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1. ELECTRIC CHARGES AND FIELDS

Single Correct Answer Type

Five balls numbered 1,2,3,4,5 are suspended using separate threads. The balls (1,2),(2,4) and (4,1) show
electrostatic attraction, while balls (2,3) and (4,5) show repulsion. Therefore, ball 1 must be

a) Negatively charged b) Positively charged c) Neutral d) Made of metal

There are two charges +1 uC and +5 pC. The ratio of the forces (force on one due to other) acting on them
will be

a) 1:1 b) 1:2 c) 1:3 d) 1:4

Consider the charge configuration and a spherical Gaussian surface as shown in the figure. When
calculating the flux of the electric field over the spherical surface, the electric field will be due to

Lemmme 42
I', +q1 \“
=41 ,/l
a) q, b) Only the positive charges
c) All the charges d) +q,and—q,

Under the influence of the Coulomb field of charge +@Q, a charge —q is moving around it in an elliptical
orbit. Fine out the correct statement(s)
a) The angular momentum of the charge —q is constant
b) The linear momentum of the charge —gqis constant
c) The angular velocity of the charge —qis constant
d) The linear speed of the charge—gis constant
The magnitude of electric field E in the annular region of a charged cylindrical capacitor
a) Is same throughout
b) Is higher near the outer cylinder than near the inner cylinder
c) Varies as 1/r, where r is the distance from the axis
d) Varies as 1/r2, where 7 is the distance from the axis
In a certain region of space, there exists a uniform electric field of 2 X 102k Vm™. A rectangular coil of
dimension 10 cm X 20 cm is placed in x — y plane. The electric flux through the coil is
a) Zero b) 30 Vm c) 40 Vm d) 50 Vm
Two condensers of capacities 2C and C are joined in parallel and charged upto potential V. The battery is
removed and the condenser of capacity C is filled completely with a medium of dielectric constant K. The
p.d. across the capacitors will now be
3V |4 %4
a) — b) e c) K+2 d) %
In the figure below, what is the potential difference between the points A and B and between B and C

respectively in steady state
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C
a) VAB = VBC =100 V b) VAB = 75 V, VBC = 25 V
C) VAB=25V'VBC=75V d)VAB=VBC=50V

A disc of radius %having a uniformly distributed charge 6C is placed in the x — y plane with its centre at
(_Ta, 0,0). A rod of length a carrying a uniformly distributed charge 8 C is placed on the x-axis form x =
%tox = 54—“. Two point charges -7C and 3C are placed at (%,_Ta, 0) and (—Tw’%a’ 0) respectively. Consider a
cubical surface formed by six surfaces x = + % y = i%,z =+ % The electric flux through this cubical

y
C) ] X
surface is
-2C b 2C 10C q 12C
a) o ) o c) o ) o

In a region of space, the electric field is given by E= 8f + 4j + 3k. The electric flux through a surface of
area of 100 units in x — y plane is

a) 800 units b) 300 units c) 400 units d) 1500 units

A wooden block performs SHM on a frictionless surface with frequency v,. The block carries a charge +Q
on its surface. If now a uniform electric field E is switched on as shown, then the SHM of the block will be

Ji_mm:l
+Q

a) of the same frequency and with shifted mean position

b) of the same frequency and with same mean position

c) of changed frequency and with shifted mean position

d) of changed frequency and with same mean position

Three +vecharges of equal magnitude ‘q’ are placed at the vertices of an equilateral triangle of side ‘I".
How can the system of charges be placed in equilibrium?

a) By placing a charge Q = (—q/+/3) at the centroid of the triangle

b) By placing a charge Q = (q/+/3) at the centroid of the triangle

c) By placing a charge Q = gat a distance [ from all the three charges

d) By placing a charge Q = —qgabove the plane of the triangleat a distance [ from all the three charges
The surface density on a copper sphere is a. The electric field strength on the surface of the sphere is
a)o b)o/2 c) a/2¢g, d) a/eg,

A point charge gq,is moved along a circular path of radius rin the electric field of another point charge g,at
the centre of the path. The work done by the electric field on the charge g, in half revolution is

a) Zero b) Positive c) Negative d) None of these

For the circuit shown, which of the following statements is true
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V=30V V=20V
Sy - Sy 4 - S
1 1
l C\=2pF Cy=3pF l
a) With S; closed, V; =15V,V, =20V b) With S5 closed V; =V, = 25V
c) With §; and S, closedV; =V, =0 d) With S; and S5 closed, V; = 30V, V, = 20V

16. A positive point charge 50 pC is located in the plane xyat a point with radius vector 7y = 21 + 3j. The
electric field at vector E ata point with radius vector 7 = 8i — 5, where ryand rare expressed in metre, is
a) (1.47 — 2.6))kNC™?1 b) (1.4f + 2.6))kNC™1 c) (2.7t — 3.6))kNC™1 d) (2.7t + 3.6))kNC™1

17. If an electron has an initial velocity in a direction different from that of a uniform electric field, the path of
electron is

a) A straight line b) A circle c) An ellipse d) A parabola
18. The dielectric constant Kof an insulator can be
a) -1 b) 0 c) 0.5 d)5

19. A spherical conducting ball is suspended by a grounded conducting thread. A positive point charge is
moved near the ball. The ball will
a) Be attracted to the point charge and swing toward it
b) Be repelled from the point charge and swing away from it
c) Not be affected by the point charge
d) None of these
20. Two neutrons are placed at some distance apart from each other. They will
a) Attract each other b) Repel each other
c) Neither attract nor repel each other d) Cannot say
21. A parallel plate capacitor C with plates of unit area and separation d is filled with a liquid of dielectric

constant K = 2. The level of liquid is % initially. Suppose the liquid level decreases at a constant speed V,

the time constant as a function of time t is

6&gR b) (15d + 9Vt)eyR 6&0R a (15d — 9Vt)eyR

a) ———— c
5d + 3Vt 2d? —3dVt — 9V2t? 5d -3Vt 2d? +3dVt — 9V2t?
22. Itisrequired to hold equal charges q in equilibrium at the corners of a square. What charge when placed
at the center of the square will do this?

a)—%(1+2\/§) b)%(1+2\/§) c)%(1+2\/§) d)—%(1+2\/§)

23. Two large vertical and parallel metal plates having a separation of 1 cm are connected to a DC voltage
source of potential difference X. A proton is released at rest midway between the two plates. It is found to
move at 45° to the vertical JUST after release. Then X is nearly

a)1x107%V b)1x 1077V c) 1x107°V d)1x 10710
24. Units of electric flux are
a) NC™1m? b)Jc~t Vv d) Vm

25. Two identical spheres with charges 4q, —2q kept some distance apart exert a force F on each other. If they
are made to touch each other and replaced at their old positions, the force between them will be

1 1 9 8
_ b) = — d) -
a)gF )8F c)8F )9F
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Two equal negative charge —q are fixed at the fixed points (0, a) and (0, —a) on the Y-axis. A positive
charge Q is released from rest at the point (2a, 0) on the X-axis. The charge Q will

a) Execute simple harmonic motion about the origin

b) Move to the origin and remain at rest

c) Move to infinity

d) Execute oscillatory but not simple harmonic motion

The dimensional formula of electric intensity is

a) MLT 2471 b) MLT 3471 c) ML>T3471 d) ML?T—3A72

An electric line of force in the xy plane is given by equaton x? + y? = 1. A particle with unit positive
charge, initially at rest at the point x = 1,y = 0 in the xy plane

a) Not move at all b) Will move along straight line

c) Will move along the circular line of force d) Information is insufficient to draw any conclusion
Which one of the following graphs shows the variation of electric field strength E which distance r from
the center of a hollow conducting sphere?

a) \ b) i c) f d) t

Point charge g moves from point P to point S along the path PQRS (figure shown) in a uniform electric
field E pointing coparallel to the positive direction of the X-axis. The coordinates of the points P, @, R and
Sare (a,b,0)(2a,0,0)(a, —b, 0) and (0,0,0) respectively. The work done by the field in the above process is
given by the expression

O le
/|
s

v
/
X«
<
R
N

a) qEa b) —qEa c) qEav2 d) gE/[(2a)? + b?]
In the figure, two equal positive point charges q; = g, = 2.0 pC interact with a third point charge Q =
4.0 pC. The magnitudeas well as direction of the net force on @ is

0.30 m

0.30m
l ?qz =20 4C

a) 0.23 Nin +x direction b) 0.46 N in —x direction

c) 0.23 N in —x direction d) 0.46 N in - xdirection

A spherical portion has been removed from a solid sphere having a charge distributed uniformly in its
volume as shown in the figure. The electric field inside the emptied space is
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a) Zero everywhere b) Non-zero and uniform

c) Non-uniform d) Zero only at its centre

A parallel plate capacitor of capacitance C is connected to a battery and is charged to a potential difference
V. Another capacitor of capacitance 2C is connected to another battery and is charged to potential
difference 2V. The charging batteries are now disconnected and the capacitors are connected in parallel to
each other in such a way that the positive terminal of one is connected to the negative terminal of the
other. The final energy of the configuration is

a) Zero 25CV2 3CV? 9CV?

b) == )= d) =

Three concentric metallic spherical shells of radii R, 2R, 3R, are given charges Q;, Q,, Q5, respectively. It is
found that the surface charge densities on the outer surfaces of the shells are equal. Then, the ratio of the
charges given to the shells,Q;: Q,: @3, is

a) 1:2:3 b) 1:3:5 c) 1:4:9 d) 1:8:18

Two positive and equal charges are fixed at a certain distance. A third small charge is placed in between
the two charges and it experiences zero net force due to the other two

a) The equilibrium is stable if small charge is positive

b) The equilibrium is stable if small charges is negative

c) The equilibrium is always stable

d) The equilibrium is not stable

A disk of radius a/4 having a uniformly distributed charge 6C is placed in the x — y plane with its centre at
(—a/2,0,0). Arod of length a carrying a uniformly distributed charge 8C is placed on the x-axis from x =
a/4to x = 5a/4. Two point charges —7C and 3C are placed at (a/4, —a/4,0) and (—3a/4,3a/4,0),
respectively. Consider a cubical surface formed by six surfacesx = +a/2,y = +a/2,z = +a/2. The electric
flux through this cubical surface is

. v
—-2C b 2C 10C q 12C
a) o )80 c) o ) o

Three charges +9; + @,andqare placed on a straight line such that gis somewherein between +9Q;
and +@,. If this system of charges is in equilibrium, what shouldbe the magnitude and sign of chargeq?

) 019, stve Q,+9, tve q 019, S-ve g Q,+9, _ve
(V1 +/22) 2 (V01 +/22) 2

Two particles of masses in the ratio 1:2, with charges in the ratio 1:1, are placed at rest in a uniform

electric field. They are released and allowed to move for the same time. The ratio of their kinetic energies

will be finally

a) 2:1 b) 8:1 c) 4:1 d) 1:4

An electron of mass m,, initially at rest moves through a certain distance in a uniform electric field in time

t1. A proton of mass m,, also initially at rest takes time t, to move through and equal distance in this

uniform electric field. Neglecting the effect of gravity, the ratio of t, /t; is nearly equal to
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1 b) (my /me)'"* ) (me/m,)” 1836
A dielectric in the form of a sphere is introduced into a homogeneous electric field. 4, B and C are three
points as shown in fig

D ——— )

o
A

Ao

Then,

a) Intensity at Aincreases while that at B and C decreases

b) Intensity at 4 and B decreases, whereas intensity at Cincreases
c) Intensity at A and Cincreases and that at B decreases

d) Intensity at 4, B and C decreases

In S.I. system, the value ofeyis

a) C2N"Im™2 b) 9 x 10°C?N~1m~2

1
c C*N~'m™2 d) ——————-C*N"'m™?
) %109 m ) T X9 x 10° m

A 2uF capacitor is charged as shown in figure. The percentage of its stored energy dissipated after the
switch S is turned to position 2 is

1 2

he

V= |

ZﬂT 84 F]

a) 0% b) 20% c) 75% d) 80%

A positively charged ball hangs from a long silk thread. Electric field at a certain point (at

the same horizontal level of ball) due to this charge is E. Let us put a positive test charge

qoat this point and measure F/qqon this charge. Then, E

a)>F/qq b) < F/q, c) =F/qq d) None of these

A cube of side 10 cm encloses a charge of 0.1uC at its center. Calculate the number of lines of force through
each face of the cube

a) 1.113 x 1011 b) 1.13 x 10* c) 1.13 x 10° d) 1883

Consider the Gaussian surface that surrounds part of the charge distribution shown in Fig. Then, the
contribution to the electric field at point P arises from charges

O O
94 o Po EE
q1 92
Gaussian Surface
a) q; and g, only b) g5 and g4 only c) 91,9, qzandq, d) None of the above

In the given circuit, a charge of +80 uC is given to the upper plate of the 4 uF capacitor. Then in the steady
state, the charge on the upper plate of the 3 uF capacitor is

Page|1/6

@

W)




47.

48.

49,

50.

51

SENJEE (Skylimit Education for NEET & JEE)
Madhyamgram, Kolkata-700132

+80#Cj>_
T 4uF

2uF == —=3ufF

.

a) +32 uC b) +40 uC c) +48 ucC d) +80 uC

Three charged particles are placed on a straight line as shown in the figure. g;andg,are fixed butgscan be
moved.Under the action of the forces fromg,;and g5, gsis in equilibrium. What is the relation between g,
andgq,?

X X
o O O
q1 q q3
a) q1 = 4q; b) g1 = —q; c) g1 = —4q; d) g, =q;
Given,

R, = 10C, = 2uF
R, = 20C, = 4uF

() (}II) (111)
The time constant (in us) for the circuits, I, 11, I11, are respectively
a) 18,18/9,4 b) 18,4,8/9 c) 4,8/9,18 d) 8/9,18,4
In a region with a uniform electric field, the number of lines of force per unit area is E. If a spherical
metallic conductor is placed in the area, the field inside the conductor will be
a) Zero b) E c) More than E d) Less than E
In the following circuit, the resultant capacitance between A and B is 1uF. Then value of C is

C 14F
| ]
Ill
8uF l |
6uF |

A

|1
I

1 P
2HF
R IEEE 2';
32 11 23 32
a) — b) — c) — d)—
) T HF ) g5 HF ) o HF ) Sz HF
Three infinitely long charge sheets are placed as shown in figure. The electric field at point P is
V4
o : Z=3a
e
-20 ,: Z=a
____________ e
- Z=-a
20 o 4o 4o
a)—k b) ——k c)—k d——k
€0 €o €0 €o
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A cylinder of radius R and lengthl is placed in a uniform electric field E parallel to the axis of the cylinder.
The total flux over the curved surface of the cylinder is

a) Zero b) nR?E c) 2nR?E d) E/nR?

