independent on charge q,,.

v" The electric field is a vector
guantity, at every point in space, this
field has unique direction and
magnitude .

v" Distance r decreases , Electric field
Increases .

v" The test charge is made sufficiently
small such that it will not modify the
electric field of the source charge.

. F k .
v The expression E=—==L s
o T
valid only for point charges.
= 1 {Aq. . N
Er %rlp+%rzp+..........—l— A?” T
Ame, | 1 b Yp
- 1 i%A
ane, 5 7, v

Two kinds of the electric field: uniform
(constant) electric field and non-uniform
electric field.

Uniform electric field - same direction
and constant magnitude at all points in
space.

Non-uniform electric field - different
directions or different magnitudes or both
at different points in space.

The electric field created by a point charge
Is basically a non uniform electric field.

www.CBSEtips.in
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the axial line
v" Consider an electric dipole placed
on X axis.
v A point C is located at a distance of
r from the midpoint O of the dipole
along the axial line.

- Axial line 5
A L. B[ E E
o a2 © « =
-q 0 +q C

v

‘ F
The electric filed at a point C due to +q
- _ 1 q
+ 7 4ne, (r-a)?

along BC
p — Direction is -q to +gq and along BC

The electric filed at a point C due to -q
E_ 1_ along CA

4me, (r+a)?
p — Direction is -g to +g and directed

opposite to field

—_ - 1 q A
EZ=—pop e Q)

Total electric field at C calculated using
super position principle
Etot = E+ + E

1 q A 1 q A
T 4me, (r—a)? p 4me, (r+ a)? p

_q ( 4ra ) ~

B 4me, \(r2-—a?)2 p

r>>a
o= (120) p
Eo= 4TE,, ( r3

1 @’) . ~_ =
= e (r3 since 2agp =p
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The direction of electric field is along the

direction of the dipole moment

Electric field due to an electric dipole on
the equatorial plane
v" Consider point C is located at a
distance of r from the midpoint O of
the dipole on the equatorial plane.
v C is equidistant from +q & -q , the
magnitude of electric field of +q & -
g are the same

Direction of E. along BC
v’ Direction of E. along CA

E. &E.resolved into two
components : One component
parallel to dipole and perpendicular
to it

v Perpendicular components |E, |sing

<\

\

& |E_|sind are oppositely directed
so cancel each other .

£/ 4 Equatorial plane A
/ 2 E sinb
f_q— ‘.: :
/ : E sind
Y

§t0t=—|§+|c059ﬁ —|§_|c039ﬁ
Bl = |F | =

4ame, (r+a)?

= _ 1 2qcos@” ,
Ewt = — >
4mte, (r+a)
= 1 2qa . .
Eit = — =P since cos @ = —

V1r2+a?

Ameo (r+a)z

-

- _ 1 p
Etot—_ 3

since 2agp =p
4TtE, (r+a )E

3
r>a (r+a)=r3
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Etot =1 (z)

4me, \r3
The direction of electric field acts
opposite to the direction of the dipole
moment

5.Derive an expression for Torque
experienced by a dipole due to a uniform
electric field
v" Consider an electric dipole of dipole
moment p placed in a uniform
electric field.
v The charge +q will experience a

force g E in the direction of the
field charge —q will experience a

force -qﬁ in a direction opposite to
the field.

v Since the external field is uniform,
the total force acting on the dipole is
zero. These two forces acting at
different points will constitute a
couple and the dipole experience a

torque.
v" This torque tends to rotate the
dipole.
N E
: g’
&
._,.-‘0 2a sind

Torque on the dipole about the point O
T =0A x(—qE) + OB x (¢E)
The magnitude of total torque
T = |O—A)|(—q§) sinf + |O?|(q§) sin@
= qE 2a sinB
T=p x E (sincep = 2qa)

aWwhen 8 =0 =20
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The dipole moment of dipole parallel to

electric field — No torque

b)When 6 =90° 1=pE
Dipole moment perpendicular to electric
filed , torque is maximum

c)When6 = 180° 7 =0
Dipole moment anti parallel to electric
filed , torque is zero

6.Derive an expression for electrostatic
potential due to point charge
v" Consider a positive charge q kept
fixed at the origin.
v' Let P be a point at distance r from
the charge q.

/

1
Electric potential at point P

- f;(—ﬁ).dfz _ f;(ﬁ).dF

Electric field due to positive charge g
- 1 q A~
E

4TE, T 2
V=—f—2Lpd7
® 41E, T
dr =drtt .7 =1
_ 1 T q
V= 47Tgofoorz.dr
After the integration
_ 1 11" _ 1 q
V= 4n£oq[ r]oo o 4TTE, T
v = —— Z\hich is potential at a point
e, T

due to a point charge

7.Derive an expression for electrostatic
potential due to an electric dipole
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v" Consider two equal and opposite

charges separated by a small
distance 2a The point P is located at
a distance r from the midpoint of the
dipole.

v" Let 0 be the angle between the line
OP and dipole axis AB.

v" r;be the distance of point P from +q
and r,, be the distance of point P
from —q.

o
<

-7 o +q

| Figure 1.26 Potential due to electric dipole

Potential at P due to charge +q = — Ti
o 1
Potential at P due to charge -q = ——— T
o 2

Total potential at the point P,
L 1 1
V=-—1g (— - —) ............. )

4TTE 71 15

By the cosine law for triangle BOP

i =1r%+ a? — 2ra cos0

a’ 2a
=7r?|1+— ——cosh
r2 r

2
r >> a; = can be neglected
r
1
rn=r (1 — Zr—acos 0)2

1

L _1(qy_2a 2
o =7 (1 —Cos 9)
% <« 1 Using binomial theorem and retain

the terms up to first order
1 1

Similarly applying the cosine law for
triangle AOP,
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r? =12+ a? — 2ra cos(180 — 0)

a’ 2a
=r?(1+—+—-cos
rz r

2
r >> a; = can be neglected
T
1

1 1 2a 2
_=_<1+TCOSQ)

r, T
Using binomial theorem

1 1

Z=;(1——c059) ........... 3)

Sub (3) & (2) in (1)

V= 4713061 [%(1 +%cosl9) —%(1 —%cos@)]

1 2aq
= —-—cosf
4me, 12
_ P - _
V= ame, 12 08 0 (sincep = 2qa)
pcos@ =p.7

The electric potential at a point P due to
an electric dipole is given by

> A

Special cases
Case (i) If the point P lies on the axial line
of the dipole on the side of +q, then 6 =0
1 p
" 4me,r?