Five point charges, each of value +g, are placed on five vertices of a regular hexagon of side L. The

magnitude of the force on a point charge of value - gcoulomb placed at the centre of the hexagon is
2 2

1 .q 2 /q\> 1 ,q\2 1 (q
) e (D) b @) ) 3y 1) D s 1)
A system consists of a thin charged wire ring of radius r and a very long uniformly charged wire oriented
along the axis of the ring, with one of itsends coinciding with the centre of the ring. The total charge on the
ring is q and the linear charge density on the straight wireisA. The interaction force between the ring and
the wire is

Aq b) Aq 9 2V27q q 4q

4megr 2\2me,r TEYT TEYT

Three equal charges, each +q, are placed on the corners of an equilateral triangle. The electric field
intensity at the centroid of the triangle is
a) kq/r? b) 3kq/r? ¢) \3kq/r? d) Zero
If he flux of the electric field through a closed surface is zero, then
a) The electric field must be zero everywhere on the surface

b) The total charge inside the surface must be zero

c) The electric field must be uniform throughout the closed surface

d) The charge outside the surface must be zero

An isolated charge g, of mass mis suspended freely by a thread of length . Another charge q,is
broughtnearit(r >> [). Wheng, is in equilibrium, tension in thread will be

!

q> r C'II
a) mg b) > mg c) <mg d) None of these

A non-conducting ring of radius 0.5m carries a total charge of 1.11 x 10710 distributed non-uniformly on
its circumference producing an electric field E everywhere in space. The value of the line integral

fll:cg —FE.dl (I = 0 being centre of the ring) in volt is

a) +2 b) -1 c) —2 d) Zero

The electric field El at one face of a parallelepiped is uniform over the entire face and is directed out of the
face. At the opposite face, the electric field Ez is also uniform over the entire face and is directed into that
face (as shown in fig). The two faces in question are inclined at 30° from the horizontal, El and Ez (both

horizontal) have magnitude of 2.50 X 10*N/C and 7.00 X 10*N/C, respectively. Assuming that no other
electric field lines cross the surfaces of the parallelopiped, the net charge contained within is

a) —67.5¢5 C b) 37.5¢, C c) 105¢, C d) —105¢, C
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Eight charges, 1 uC, —7 pC, —4 pC, 10 pC, 2 uC, =5 pC, —3 uC and 6 pC, are situated at the eight corners of a
cube of side 20 cm. A spherical surface of radius 80 cm encloses this cube. The centre of the
spherecoincides with the centre of the cube. Then, the total outgoing flux from the spherical surface (in
units of Vm) is

a) 36m x 103 b) 684m x 103 c) Zero d) None of these

A metallic solid sphere is placed in a uniform electric field. The lines of force follow the path(s) shown in
figure as

a)l b) 2 c)3 d) 4
What is the largest charge a metal ball of 1 mm radius can hold? Dielectric strengthof air is 3 X 10°Vm™!
a) 3nC b)1/3nC c) 2nC d) 1/2nC

Under what conditions can the electric flux ¢5 be found through a closed surface?

a) If the magnitude of electric field is known everywhere on the surface

b) If the total charge inside the surface is specified

c) If the total charge outside the surface is specified

d) Only if the location of each point charge inside the surface is specified

A ring of charge with radius 0.5 m has 0.002 7m gap. If the ring carries a charge of +1C, the electric field at
the centre is

a) 7.5 X 10’NC™? b) 7.2 X 10’NC™?1 c) 6.2x 10’NC™? d) 6.5 x 10’NC™?
Five identical plates each of area A are joined as shown in the figure. The distance between the plates is d.
The plates are connected to a potential difference of Vvolts. The charge on plates 1 and 4 will be

_':-V
+
L[
a AV 2g0AV b) —&oAV 2g0AV c AV —2¢,AV d) —&gAV —2¢0AV
d ' d d ' d d ' d d ' d

Under the influence of the coulomb field of charge+Q, a charge—gq is moving around it in an elliptical orbit
.Find out the correct statements(s).

a) The angular momentum of the charge -q is constant

b) The linear momentum of the charge—gq is constant

c) The angular velocity of the charge—q is constant

d) The linear speed of the charge—gq is constant

Positive electric flux are from a closed surface indicates that electric lines of force are directed

a) Outward b) Inward c) Outward or inwards  d) None of these

A charge q is placed at the centre of the line joining two equal charges Q. The system of the three charges

will be in equilibrium, if g is equal to
‘ il
o
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Q Q Q Q
a) - b) - )+ d)+2

A spherical portion has been removed from a solid sphere having a charge distributed uniformly in its
volume in the figure. The electric field inside the emptied space is

a) Zero everywhere b) Non-zero and uniform
c) Non-uniform d) Zero only at its center
A solid sphere of radius R has a charge Q distributed in its volume with a charge densityp = kr%, where

. . . . A R.1 .
kand a are constants and ris the distance from its centre. If the electric field atr = 5 isg times that atr =

R, find the value of a.

a)2 b) 3 c) 2.5 d) 0.2

Two point charges @;and Q,are 3 m apart, and their sum of charges is 10 pC. If force of attraction between
them is 0.075 N, then the values of Q;and Q,, respectively, are

a) 5uC,5uC b) 15 pC, =5 pC c) 5uC,15puC d) =15 pC,5 puC

The electric field on two sides of a large charged plate is shown in fig. The charge density on the plate in

S. 1. units is given by (g, is the permittivity of free space in S.I. units)

-1

E=8Vm' |i| E,=12Vm
e 1
+
+
+
+
+
a) 2¢g, b) 4¢, c) 10¢g, d) Zero

Consider a neutral conducting sphere. A positive point charge is placed outside the sphere. The net charge
on the sphere is then

a) Negative and distributed uniformly over the surface of the sphere

b) Negative and appears only at the point on the sphere closest to the point charge

c) Negative and distributed non-uniformly over the entire surface of the sphere

d) Zero
A surface encloses an electric dipole. The net flux through the surface is
a) Zero b) Positive c) Negative d) Infinite

Four identical charges Q are fixed at the four corners of a square of side a.The electric field at a point
Plocated symmetrically at a distancea/v/2from the centre of the square is

Q Q 2V29 J2Q
a) 2\2meya? b) \V2meya? 2 e a? 9 e a?

Positive and negative point charges of equal magnitude are kept at (0'0'%) and (0,0, _Ta), respectively. The

work done by the electric field when another positive point charge is moved from (—a, 0, 0) to (0, a, 0) is

a) Positive b) Negative

c) Zero d) Depends on the path connecting the initial and
final positions

A block of mass mcontaining a net negative charge —qis placed on a frictionless horizontal table and is

connected to a wall through an unstretched spring of spring constant kas shown. If horizontal electric field

Eparallel to the spring is switched on, then the maximum compression of the spring is

@
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% £
“ ':' .
k“\mﬁﬁlﬁ\lﬁ\ﬁ_\‘{\
a) «/qE/k b) 2qE /k c) qE/k d) Zero

Two charges 9; = 18 pCand @, = —2 pC are separated by a distance RandQ; is to the left ofQ,.The
distance of the point where the net electric field is zero is

a) Between Q;and Q, b) Left of Q;at R/2 c) Right of Q,at R d) Right of @,at R

Find the electric field vector at P (a, a, a) due to three infinitely long lines of charges along the x—, y-and z-

axis, respectively. The charge density, i.e.,charge per unit length of each wire is A
Y

Q

4

VA

. A - V22
i+j+k ——(@+j+k) d L4k
@+j+k) )3 r27Tgoa( J+k) )n_goa(l+]+k)

a) G+j+k b)
An insulated sphere of radius R has a uniform volume charge densityp . The electric field at a point P
inside the sphere at a distance r from the center is

R rp 2T

hp b) — c) Zero d)= (_,0)

350 380 3 80
Consider an electric field E=E,X, where E|, is a constant. The flux through the shaded area(as shown in the
figure) due to this field is

3mega 2mega

z
(a, 0, a)T a2,a,a)

\ :y
. )/(0,0,0) (0, 3,0

E, 2
a) 2E,a? b) V2E,a? ¢) Eya? e

V2

A hollow metallic sphere of radius 10 cm is given a charge of 3.2 X 1079C. The electric intensity at a point 4

cm from the centre is

a) 9 x 107°NC? b) 288 NC™1 c) 2.88NC™! d) Zero

An oil drop, carrying six electronic charges and having a mass of 1.6 X 10~12g, falls with some terminal
velocity in a medium.What magnitude of vertical electric field is required to make the drop move upwards
with the same speed as it was formerly moving downwards with? Ignore buoyancy

a) 10°NC™? b) 10*NC™? c) 3.3 x 10*NC™? d) 3.3 x 10°NC™!
Electric charges Aand Brepel each other. Electric charges Band Calso repel other. If Aand Care held close
together, they will

a) Attract b) Repel c) Not affecteach other d) None of these

¢
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A circular ring carries a uniformly distributed positive charge and lies in X — Yplane with centre at origine
of coordinate system. If at a point (0, 0, z)the electric field isE, then which of the followinggraphs is
correct?

It ! [ I
2) b) S d)NE/N

0O zZ—» 7 O Z—» 7 0O z— z

If one penetrates a uniformly charged spherical cloud, electric field strength

a) Decreases directly as the distance from the centre b) Increases directly as the distance from the centre
¢) Remains constant d) None of the above

The electric potential V at any point O(x, y, z all in metres) in space is given by V = 4x2volt. The electric
field at the point (1m, 0, 2m) in volt /metreis

a) 8 along negative C — axis b) 8 along positive X — axis

c) 16 along negative X — axis d) 16 along positive Z — axis

A metallic shell has a point charge gkept inside its cavity. Which one of the following diagrams correctly
represents the electric lines or forces?

B 5 o

Three charges of ¢; = 1 X 107°C,q, = 2 X 107°C and q; = —3 X 107°C have been placed as shown. Then,
the net electric flux will be maximum for the surface

a2
m S-
( |
a) $; b) S, c) S d) Same for all three

In an isolated parallel plate capacitor of capacitance C, the four surface have charges @4, Q,, Q3 and Q, as
shown. The potential difference between the plates is

O 0;
0, Oy
a)Ql+QZ+Q3+Q4 b)Q2+Q3 C)Qz—Qs d)Q1+Q4
2C 2C 2C 2C

A cylinder of length L and radius b has its axis coincident with the x —axis .The electric field in this region

is E = 2001. Find the flux through the left end of cylinder.
a)0 b) 200 mbh? c) 100 nb? d) —200 mb?
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A thin metallic spherical shell contains a charge Q on its surface. A point charge q; is placed at the centre of
the shell and another charge g, is place outside the shell. All the three charges are positive. Then, the force
on charge q is

+0
+ + e
42
+

a) Towards right b) Towards left c) Zero d) None of these
Seven capacitors each of capacity 2uF are to be so connected to have a equivalent capacity g uF. Which

will be the necessary figure as shown

@ <§§;>H mﬁ*<jé;>4HHFﬁ

: <<::;>rﬂ%HH o

Along, 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 the two cylinders when a charge density is given to the inner
cylinder

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

c) No potential difference appears between the two cylinders when a uniform line charge is kept along the
axis of the cylinders

d) No potential difference appears between the two cylinders when same charge density is given to both
the cylinders

Consider a neutral conducting sphere.A positive point charge is placed outside the sphere. The net charge

on the sphere is then

a) negative and distributed uniformly over the surface of the sphere

b) negative and appears only at the point on the sphere closest to the point charge

c) Negative and distributed non-uniformly over the entire surface of the sphere

d) Zero

A certain charge ‘Q’ is to between divided into two parts gand @ — q. What is the relationship ‘Q” and ‘q’ if
the two parts, placed at a given distance ‘7’ apart, are to have the maximum Coulomb repulsion?
a)q=9/2 b)g=9Q/3 c)q=29/2 d)g=29/4

Positive and negative point charges of equal magnitude are kept at
(0,0, %) and (0,0, _Ta) , respectively. The work done by the electric field when another positive point charge

is moved from (—a, 0,0) to (0, a, 0) is
a) Positive

b) Negative

c) Zero
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d) Depends on the path connecting the initial and final positions

Electric lines of force

a) Exist everywhere

b) Exist only in the immediate vicinity of electric charges

c) Exist only when both positive and negative charges are near one another

d) Are imaginary

A force of 2.25 N acts on a charge of15 X 10~*C. Calculate the intensity of electric field at the point
a) 1500 NC™?1 b) 150 NC™1 c) 15000 NC™1 d) None of these

. 2 : : :
Consider a system of three charges %, g and — ?q placed at points A, B and C,respectively, as shown in the

figure. Take O to be the centre of the circle of radius R and angle CAB = 60°
Vi

q
81egR2

a) The electric field at point O is directed along the negative x —axis

b) The Potential energy of the system is zero
2

c) The magnitude of the force between the charges at C and B is 54; =
0
. . . q
d) The potential at point O is TZneR

Two point charges +q and —q are held fixed at (—d, 0) and (d, 0) respectively of a (X,Y) coordinate
system. Then

a) E atall points on the Y — axis is along i

b) The electric field E atall points on the X-axis has the same direction

c) Dipole moment is 2qd directed along i

d) Work has to be done in bringing a test charge from infinity to the origin

Choose the correct statement:

a) The total charge of the universe is constant

b) The total number of the charged particles is constant

c) The total positive charge of the universe remains constant

d) The total negative charge of the universe remains constant

Figure given below shows two identical parallel plate capacitors connected to a battery with switch S
closed. The switch is now opened and the free space between the plate of capacitors is filled with a
dielectric of dielectric constant 3. What will be the ratio of total electrostatic energy stored in both
capacitors before and after the introduction of the dielectric

a)3:1 b)5:1 c)3:5 d)5:3
A circuit is connected as shown in the figure with the switch S open. When the switch is closed, the total
amount of charge that flows from Y to X is
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3ulf y 6pF

1,

S
3 62

~

o L
< T

a)o b) 54 uC c) 27 uC d) 81 uC

105. A thin glass rod is bend into a semicircle of radius r.A charge +Q is uniformly distributed along the upper
half and a charge - Q is uniformly distributed along the lower half, as shown in Fig.The electric field E at
P,the centre of the semicircle, is

20 49 Q
T2e 12 ) 5 3 )=,
of TeEyT 4meegyr
106. A uniformly charged thin spherical shell of radius R carries uniform surface charge density of ¢ per unit
area. It is made of two hemispherical shells, held together by pressing them with force F (see figure). F is
proportional to

b) =

F F

1., 1, 102 10?
a)g—a R b)g—a R c) —— —=
0 0 & R &R

107. Two small spheres each having the charge +Qare suspended by insulating threads of length L from a hook.
This arrangement is taken in space where there is no gravitational effect, then the angle between the two
suspensions and the tension in each will be

Q? 1 Q° 1 Q? 1 Q?

, b) 90°, — c) 180°. — d) 180°,——

4me, (2L)2 ) 4me, L? ) 4me, 212 ) "4me, L2
108. A particle of mass mand charge —q moves diametrically through a uniformly charged sphere of radius

a) 180°

Rwith total charge@. The angular frequency of the particle’s simple harmonic motion, if its amplitude <
R,is given by

1 q9 1 q9 1 q9 1 m
a) — b) [——— Q) =73 d) —
4meg mR 4meg mR 4mey mR 4mey qQ

109. A uniformly charged thin spherical shell of radius R carries uniform surface charge density of ¢ per unit

area. It is made of two hemispherical shells, held together by pressing them with force F (see figure). F is
proportional to

‘

1 1 0?2 1 o2

a) —0 b) —a?R c) —— ——

€o o & R & R?
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Three identical spheres, each having a charge g and radiusR, are kept in such a way that each touches the
other two. The magnitude of the electric force on any sphere due to other

two is
1 ,q\2 V3 2 V3 2 V5 2
e, (ﬁ) b) e (%) ) Toneg (%) D Tome (%)

Three concentric metallic spherical shells of radii R, 2R, 3R given charges Q4,Q,, @5 respectively. It is
found that the surface charge densities on the outer surfaces of the shells are equal. Then, the ratio of the
charges given to the shells, 9;: 9,: Q5 is

a) 1:2:3 b) 1:3:5 c) 1:4:9 d) 1:8:18

A solid sphere of radius R has a charge Q distributed in its volume with a charge density p = kr%, where k
and a are constants and r is the distance from its centre. If the electric field at r = g is % times thatatr = R,

find the value of a

a)3 b) 5 c) 2 d) Both (a) and (b)
An a particle is situated in an electric field of strength 15X 10*NC~!.Force acting on it is

a) 4.8 x 10712N b) 4.8 x 107 14N c) 48x 107N d) None of these
Which of the following statement(s) is/are correct

a)

b) The Gauss law can be used to calculate the field distribution around an electric dipole

c) If the electric field between two point charges is zero somewhere, then the sign of the two charges is the
same

The work done by the external force in moving a unit positive charge from point A at potential V, is
(Ve = Va)

Three equal charges, each+q, are placed on the corners of an equilateral triangle of sidea. Then, the
coulomb force experienced by one charge due to the rest of the two is

a) kq?/a? b) 2kq? /a? ¢) V3kq?/a? d) Zero

A spherical shell of radius R = 1.5 cm has a charge g = 20 uC uniformaly distributed over it. The force
exerted by one half over the other halfis

a) Zero b) 1072N c) 500 N d) 2000 N

A particle of massmecarrying a positive charge g moves simple harmonically along x-axis under the action
of a varying electric field Edirected along x-axis.The motion of the particle is confined between x = 0 and
x = 21.The angular frequency of the motion is w. Then, which of the following is correct?

a) gE = —mw?(x — 1)

b) gE = mw?(x — 1)

c) Electric field to the right of origin is directed along +ve x- axis for all values ofx

d) Electric field to the right of origin is directed along —ve x-axis for all values of x

An uncharged metal sphere is placed between two equal and oppositely charged metal plates. The nature
of lines of force will be

2

If the electric field due to a point charge varies as r~ ‘5 instead of r 2, then the Gauss law will still be

valid

d)

4
Y
|

»-
P

> >
>

L

>
> P—
>
>

) b) - ) d) -

S 1 T A\

+ A4+t
|

) I ] R () A |

+4++++++
vvﬁvv
R

+ 4+t
+ 4+ ++ o+t

iy N )

. 2 : . .
Consider a system of three charges g,gand — ?q placed at point 4, Fand Crespectively, as shown in the

figure. Take Oto be the centre of the circle of radius R and angle CAB=60°.

¢

W)
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Y. B
G-
\G
4
a) The electric field at point Ois Sn: 7 directed along the negative x-axis
0

b) The potential energy of the system is zero
The magnitude of the force between the charges at Cand Bis
) q°
54meyR?
The potential at point Ois
d 4
12megR
Electric field near a straight wire carrying a steady current is
a) Proportional to the distance from the wire
b) Proportional to inverse square of the distance from the wire
c) Inversely proportional to the distance from the wire
d) Zero
A flat, square surface with sides of length L is described by the equations
x=L0<y<L0<z<L
The electric flux through the square due to a positive point charge g located at the origin (x =0,y =0,z =

0)is
q q q q
A 7e, b) 5e, ) 24z, 4 28z,

Which of the field patterns given below is valid for electric field as well as for magnetic field

% NIV
a) ‘;IT b) —/,’T‘,\— c) d)

Number of electric lines of force from 0.5C of positive charge in a dielectric medium of dielectric constant
10is

a) 5.65 x 10° b) 1.13 x 1011 c) 9 x 10° d) 8.85 x 10712
If a body is charged by rubbing it, its weight

a) Always decreases slightly b) Always increases slightly

c) May increase slightly or may decrease slightly d) Remains precisely the same

Fig. shows four charges q4, 95, 3, q4 fixed in space. Then, the total flux of electric field through a closed
surface S, due to all charges q, q,, gzandq,, is

[ ) .Q2
91

a) Not equal to the total flux through S due to g3 and g,
b) Equal to the total flux through S due to g; and g,

@

W)
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c) Zeroifq, +q2 = qz + q4

d) Twice the total flux through S due to g3 and q4 if q; + g, = g3 + q4

Two point charges at certain distance apart in air repel each other with a force F.A glass plate is
introduced between the charges. The force becomes F;, where

a)F, <F b)F, =F c)F,>F d) Data is insufficient
Two point charges repel each other with a force of 100 N. One of the charges is increased by 10% and the
other is reduced by 10%. The new force of repulsion at the same distance would be

a) 100N b) 121N c) 9N d) None of these
Consider a thin spherical shell of radius R with its centre at the origin, carrying uniform positive surface
charge density. The variation of the magnitude of the electric field |E (r)| and the electric potential V' (r)
with the distance r from the centre, is best represented by which graph

|E0)| V() |E(r)| V() |E()| V() [E()] V)

.........

d)

R " 0 2
Figure shows the electric lines of force emerging from a charged body. If the electric fields at Aand

BareE, andEp,respectively, and if the distance between Aand Bis r,then

a) EA>EB b) EA<EB C) EA=EB/T d) EA=EB/r2
If on the concentric hollow spheres of radii r and R(> r) the charge Q is distributed such that their surface
densities are same then the potential at their common centre is
Q(R?* +1?) QR c) Zero QR+1)
Q) ———— b) Are (RZ 4+ 72Y
4meg(R+ 1) R+r 4meg(R% +12)
A point charge g = —8.0 nC is located at the origin. The electric field (in NC™1)vector at the point x = 1.2
m, y = —1.6 m as shown in Fig. is

Y
Oiq=-8.0nC L
& Y W

11.6m

a) —14.4i +10.8f b) —14.4i — 10.8j c) —10.81 + 14.4] d) —10.87 — 14.4)

Charge on an originally uncharged conductor is separated by holding a positively charged rod very closely
nearby, as in fig. Assume that the induced negative charge on the conductor is equal to the positive charge
q on the rod. Then, flux through surface S; is

Page |1/18

@

W)




133.

134.

135.

136.

137.

138.

139.

140.

SENJEE (Skylimit Education for NEET & JEE)
Madhyamgram, Kolkata-700132

- -

\\ \\ -
~.Conductor P

L

a) Zero b) q/¢&o c) —q/& d) None of these

Six charges, three positive and three negative of equal magnitude are to be placed at the vertices of a
regular hexagon such that the electric field at Ois double the electric field when only one positive charge
of same magnitude is placed at R Which of the following arrangements of charges is possible for 2, @ R, S,
Tand Urespectively?

P_0
UR
r S
a) +I_)+I_I_I+ b) +)_I+I_)+)_ C) +I+)_)+I_I_ d) _I+I+l_l+l_

The electric flux from a cube of edgelis ¢. If edge of the cube is made 21 and charge enclosed is halved, its
value will be

a) 4¢ b) 2¢ ) ¢/2 d) ¢

Two particles Aand B(Bis right of A) havig charges 8 X 107®Cand —2 x 1076 C,

respectively, are held fixed with separation of 20 cm.Where should a third charged particle be placed so
that it does not experience a net electric force

a) 5 cm right of B b) 5 cm left of A c) 20 cm left of A d) 20 cm right of B
Consider two concentric spherical surfaces S; with radius a and S, with radius 2a, both centred on the
origin. There is a charge +q at the origin, and no other charges. Compare the flux ¢, through S; with the
flux ¢, through S,

a) ¢1 = 49, b) ¢1 = 2¢, c) ¢1 = ¢, d) ¢1 = ¢2/2

A point charge of 100 uC is placed at 37 + 4jm. Find the electric field intensity due to this charge at a point
located at 9i+12jm

a) 8000Vm™1! b) 9000Vm™! c) 2250Vm™1! d) 4500 Vm™1!
Dimensions of g, are
a) M~1L73T*A2 b) M°L73T3A3 c) M~1L3T34A d) M~1L73T A%

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 the two cylinders when a charge density is given to the inner
cylinder

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

c) No potential difference appears between the two cylinders when a uniform line charge is kept along the
axis of the cylinders

d) No potential difference appears between the two cylinders when same charge density is given to both
the cylinders

When a soap bubble is charged, its size

a) Increases

b) Decreases

c) Remains the same

d) Increases if it is given positive charge and decreases if it is given negative charge

@

W)
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Five point charges, +q each, are placed at the five vertices of a regular hexagon. The distance ofcentre of
the hexagon from any of the vertices isa. The electric field at the center of the hexagon is

q q q d) Zero
4A1re a? b) 8meya? ) 16me a?

a)

Consider an electric field E = EyX, where Ej is a constant. The flux through the shaded area (as shown in
the figure) due to this field is

z

(a,0,a)

(0,4, 0) 7

i _— 000
2
a) 2Eya’ b) V2E,a? c) Eqa? d) Ef/;
A parallel plate capacitor of plate area A and plate separation d is charged to potential V and then the
battery is disconnected. A slab of dielectric constant k is then inserted between the plates of the capacitors
so as to fill the space between the plates. If @, E and W denote respectively, the magnitude of charge on
each plate, the electric field between the plates (after the slab is inserted) and work done on the system in
question in the process of inserting the slab, then state incorrect relation from the following
0= ggAV _ gAV? _ gAV? 1

v
- S
d W =—r )E =13 Ww=—--1-%

Multiple Correct Answers Type

A cubical region of side a has its centre at the origin. It encloses three fixed point charges, —q at
(0,—a/4,0),+3q at (0,0,0) and —q at (0, +a/4,0). Choose the correct option(s)

z

e

The net electric flux crossing the plane x = +a/2 is equal to the net electric flux crossing the plane x =

—-a/2

b) The net electric flux crossing the plane y = +a/2 is more than the net electric flux crossing the plane
y=-—a/2

c) The net electric flux crossing the entire region is gi
0

X

a)

The net electric flux crossing the plane z = +a/2 is equal to the net electric flux crossing the plane x =
+a/2
A positively charged thin metal ring of radius R is fixed in the xy — plane with its centre at the 0. A

d)

negatively charged particle P is released from rest at the point (0, 0, z,), where z, > 0. Then the motion of
Pis

a) Periodic for all values of z, satisfying 0 < z, < oo

b) Simple harmonic for all values of satisfying 0 < zy < R

@

W)
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c) Approximately simple harmonic provided zy < R
d) Such that P crosses O and continues to move along the negative z — axis towards z = —oo

146. An ellipsoidal cavity is carved within a perfect conductor. A positive charge q is placed at the centre of the
cavity. The points A and B are on the cavity surface as shown in the figure. Then

I PR P -
e
A
e
ge B !

a) Electric field near A in the cavity = Electric field near B in the cavity
b) Charge density at A = Charge density at B
c) Potential at A = Potential at B
d) Total electric field flux through the surface of the cavity is q /¢,
147. A parallel plate capacitor is charged to a potential difference of 50V. It is discharged through a resistance.
After 1 second, the potential difference between plates becomes 40 V. Then
. . 16 Potential difference between the plates after 2
a) Fraction of stored energy after 1 second is 7 b) seconds will be 32 V
Potential difference between the plates after 2

¢ seconds will be 20V

148. Consider Gauss’s law § E - ds = ei
0

d) Fraction of stored energy after 1 second isg

g

Then for the situation shown in fig. at the Gaussian surface

a) E due to g, would be zero b) E due to both g1 and g, would be non-zero
c) ¢ due to both g; and g, would be non-zero d) ¢ due to g, would be zero

149. A few electric field lines for a system of two charges Q;and Q, fixed at two different points on the x —axis
are shown in the figure. These lines suggest that

Q Q,

a) |911>19-|
b) 1911<[Q:|

c) at a finite distance to the left of @, the electric field is zero
d) at a finite distance to the right of Q, the electric field is zero

150. Which one statement is correct? A parallel plate air condenser is connected with a battery. Its charge,
potential, electric field and energy are Qy, Vy, Ey and U, respectively. In order to fill the complete space
between the plates a dielectric slab is inserted, the battery is still connected. Now the corresponding
values @, V, E and U are in relation with the initially stated as
a) Q > Q b)V >V, ) E>E, d)U>U,

¢ |
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10 C charge is given to conducting spherical shell and a —3 C points charge is placed inside the shell. For

this arrangement, find the correct statement(s)

a) The charge on the inner surface of the shell will be +-3C and it can be distributed uniformly or non-
uniformly

b) The charge on the inner surface of the shell will be +3C and its distribution would be uniform

c) The net charge on the outer surface of the shell will be +7C and its distribution can be uniform or non-
uniform

d) The net charge on the outer surface of the shell will be +7C and its distribution would be uniform

A spherical metal shell A of radius R4 and a solid metal sphere B of radius Rz (< R,) are kept far apart and

each is given charge ' + Q'. Now they connected by a thin metal wire. Then

a) B9 =0 b) Q4 > Qs
C) G_A — R_B d) E[clm surface < Egn surface
o Ry

For the arrangement shown in Fig., the two positive charges, +Q each, are fixed. Mark out the correct
statement(s) regarding a third charged particle gplaced at midpoint P that can be diaplaced along or
perpendicular to the line connecting the charges

a) The particle will perform S.H.M.forx « a

b) The particle will oscillate about P but not harmonically for any x

c) The particle will perform S.H.M.fory < a

d) The particle will oscillate about P but not harmonically for y comparable to a

A metallic sheet is inserted between the plates of a parallel plate capacitor. The capacitance of the
capacitor

a) Increases

b) Is independent of the position of the sheet

) Is maximum when the metal sheet in the middle

d) Is maximum when the metal sheet touches one of the capacitor plates

A parallel plate capacitor is charged and the charging battery is then disconnected. If the plates of the
capacitor are moved farther apart by means of insulating handles, then which of the following is correct
a) The charge on the capacitor increases

b) The voltage across the plates increases

c) The capacitance increases

d) The electrostatic energy stored in the capacitor increases

Six point charges are kept at the vertices of a regular hexagon of side L and centre 0, as shown in the

figure. Given that K = if_ﬂ which of the following statement (s) is (are) correct
0
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+q q
a) The electric field at O is 6K along OD b) The potential at O is zero

c) The potential at all points on the line PR is same d) The potential at all points on the line ST is same
Which of the following statement (s) is/are correct?
2) If the electric field due to a point charge varies as ™~
valid
b) The Gauss’s law can be used to calculate the field distribution around an electric dipole
c) If the electric field between two point charges is zero somewhere, then the sign of the two charges is the
same
d) The work done by the external force in moving a unit positive charge from point A4 at potential V4 to
point Bat potentialVgis (Vg — Vy)
Capacitor C; of capacitance 1 microfarad and capacitor C, of capacitance 2 microfarad are separately
charged fully by a common battery. The two capacitors are then separately allowed to discharge through
equal resistors at time t = 0

a) The current in each of the two discharging circuits is zeroatt = 0
b) The currents in the two discharging circuits are equal but not zero

25instead of r 2, then the Gauss’s law will still be

c) The currents in the two discharging circuits at t = 0 are unequal

d) Capacitor Cy, loses 50% of its initial charge sooner than C, loses 50% of its initial charge

For the arrangement shown in Fig., the two point charges are in equilibrium. The infinite wire is fixed in
the horizontal plane and the two point charges are placed one above and the other below the wire

T ‘]1fm1

i
+4 i ,
---- ; ---- Fixed
i charged wire

q2e my
Considering the gravitational effect of the earth, the nature of g;and g,can be
a) qg; - +ve,q; > +ve b)) g, — +ve,q, > —ve c) g~ —veq, > —ve d)g; > —veq, — +ve
For Gauss’s law, mark out the correct statements(s)
If we displace the enclosed charges (within a Gaussian surface) without crossing the boundary, then
both E and remain ¢ remain same
If we displace the enclosed charges without crossing the boundary, then E changes but ¢ remains the
same

b)

c) If charge crosses the boundary, then both E and ¢ would change

d) If charge crosses the boundary, then ¢ changes but E remains the same
A few electric field lines for a system of two charges Q; and @, fixed at two different points on the x — axis
are shown in the figure. These lines suggest that
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a) [Q1] > |Qz| b) [Q1] < Q2]
9 At a finite distance to the left of Q, the electric At a finite distance to the right of Q, the electric
field is zero field is zero

The electrostatic potential (¢,-) of a spherical symmetric system, kept at origin, is shown in the adjacent
figure, and given as

¢r
Ry
q
= >R
q
= <R
¢r 47‘[80R0 (T‘ 0)

Which of the following option(s) is/are correct

a) For spherical region r < R, total electrostatic energy stored is zero

b) With in r = 2R total charge is g

c) There will be no charge anywhere exceptatr = R,

d) Electric field is discontinuous atr = R,

A non-conducting solid sphere of radius R is uniformly charged. The magnitude of the electric field due to
the sphere at a distance r from its centre

a) Increases as r increases for r < R b) Decreases as r increases for 0 < r < oo

c) Decreases as r increases for R < r < oo d) Is discontinuous atr = R

In the given diagram, a line of force of a particular force field is shown. Out of the following options, it can
never represent

a) An electrostatic field b) A magnetostatic field
c) A gravitational field of a mass at a rest d) An induced electric field
A particle of mass mand charge - q has been projected from ground as shown in Fig. Mark out the correct

statement(s). XY plane is vertical
Y

U 4—E (a uniform
electric field)

9 -

a) The path of motion of the particle may be parabolic
b) The path of motion of the particle may be a straight line

c) Time of flight oftheparticle is (2usin® )/g
‘ il
o

W)
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p Range of motion of the particle can be less than, greater than or equal to
) (u?sin 20)/g
A dielectric slab of thickness d is inserted in a parallel plate capacitor whose negative plate is atx = 0 and
positive plate is at x = 3d. The slab is equidistant from the plates. The capacitor is given some charge. As
one goes from 0 to 3d
a) The magnitude of the electric field remains the same
b) The direction of the electric field remains the same
c) The electric potential increases continuously
d) The electric potential increases at first, then decreases and again increases

Assertion - Reasoning Type

This section contain(s) 0 questions numbered 167 to 166. Each question containsSSTATEMENT 1(Assertion) and
STATEMENT 2(Reason). Each question has the 4 choices (a), (b), (c) and (d) out of which ONLY ONE is correct.

167

168

169

170

171

a) Statement 1 is True, Statement 2 is True; Statement 2 is correct explanation for Statement 1
b) Statement 1 is True, Statement 2 is True; Statement 2 is not correct explanation for Statement 1
c) Statement 1 is True, Statement 2 is False

d) Statement 1 is False, Statement 2 is True

Statement 1: A molecule having intrinsic dipole moment is called polar molecule.

Statement 2: Centre of positive charge does not coincide with the negative charge in a polar molecule.

Statement 1: If three capacitors of capacitances Ci1< C2< Cz are connected in parallel and in series then

their equivalent capacitance Cp,>Cs.

Statement2: 1 - 1 ,1.1 =
o 1 +C2+C3 and Cs= C1+ Cz+ C3

Statement 1: If three capacitors of capacitance C; < C, < (5 are connected in parallel then their
equivalent capacitance C,, > C3

Statement2: 1 1 1 1

=4+ —+—
C, € C G

Statement 1: A positive point charge initially at rest in a uniform electric field starts moving along
electric lines of forces. (Neglect all other forces except electric forces)
Statement 2: A point charge released from rest in an electric field always moves along the lines of force

Statement 1: A charged capacitor is disconnected from a battery. Now if its plate are separated farther,

the potential energy will fall
‘ il
o

W)
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174

175

176

177

178

179

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:
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Energy stored in a capacitor is equal to the work done in charging it

A small metal ball of mass m is suspended from a thread of length I between the plates of
a large capacitor. If a charge +q is placed on the ball and the upper plate is positively

charged then time period of the ball increases.

VI
g—le/m

Time period of the ball is given by T= 2x

The electric field due to a dipole on its axis line at a distance r is E. then, electric field due
. s . . E
to the same dipole on the equatorial line and a the same distance will be >

Electric field due to dipole varies inversely as the squares of distance.