Case (i) If the point P lies on the axial line
of the dipole on the side of —q, then 6 =
180°, then

1 p
4me, r2
Case (iii) If the point P lies on the
equatorial line of the dipole, then 6 = 90°.
HenceV =0

V=-—

8.0btain an expression for potential
energy due to collection of three point
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charges which are separated by finite

distances
The electric potential at a point at a
distance r from point charge q; is given by

1
V= N
4mte, T

This potential V is the work done to bring a
unit positive charge from infinity to the
point. Now if the charge q; is brought from
infinity to that point at a distance r from qy,
the work done is the product of g, and the
electric potential at that point.

W=q:V
This work done is stored as the

electrostatic potential energy U
U — q2V = L M

4mte, T
9,

Three charges are arranged

in the following configuration

1)Bringing a charge g, from infinity to the
point A requires no work, because there
are no other charges already present in the
vicinity of charge q

I1) To bring the second charge g to the
point B, work must be done against the
electric field created by the charge g; So
the work done on the charge g2 is W = Q3
Vig. Here Vg is the electrostatic potential

due to the charge g; at point B.

- 1 aq
4-1'[80 r12

iii) Similarly to bring the charge g3 to the
point C, work has to be done against the

total electric field due to both charges q;

and g.. So the work done to bring the
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charge g3 is = g3 (Vic + Vac). Here Vic is
the electrostatic potential due to charge g
at point C and Vc is the electrostatic
potential due to charge g, at point C.

U= 1 (Q1CI3 4 QZQ3)

4me, \ 1713 T23

Iv) Total electrostatic potential energy for
the system of charges g: , Q2 , Qs IS

U= 1 (111% n QZQ3+ 111112)

4me, \ 113 r23 r12

9.Derive an expression for electrostatic
potential energy of the dipole in a
uniform electric field

v" Consider a dipole placed in the

uniform electric field E .A dipole
experiences a torque when kept in an

uniform electric field E.

v" This torque rotates the dipole to
align it with the direction of the
electric field.

v To rotate the dipole (at constant
angular velocity) from its initial
angle 0’ to another angle 0 against
the torque exerted by the electric
field, an equal and opposite external
torque must be applied on the dipole

R E

k g
» '

s g0

R o ,,."0 2a sind
Y N

.y

The work done by the external torque to
rotate the dipole from angle 6’ to 6 at
constant angular velocity

0
W= [J, Ty 40 e 1)

SAIVEERA ACADEMY

www.CBSEtips.in

CENTUM GUIDE
T = pEsin0O ......... 2)

substituting (2) in (1) in above equation
W = fee, pEsin© do
W = pE ( cos 6’ — cos 0)
This work done is equal to the potential energy
difference between the angular positions and
0'.
U(0) —U(0") = — pEcos 6 + — pEcos 8’
The potential energy stored in the system
of dipole kept in the uniform electric field
IS given by
=-pEcos® =-p.E
v 0 =180 dipole aligned antiparallel
to field U is maximum
v' 0 = 0dipole aligned parallel to
field U is minimum

10.0Obtain Gauss law from Coulomb’s
law
Gauss’s law

Gauss’s law states that if a charge Q is
enclosed by an arbitrary closed surface,
then the total electric flux @ through the
closed surface is
_ Qencl
= e
A positive point charge Q is surrounded
by an imaginary sphere of radius r electric
flux through the closed surface of sphere
G = $E.dACOSH ........(1)
The electric field of the point charge is
directed radially outward at all points on
the surface of the sphere. Therefore, the
direction of the area element dA is along
the electric field E and 0 = 0°

O = PE.dA ........(2) since cos0° = 1
E is uniform on the surface of the sphere
O =E ¢.dA ......... 3)

P
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Sub ¢.dA = 4mr?in (3 ? L[
; - § ) =y
Therefore @y = 4nr- E R
E= 47r13 1?_2 | . 1
o ? X L
Op = —— 2 x 4mr? ‘fﬂ/
4TMEy T x 4
05 =2 NI
E €0 : i
zl.otbtaln_e?_pr_(tesiloln for t:]lectrl(;: fl!ed _ gﬁE.d/T+ 455. dA + 5ﬁE).d/T
ue to an |r_1 initely long charged wire curved Top Bottom
v Consider an
Surface surface  surface

infinitely long
straight wire
having uniform
linear charge
density A.

v Let P be a point
located at a
perpendicular distance r from the
wire.

v The electric field at the point P can
be found using Gauss law. We
choose two small charge elements
A;and A, on the wire which are at
equal distances from the point P.

v" The resultant electric field due to
these two charge elements points
radially away from the charged wire
and the magnitude of electric field is
same at all points on the circle of
radius r.

v" Charged wire possesses a cylindrical
symmetry of radius r and length L.

se

i T o

(a)

Since E and dA are right angles to each
other , the electric flux through the top and

bottom surface is zero
Flux through the curved surface = ¢ E.dA cosf

g = $E.dA [sinced =0 cosO = 1]
=EQnrl) ...... (1) [since ¢ dA = 2mrl]
The net charge enclosed by Gaussian
surface is
Q=M
By Gauss law @y = gg ............ 2)
0
Equating (1) & (2)
E(Qnrl) = £
€o
Applying Q value
E((md) ==
A
2TEGT
Direction of electric field is radially

outward if line charge is positive and

inward , if the line charge is negative
A S

MEYTr

In vector form E =

12. Obtain expression for electric filed
due to an charged infinitely plane sheet
v" Consider an infinite plane sheet of
charges with uniform surface charge
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density c. Let P be a point at a

distance of r from the sheet.

v" Since the plane is infinitely large,
the electric field should be same at
all points equidistant from the plane
and radially directed at all points.

v" A cylindrical shaped Gaussian
surface of length 2r and
area A of the flat surfaces is chosen
such that the infinite plane sheet
passes perpendicularly through the
middle part of the Gaussian surface.