For practical purpose, the earth is used as a reference at zero potential in electrical
circuits

The electrical potential of a sphere of radius R with charge Q uniformly distributed on the
Q

4megR

surface is given by

When charges are shared between any two bodies, no charge is really lost, but some loss
of energy does occur
Some energy disappears in the form of heat, sparking etc

If a point charge is rotated in a circle around another charge at the centre of circle, the
work done by electric field will be zero
Work done is equal to dot product of force and displacement

Mass of ion is slightly differed from its element

Ion is formed, when some electrons are removed or added so mass changes

A parallel plate capacitor is connected across battery through a key. A dielectric slab of
constant K is introduced between the plates. The energy which is stored becomes K
times

The surface density of charge on the plate remains constant or unchanged

For the situation shown in fig., if we displace the charge g within the conducting shell,
then nature of distribution of charge on the outer surface of the shell not change

@

W)
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Statement 2:

180

Statement 1:

Statement 2:

181

Statement 1:

Statement 2:

182

Statement 1:

Statement 2:

183

Statement 1:

Statement 2:

184

Statement 1:

Statement 2:

185

Statement 1:

Statement 2:

186

Statement 1:

Statement 2:

187

Statement 1:
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Any conduction shell divides the entire space into two regions (inside and outside the
shell), which are independent to each other in term of electric field

When a neutral body acquires +ve charge, its mass decreases

A body acquires +ve charge when it loses electrons

Electric lines of force cross each other

Electric field at a point superimposes to give one resultant electric field

Conductors having equal positive charge and volume, must also have same potential

Potential depends only on charge and volume of conductor

On going away from a point charge or a small electric dipole, electric field decreases at
the same rate in both the cases

Electric field is inversely proportional to square of distance from the charge or an electric
dipole

The coulomb’s force is the dominating force in the universe.

The coulomb’s force is the weaker than the gravitational force.

Electric field on the surface of a conductor is more at the sharp corners

Surface charge density on conductor’s surface is inversely proportional to the radius of

curvature
*0

Neutral conductor

Two similarly charged bodies may attract each other

When charge on one body (Q)is much greater than that on another (g) and they are close
enough to each other, then force of attraction between Qand induced charges exceeds the
force of repulsion between Q and g

Annihilation of electron and positron is an example of decay of charges

@
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189

190

191

192

193

194

195

196

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:
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In the process of annihilation an electron and a positron combine to give gamma ray

Displacement current goes through the gap between the plates of a capacitor when the
charge of the capacitor does not change

The displacement current arises in the region in which the electric field and hence the
electric flux does not change with time

The force with which one plate of a parallel plate capacitor is attracted towards the other
plate is equal to square of surface density per g, per unit area

The electric field due to one charged plate of the capacitor at the location of the other is
equal to surface density per g,

Dielectric breakdown occurs under the influence of an intense light beam

Electromagnetic radiations exert pressure

Upon displacement of charges within a closed surface, E at any point on the surface does
not change
The flux crossing through a closed surface is independent of the location of charge within
the surface

A metallic shield in form of a hollow shell may be built to block an electric field

In a hollow spherical shield, the electric field inside it is zero at every point

When a charge 'q’ is take from the centre of the surface of the sphere its potential energy
changes by P
380

pr

The electric field at a distance r(r < R) from the centre of the sphere is 3o
0

The tyres of aircraft’s are slightly conducting

If a conductor is connected to ground, the extra charge induced on conductor will flow to
ground

A bird perches on a high power line and nothing happens to the bird

The level of bird is very high from the ground
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198

199
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201

202
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Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:
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If Gaussian surface does not enclose any charge, then E at any point on the Gaussian
surface must be zero

No net charge is enclosed by Gaussian surface, so net flux passing through the surface is
Zero

Ein outside vicinity of a conductor depends only on the local charge density ¢ and it is
independent of the other charges present anywhere on the conductor

E in outside vicinity of a conductor is given by /¢,

A point charge is brought in an electric field. The field at a nearby point will increase,
whatever be the nature of the charge
The electric field is independent of the nature of charge

A number of capacitors are connected in series with each other. If U; U, Uz be the energy
stored in them respectively then total energy stored is U1 + Ux+ Uz+.....
Potential energy is the scalar quantity.

If the distance between parallel plates of a capacitor is halved and dielectric constant is
made three times, then the capacitance becomes 6 times
Capacity of the capacitor does not depend upon the nature of the material

Charge is quantized because only integral number of electrons can be transferred

There is no possibility of transfer of some fraction of electron

If a proton and an electron are placed in the same uniform electric field. They experience
different acceleration
Electric force on a test charge is independent of its mass

For a charged particle moving from point P to point @, the net work done by an
electrostatic field on the particle is independent of the path connecting point P to point Q
The net work done by a conservative force on an object moving along a closed loop is
Zero

The coulomb face is the dominating force in the universe

The coulomb force is weaker than the gravitational force

@
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207

Statement 1:

Statement 2:

208

Statement 1:

Statement 2:

209

Statement 1:

Statement 2:
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Surface of a symmetrical conductor can be treated as equipotential surface

Charges can easily flow in a conductor

The surface charge densities of two spherical conductors of different radii are equal.
Then the electric field intensities near their surface are also equal
Surface charge density is equal to charge per unit area

Electrons move away from a low potential to high potential region

Because electrons have negative charge

A and B are two conducting spheres of same radius A being solid and B hollow. Both are
charged to the same potential. Then charge A =charge B
Potentials on both are same.

If a point charge q is placed in front of an infinite grounded conducting plane surface, the
point charge will experience a force

This force is due to the induced charge on the conducting surface which is at zero
potential

Matrix-Match Type

This section contain(s) 0 question(s). Each question contains Statements given in 2 columns which have to be
matched. Statements (A, B, C, D) in columns I have to be matched with Statements (p, g, 1, s) in columns II.

210. Three identical metal plates with large surface areas are kept plate parallel to each other as shown in Fig.

The left most plate is given charge 9, the rightmost given charge —2Q and the middle one remains neutral.

Then
0o 20

Column-I Column- II
(A) i.The charge appearing on outer surface of the (p) + g
rightmost plate 2
(B) ii. The charge appearing on outer surface of (@ 2
the leftmost plate 2
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(C) iii. The charge appearing on left surface of the (r) g

middle plate 2
(D) iv. The charge appearing on right surface of (s) g

the middle plate 2
CODES:

A B C D

a) a c d b
b) b b C d
c) d a b c
d) a d C d

211. Match Column I with Column II
Column-] Column- II
(A) Force on an electron in an atom (p) Gravitational force

(B) Force between a proton and a neutron inside (q) Strong force

nucleus
(C) Force between a proton and a proton inside (r) Coulomb force
nucleus
(D) Conservative force (s) Electric force
CODES:
A B C D

a) B,a,c c,a,d b,c,d a,d

b) b,a cdb cab b,d,a
c) d,c,b,a a,b,c c,b,a c,a,d
d) a,cd ab a,b,c,d a,cd

212. Electric field due to

Column-] Column- II

(A) i Infinite plane sheet of charge (p) O
(B) ii. Infinite conducting plane sheet of uniform  (q) _%_

thickness 29
(C) iii. Non-conducting charged solid sphere atits (1) R_P

surface 3gg
(D) iv. Non-conducting charged solid sphere atits (s) 2

centre €o
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CODES:

A B C D
a) b d c a
b) d a b c
c) a C d b
d) c b a d

In Fig. 1.130, charges, each+q, are fixed at Land M. Ois the midpoint of distance LM. X-and Y- axes are as
shown. Consider the situations given in column I and match them with the information in Column II:

Y,
*q +q
A S Y
Column-I Column- II
(A) Letus place a charge +qat0, displace it (p) Force on the charge is zero

slightly along X-axis and release. Assume that
it is allowed to move only along X-axis. At
position O,
(B) Place a charge - g atO. Displace it slightly (q) Potential energy of the system is maximum
along X-axis and release. Assume that it is
allowed to move only along X-axis. At position
0,
(C) Place a charge +q at0. Displace it slightly (r) Potential energy of the system is minimum
along Y-axis and release. Assume that it is
allowed to move only along Y-axis. At position
0,
(D) Place a charge - g atO. Displace it slightly (s) The charge is in equilibrium
along Y-axis and release. Assume that it is
allowed to move only along Y-axis. At position
0,
CODES:

A B C D
a) Acd ab,d a,b,d a,cd
b) a,b,d a,c, d a,b,c a,c,d
c) a,d,b a,d,c b,d,a c,a,d

d) d,b,a cd,a a,d,b d,a,c
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Column-I Column- II

(A) & (P 1
B) K (@ [M'L'T™?]
© E (r) [M™1L73T%A?]
(D) F (s) [MLT—3A471]
CODES:

A B C D
a) B a d C
b) c a d b
c) b d C a
d) d a C b

Six point charges, each of the same magnitude g, are arranged in different manners as shown in Column II.
In each case, a point M and a line PQ passing through M are shown. Let E be the electric field and V be the
electric potential at M (potential at infinity is zero) due to the given charge distribution when it is at rest.
Now, the whole system is set into rotation with a constant angular velocity about the line PQ. Let B be the
magnetic field at M and u be the magnetic moment of the system in this condition. Assume each rotation
charge to be equivalent to a steady current

Column-] Column- II

Charge are at the corners of a regular hexagon.
M is at the centre of the hexagon. PQ is
perpendicular to the plane of the hexagon
(B) V0 (@ P
-+ | + -+
|

M
o

Charges are on a line perpendicular to PQ at
equal intervals. M is the mid-point between
the two innermost charges
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© B=0 ()

Charges are placed on two coplanar insulating
rings at equal intervals. M is the common
centre of the rings. PQ is perpendicular to the
plane of the rings

D u#0 (s) -

p -+

Charges are placed at the corners of a
rectangle of sides a and 2a and at the mid
points of the longer sides. M is at the centre of
the rectangle. PQ is parallel to the longer sides

® p r

AL A
+U+|g-U-

Charges are placed on two coplanar, identical
insulating rings at equal intervals. M is the
mid-point between the centres of the rings. PQ
is perpendicular to the line joining the centres
and coplanar to the rings

CODES:

A B C D
a) Pr,s r,s p,gt r,s
b) r,s p.qt r,s p.r,
c) p,q.t r,s r,s p.r,s
d) r,s p.r,s r,s p.qt

216. Match the facts given in Column I with the system given in Column II:

Column-I Column- II
(A) Charge cannot exist (p) Without charge
(B) Mass can exist (q) Without mass
(©) Chargeis (r) Notconserved
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(D) Massis (s) Conserved
CODES:
A B C D
a) B a d c
b) a b a d
c) c c b a
d) d d C b

217. Match the forces given in Column I with the properties given in Column II:
Column-I Column- II
(A) Electric force of nucleus of electron (p) Conservative

(B) Your weight, i.e., the force that earth exerts on (q) Action reaction force

you

(C) Force between earth and sun (r) Depends on the nature of medium between
the interacting objects

(D) Repulsive force between two protons (s) Principle of superposition applies provided
that other forces, which are acting on the
object, are also of this nature

CODES:

A B C D

a) Cb,a b,a,c a,b,c ab
b) a,b a,b,c b,a cab
c) a,b,c ab a,b a,b,c

d) b,c,a a,b,c b,c ca

Linked Comprehension Type

This section contain(s) 33 paragraph(s) and based upon each paragraph, multiple choice questions have to be
answered. Each question has atleast 4 choices (a), (b), (c) and (d) out of which ONLY ONE is correct.
Paragraph for Question Nos. 218 to -218

Consider a block of conducting material of resistivity p shown in the figure. Current /enters at 4 and leaves
from D. We apply superposition principle to find voltage. AV developed between Fand (. The calculation is
done in the following steps

(i) Take current /entering from 4 and assume it to spread over a hemispherical surface in the book.

(ii) Calculate field £(r) at distance rfrom A by using Ohm'’s law E = pJ, where J is the current per unit area at r.
(iii) From the rdependence of E(r) obtain the potential V(r) at r:

@
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(iv) Repeat (i), (ii) and (iii) for current /leaving D and superpose results for 4 and D.

218. AV measured between Band Cis
I I I I I I I
a),D__,D— b),D__p— 0) P _ P d)p—
na m(a+b) a (a+Db) 2ra  2m(a + b) 2n(a — b)

Paragraph for Question Nos. 219 to - 219

Two small identical conducting balls A and B of charges of+10uCand+30 uC, respectively, are kept at a
separation of 50 cm.These balls have been connected by a wire for a short time

219. The final charge on each of the balls 4 and B will be
a) 10 pCand 30 pC, respectively b) 20 pC on each ball
c) 30 pCand 10 pC,respectively d) —40 pC and 80 pC,respectively

Paragraph for Question Nos. 220 to - 220

Two free point charges 4 and B having charges +qgand+4q, respectively, are a distance [ apart. A third charge is
so placed that the entire system is in equilibrium

220. The third charge should be placed
a) Left of Aat a distance [/3 from A b) Right of 4 at a distance [/3 from B
c) Between A4 and B at a distance 21/3 fromA d) Between A and B at a distance /3 from A

Paragraph for Question Nos. 221 to - 221

q1 5.00 cm 92

Three charges are placed as shown in Fig. The magnitude of g1is 2.00puC,but its sign and the value of the charge
q, are not known. Charge g3is+4.00 uC, and the net force on g; is entirely in the negative x-direction

221. As per the condition given in the problem, the sign of q; and g, will be
a) +,+ b) +,— c) —+ d) —, —

Paragraph for Question Nos. 222 to - 222
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=

ot

Two point like charges @, and @Q,are positioned at points 1 and 2. The field intensity to the right of the charge
Q,on the line that passes through the two charges varies according to a law that is represented schematically in
Fig. The field intensity is assumed to be positive if its direction coincides with the positive direction on the x-
axis. The distance between the charges isl

222. The sign of each charge Q;and Q, is
a) +,— b) —, + c) +,+ d) —, —

Paragraph for Question Nos. 223 to - 223
Four equal positive charges, each of value Q, are arranged at the four corners of a square of diagonal 2a. A small

body of mass m carrying a unit positive charge is placed at a height h above the centre of the square

223. What should be the value of @ in order that this body may be in equilibrium?

m m
a) e 2—;?(h2 + 2a?)3/2 b) e, Tg(h2 + a?)3/?
2 m
c) me, % (h? + 2a?)3/? d) me, 2—;(;"{(h2 — a?)3/?

Paragraph for Question Nos. 224 to - 224

je——2cm —»
1

[ G
T Vo ’
1.00 cm -ee1
_’
AT

Linto the uniform field between the parallel

An electron is projected with an initial speed v, = 1.60 X 10°ms™
plates as shown in Fig. Assume that the field between the plates is uniform and directed vertically downwards,
and that the field outside the plates is zero. The electron enters the field at a point midway between the plates.