Gaussian

e
+ : surface
MR N ¢
E dif + é_g’ A E
P’ + .p—I—r—->
B
=$E.dA+ §E.dA+ $E.dA =2
0
Curved P P’
surface

The electric field is perpendicular to the
area element at all points on the curved
surface and is parallel to the surface areas
at Pand P’ .Then

_ - - - > M
Or = $E.dA+ $F.dA= o
P P’
Since the magnitude of the electric field at

these two equal surfaces is uniform, E is
taken out of the integration and Qene = 6 A

€0
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= A AN el - -
In vector E = ;—n A is outward unit

€0
vector normal to the plane.
The electric field due to an infinite plane
sheet of charge depends on the surface
charge density and is independent of the
distance r.

13.0btain expression for electric field
due to uniformly charged spherical shell
Consider a uniformly charged spherical
shell of radius R and total charge Q. The
electric field at points outside and inside
the sphere is found using Gauss law.

Case (a) At a point outside the shell (r > R)

v' Consider a point P outside the shell
at a distance r from the center .

v" The charge is uniformly distributed
on the surface of the sphere
(spherical symmetry).

v" Hence the electric field must point
radially outward if Q > 0 and point
radially inward if Q <O0.

v" Consider a spherical Gaussian
surface of radius r is chosen and the
total charge enclosed by this
Gaussian surface is Q.

Applying Gauss law

FE.dA=2

€0
Magnitude of E is the same at all points
due to the spherical symmetry of the
charge distribution.

The total area of surface either at P or P’ E 45 da =2
fda= A .
s A Gaussian
2BA=— Surface
E=C%4 ¢ dA = Total area of Gaussian surface = 4nr?
2£0 Gaussian
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Surface

E.4nr? =g
€o

__1 0

 4mey 12

1 A
)

4mEy T2

In vector form E =

Case(b) : At a point on the surface of the
spherical shell (r=R)

The electric field at a point on the spherical
shell (r=R)is given by

- 1
L_ 1 0.

—7
41te, R?

For points outside the sphere,
alarge, spherical gaussian
surface is drawn concentric
with the sphere.

For points inside the sphere,
a spherical gaussian surface
smaller than the sphere is
drawn,

Gaussian

@ sphere (b
Case(c) : At a point inside the spherical
shell (r<R)

Consider a point P inside the shell at a
distance r from the center.
Applying Gauss law

FE.dA=2
€o
E.4nr? = ¢
€o
Gaussian surface encloses no charge, So Q = 0.

Hence E= 0
The electric field due to the uniformly
charged spherical shell is zero at all points
inside the shell
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14.Discuss the various properties of

conductors in electrostatic equilibrium

v’ The electric field is zero everywhere
inside the conductor. This is true
regardless of whether the conductor
is solid or hollow.

v" There is no net charge inside the
conductors. The charges must reside
only on the surface of the
conductors.

v" The electric field outside the
conductor is perpendicular to the
surface of the conductor and has a

magnitude of > where o is the
0

surface charge density at that point.

v’ The electrostatic potential has the
same value on the surface and inside
of the conductor.

v" Since the electric field is zero inside
the conductor, the potential is the
same as the surface of the conductor.
Thus at electrostatic equilibrium, the
conductor is always at equipotential

15.Explain the process of electrostatic
induction

Charging without actual contact is called
electrostatic induction.

a) Consider an uncharged (neutral)
conducting sphere at rest on an insulating
stand. Suppose a negatively charged rod is
brought near the conductor without
touching it. The negative charge of the rod
repels the electrons in the conductor to the
opposite side. As a result, positive charges
are induced near the region of the charged
rod while negative charges on the farther
side. Before introducing the charged rod,
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the free electrons were distributed
uniformly on the surface of the conductor
and the net charge is zero. Once the
charged rod is brought near the conductor,
the distribution is no longer uniform with
more electrons located on the farther side
of the rod and positive charges are located
closer to the rod. But the total charge is
zero.

b) Now the conducting sphere is
connected to the ground through a
conducting wire. This is called grounding.

¢) When the grounding wire is
removed from the conductor, the positive
charges remain near the charged rod

i r. ‘f’
l- |
<«  Lidn. < i. N
(a) (b)
r. Q
¢ /
i

«< S ) «>3 7o

£P

(c) (d)

d) Now the charged rod is taken
away from the conductor. As soon as the
charged rod is removed, the positive
charge gets distributed uniformly on the
surface of the conductor . By this process,
the neutral conducting sphere becomes
positively charged

16.Explain dielectric in detail and how
an electric field is induced inside a
dielectric

v" In dielectric, which has no free
electrons, when the external electric
field is applied . the field only
realigns the charges so that an
internal electric field is produced.

v The magnitude of the internal
electric field is smaller than that of
external electric

v" field. Therefore the net electric field
inside the dielectric is not zero but is
parallel to an external electric field
with magnitude less than that of the
external electric field.

v" Let us consider a rectangular
dielectric slab placed between two
oppositely charged plates (capacitor)

v" The uniform electric field between
the plates acts as an external electric
field which polarizes the dielectric
placed between plates. The positive
charges are induced on one side
surface and negative charges are
induced on the other side of surface.

v But inside the dielectric, the net
charge is zero even in a small
volume. So the dielectric in the
external field is equivalent to two
oppositely charged sheets with the
surface charge densities +op, and —o,.
These charges are called bound
charges. They are not free to move
like free electrons in conductors.