Mass of electron = 9.1 x 10731 kg

224. If the electron just misses the upper plate, the time of flight of electron up to this instant is
a) 1.25 x 107 % b) 32.5 x 107°s c) 1.25x 1078s d) 32.5x 10785

Paragraph for Question Nos. 225 to - 225
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An electron is projected as shown in Fig., with kinetic energy k,at an angle 8 = 45°between two charged plates.
Ignore the gravity

A

K

45° Y
T

225. The magnitude of the electric field, so that the electron just fails to strike the upper plate is
a) K/qd b) 2K /qd c) K/2qd d) Infinite

Paragraph for Question Nos. 226 to - 226

In 1909, Robert Millikan was the first to find the charge of an electron in his now-famous oil-drop experiment.
In that experiment, tiny oil drops were sprayed into a uniform electric field between a horizontal pair of
oppositely charged plates. The drops were observed with a magnifying

Atomizer

| ———.1] Oil drop
+._j . 4-/1’/ Microscope

=T

eyepiece, and the electric field was adjusted so that the upward force on some

A negatively charged oil drop was just sufficientto balance the downward force of gravity. That is, when
suspended upward force gEjust equalled mg. Millikan accurately measured the charges on many oil drops and
found the valuesto be whole number multiples of 1.6 X 1071°C —the charge of the electron. For this, he won the
Noble prize

226.If a drop of mass 1.08 x 10~ 1*kg remains stationary in an electric field of 1.68 x 10°NC~1,then the charge
of this drop is
a) 6.40 x 1071°C b) 3.2 x 10719C c) 1.6 x 10719C d) 4.8 x 1071°C

Paragraph for Question Nos. 227 to - 227

The cube as shown in fig has sides of length L = 10.0 cm. The electric field is uniform, has a magnitude E =
4.00 X 103NC™1, and is parallel to the xy-plane at an angle of 37° measured from the +x-axis towards the +y-
axis
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227. The surface that have zero flux are
a) Sy and S3 b) Ss and S¢ c) S,and S, d) S; and S;

Paragraph for Question Nos. 228 to - 228

A cube sides of length L = 0.300 m. It is placed with one corner at the origin as shown in fig. The electric field is
not uniform, but is given by E = (—5.00NC~1)x{ + (3.00NC™1)zk

228. The surface that have zero flux are
a) 5,5, andSs b) S1,S3,S,andSg c) S1,5, andS; d) S,, SzandS,

Paragraph for Question Nos. 229 to - 229

A cube has sides of length L. It is placed with one corner at the origin as shown in fig . The electric filed is
uniform and given by E=-Bi+ Cj — Dk, where B, C and D are positive constants

229. The flux passing through the different surfaces (match the table is)
Surface | Flux

[OM (m)BL?
(ii)S, (n) — BL?
(iii) S5 (0)CL?
(iv)Sy | (p)—CL?
(Ss | (@DL?
(vi)S, (r) — DI?
a) (i, p),(ii ,r),(iii, 0),(iv, q),(v, n),(vi, m) b) (i, r),(ii, p),(iii, q),(iv, n),(v, m),(vi, 0)
c) (i, m),(ii, n),(iii, 0),(iv, p),(v, q),(vi, r) d) (i, r),(ii, q),(iii, p),(iv, 0),(v, n),(vi, m)

Paragraph for Question Nos. 230 to - 230

A cube of side a is placed such that the nearest face which is parallel to the y — z plane is at a distance 'a’ from
the origin. The electric field components are E, = ax'/?, E,=E;, =0
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230. The flux ¢ through the cube is
a) V2aa®/? b) —aa®/? ) (V2 —1)aa®/? d) Zero

Paragraph for Question Nos. 231 to - 231

A hollow conducting ball has a single positive charge +q fixed at the centre. The ball has no net charge

231. The charge on the inner of the ball is
a) +2q b) +q c) —q d)o

Paragraph for Question Nos. 232 to - 232

Suppose that a net charge +q is placed on the ball in the previous question; the point charge remains at its
centre

232. The charge on the inner surface of the ball is
a) +2q b) +q c) —q d)o

Paragraph for Question Nos. 233 to - 233

The positive charge at the centre of the ball in problem 13-14 is moved off centre and closer to the inner
surface, but it does not touch the inner surface

233. The total charge on the inner surface of the ball will
a) Increase
b) Decrease
c) Remain the same
d) Change, depending on how close the ball gets to the inner surface

Paragraph for Question Nos. 234 to - 234

A small conducting spherical shell with inner radius a and outer radius b is concentric with a larger conducting
spherical shell with inner radius ¢ and outer radius d (as shown in fig). The inner shell has total charge +2q
and the outer shell has charge +4¢q. Calculate the electric field in terms of g and the distance r from the
common centre of the two shells for
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234.r<a
a) Zero b) 1 2q 1 6q 1 q
Ameg 12 4mey 12 Amey 12

Paragraph for Question Nos. 235 to - 235

A small conducting spherical shell with inner radius a and outer radius b is concentric with a larger conducting
spherical shell with inner radius ¢ and outer radius d (as shown in fig). The inner shell has total charge +2q
and the outer shell has charge +4q. Calculate the electric field in terms of q and the distance r from the
common centre of the two shells for

235. Inner surface of the small shell is
a) Zero b) 2¢q c) —2q d) 6q

Paragraph for Question Nos. 236 to - 236

Consider the previous problem, let the outer shell have charge —4q. As in the above problem, the inner shell
has charge +2q. Calculate the electric field in terms of g and the distance r from the common centre of the two

shells for
236.r<a
1 2 1 2 1 6
a) Zero b) 2q Q- <q d) 6q
41E 12 41Ey T2 41y 12
Paragraph for Question Nos. 237 to - 237
According to problem what is the total charge on the
Page |1/41

¢

W)



SENJEE (Skylimit Education for NEET & JEE)
Madhyamgram, Kolkata-700132

237. Inner surface of the small shell?
a) Zero b) 2¢q c) —2q d) 6q

Paragraph for Question Nos. 238 to - 238

Consider the above problem, let the outer shell have charge —2q. As in the above problem, the inner shell has
charge 4+2q. Calculate the electric field in terms of g and the distance r from the common centre of two shells
for:

238.r<a
a) Zero b) 1 2q 1 2q 1 6q
4me, T2 4mey 12 4e, T2

Paragraph for Question Nos. 239 to - 239

In the previous problem, the total charge on the

239. Inner surface of the small shell is
a) Zero b) 2q c) —2q d) 4q

Paragraph for Question Nos. 240 to - 240

Two spherical cavities of radii a and b are hollowed out from the interior of a neutral conducting sphere of
radius R. At the centre of each cavity, a point charge is placed. Call these charges q, and g

240. Match the table

(o, qa +qp
(m) %IHRZ

(i) oy _1a
(n) 4”5?2

(i) op —dp
(0) 41th?

a) (i, 0),(ii, n),(iii, m) b) (i, n),(ii, 0),(iii, m) c) (i, m),(ii, 0),(iii, n) d) (i, n),(ii, m),(iii, o)
Paragraph for Question Nos. 241 to - 241
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The nuclear charge (Ze) is non-uniformly distributed within a nucleus of radius R. The charge density p(r)
[charge per unit volume] is dependent only on the radial distance r from the centre of the nucleus as shown in
figure. The electric field is only along the radial direction

p(r)

d

241. The electric field atr = R is

a) Independent of a b) Directly proportional to a
c) Directly proportional to a? d) Inversely proportional to a
Integer Answer Type

242. A particle having a charge of g = 8.85 pC is placed on the axis of a circular ring of radius R = 30 cm.
Distance of the particle from centre of the ring is a = 40 cm. Calculate the electric flux passing through the
ring [in 10°N/(]

243. The dielectric strength of air is 3.0 X 10°N/C. Find the largest charge (in nC) that a metallic sphere of 3mm
radius can hold

244. Arod ABof length L and mass m is uniformly charged with a charge Q and it is suspended from end A as
shown in the figure. The rod can freely rotate about Ain the plane of figure

N
+ o+t T+

Bl . »—>E

An electric field E is suddenly switched on in the horizontal direction due to which rod gets turned by a
maximum angle 90°. The magnitude of E is equal to nMg/Q. Find the value of n

245. An infinitely long solid cylinder of radius R has a uniform volume charge density p. It has a spherical cavity
of radius R/2 with its centre on the axis of the cylinder, as shown in the figure. The magnitude of the
electric field at the point P, which is at a distance 2R from the axis of the cylinder, is given by the

23pR The value of k is

expression

16k€0-

246. The figure shows three infinite non-conducting plates of charge perpendicular to the plane of the paper
with charge per unit area +o,+20 and - o
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+ + -

+ + -

+ + -

+ 4 3] B

+ ® + o _

+ + -

+ + :

+ + :
2.5m 2.5m

+a +2a -g

]

Sm Sm

Find the ratio of the net electric field at point A to that at point B
Two concentric rings, one of radius ‘a’ and the other of radius ‘b’, have the charges +q, and - (2/5)73/2q,

respectively, as shown in the figure
a5 =257

(@ EEY

q

Find the ratio b/a if a charge particle placed on the axis at z = a is in equilibrium

A cubeof'side [ = 1 m has one corner at the origin of coordinates and extends along the positive x, y and z-
axes. Suppose the electric field in this region is given by E= (2 + 3y)j. The charge inside the cube is We,,.
Find W

There is an electric field E in +x direction. If work done by electric field in moving a charge 0.2 C through a
distance of 2 m along a line making an angle of 60 degree with x-axis is 1.0], what is the value of E in N/C?
A solid sphere of radius R has a charge Qdistributed in its volume with a charge density p = kr%, where k
and a are constants and r is the distance from its centre. If the electric field atr = R/2 is 1/8 times that at
r = R, find the value of a

Two particles of masses m and 2m having same charges q each are placed in a uniform electric field £ and
allowed to move for the same time. Find the ratio of their kinetic energies

An electric field is given by E= (yi+ xj)N/C. Find the work done (in ] )by electric field in moving a 1C
charge from 7y, = (2i + 2j)mto 7z = (41 + J)m
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1. ELECTRIC CHARGES AND FIELDS

: ANSWERKEY :

1) C 2) a 3) c 4) al141) a 142) c 143) d 1)
5) c 6) c 7) a 8) c acd 2) a,c 3) cd 4)
9) a 10) b 11) d 12) a a,b
13) d 14) a 15) d 16) ¢ |5) b,d 6) a,d 7) a,d 8)
17) d 18) d 19) a 20) a a,d
21) a 22) d 23) ¢ 24) a|9) ab,cd 10) cd 11) ab 12)
25) b 26) d 27) b 28) c b,d
29) d 30) b 31) b 32) b|13) abc 14) cd 15) bd 16)
33) ¢ 34) b 35) d 36) a b,c
37) ¢ 38) a 39) b 40) <c|(17) b 18) ad 19) ab,cd 20)
41) d 42) d 43) a 44) d a,c
45) ¢ 46) < 47) ¢ 48) d|21) a.c 22) ab,c 23) b 1) a
49) a 50) d 51) b 52) a 2) a 3) c 4) c
53) d 54) a 55) d 56) b|5) e 6) d 7) c 8) b
57) b 58) a 59) a 60) ¢|9) b 10) a 11) a 12) ¢
61) d 62) b 63) b 64) b(13) a 14) a 15) e 16) d
65) ¢ 66) b 67) a 68) b|17) d 18) d 19) a 20) a
69) b 70) a 71) b 72) b|21) e 22) d 23) d 24) b
73) d 74) a 75) b 76) c|25) d 26) a 27) d 28) b
77) b 78) d 79) b 80) b(29) ¢ 30) d 31) d 32) d
81) ¢ 82) d 83) ¢ 84) b(33) b 34) b 35) a 36) b
85) ¢ 86) a 87) a 88) «¢(37) b 38) d 39) a 40) b
89) a 90) ¢ 91) d 92) «c|(41) a 42) a 43) a 1) b
93) a 94) a 95) d 96) a 2) d 3) a 4) a
97) ¢ 98) d 99) a 100) c|5) b 6) a 7) a 8) c
101) a 102) a 103) c 104) c|1) c 2) b 3) d 4) c
105) a 106) a 107) a 108) c|5) a 6) b 7) c 8) c
109) a 110) c 111) b 112) ¢ |9) a 10) ¢ 11) b 12) a
113) b 114) c 115) c 116) d|13) ¢ 14) ¢ 15) ¢ 16) ¢
117) a 118) b 119) c 120) d|17) a 18) a 19) a 20) a
121) c 122) c 123) a 124) c|21) a 22) a 23) b 24) a
125) b 126) a 127) c 128) d|1) 1 2) 3 3) 1 4) 6
129) a 130) d 131) c 132) b|5) 0 6) 2 7) 3 8) 5
133) d 134) c 135) d 136) c|9) 2 10) 2 11) 0
137) b 138) a 139) a 140) a
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1. ELECTRIC CHARGES AND FIELDS

: HINTS AND SOLUTIONS :

1 (g As charge is conserved
12345 q1+q2=(C§+ZC)V’=>V’=—(K3_SZ)C
+ -+ 3V
If 1 is positively charged, then 2 should be 8 (9 £+ 2
negativelycharged, then 4 should be positively B+3)x(1+1) 6 x 2
charged. Now, 1 and 4 cannot attract. It means eq = G+3)+(1+1) = (6 n 2) +1
ball 1 should be neutral (2 and 4 cannot be 5
neutral because they are showing repulsion with = E“F
3 and 5, respectively) 5

- Q =C><V=§><100=250uC

2 I(\Iae)wton’s third law Charge in 6uF branch=V(C = (2%2) 100 =

3 (o) 150 uC
At any point over the spherical Gaussian surface, In B
net electric field is the vector sum of electric fields 6uF J7#F
due to+q4, —qiandq,. Don’t confuse with the L I I T
electric flux which is zero (net) passing over the 1uE
Gaussian surface as the net charge enclosing the Ll
surface is zero. . 100V ¢

i () Vap = = = 25V and Vg¢ = 100 — Vg = 75V
Torque about Q of charge —q is zero, so angular |9  (3)
momentum charge —q is constant,but distance Total enclosed charge as already shown in
between charges is changing, so force is changing, 6C 8C
so speed and velocity are changing Qnet = > + e 7C

5 (9
The magnitude of electric field in the annular =-2C
region of a charged cylindrical capacitor is given

1 12 ) ) From Gauss-theorem, net flux,
by E = Py where A is the charge per unit length
and r is the distance from the axis of the cylinder. et = Inet _ __ZC
Thus E « % £o £o

6 (o) 10 (b)

E = 2000k, 4 = 10 x 20 x 10~*k E =8i+4j + 3k A =100k
¢=E-A=40Vm 1 (d)

7  (a) Frequency or time period of SHM depends on
q, =2CV,q, = CV variable forces. It does not depend on constant
Now condenser of capacity C is filled with external force. Constant external force can only
dielectric K, change the mean position. For example, in the
therefore C, = KC given question mean position is at natural length
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12

13

14

15

of spring in the absence of electric field. Whereas

in the presence of electric field mean position will
be obtained after a compression ofx,. Where x,is

given by

kxo = QE

_9E

X0 k

()

To keep the system in equilibrium, net force
experienced by charges at ‘A’, ‘B’ and ‘C’ should be
zero. For this, another charge of oppositesign
should be placed at the centroidof the triangle. Let
this charge be ‘—Q’

A
o -
Foo C Ff‘g
B D -
N
W3 2 1
AD =1cos30°=—,A40 ==-AD = —
2 3 V3
2= |ﬁCA|cos 30° = |ﬁco|
1 2 3 1
PRVEVL. LV N L BAPRR. §
dmey 127 2 4me, (l\/§)2 V3
(d)

Electric field at any point near the surface of an

arbitrary conductor is E = /¢y, where g is the
surface change density at that point
E 19

(a)
Work done is zero, because force applied by g,on
q,is always perpendicular to the velocity of g,

(d)
Charges on capacitors are Q; = 30 X 2 = 60pC
and Q, =20 X 3 =60pCor Q; = Q, = Q (say)

16

17

18

21

¢

L)

4
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The situation is similar as the two capacitors in
series are first charged with a battery of emf 50 V
and then disconnected

Q Q
l [ I |
11 11 Q=60pC Q=60pC
F apF 1T
= 11 11
Vi=30V  V,=20V
|
=
50 v
~ when S5 is closed V; = 30V and V, = 20V
(c)
= 1 - -
AsE = L(r—ro)

4'77.'80 |'F—7—Z0 |3

B, . 0
E=9x%x10 Xw(6l—8])
= (2.71 — 3.6 KNC"?

(d)

We can compare this situation with that of a mass
moving as a projectile

(d)

Dielectric constantof a material is K = 1

(a)

Due to induced negative charge, there will be
attraction

Induced positive
charge will flow
into earth

()
There will be gravitational attraction between the
neutrons

()

Time constant =7 = RC
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ae, (32

:C1+C2_ Aﬂ+_KA£0

d—x X
c KAg, d Ve
[ —_—
x+Kd—-x) "3
RKAs,
‘[:
5—Vt+K(d—5+Vt)
3 3
1K eore 3 X 2Reg,
TR T At T T3Vt 6d— 2d + 6Vt
_ 6R¢g
" 5d + 3Vt
(d)
AC =21 = BD
BO !
= =—
2
q q
D C
0
[0)
Fpo B_Fpy
Aq 7 >
Fgc¥  Fpp

Fgo = Fgp + (Fgy + Fpc) cos 45°
Solving, we get
Q= % (1 + 2v2), @should be negative of g

mg = qE

X
1.67x 10727 X 10 = 1.6 X 10719 x ——
0.01

1.67
X=—x10"VY 2X=1%x10"°V

1.6

(a)

¢ =E =NC™'m?
(b)

When spheres are touched and separated, charge

1S
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From Coulomb’s law

1 (4q9)(—2q)

- 4me, r - @
When made to touch
, 1 q2 .
= 4n€07 .. (1)

From Egs. (i) and (ii ), we get

, F
=3
(d)
By symmetry of problem the components of force
on Q due to charges at A and B along y-axis will
cancel each other while along x-axis will add up
and will be along CO. Under the action of this
force charge Q will move towards O. If at any time
charge Q is at a distance x from O. Net force on
charge Q

A

A \I)\\ -9

a

2
Foet = 2F cos 6
1 — x
_5 Q
4mey (a? + x2) "~ (a? + x2)1/2
1 2qQx
4Ame, (a2 + x2)3/2

As the restoring force F,,,; is not linear, motion
will be oscillatory (with amplitude 2a) but not
simple harmonic

i.e. y Fnet =

(b)
F  MLT™?

E=—= = MLA™'T3
q AT

(<)

Charge will move along the circular line of force
because x? + y? = 1 is the equation of circle in
xy-plane

(d)

Inside a hollow conductor, electric field is zero. At
surface, it is maximum and then decreases
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30

31

32

33

34

35

(b)
As electric field is a conservative field
1%
(a,b,0) 9 E
a ol o[,
_ S \)Hb 5\ Q X
K 3

R

Hence the work done does not depend on path

- Wpors = Wpos = Wpo + Wos
= Fbcos90° + Facos 180° = 0 + gEa(—1)
= —qEa
(b)
Fpet = 2|F31| cosa
5 1 2x4x10712 4 0.46 N

=2x X x==0.