17.0btain the expression for capacitance
for a parallel plate capacitor

Consider a capacitor with two
parallel plates each of cross-sectional area
A and separated by a distance d
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The electric field between two infinite

parallel plates is uniform and is given by

o — Surface charge density on the plates (c = %)

The electric field between the plates is
E= 2 ..., Q)

ASO
Since the electric field is uniform, the
electric potential between
the plates having separation d is

_pg= @
V=Ed= PRSI 3)
Capacitance of the capacitor is given by
c=92- 2 _ fn
vy 4 T g
Agg
CaA Caz
d
val” ! o
==

18.0btain the expression for energy
stored in parallel plate capacitor
v" Capacitor not only stores the charge
but also it stores energy.
v When a battery is connected to the
capacitor, electrons of total charge -
Q are transferred from one plate to
the other plate.
v" To transfer the charge, work is done
by the battery.
v" This work done is stored as
electrostatic potential energy in the
capacitor.
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v" To transfer an infinitesimal charge

dQ for a potential difference V, the
work done is given by

dWw = vV dQ
_Q
V_C

The total work done to charge a capacitor
IS

—_ Q%40
W= fO c dQ = 2C
This work done is stored as electrostatic

potential energy (Ug) in the capacitor

2
Ue =% = ¢\2
2C

UE(XC UEOLV2

19.Explain in detail effect of a dielectric
placed in parallel plate capacitor

The dielectric can be inserted into the
plates in two different ways. (i) when the
capacitor is disconnected from the battery.
(if) when the capacitor is connected to the
battery.

(i) When the capacitor is disconnected
from the battery

(b)

v" Consider a capacitor with two
parallel plates each of cross-
sectional area A and are separated
by a distance d.

v' The capacitor is charged by a battery
of voltage V, and the charge stored
IS Qo.

The capacitance of the capacitor without
the dielectric is
Co=Qo / Vo
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v" The battery is then disconnected

from the capacitor and the dielectric
Is inserted between the plates

v" The introduction of dielectric
between the plates will decrease the
electric field. Experimentally it is
found that the modified

E
=
Er

Eo - electric field inside the capacitors
when there is no dielectric

g, — relative permeability of the dielectric
gr > 1, the electric field E < Eo.

As a result, the electrostatic potential
difference between the plates (V = Ed) is
also reduced. But at the same time, the
charge Q, will remain constant once the
battery is disconnected.

Hence the new potential difference is

V=Ed= 2% = v, /g

&r
We know that capacitance is inversely
proportional to the potential difference.
Therefore as V decreases, C increases.
Thus new capacitance in the presence of a
dielectric is
C=%=sr%=8rCo

(0]

& > 1, we have C > C,,.
Thus insertion of the dielectric constant &;
increases the capacitance.

_ &4
- d
_&&A €A
- d d

The energy stored in the capacitor before
the insertion of a dielectric is given by

_ Qo°
Ug = =
2Co
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After the dielectric is inserted, the charge

remains constant but the capacitance is
increased. As a result, the stored energy is
decreased.

U= _ @° _ U
2C 2&,Cy &

Since &> 1 we get U < U,. There is a
decrease in energy because, when the
dielectric is inserted, the capacitor spends
some energy in pulling the dielectric
inside.

i) When the battery remains connected
to the capacitor

(b)

v" Consider battery of voltage Vo
remains connected to the capacitor
when the dielectric is inserted into
the capacitor

v" The potential difference V, across the
plates remains constant.

v' When dielectric is inserted, the
charge stored in the capacitor is
increased by a factor &,..

Q =¢.0Q,

Due to this increased charge, the
capacitance is also increased. The new
capacitance is

Q Q
C=70=8T7:=£TCO
A
Co="g"
_eA
d
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The energy stored in the capacitor before

the insertion of a dielectric is given by

Uo = %CO‘/OZ

After the dielectric is inserted, the

capacitance is increased; hence the stored
energy is also increased.

U =2CV =2,CV2 = &.U,
Since & > 1 we have U > U,

20. Derive the expression for resultant
capacitance when capacitors are connected
in series and in parallel (Mar 20)
Capacitance in series

c, c, c,

'z
+ - - +
— et} —t
+ = -
+ - - +

v Va

+

I
"

v

v C4, C; and C; connected in series .Cs
is effective capacitance

v" Charge in each capacitor is same

v" Voltage across each capacitor is

different
V=V+V,+V;3;

—_ - 4 -1 -1
V_C_s Vl_C1’ VZ_CZ' VS_C3
q q q q
—_ = — 4 — 4+ —

Cs Cl CZ C3

1_ 1+1+1

C; G C Gy

The inverse of the equivalent capacitance
Cs of three capacitors connected in series is
equal to the sum of the inverses of each
capacitance

Capacitance in parallel

SAIVEERA ACADEMY

www.CBSEtips.in

CENTUM GUIDE

n
H
=
i

v' C4, Cyand C; connected in Parallel
.Cp Is effective capacitance

v’ Potential in each capacitor is same

v Charge in each capacitor is different
g1 = CiV,q, = GV ,q3 = GV

q= CpV

CoV = CV+CV+CV
Cp= C;+C, +C4
The equivalent capacitance of capacitors
connected in parallel is equal to the sum of
the individual capacitances.
21.Explain in detail how charges are
distributed in a conductor & the
principle behind lightning conductor

A B 9,
Thin conducting wire

Consider two conducting spheres A
and B of radii r, and r, respectively
connected to each other by a thin
conducting wire The distance between the
spheres is much greater than the radii of
either spheres.

If a charge Q is introduced into any
one of the spheres, this charge Q is
redistributed into both the spheres such
that the electrostatic potential is same in
both the spheres. They are now uniformly
charged and attain electrostatic
equilibrium.

Let g; be the charge residing on the
surface of sphere A and g is the charge
residing on the surface of sphere B such
that Q = gi + g2. The charges are
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distributed only on the surface and there is

no net charge inside the conductor.
The electrostatic potential at the surface of
the sphere A is given by

1
Va = I
4me, 71

The electrostatic potential at the surface
of the sphere B is given by

1
Ve = 12
4me, 19

The surface of the conductor is an
equipotential. Since the spheres are
connected by the conducting wire, the
surfaces of both the spheres together form
an equipotential surface. This implies that

VA = VB
a _a2
ri r2

Let us take the charge density on the
surface of sphere A is 61 and charge
density on the surface of sphere B is o.
This implies that q; = 4nri? 63 and g, =
47121'22 (o))

or = constant

Thus the surface charge density o is
inversely proportional to the radius of the
sphere. For a smaller radius, the charge
density will be larger and vice versa

Lightning conductor is a device used to
protect tall buildings from lightning
strikes. It works on the principle of action
at points or corona discharge. The leakage
of charges from sharp pointed conductor is
called corona discharge

22.Explain in detail the construction and
working of a van de Graff generator
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It is a machine which produces a large amount

of electrostatic potential difference, up to
several million volts (107 V).
Principle

Electrostatic induction and action at
points
Construction

1) A large hollow spherical conductor
Is fixed on the insulating stand .

2) Pulley B is mounted at the center of
the hollow sphere

3) Pulley C is fixed at the bottom.

4) A belt made up of insulating
materials like silk or rubber runs
over both pulleys.

5) The pulley C is driven continuously
by the electric motor.

6) Two comb shaped metallic
conductors E and D are fixed near
the pulleys.

7) The comb D is maintained at a
positive potential of 10*V by a
power supply.

8) The upper comb E is connected to
the inner side of the hollow metal
sphere.

Working
(i) Action of points

1) Due to the high electric field near
comb D, air between the belt and
comb D gets ionized. The positive
charges are pushed towards the belt
and negative charges are attracted
towards the comb D.

2) The positive charges stick to the belt
and move up.

(i) Electrostatic induction

1) When the positive charges reach the

comb E, a large amount of negative
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and positive charges are induced on

either side of comb E due to
electrostatic induction.

2) As aresult, the positive charges are
pushed away from the comb E and
they reach the outer surface of the
sphere.

3) At the same time, the negative
charges nullify the positive charges
in the belt due to corona discharge
before it passes over the pulley.

4) When the belt descends, it has
almost no net charge.

5) This process continues until the
outer surface produces the potential
difference of the order of 107 which
Is the limiting value.

Leakage and prevention

1) We cannot store charges beyond this
limit since the extra charge starts
leaking to the surroundings due to
ionization of air.

2) The leakage of charges can be
reduced by enclosing the machine in
a gas filled steel chamber at very
high pressure.

B A

| _» Belt

+
— *C Insulating
T \,// | Pillar
+

Uses
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The high voltage produced in this

Van de Graaff generator is used to
accelerate positive ions (protons and
deuterons) for nuclear disintegrations and
other applications.

Book Inside

1.Explain the properties of electric field
lines

v" The electric field lines start from a
positive charge and end at negative
charges or at infinity.

v The electric field vector at a point in
space is tangential to the electric
field line at that point.

v" The electric field lines are denser
(more closer) in a region where the
electric field has larger magnitude
and less dense in a region where the
electric field is of smaller
magnitude.

v No two electric field lines intersect
each other.

v The number of electric field lines
that emanate from the positive
charge or end at a negative charge is
directly proportional to the
magnitude of the charges.

2.Derive the expression for electric field
due two long parallel charged infinite
sheets
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v' Consider two infinitely large
charged plane sheets with equal and
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12t PHYSICS
opposite charge densities +c and -6
which are placed parallel to each
other.

v’ The electric field between the plates
and outside the plates is found using
Gauss law.

v" The magnitude of the electric field
due to an infinite charged plane

sheet is —
28,
Outside the plates

v" At the points P, and Ps, the electric
field due to both plates are equal in

magnitude and opposite in direction.

v" As a result, electric field at a point
outside the plates is zero.

Inside the plates
v" Inside the plate electric fields are in
same direction i.e., towards the
right, the total electric field at a
point P,
Einside = i +i = i
v" The direction of the electric field
inside the plates is directed from
positively charged plate to

negatively charged plate and is

uniform everywhere inside the plate.

3.Explain the working of microwave
oven

v Microwave oven works on the
principle of torque acting on an
electric dipole.

v" The food we consume has water
molecules which are permanent
electric dipoles.

v" Oven produces microwaves that are
oscillating electromagnetic fields
and produce torque on the water
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v" Due to this torque on each water

molecule, the molecules rotate very
fast and produce thermal energy.

v’ Thus, heat generated is used to heat
the food.