41e, (0.5)2 5

g)ql =20 HC

03qm| *3m

(b)
Inside the cavity, field at any point is uniform and
non-zero.

(<)
Total charge = (2C)(2V) + (C)(=V) = 3CV

. 3cv
~ Common potential = 2 %

« Energy = 2(3C) (V)% = 2CV?

(b)

Due to induction net charges on outer surfaces of

spheres are as shown

Q0 Q1 +Qy Q1 +Q2+03

" 4mR?2 T 4mw(2R)?2 4m(3R)?
Q1+ 0 Q1 +0Q:+0Q3

Sh=Ty = 9

= Q2 = 3Q; and Q3 = 50,

% 0Q1:0Q2:Q3 =1:3:5

(d)

g

36

37

38

39

40

@
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The equilibrium can be stable only if on displacing
the small charge slightly in any direction, the
forces act on it in such a way so as to bring back
the charge to its equilibrium position

(a)

Half disk (charge 3C), and fourth part of rod
(charge 2C) and charge of —7C are inside the
cubical surface, so net charge inside the surface=
3+2-7=-2C

» Flux through the surface ¢ = i(Q) = _S—ZOC

(<)
Force on Q, is zero (q should be — ve)
R

R-x b )
e |
0, q 0,

kQ1Q, kqQ, x q
= = = — = A

RZ x2 R Ql
. . kQi1q _ kqQ;

Force on q is Zero: R? — 2

R_x_\/Ql
= ="
x Vg,

LR VO %o (3R
e, W

019,
(V01 ++/22)
(a)

As charge on both particles is same, so electric
force acting on them will be same. Since the
particles are allowed to move for the same time,
their final momentum will be same. Because
Change in momentum=impulse=force X time

2
So, from KE= P—,we have KE « 1
2m m

KE m
—1=-"2=-21
KE, my
(b)
For electron s = <= X t2, For proton s = <= x t2
Me my
t; m, t m, (mp)1/2
S = — = _ = —
t2 m, me \m,
(c)

The dielectric gets polarized as shown. Induced
charges will also contribute in electric field
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42

43

44

45

o

So, intensity at points A and C will increases and
at B intensity will decreases
(d)

1

— CZN—l -2
47 X 9 x 10° m

+2V -X X
——2uF —— 8uF
-X

= E (Z)V Veommon

U —1(2+8)(V)2
F =2 5

U, —U
L T %100
i
VZ

V2

5 %100

V2

4

()

E = —(1)

As 1y > 1, so from Egs (i) and (ii), we get E >
F/qo

(d)

q  01x107¢ 1883
6g, 6x885x10712

()

Electric field at any point on Gaussian surface is
due to all charges present inside or outside the
surface

‘ 11
‘\0

4
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46 (c)
BEnr6
3 3
q3=3+2x80=§x80
=48 uC
47 ()
Net forceongz:F; +F, =0
91 92 q3
——e—o—>»—» [,
X X F,
k k
(5;3223 ‘izth 0=q, =—4q
48 (d)
1x2 2x4 2 8
o =RC<1+2>X<2+4) 3% 8/9ks
T, =RC=(14+2)(2+4)=3x6=18us
1% 2
T3 = (1+2>(2+4) ——><6 4 us
49 (a)
Inside a conductor, electric field is zero. Because
applied field is cancelled by field produced due to
induced charges
50 (d)
12uF and 6uFare in series and again are in
parallel with 4uF.
Therefore, resultant of these three will be
12x6
=12+6+4=4+4=8yF
This equivalent system is in series with 1 uF
Its equivalent capacitance = 2:1 = g ufF  .L(0)
Equivalent of 8uF, 2uF and 2uF
=22 =2=CuF (i)
(i) and (ii) are in parallel and are in series with C
32
st+s=Zand G =1= 92+ > C=2uF
51 (b)
All the three plates will produce electric field at P
along negative z-axis. Hence,
[280 260 250] ( k)
20 .
Y
52 (@)
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54

55

56

57

At any point on the curved surface, E and area
vector are perpendicular to each other

(d)

If there had been a sixth charge +q at the
remaining vertex of hexagon, force due to all the
six charges on - gat Owill be zero

Now if fis the force due to the sixth charge and
Fdue to the remaining five charges, then

-

F+f=0ieF=—f

S > 1 gXxgq 1 ,q\?
[Fl=1r] = e, L? - 4T (Z)
(a)

Net force F,or = qE,
A Aq
F=q =

4mtey  4megr

(d)

Each charge will produce the same magnitude of
intensity, say E, at the centroid. These are
directed at angles of 120°with each other. So,
their vector sum will be zero

q
q q
(b)
qin qin
€ € qin
(b)

Initial tension: T; = mg
Final tension: T, cos 8 = mg

m
:>T2= &

cos @

58

59

60

61

62

@

L)
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Obviously, T, > mg

Here we have assumed 6to be small so that Fis
almost horizontal

(a)

f_ooo —E.dl = potential at centre of non-

conducting ring

1 g 9x10°x1.11x10710
X—= 05 = 2 volt

C4mey 1
(a)
To find the charge enclosed, we need the flux
through the parallelepiped:
&, = AE; cos 60°
= (0.0500 m)(0.0600 m)(2.50

x 10*NC™1) cos 60°
= 37.5 Nm?C™!
&, = AE, cos 120°
= (0.0500 m)(0.0600 m)(7.00

x 10*NC™1) cos 120°
= —105 Nm?C™1
So, the total flux is
® =P, + P, =(37.5—105)Nm?C?

= —67.5Nm?C™!
q = ®gy = (—67.5Nm?/C)gy = —5.97 x 1071°C
There must be a net charge (negative) in the
parallelepiped since there is a net flux flowing
into the surface. Also, there must be an external
field, otherwise all lines would point towards the
slab
(©
1-7-44+104+2-5-3+6=0
Sum of all the charges is zero, so net flux is zero
(d)
The electric field is always perpendicular to the
surface of a conductor and field lines never cross
the conducting surface
(b)
Dielectric strength means the maximum electric
field which a medium cam bears. Here, if field
becomes more than this, then the charge will start
leaking from the metal ball.so,
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63

64

65

67

ER? 3 x10°x (0.001)2

E=—=0= =
R? k 9 x 10°

=1/3nC
(b)
We should know the total charge inside. There is a
no contribution in the flux due to outside charges
Also, we should know both magnitude and
direction of electric field at any point on the
surface
(b)

Charge on the element opposite to the gap is
9
dg = —(0.002
q=5_( )
1 2
= X
2m(0.5) 1000
_9x10°x2x1073
h (0.5)2

=2x%x1073C

=7.2x10’NCc™?

(9
The given circuit can be redrawn as follows. All

capacitors are identical and each having

. EoA
capacitance C = %

X
1T

14
|Charge on each capacitor| = |Charge on each
plate|
o4
T d

Plate 1 is connected with positive terminal of
battery so charge on plate 4 will be + % V

Plate 4 comes twice and it is connected with

negative terminal of battery, so charge on plate 4
will be — 222y

()

Outgoing flux is taken as +ve

69

70

@

L)

4
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Positive flux

68 (b)

Suppose in the following figure, equilibrium of
charge B is considered. Hence for it’s equilibrium

|Fal = |Fel

1 e 1 qQ —Q
= —_— = —=>q=—

4dmey 4x?  4Amey x? 4

x=Q Ee q e @=Q

Fpe— L 4 O—Fa
A C B
X1 X2

Short trick : For such type of problem the
magnitude of middle charge can be determined if
either of the extreme charge is in equilibrium by
using the following formula

2
If charge A is in equilibrium then g = —Qp (%)

2
If charge B is in equilibrium then g = —Q,4 (%)

If the whole system is in equilibrium then use
either of the above formula

(b)

a = distance between centre of both spheres

By principle of superposition the net electric field
at point P

B pt  pt"”
360 36
F—7"=d
~ E =22 = yniform
36,
(a)

From Gauss’ theorem,

E « j—z (q = charge enclosed)
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X
f()}?/z(llnrz)kradr (R)?

B fOR(47Tr2)kradr (5)2

Solving this equation we get, a = 2

(b)

GivenQ; + 9, = 10

And “22 = 0,075
9x10%0;Q,x10712

(3)2

(Here, we have multiplied by 10~ ?because we

have consideredQ; and@,to be in pC)

= 0,0, = —75(ii)

Solving Egs. (i) and (ii), we get @; = 15 uC,Q, =

—5uC

(b)

From the figure, it is clear that the plate is placed

in an external electric field. Let the electric field

due to plate be E, and E|, is the external electric

field

~Ey+E=12VM™!

Ey—E—-8Vm™1

= —0.075 (i)

—>E)
+

E + E
+
+

Solving equations, E = 2 Vm ™ !and E, = 10 Vm™?!

Now, electric field due to plate = % =2
0

S0 = 480

(a)

Because net charge enclosed by the surface is zero

(b)

DQ QC
a
0 a
0
a5 5 10 0B
91 Q

Epet = 4E cosO =

(b)
Force on the block:F = qFE towards left
Let spring be compressed maximumbyx.Then

4mey a2 \2  \2meya?

SENJEE (Skylimit Education for NEET & JEE)
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c:

1, 1 2qE
Fx=§kx :»qu=Ekx :x=T
(d)
kQ, kQi
x?2 :(x+R)2:>x:E
0 )

R X d
(b)

Let us consider the electric field due to wire (3)
only

yl
i p TE;
 Zii 21N
i U
O . !
________ S
©)
E?) = Eﬁ.
A * o ° o
= Pmea(a? + a1 (i cos45° + jcos45°)
A 1 )
=——(
2V2mega2 g
A
 4neya @+
Similarly, electric field due to wires (1) and (2)
Ey=— (j+R)andB, = —— (1 + &)
1 4mtega 4 and &z = 4mtega '
Enet = E')l +E')2 +E')3 = 2n€0a(i+j+k)
(b)
- kQR 1 (4/3)nR%pr  pr
~ R3  4me, R3 3¢,
(9

Electric flux, = E.S
Or & =EScosH

Here, 6 is the angle between E and S. In this
question® = 45°, because S is perpendicular to
surface.

E=E,
S = (\/Z_a)(a) = +/2a?
~ b = (Ey) (\/Zaz) cos 45° = Eya?

. Correct option is (C).
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83

84

85

86

87

88

89

90

(d)

At any point inside the conductor, net electric
field is zero

(0

For the first case: F = mg

For the second case: F + mg = 6eE = 2mg = 6¢eE

TF=6?Enrv T6€E

-6e El Q
F
mg  1.6x107"°x 10

=2 " Ixiex1o-m - 33X 10*NC™?

=

(b)

AandBhave like charges, and B and C have like
charges. So, Aand Calso have like charges. Hence,
they also repel each other

(9]

The following two arguments shall lead us to the
right choice

i. Electric field at the centre of the ring is zero
ii.Electric field is directed away from the ring
(a)

Inside a uniformly charged solid sphere: E « r
(a)

The electric potential V (x,y, z) = 4x2?volt

2 ~OV OV ~ vV
Now E = _(lE-HE-H(a_z)

514
Now — =
ax

8x,Z—Z = Oandg—z =0

Hence E = —8xf, so at point (1m, 0,2m)

E = —8ivolt/metre or 8 along negative X-axis
(0

Electric field is zero everywhere inside a metal
(conductor) i.e., field lines do not enter a 3 metal
plus these are perpendicular to a metal surface

(equipotential surface).

(a)

Charge inside S; = q; + q, =3 X 107°C

Charge inside S, = g, + g3 = —1 X 107°C
Charge inside S3 = 0

Charge inside S is greatest. So, flux through S; is
maximum

()

91

92

94

95

96

97

‘ 11
‘\0
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Plane conducting surfaces facing each other must
have equal and opposite charge densities. Here as
the plate areas are equal, Q, = —Q5.
The charge on a capacitor means the charge on
the inner surface of the positive plate [Here it is
Q2]
Potential difference between the plates

charge Q, 20,
B capacitance T
Q= (=0Q2) Q2—-0s
-2 2
(d)
¢ = EAcos® = Emh? cos 180°

= )

(<)

Electric field is zero inside the shell due to the
outside changes

(a)

There will be an electric field between two
cylinders (using Gauss theorem). This electric
field will produce a potential difference.

(d)
Charge will be induced in the conducting sphere,
but net charge on it will be zero

—200mh?

(a)
1 q@-9q)
" 4me, 12
For the force to be maximum:
ar 1 d 21 B
d—q——4n£0r2d—q[Qq—q 1=0=q=7

d’F, . _9
And s negative atq = -
Hence, force will be maximum if g = Q/2
(9
A= (—a00)B=(0,a0)

Point charge is moved from AtoB
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99

100

101

(d)

Electric lines of force is an imaginary concept,

They do not exist in reality

(a)

E=E=&= 1500 NC™?
q 15x1074

(9]

Net electric field due to both charges q/3, will get

cancelled. Electric field due to (_Tzq) will be

directed in —ve axis

102

103
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Here electric potential at origin is zero so no work
is done in bringing a test charge from infinity to
origin.

Here dipole moment is in —x direction (—qto + q)
Hence only option (a) is correct

(a)

Net charge of universe is constant. Positive and
negative charges may separately be created or
destroyed. But net sum of charge remains
constant

(c)

Initially potential difference across both the
capacitor is same hence energy of the system is

Uy =5CVE42CV2=CV2 ()

In the second case when key K is opened and
dielectric medium is filled between the plates,
capacitance of both the capacitors becomes 3C,
while potential difference across A is V and

- .V
potential difference across B is 3 hence energy of

the system now is

1 1 2 10 ..
U, = 2(3C)V? +(30) (g) =2cv? (i)

2 U _3
k(4 KI(-2 Ki(-24 So,+ =2
P.E. of system = ) + 3(_ +) + L) U, 5
2R 2R sin 60° 2R cos 60° 104 (C)
P.E. of syst-TiGgll When the switch is open, 3uF and 6puF capacitors
Foree bet\z/\c/leer;B ande are in series. Hence charge on each capacitor
_KEF)E) | axexy P L
- i 2 2 q eq nu
(2Rsin60°)?2 9 x4 x 3R 3+6

__
"~ 9 X 3 X 4meyR?
q?
ttracti =—
(attractive) TETN L
K(149_24
Potential at O,V = % =0

(@)
From figure, it is clear that E atall points on the y-

R
axis is along I. Here E of all points on x-axis
cannot have the same direction

L)

@

4

When the switch is closed, in the steady state no
current will flow through the capacitor. Therefore
the two resistors 3Q and 6£) will be in series.
Current in each resistor will be

9

" 3+6
Now the 3uF capacitor and 6uF capacitor will be
in parallel with 302 and6Q} resistor respectively
Charge on 3uF capacitorq; = CV =3 X 3 =9uC
Charge on 6pFg, = CV =6 X 6 = 36uC

I =14
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106

Charge flowing through the switch = increase in
charge on the system consisting of right plate of
3uF and left plate of 6uF = (=9 + 36) = 27uC
(a)

Take POas thex-axis and PAas the y-axis.
Consider two elements EFand E'F'of widh d6 at
angular distance 8above and below

PO,respectively

Y

The magnitude of the field at Pdue to either
element is

JE = 1 rdd xQ/(nr/2) _ Q 10

4T 2 2m2eyr?
Resolving the fields, find that the components
along PO sum up to zero and hence, the resultant
field is along PB
Therefore, field at Pdue to pair of elements=2dE

sin @

/2
E =J 2dE sin 0
0

/2
f
0

()

Electrical force per unit area

Q

m2gyr?

T sinfd@ =
0

1
= —g E?
250

1 o\? o¢?
(@) =2
2 o 2¢

Projected area =mR?

-~ Net electrical force

(o2 2

_(250) (mR*)

In equilibrium, this force should be equal to the
applied force.

no’R?

2¢&

‘ 11
d"
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2p2
0“R
Or F <

€o

107 (a)
The position of the balls in the satellite will
become as shown below because it is gravitation
free space

180°

6 = 180°
Q@ Lo Qia, g

amey " (2L)2

Thus angle

and force =
108 (c)

kQrq

= —ma
( Qq

a=—|——mrm

4meymR3

Qq

4meymR3

>r=>a=—w2r

109 (a)

Electrostatic repulsive force;

—><|><_
o°mR?

Fere = <2€0>7TR  F = Fele _2—80
(9
For external points, a charged sphere behaves as
if the whole of its charge is concentrated

110

at its centre

Fyp

Fyc

Force onA due to B,
1 q?