Numerical Problems Solved

1. When two objects are rubbed with
each other, approximately a charge of 50
nC can be produced in each object.
Calculate the number of electrons that
must be transferred to produce this
charge.
Given:
q=50nc=50%x10"% e~ =1.6 X
10719¢
To find n
Solution:

g 50x107°

e T 16x10-19

50 x 101  25x 101°
"TT16  8x10!
n = 3.125 x 10! electrons
2. The total number of electrons in the
human body is typically in the order of
1028, Suppose, due to some reason, you
and your friend lost 1% of this number
of electrons. Calculate the electrostatic
force between you and your friend
separated at a distance of 1m. Compare
this with your weight. Assume mass of
each person is 60 kg and use point
charge approximation.
Given:
n=10%8,r=1m,m=60kg ,n' =
1% 1028 = — x 1028 = 1026

100

molecules. E, =7, w=?
Solution:
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12t PHYSICS

. 1

(I) Fe - 47r£0qr_Z

q=ne=10%°x16x10"1°
=1.6x%x107¢c

q =n'e=10%°x1.6x 1071
= 1.6 x107c

Fe 9% 10°x%x1.6%x 107 x 1.6 x 107

12
Fe =9 X 2.56 x 10?3
Fe =23.04 X 1023 N
~ FE,= 23 x10%N
(if) Weight, w = mg = 60 x 9.8
w = 588N
F, 23x10%
588

°=3.9x10%

< |
sl‘*’ |

3. Five identical charges Q are placed
equidistant on a semicircle as shown in
the figure. Another point charge q is
kept at the center of the circle of radius
R. Calculate the electrostatic force
experienced by the charge q.

Force experienced by g =?

Solution:
Q1 =0;=03=0, =05 =0
Ql
(@)
QZ/{ F sin@ o E,
A F cos45°
ov, | A 450
®O b ) 4
. Fycos45°
Q4 =
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e Forces acting on g due to Q; and Qs
are equal and opposite.

e Hence 131 & ﬁs get cancelled.

e Net force is zero

e Forces acting on g due to Q, (ﬁz)

and Q, (i, e. F,) is resolved into two
two components

e F,sinf and F,sin@ are equal in
magnitude but opposite in
direction, get cancelled.

e F,cos@ and F, cos8 are horizontal
components acts in same direction,
gets added.

Force acting on g due to Qs is F;.
Total force acting on q is

13=133+F2c0592+F4c0592

(6 = 45°)
F= kqQ +LQ s45°1 +kq—Qcos45°“
k
- qQ [1 —+—]
k
qu 1+—]
T R? VZ
K _
_ qQ 1+\/_\/_
T N
= 1 qQ R 1
F= 4-1'[6‘0?[1 * ﬁ]lN (k - 47T£0>

4. Suppose a charge +q on Earth’s
surface and another +q charge is placed
on the surface of the Moon. (a) Calculate
the value of g required to balance the
gravitational attraction between Earth
and Moon (b) Suppose the distance
between the Moon and Earth is halved,
would the charge g change?

Given:
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12th PHYSICS
Mg = 5.9 x 10%*kg ,
My = 7.9 X 10%%kg

) g=?()Ifr==>,q="

Solution:
()Fe=F,

1 q.q GMgMy
4mtey, 12 12

9x10°%xq%=6.67%x 10711 x 59 x 10%* x 7.9 x 1022
6.67 X 5.9 X 7.9 x 1035

9 x10°
\/6.67 X 5.9 X 7.9 x 1026
q =

2

q

9

9
. q=5.87 x1013C.

1013\/6.67 X59%x79
q =

Ifr = g . The charge 'q' will not change
There is no r term

5. Draw the free body diagram for the
following charges as shown in the figure
(a), (b) and (c).

I
*

(a)

(c)

I "
®)
Solution
N T
qE
kx E
B —— 1 4
1 mg mg l mg
(b) ©

(a)
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6. Consider an electron travelling with a

speed v, and entering into a uniform

electric field E which is perpendicular
to v, as shown in the Figure. Ignoring
gravity, obtain the electron’s
acceleration, velocity and position as
functions of time.

Solution:
: F
(i) F =ma,a = ~

~ force experienced by e~ (F) = eE

- acceleration , d@ = g(_A) _ _C€E;
. ) - ] m]

(ii) velocity (v):
ek

V=u+at,u=vyi,a=——j]
m

B =vi——t]
1 m

(iii) Position vector (7):

*—*t+1*t2
s=ut+-a

S A+1( eEA)t2
T=volts —
. 1 eE 5 o
r:voz—z—t]

7. A closed triangular box is kept in an
electric field of magnitude
E=2x103NC! asshown in the
figure.
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12t PHYSICS
Calculate the electric flux through the

(a) vertical rectangular surface (b)

slanted surface and (c) entire surface.

Given

E=2x103NC™!

¢ =?

Solution

a) Vertical rectangle surface

¢p = EAcos8, A=15cmX5cm

A =75x%x10"*m?

¢r =2x%x103%x75%x107* X cos180°
=150 x 1071

¢r=—15Nm?C !

60° 0.1cm

_| 30°

b) Slanted surface :

¢r = EAcosB

Area of the slanted surface,
A=15%10%x 10 x 10™?m?
A =150 10"* m?

¢r =2 %103 x 150 x 10™* X cos 60°

5cm

1
$p=300x 107" x>
¢E = 15Nm2 C_l

Horizontal surface
0 =90°,c0s90° =0
¢E =0

c) Entire surface:

brotal = Pvs + Pss+ Pus
=15—-154+0=0
~ Net flux is zero

SAIVEERA ACADEMY

www.CBSEtips.in

8. The electrostatic potential is given as
a function of x in figure (a) and (b).
Calculate the corresponding electric
fields in regions A, B, C and D. Plot the
electric field as a function of x for the
figure (b).

v v

Na T Tc »
"R VAL
* D L TR 34 ) x(emd
: ) B S A/
02 04 0.6 xim -30
(a) ®)
Given:
E, =?
Sekition
For figure (a)
(i) Region A:
_av
Ex == —E
From 0to 0.2 m slope is - ve (negative)
YA . avy dv 3
B (-g) =m0z
=15Vm™!
(ii) Region B:

From 0.2m to 0.4m, potential is constant
V = 5v,

dv
E, = rrie 0 (V = constant)
(ii1) Region C:
From 0.4 mto 0.6 m, slopeis +ve
av 2

- = = _ -1
E, = T 02 10Vm

(iv) Region D:
From 0.6 mto 0.8 m ,slope is - ve

E ( dV)_dV_ 6 30 Vm-!
X dx/) dx 02 m
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For figure (b):
(i) From0to 1 m , slope is +ve (positive)

(i) From 1 to 2 cm , slope is - ve
£ ( dV)_dV_SO_SOV 1
X dx) dx 1 cm

(i) From2to3cm ,V =0

(iv) From 3 to 4cm, slope is - ve
(negative)

£ = (dv>—dv—30—3ov 1
x dx) dx 1 cm

(v) From 4 to 5 cm, slope is +ve

(positive)
£ av._ 30 _ 30 Vem-1
* odx 1 cam

Electric field as a function of ‘x’ diagram
for ‘b’ 1s
v

30

20
10
Q
-10

x(cm)

-20
-30

(b)

9. A spark plug in a bike or a car is used
to ignite the air-fuel mixture

in the engine. It consists of two
electrodes separated by a gap of around
0.6 mm gap as shown in the figure.
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¥

“
To create the spark, an electric field of
magnitude 3 x 10° Vm™1is required.

(2) What potential difference must be
applied to produce

the spark?

(b) If the gap is increased, does the
potential difference increase, decrease or
remains the same?

(c) find the potential difference if the
gapis 1l mm.

Given:

E=3%x10°Vm,
d=06mm=6x10"4*m ,V =?
Solution:

a) Potential difference

V=EXd

V=3x10°%x6x10"*
=18 x 102V

V =1800V

b)V «<d

If gap increases, then potential also will
increase.

c)Ifd =1mm,
V=FXxd
V=3x%x10°%x1x10"3
V=3x103V
V=3000V

10. A point charge of +10 pC is placed at
a distance of 20 cm from another
identical point charge of +10 pC. A point
charge of -2 pC is moved from point a to
b as shown in the figure. Calculate the
change in potential energy of the
system? Interpret your result.
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12th PHYSICS
b

-2uC
5cm
10uC 5cm 15cm 10uC

a
Given:
q1 = 10uc, g, = —2uc ,
rn=5cm, r,=15cm
Solution

T =\/52+52=\/%=5\/Ecm

1
r; =+/152 + 52 =250 = V25 x 10
= 5vV10 cm
changein P.E AU =?
(i) Initial potential energy (u;) when
—2uc charge at ‘a’
1 qq N 1 qq

i

N ey 11 AmEy 1y
q19 [1 1

= — 4 — =
P P [¢1 = q2]

1 1 1
:9><109><(—2><10‘6)x10x10‘6x[§+ﬁ]xm
=—-18Xx 1072 x 4 X !

B 15" 102
B 24
B 5

(ii) Final potential energy (u;), when a
point charge (—2uc) moved to ‘b’
1 qq N 1 qzq

U, =
4 ey 11 Amey 1y
_qq (1 1 _
- 4‘7'[80 [rll rzll (ql - qZ)
=9x10°x (-2x107%) x 10 x 1078 x %+ﬁ]
— 18 x 1072 1 1
-l
5x 1072 V2 V10
V2 V10
=-3.6X +
V2 x4/2 10 x /10
16 [1.414 4 3.16
=-3.6X
2 10

= —3.6 X [0.707 + 0.316]
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= —3.6 x 1.023
U;=—3.683]

=~ Change in potential energy

AU =U;-U,
= —3.683 — (—4.8)
=1.117]

AU =1.12]

11. Calculate the resultant capacitances
for each of the following combinations of
capacitors.

Solution:
(i) The equivalent capacitance of

capacitors connected in series ,
1 1 1 1
e atagr
The equivalent capacitance in capacitors
connected in parallel,

Cp=C1+C2+C3+---

Figure (a):

co and c, in parallel,

Cp = Co +¢o = 2¢

co & 2¢ In series,

1 1 1 2+1 3

=—+
CS Co ZCO ZCO 2C0

Figure (b):
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12t PHYSICS
co and c, in parallel,

Cp =C0+C0:2C0
Now,

2¢, and 2c, are in series,
1 1 1 2 1
_|_

Figure (c):

Now, ¢y, ¢, and c, in parallel,
Cp - CO + CO + CO

o Cp = 3c0

Figure (d):

Equivalent capacitance between
P and Q:

Now c; and c5 in series

SAIVEERA ACADEMY

1 1 1 c+og 063
C_sl_a g_ €1C3 ' T+ e
¢, and c, in series

1 _1 1_c4+cz_ 0y
C_sz_a a_ C2Cq SZ_C2+C4

Now, C; and Cg, in parallel,

CPQ = Csl + CSZ
C1C3 N CaCy

ci+c3 c+cy

_c163(€3 + ¢4) + €2¢4(cy + €3)

Con =
Pe (c1 +c3)(cy +¢4)

Equivalent capacitance between
R and S:
Now ¢, and c, in series

1 1 1 c¢+¢
Cs, €1 ¢ €16
c3 and c, In series

1 1 1 c4+c
Cs, €3 €4 C3Cy

Now, C; and Cg, in parallel,

C1C,

=
ot

C3Cy

20 34y

www.CBSEtips.in
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CRS = Csl + CSZ

c1C c3C

1%2 + 3%4

B cLt+c;, c3+cy
_c16p(c3 +¢y) +c304(c1 + €2)
Crs =
(c1 +c3)(c3 +¢y)
C1C2C3 + C1C2C4_ + C1C3C4_ + C2C3C4
RS =
(c1+ ¢3)(c3+¢4)
C1C2C3 + C1C3C4_ + C1C2C4 + C2C3C4
P =
@ (c1+c3)(cy +¢4)
Figure (e):
Now, ¢, and c, in series,
1 1 1 2 Co
Csl_Co Co_Co' .
1 1 1 2 Co
_—— _— = _; CSZ _ —_—
Cs, Co Co €

Now, Cs,, co and Cg, in parallel
Cp = Cs, +¢o + Cy,
=24 co+2
Co+2¢cop+cyg 4c
y 2 -2
C, = 2¢g
12. An electron and a proton are allowed
to fall through the separation between
the plates of a parallel plate capacitor of
voltage 5 V and separation distance h =
1 mm as shown in the figure.