Fap = 4meq (2R)2  4me, 4R2a10ng BA
And force on A due to C,

_ 1 & _
Fac = amey (2R)2  4me, 4R2a10ng A
Now as angle between BA and CA is 60° and
|Fapl = |Facl = F
. Fy=+/F2+F2 4+ 2F.F.cos60 =+3F

1 \/—( )
47‘[80 4 \R
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111 (b)
Q, = 0(4mR?) = 4noR?

Q, = 16moR? — Q; = 12noR?
Qs = 36moR? = 16moR? = 20moR?

01:9,:95;=1:3:5

(16 ® R?)
-Q

112 (c)
—K“E( —R)—lE =R
p=KrtE(r=3 =3 (r=R)

Genclosed :1 Q
4mey(R/2)?  84meyR?

32 qenc. = Q
Rz a+3
Genc. = f Kr® 4nr?dr = (4nK) (5)
enc. a+3\2
0
Q — AnK a+3 Q = 2a+3 o ga+3 32
(a + 3) quLC.
>a=2
113 (b)
F=Eq=15%x10*x2x1.6x 10719
=48x10"*N
114 (c)
K
¢=fEds=—g4nr2 =
T &o
T

Wexe = q(Vp — V)
Comment : (d) is not correct answer because it is
not given that charge is moving slowly
115 (c)
Fhet = 2F cos 30°
_ 2kq*V3  \3Bkq?
T a2 2 @

‘ 11
‘\0
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116 (d)
¢ =E - A = 300 units
E
dr
_a
4 250
odAoc
F =Edr =
280
» F a?
T dA 2
7
Force = PnrR? = —nR?
2¢&q
QZ TL'RZ QZ

~ 16m2R* 2,  32¢oR?
~ (20 x107%)% x 9 x 10°

8(15x 1022 200N
117 (a)
Mean position :x =1
F = —k(x — ) @>where k = mw?

Orqk = —mw?(x—#) >Atx =£,E=0
To the right of x = ¥, Eis —ve,so towards left and
to the left ofx = ¢, E is +ve

118 (b)
There is no electric field inside a conductor, and at
surface line of forces are perpendicular to the
conductor at any point

119 (c)
Distance

V3
BC = ABsin60° = (2R)—- = V3R

(%) (z?q) q

4, (\/§R)2 - 54meyR?

~ |Fgel =

120 (d)

Page |1/57

4



Net charge on a current carrying wire will be zero
at any time. Because when current flows through
a wire, the amount of charge entering from one
end is equal to the amount of charge leaving the

other end
121 (c)
Ar Y
> X
Imagine a charge q at the centre of a cube of edge
length 2L. Then
q
e
Here, the square is one 24t of the surface area of
the imaginary cube, so it intercepts 1/24 of the
flux. That is,
_q
" 24¢,
122 (c)
True for induced electric field and magnetic field
123 (@)
Q 0.5
Ke. ~ Tox 885 x 102~ >05 X107
124 (c)
The body may slightly get charged either
negatively or positively
125 (b)
Net flux is due to charges inside S only
126 (a)
Glass plate will act like a dielectric
127 ()
100 = kq,q,/r*andF = k(1.1q,)(0.9q,)/r?
F
= m—0.99:>F—99N
129 (a)
Strength of electric intensity is more if field lines
are closer
130 (d)
g1+ q2; = Q and % = % [Given]
2 2
a1 = Rg:rz and q; = R(z)%

Potential at common centre

@

W )
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1 Qr?
4mtey \(R? + r2)r

QR?
_l_
(R% + rZ)R>
QR +1)
" 4mey(R% +12)
131 (c)
1 ¢
B 4n50r_2
7 (1.2-0)i+ (—1.6 — 0)]

JA2)Z+ (1.6)2
= %(1.22 — 1.6§)

(—8x107%)
22

Ty

7

>
S

E=9x10°x
= —10.8{ + 14.4j

(b)

Net charge on the conductor will be zero. So, net
charge inside S; will be the charge on the rod.
Hence, flux through S; is q/¢,

(d)

According to option (d) the electric field due to P
and Sand due to Q@ and T add to zero. While due to
U and R will be added up. Hence the correct
option is (d).

1
x [5(1.22 —1.6))

132

133

134 (c)
b= :_0 — Independent of dimensions
135 (d)
20cm  p X
A . *0
8 x10°C  -2x10%C
Let the third charge Q be placed at a distancexto
the right of B.Then
kQx8x10"°% k(2x1079
(20 + x)2 x?
= x =20cm
136 (c)

Flux through both will be the same as net charge
enclosed by both is same

(b)

7=(9-3)+(12—-4)j = 6i+8j

= r=+62+8%2=10m

9 x 10° x 100 x 107°
E= =9000Vm™!

102
138 (a)

137

_1a
" Ameyr?
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[q?] _ (current x time)?

[e0] = =

[Fr2] MLT2L2
A%T?
— — —17-374 42
_—MLT‘ZLZ_M L3T*A

139 (a)

When a charge density is given to inner cylinder
an electric field will be produced between the
inner and outer cylinder. Hence a potential

difference will appear between the two cylinders

140 (a)

When we charge a soap bubble, there will be
either net positive or net negative charge on the
bubble. Due to the repulsion between like
charges, size of the bubble will tend to increase
(a)
1 ¢
" 4meya?

Suppose the charge is present at the sixth vertex
also, then electric field at centre would be zero.
Now, if charge is not present at this vertex, the
electric field at centre would be because of other
five charges, which would be equal and opposite
to the field produced due to single charge at the
sixth vertex

(0
(a, 0, a) (a. a, a)
(0.0.0) (0, a,0)
Flux = [E, cos 45°] X area
Eo
= — X a x2a=Eya?
NG} 0

143 (d)

c:

SENJEE (Skylimit Education for NEET & JEE)
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After inserting the dielectric slab

, KegA
New capacitance €' = K.C = —2=

U

New potential difference V' = %

New charge Q' = C'V' = %
New electric field £’ = = = —
d ~ Kd
Work done (W) = Final energy - Initial energy

CVz—l(KC)(> 1CV2
2 2 K 2

1 1 1 1
=—-CV? (—— 1) =—=CV? (1——)

1 1 V\2
w =EC’V’2 -

2 2K 2 . K
S Dol =S (1-)
(a,c,d)

Position of all the charges are symmetric about
the planes x = % and x = _Ta So net electric flux
through them will be same

Similarly flux through y = % is equal to flux

through

_—a

y=7
¢=qﬂ_—3q_q_q_i
& & &

By symmetry flux through z = % is equal to flux

through x = %

(a,)

1
Here, E = 9z

amey” (R2+x§)3/2
Where Q is the charge on ring and z, is the
distance of the point from origin

—Qaz
ThenF = qf = ———————5
1 41'[50(R2+z§)3/2

When charge —q crosses origin, force is again
towards centre i. e., motion is periodic
Now ifzy K R

1 Qqz
W F = — i 30
4meg R

= F « —z,i.e., motion is S.H.M

(cd)

Under electrostatic condition, all points lying on
the conductor are in same potential. Therefore,
potential at A = potential at B

From gauss’s theorem, total flux through the
surface of the cavity will be q/¢,

Note : Instead of an elliptical cavity, if it would
had been a spherical cavity then options (a) and
(b) were also correct
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148

149

150

151

(a,b)
By using
V=g =40 = 50e V6 = ¢ 1R = 45

Potential difference after 2 sec
2

4

V' = Voe 2/R = 50(e~1/R)* = 50 (g) =32V
Fraction of energy after 1 sec

1 2
_5C(%) <40)2 16
= 1— = —_— [ —

E C(Vi)z 50 25
(b,d)
In L.H.S. of Gauss’s law, E is due to all point
charges present in space and ¢ depends only on
the enclosed charges
(ad)
From the behaviour of electric lines, we can say

that 9, is positive andQ, is negative. Further,

1911 > 1Q].

At some finite distance to the right of @, electric
field will be zero. Because electric field due to Q4 is
towards right (away from@;) and due to Q,is
towards left (towardsQ,). But since magnitude of
Q,is more, the two fields may cancel each other
because distance of that point from @, will also be
more.

~ The correct options are (a) and (d).

(a,d)

Capacitance will be increased when a dielectric is
introduced in the capacitor but potential
difference will remain the same because battery is
still connected. So according to g = CV, charge

will increasei.e.,Q > Qpand U = %QVO, Uy =
~QoVo = Q > QosoU > U

(a,d)

Due to induction, charges on various faces are as

shown in fig
10C-3C

Charge on the inner surface of the shell =+3C
Net charge on the outer surface of the shell =
—-3C+10C=+7C

@

L)

152

153

155

4
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Distribution of charge on the inner surface would
be uniform if charge is placed at the centre,
otherwise non-uniform. On outer surface, charge
would be always uniformly distributed as the
displacement of inside charges does not affect the
distribution of the outer charge

(a,b,c,d)
+0 +Q
Qu+0Qp=20Q ..(1)
Koa B9 (i)
Ry Rp

(i) and (i) = Q4 = Qp (2_:)

Ry 20 2QRp

&0 (1+71) =202 05 = -

QB RB Q QB (1 4 R_A) RA + RB

Rp
20R,

&Qpu=—"">"2>0Q, >

=% = %>
o4 _ Qa/AmR; _ Rp . s
OB - QB/4‘7TR12? - RA [USIHg (11)]

Oy Op

Eq = E_O&EB & o [ 04 < 03]
= E, < Eg (atsurface)
(cd)

The particle will oscillate or perform SHM if
equilibrium is a stable one. For negative charge,
equilibrium is stable if the particles are displaced
along CDand unstable for displacement alongAB

For y « a,in displaced position, net resultant
force towards equilibrium position is

Fros = 2F sin@ 2x 9 4
= = X
res Y T dne (@ +y) T (@ + )2
20y
= >
dmey ad > y]

Fres X y,50 SHM fory < a

For y = a,there would be restoring force,but F is
not proportionalto y

So, there is oscillatory motion but not SHM

(b,d)

Battery is disconnected, hence charge remains
conserved. The plates are pulled apart, so capacity
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157

158

will decrease on account of increase of voltage.
Now capacity decreases, hence energy will
increase as charge is constant

Thus, (b) and (d) are correct

(a,b,c)

*q -q
V
+2¢q 0 -2q
AN .g 4k /D
b

160

g -q
Ey, = 6K (along OD)
Vo=0 161
Potential on line PR is zero

(c.d)

If charges are of opposite signs then the two fields
are along the same direction. So, they cannot be
zero. Hence, the charges should be of same sign.

Therefore, option (c) is correct.

Further, work done by external force=change in
potential energy.

~ Wy == qAV) = (+1)(Vz — V,)
orW, »g=V5 =V,

Therefore, option (d) is also correct.
~ Correct options are (c) and (d).

(b,d)

Options (b) and (d) are correct
The time constants are

71 =R.C; = 1/.lf

T, = R.C,| C, = 2uf

Hence, 1; < 15
—t/RC

Thus, as per the discharging eqn. g = q§
~ Cy will loose charge earlier

7, 1
Hence, =+ = -
7, 2

Hence, C; lose 50% of charge initially present
earlier than C,

Hence, (d) is correct

Now initially, the current depend on VV and R, i. e.,

I=Ioe‘t/RCandatt=OI=IO=£

@

L)

162

163

4
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Hence, for both the capacitor the initial current
will be same. Hence (b) is correct

159 (b,c)

Just draw the FBD of both charge particles and see
whether force can be zero or not on the particle.
At least, one force should be opposite to others
(b,c)

¢ crossing through Gaussian surface does not
depend on the location of charge, while E depends
on it

If g crosses the boundary, then qepcioseq changes
and hence the flux and E also change

(a,d)

0y
0>

From the figure, it can be observed that Q; is
positive, Q, is negative

Number of lines on Q; is greater and number of
lines is directly proportional to magnitude of
charge

So, |Q1] > [Q2]

Electric field will be zero to the right of @, as it
has small magnitude and opposite sign to that of
Q1

(a,b,c,d)

The potential shown is for charged spherical
conductor

(a)

For non-conducting solid sphere E;;,, o r and
1. . .
Epur < —le for r < R; E increases as r increases

and for R < r < oo; E decreases as r increases

165 (a,b,c)

. E
Along X-axis, u, = ucosf = a, = —%
Along Y-axis, u, = usinf = a, = —g

Equation of motion along X- and Y-axes would be
as follows: a is resultant aceleration. If a is
opposite to u, i.e., « = 6,then the path will be a
straight line. For @ # 6,the path will be parabolic

u
qE/ m 3
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167

168

Time of flight remains unchanged as vertical

motion is not affected by E. Range of particle in
the present case is always less than =

g
U7sin 26, hatever may be the value of E
2using 1
R:xt=T=uC059x )
g 2
gE [2usinf1®  u?sin26
x—[ ] <
m g 8

(b,c)

Even after introduction of dielectric slab,
direction of electric field will be perpendicular to
the plates and directed from positive plate to
negative plate

©) )

x=0 x=d x=2d x=3d

Further, magnitude of electric field in air = si
0

Magnitude of electric field in dielectric = é
0

Similarly electric lines always flows from higher
to lower potential, therefore, electric potential
increases continuously as we move from x = 0 to
x =3d

(a)

A polar molecular has intrinsic dipole moment or
permanent dipole moment, so it is called an
electric dipole. In a polar molecule, the centers of
positive and negative charges do not coincide
with each other because of asymmetric shape of
molecule.

()

In series combination

In parallel combination
Cp = Cl + CZ + C3
Thus, it is obvious that

Cp > Cs

‘ 11
‘\0
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169 (c)
Equivalent capacitance of parallel combination is
Cp,=C1+C+ G5

170 (c)
If the field lines are curved, then the charge
particle does not exactly follow the curved path

171 (e)
Battery is disconnected from the capacitor
So Q = constant. Energy = < = 2
0 Q = constant. Energy = 2~ 2602
= Energy « d
172 (d)

Figure shows the forces on the metal ball, when
the upper plate of the capacitor is positively
charged.

If E is strength of the electric field between the
plates, then apparent weight of the ball

Diagram
mg' =mg+qE

;o +qE
OTg —g m

The period of oscillation of the ball is given by

T =21 1_ 2T !
g g+qE/m

Since, g + qE /m>g, the time period of the ball
will decrease.

173 (c)
We know that for an electric dipole,
1 /2p ]
Eoxial = FEO (T3) ...... )
1 s
And Eequatorial = ame, (fg) ------ (ii)

Hence, from Egs. (i) and (ii)

Eqxial _

2 Eequatorial
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E
Hence. Eequatoriar =7

Reason is false as electric field due to dipole

varies inversely as cube of distance i.e., E « -

174 (b)
Statement 1 is true by information

Statement 2 is true by formula. But statement 2 is
not the explanation of statement 1

(b)

Charge is always conserved but energy is lost in

175

the term of heat

176 (a)

Force by electric field will be perpendicular to the
displacements

()

In the given case V = V; [constant]

178

Energy stored in the capacitor = % cv?

C - KC, so energy stored will become A times

Q = CV, so Q will become K times
= Surface charge density o’ = % = Ko,

179 (a)
Statement Il is true and according to that
distribution of charge on the outer surface is not

affected by the inside location of the charges

180 (a)
A body can be charged by the transfer of electrons
only

(e)

If electric lines of forces cross each other, then the
electric field at the point of intersection will have
two direction simultaneously which is not
possible physically

(d)

Electric potential of a charged conductor depends
not only on the amount of charge and volume but
also on the shape of the conductor. Hence if their

181

182

‘ 11
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shapes are different, they may have different
electric potential

183 (d)
The rate of decrease of electric field is different in
the two cases. In case of a point charge, it
decreases as 1/r2 but in the case of electric dipole
it decreases more rapidly, as E o 1/73

184 (d)
Gravitational force is the dominating force in
nature not coulomb’s force. Gravitational force is
the weakest force.

(@

From o o« 1/R and electric field at the conductor’s

185

surface,E = g/gy. We can say that Statement [ is
correct and Statement Il is correct explanation for
it

186 (a)

Reason truly explains the assertion. However, if
charges are point, no induction will take place and
they will never attract

(e)

It is an example of conversation of charges

(d)

Displacement current is not the current produced
due to charge carries but it is due to varying
electric flux with time. It is the current in the
sense that it produces a magnetic field. The
displacement current is given by

_do,
Id = SOT

187

188

It will happen when charge on capacitor does not
remain constant but changes with time

189 (d)
The electric field due to one charged plate at the
location of the other is E = a/2¢; and the force
per unitareais F = oE = 02/2¢,

191 (d)
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192

193

194

195

196

Due to displacement of charges within closed

surface, E at any point may change. But net flux
crossing the surface will not change

(a)

In a hollow spherical shield, the charge is present
only on its surface but charge is zero at every
point inside the hollow sphere. Hence, the
metallic shield in form of hollow shell may be
built to block an electric field

(d)
2
3KQ KQ
Ve R @B =R 1
KQ
S AU = —
2R 1
1 1 4nR®  pR%*q
“ame, 2RP T3 17 g,
(b)

During take off and landing, the friction between
tyres and the run way may cause electrification of
tyres. Due to conducting nature of tyre, the charge
so collected is conducted to a ground and
electrical sparking is avoided

(9

When the bird perches on a single high power
line, no current passes through its body because
its body is at equipotential surface i. e., there is no
potential difference. While when man touches the
same line, standing bare foot on ground the
electrical circuit is completed through the ground.
The hands of man are at high potential and his
feet’s are at low potential. Hence large amount of
current flows through the body of the man and
person therefore gets a fatal shock

(d)
E at any point on the Gaussian surface may be due
to outside charges also

@

L)

198

199

200

201

202

4
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197 (d)

E in outside vicinity of the conductor’s surface
depends on all the charges present in the space,

but expression E= o/g

(d)

Electric field at the nearby point will be resultant
of existing field and field due to the charge
brought. It may increase or decrease if the charge
is positive or negative depending on the position
of the point with respect to the charge brought

(b)

The total energy stored in series combination of
capacitors is the sum of energies stored in the
individual capacitorsi.e, U=U; + U, + Uz + ---is
also true that potential energy is the scalar
quantity.