CEEEEEErEE J TR
Y 1. 7
FEEEErETre| e J

(a) Calculate the time of flight for both
electron and proton

(b) Suppose if a neutron is allowed to
fall, what is the time of flight?
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(c) Among the three, which one will

reach the bottom first?
Given:
mp = 1.6 X 107%7kg,

me =9.1x1073%kg, g=10ms2

Solution:
h=1mm=1x103m; V =5volt
E = % = 5% 103NC™!

(i) Time of flight (t,) for electron,

1 2
s =ut +—-at".

2
s=h,u—0,a=—=%,t—te
1/eE 1/eE
h=0+—(—>t3——(—>t§
2\m, 2\m,
- 2m,h
¢ .| eE

B 2%X91x1031x1x103
B 1.6 X 10719 x 5 x 103

18.2x 1018  107°
te = = V9.1
¢ \/ 8 2
3x107°
te = ————
t.=1.5ns

(i) Time of flight for proton (&, ):

1 2
S=ut+—-at”;

2
5=h,u=0,t=tp,a=E

mp
h—0+1<eE>t2
B 2\mp/ P

P 2mph
p eE

3 2X1.6x10727x1x103
B 1.6 X 1019 x 5 x 103
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t, = V0.4 X104 =10"7v/0.4
tp = 6.3%x1077 x1071 =6.3x1078s
t, = 63ns

(iii) Time of flight for neutron (t,,):

s =ut+ Eat2 :

s=hu=0t=t,a=g
2h_\/2><1><10—3

tnz —_

g 10
t, =1072V2=1414%x1072%5s
=14.14 x 10735
t, = 14.14 ms
fte <t, <ty

Therefore, electrons will reach the bottom
first.

13. During a thunder storm, the movement
of water molecules within the clouds
creates friction, partially causing the
bottom part of the clouds to become
negatively charged. This implies that the
bottom of the cloud and the ground act as a
parallel plate capacitor. If the electric field
between the cloud and ground exceeds the
dielectric breakdown of the air

(3 x 10Vm™1), lightning will occur.

(@) If the bottom part of the cloud is 1000
m above the

ground, determine the electric potential
difference that

exists between the cloud and ground.

(b) In a typical lightning phenomenon,
around 25C of electrons are transferred
from cloud to ground. How much
electrostatic potential energy is transferred
to the ground?
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o = 24 uc

Given: g, =C,V, =6x1076x3

E =3x10%Vm™; =18 x 107%¢

d =1000m, q =25C,V =?, U =? qp, = 18uc

Solution: q.=C.V,=2%x10"°x3

=6 %X 107%¢,

(i) Electric potential difference q. = 6lc

V=EXxd qa = CqVqy =8x107°x3

V =3x10°x 1000 =3 x 10°V =24 % 10 %,

(ii) Electrostatic potential energy (U) qq = 24uc

U=VxXxq=3x%x10°%x25=75x%x10°]

14. For the given capacitor configuration
(a) Find the charges on each capacitor
(b) potential difference across them

(c) energy stored in each capacitor

6uF
b
::lc Id
8uF 2uE 8uF
T T
v
Solution:
V=9V, C,=8uF, C, =6uF,
C. =2uF, C4;=8uF
C, and C. in parallel,
Che =C,+C.=6+2=8uF

Potential difference in each capacitor:

Vo=~ =2 = 3volt
«a=373° 7"
Vy = = 2 = 3 volt
b=3T3 77
vV 9
VC=§=§=3UOlt
Vy=2 =2 =3volt
4=3737 7"

Charge on each capacitor
g, =C,V, =8x10"%x3
=24x10"%c

Energy stored in each capacitor

1 1
U,==C,V2==%x8x10"°x (3)?

2 2
— 36 x 107
~Ug =361
1 2 1 - 2
Ub:ECbe =EX6X10 6)((3)
— 27 x1079]
o Ub= 27”]

1 1
UC=§CCVCZ=E><2><10‘6><(3)2
—9x1079]

~Ue= 9y
1. 1
Ud ZECdVd ZEX8X 10_6X (3)2
—36x 1079]

15. Capacitors P and Q have identical
cross sectional areas A and separation d.
The space between the capacitors is
filled with a dielectric of dielectric
constant & as shown in the figure.
Calculate the capacitance of capacitors

P and Q.
| ————

Capacitor ‘P’
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capacitance of a parallel plate capacitor,

— &4
¢= d

with dielectric, ¢ = &4

In capacitor ‘P’: C; and C, parallel ,

Cp=C1+C2
A A
C1=7; hereA=E
A
c _50(7)_50A
™ d 2
A
c _Erfo (7)_8r€0A
27 d T 2
g0l  &-&A
C. =
p 2d+ 2d

C, = ﬂ (1+¢.)
P 2d r
In capacitor ‘Q’:
Now, A =A,d =5
C, and C, are in series,

1_1+1
Cob, G G
C1 — STZOA; C1 :2£rd£0A ,
2
2
1 d d

p— +
Co 2864 2¢4A

d 11
ZEOA[g-l_l]
1 d 1+e,
C_QZZEOA[ & ]
280A] &,
e~ g 1+£r]
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