(b)
By the formula capacitance of a capacitor
h K
=g X — X —
G_Kkyd _K,d2_1 —
Hence,cz—d1 Kz—dx 3K —601“62—661

Again for capacity of a capacitor C = %

Therefore, capacity of a capacitor does not
depend upon the nature of the material of the
capacitor

(a)

Both the assertion and the reason are true, and
the reason is the correct explanation of the
assertion

(b)

Electron and proton have same amount of charge
so they have same coulomb force. They have
different accelerations because they have

. F
different masses [a = ;]
Therefore, both assertion and reason are true and

reason is not the correct explanation of the
assertion
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204 (d)

205

206 (b)

207

208

209

Gravitational force is the dominating force in
nature and not coulomb’s force. Gravitational
force is the weakest force. Also, Coulomb’s force
>> gravitational force

(a)
Potential is constant on the surface of a sphere so
it behaves as an equipotential surface

As 0, = 0, [Given]

o B2 o T o —12 [Let r; and 7, be two
41rr1 4111‘2 q Ty
different radii]

Then the ratio of electric field intensities near the
surface of spherical conductor,

E Ame T2 ri

2D By tieE =E,
E, Ameyry q: q; 1

(@)

Electron has negative charge, in electric field
negative charge moves from lower potential to
higher potential

(a)

Let Q4 andQp be the charges on the solid and the
hollow conducting spheres respectively and R be
the radius of each sphere. When charge is given to
a solid conducting sphere, it appears on the outer
surface. For the calculation of electric field or
potential due to a sphere (Whether hollow or
solid) at a point on or outside the sphere, the
charge behaves as if it is concentrated at the
center of the sphere. If V,anddVy are potential of
two spheres, then

1 Qa4 1 s

4= 4me, R RUET 4me, R

Since, V4, =Vp
= Q4 =05
(a)

This is the concept of electric image

L)

@

210

4
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If we are asked to find the force between an
infinite earthed conductor and a point charge q
placed at perpendicular distance [ from the
earthed conductor (see figure), than we proceed
as follows

Firstly, the conductor being earthed implies V = 0

..............

Electrical
image of g

A

So, we redraw the situation in which we replace
the conductor and introduce an IMAGE charge —q
as shown

The force between the two charges (object charge
q and image charge —q) is the electrostatic force
between the infinite grounded conductor and g

So, F = C’2=>F—1q2 ttractive in
0 g 2D = imes a2 [attractive i
nature]

(b)

Distribution of charge on different surfaces of the
plates has been shown

Take a point P on the leftmost plate. The electric
field is

_ Q—q _ 4 q
24ey  24gy  24¢

_(g-29)
24g,

q q
- +
24gy  24Ag

e

(Inside a conductor, E = 0)

So,Q—q—q+29=0
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212

213

Or2q=3Q=>q=%

The charge appearing on the outer surface of the
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(d).Cases (ii) and (iii) are the cases of unstable
equilibrium. Hence, the answer are (a),(b) and (d)

rightmost plate is 214 (b) i
Eo X T2 = [g] = [M~1L73T*A?]
g-20=2_29--2 "
2 2

The charge on the outer surface of the leftmost
plate is

39 9

9-q=0-5=-3

Change appearing on the middle plate is - ¢ and
+q

. 30 30

ie — 7and+ >

Note: We see that charge appearing on each of the
outer surfaces is half of the total sum of charge on
all three plates

(d)

Electrostatic forces or the Coulombic force exists
between the charged bodies. Gravitational force
exists between all bodies. Strong force exists
between particles inside the nucleus

(a)
i. Infinite conducting plane sheet of charge is
o/2¢,

ii. Infinite conducting plane sheet of uniform
thickness is g /¢

iii. Non-conducting charged solid sphere at its
surface is Rp/3¢,

iv. Non-conducting charged solid sphere at its
centre is zero

(a)

In case of stable equilibrium, the potential energy
is minimum and in case of unstable equilibrium,
potential energy is maximum

Cases (i) and (ii) are the cases of stable
equilibrium, hence answer are (a),(c),and

@

L)

215

4

k =Dimensionless

E= g = [E] = [M*LAT—2Q71]

— [MlLlT—ZA—lT—l]

= [MLIT3A471]s

[F] = [M'L'T~?]

(@)
()

y Val
&
," + e

By symmetryanE =0,V =0,B=0
p = NIA but Iefrective = 0, So, 1 = 0
(@

E # 0,V = 0 Since Iffective = 0
=>B=0andu=0

E = 0 (By Symmetry)
V' # 0 (Since distances are different)
B # 0 (Since Radius is different)

u+0

(s)
- =+ -

P M——9
— :
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E = 0 (By Symmetry)
V # 0 (Since distances are different)

B+#0 221

u+0

®
f
LA
+U+|g-U-

E #0,V =0,u =0,B = 0and given each rotating
charge to be equivalent to a steady currentso B =
0 so (t — C) and it was not given that each
rotating charge to be equivalent to steady current
then B # 0

216 (a)
Charge always needs mass to reside. Mass may or
may not be charged. Charge is a conserved
quantity but mass is not

217 (c)

Electrostatic force and gravitational force are 222

conservative, action-reaction forces. Also,
electrostatic force depends upon the nature of the
medium between interacting objects. The
principle of superposition is applicable,
irrespective of the nature of force

219 (b)
Charge on each ball= 19%30 — 20 uC
o (20 x1076)?
220 (d)
© Fy 9 Fy @
A-5O—<«<—0—>»—C)B
q ©F 4q

For system to be in equilibrium net force on each
charge should be zero, hence the third charge
should be negative and it should be placed near g
between (1) and (2). For equilibrium of (3), we

have
1 g0 1 0Q4q L
ey x> 4mey (I — x)? 3

For equilibrium of (1), we have
1 qg4q 1 Qq

dmtey 12 4Amey x?

o= =} o=

@

L)
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Qshould be negative of g, otherwise the resultant
force on g cannot be zero
(9
The four possible force diagrams are as follows:
Only the last picture can result in an electric field
in the -ve x-direction

= —2.00 uC,q3 = +4.00 pCand g, > 0

\/</\>

- 0
Ey 4n£0 (0. 0400 y2 Sin

1 q>
~ 4me, (0.0300m)?
9 sin6 9 3/5 27
=4z =1—6Q1w =1—6Q1m=6—4%
= 0.843 uC

cos 6

Fy = qE, = 1<Q1i+q2§)
37 D38 = B35 0.00165 ' 0.00095
=56.25N

(@)

Electric field at (2) tends to — oo, hence the charge
at (2) should be negative. There is a neutral point
to the right of charges. This is possible only when

the charge at (1) should be positive

Hence, Q is positive and Q, is negative

At neutral point, El = Ez

1O 1.9 G (a+ly
4ty (a + 1) 4me, a? Qz ( a )
Electric field at any position to the right of
charges

1 O 1 9

E=E —E,= - =

VT2 T 4mey (L+x)? 4megy x2
For the maximum value of E
dE dr 1 1
dx dx l4mey (1 + x)?  4mey x?

(=2) (=2)
- =0
1 (I+x)3 9 x3
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223

224

91 D l+x3_Q1
U+x)? > ()

@)Ll @
l

X =

(3_:)1/3 .

(b)
OA=0B=0C=0D=a
The magnitude of the electric force due to each

charge is !
g 4TTE) a%+h?

The components of the force perpendicular to
OPsum up to zero because of the symmetrical
distribution of charges aboutOP. Hence, the
resultant force at P is upward along OP. The
magnitude of the force is given by

1
X —_—
4mey h? + a?

Q h

cos @

Qh
" meg(h2 + a2)VhZ + a2 meo(h? + a?)3/?
Faown = weight =mg

Qh

neg(h2+a?)3/2

m
=0= TL'S()Tg(hZ + a?)3/?

For equilibrium, mg =

Yes, this is a stable equilibrium as it will regain its
position if displaced a little

(0

Passing between the charged plates, the electron
feels a force upward and just misses the top plate.
The distance it travels in the y-direction is 0.005
m

Time of flight =t =

=1.25%x1078s
and the initial y-velocity is zero

0.0200 m
1.60%x10°m/s

Now, y = vyt + %at2
S0, 0.005 m = %a(1.25 x 1078 5)2

= a=6.40x 101B3ms?

@

L)

225

226

227
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Butalso, a = F_eF
m me
£ = (9.1 x 10731kg)(6.40 x 103ms—2)
B 1.60 x 10-19C

=364NC™1

Since the portion is more massive, it will
accelerate less, and NOT hit the plates. To find the
vertical displacement when it exists the plates, we
use the kinematic equations again:

Ll 212 o5 % 10782
y—2a —zmp . S
=2.73x10"°m

As mentioned in (b), the proton will not hit one of
the plates because although the electric force felt
by the proton is the same as the electron felt, a
smaller acceleration results for the more massive
proton
The acceleration produced by the electric force is
much greater than g; it is reasonable to ignore
gravity
()

2

u? sin? 0 qE

= "~
AN

+++++ R +++++

mu? sin? 45°

d= 2qE

K K
d—zq—E=>E %
_uz_ 2d
a sin?6 4d
(a)

gE =mg = q X 1.68 x 10° = 1.08 x 10~ g
=q=6.40x10719C
q=ne=>64x107Y=nx16x101>n=4
(<)
®=F-A=EAcos®, where,A = Afi
= —j(left), g,
=—(4
X 103NC~1(0.1 m)? cos(90°
—37°)
= —24 Nm?C™?!
ng, = +k(top)
®s, = —(4 x 103NC™1)(0.1 m)? cos90° = 0

nsl
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229

ng, = +j(right),
®s, = +(4 x 10*NC~1)(0.1 m)? cos(90° — 37°)
= +24Nm?C~?
ng, = —k(bottom),
®s, = (4 X 103NC™1)(0.1 m)? cos 90° = 0
ng, = +i(front),
Dg. = +(4 % 103NC™1)(0.1m)? cos 37°
=32Nm?C™!
ng, = —i(back),
dg = —(4 X% 103NC™1)(0.1 m)? cos 37°
= —32Nm?C™!
As the field is uniform, so the total flux through
the cube must be zero; any flux entering the cube
must also leave it

(b)
For S;: 4 = L2(—)),E = —5xi + 3zk
HereE L /T, sogs, =0
ForS,: A = L2k, E = —5xi + 3Lk
Here —5x1 is perpendicular to A, so no flux due to
this component
¢s, = (3Lk) - L?k = 313 = 81 x 10"°Nm?C™!
For S;: A = L%, E = —5xi + 3zk
HereE L /T, sogs, =0
For S,: A = —12k,E = —5xi + 0k(~ z = 0)
HereE L /T, so¢s, =0
For Ss: A = L21,E = —5Li + 3zk
No flux due to 3zk component
¢s, = (—=5L1) - L*1 = =513

= —135x%x 1073Nm?C?!
For Sg: A = —L21, E = 0i + 3zk(~ x = 0)
Here E L 4, sogps, =0
Total flux through the cube is
¢ =¢p(S;+S,+ 53+ S5+ S6)
=81x1073—-135x 1073

= —54x 1072Nm?C™?!
Now ¢ = ‘i—o = i, = Ppey = —0.054¢,C

Given that E = —Bi + Cf—DE,¢ = h_")-ff,
Edge length L, and

fig, = —j = &, = E - Afig, = —CL?

fig, = +k = &, = E - Afig, = —DI?

fig, = +j = @3 = E - Afig, = +CL?
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fis, = —k = &, = E - Afig, = +DL?
fig, = +1 = &g = E - Afig, = —BL?
fig, = —1 = &g = E - Afig, = +BL?
Total flux isy$_, ®; = 0

230 (c)
¢, = —E,a? = —aa'’?a? = —aa®/?

and ¢, = E,a? = a(2a)'/?a? = \2aa®/?
Pnet = (\/E - 1)aa5/2

#)

Using the Gauss theorem, we get

_in

= qin = P& = (V2 — 1)gpaa®/?

231 (o)
Induced charge on the inner surface will be equal
and opposite to the charge placed at the centre

Tq

Equal amount of opposite charge as that of the
inner surface will be induced on the outer surface
while net charge is zero on that ball
232 (o)
The extra given charge will reside on the outer
surface
+2¢q

233 (¢)
As far as the net charge induced on the inner and
outer surface is concerned, it does not depend
upon the location of point charge within the ball
234 (a)
ir<a.kFE =0,sinceQ =0
iiL,a<r<b.E=0,sinceQ =0

ii.b <7 < c.SinceQ = +2¢,E = — 22

4mey 12’
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E
abcy y
ivc<r<d.E =0,sinceQ =0
1 6q . _
vr > d.FSOr—Z, sinceQ = +6q

235 (a)
i. Small shell inner surface:Q =0
ii. Small shell outer surface :Q = +2q
iii. Large shell inner surface Q = —2q
iv. Large shell outer surface: Q = +6q
236 (a)
ir < a.E = 0, since charge enclosed is zero
il.a <r < b.E = 0, since charge enclosed is zero

1 2q . .
iiLb<r<cE-= Er—;’, since charge enclosed is
0

+2q
iv.c <r < d.E = 0, since charge enclosed is zero
E

1.

ab0|/7

vr>d.E = —LZ—Z, since charge enclosed is
4TTEY T
237 (a)

i. Small shell inner surface :Q = 0
ii. Small shell outer surface:Q = +2q

iii. Large shell inner surface :Q = —2q
iv. Large shell outer surface: Q = —2¢q
238 (a)

ir < a.E = 0, since the charge enclosed is zero
il.a <r < b.E = 0, since the charge enclosed is
Zero

1
ffib<r<cE=—=,
47'[80

2q .
rq since the charge
enclosed is 2q

iv.c <r < d.E = 0, since the net charge enclosed
is zero

v.r > d.E = 0, since the net charge enclosed is

Zero

‘ 11
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1, .

apc d
239 (a)
i. Small shell inner surface @ = 0

~

ii. Small shell outer surface: Q = +2q
iii. Large shell inner surface: 9 = —2q
iv. Large shell outer surface: 9 = 0

240 (b)

i.O-A =

—da —dqp
4maz’ "B

a - datqp
4mb2’ R 4TTR?

.. 1 qg+
iif = —1a2db
41TE T
. 1 qp
iii.E, = =
A amer?
241 (a)

Electric field atr = R

E= K—‘j; Q = Total charge within the nucleus = Ze
R

e(r)

d

-
a R
So E =222
R
So electric field is independent of a
242 (1)

Consider a coplanar and concentric ring of radius
x and radial thickness dx

Its area ds = 2 xdx

Distance of every point of this ring from the point
charge is

r=JaZ a2

Electric field at circumference of this ring is
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__1 4
" 4meyr?

Electric flux passing through this ring is
do = E-ds= (Eds cos 9)

1 q a
do = (Fso—(az n xz)) 2medx <—m>

Hence, total flux passing through this ring is

b= f’C:R aq xdx
"~ Jeco 2 € (a? +x2)3/2

qga 11 1
T 26 [E - m]
Putting the values, we get
¢ =1x10°N/C
(3)

Electric field on the surface of the sphere should
not exceed 3.0 X 10°N/C. Therefore,
q
X 10° X —————— = 3.0 x 10°
9x10 B x10-9)2 3.0 X 10° = ¢q
=3x107°C

244 (1)

After turning through 90°, the rod comes at rest
momentarily. So there is no change in KE. Net
work done by all the forces should be zero

P/

IMg
L mglooop=M8
QF 5 —Mg5 = )

B

245 (6)

.R?
El = p
&-4R

47_[R3
1 p3m

E, = :
27 4mey” (2R)2
R .R
g g =P PR
4eg  £9.24 X4
R 1
SR L
4¢, 24
_23pR_ 23pR
T 96g, 16k,
=>k=6

246 (0)

Electric field at point A will be zero and at B will
be non-zero. So the required ratio is 0

c:
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247 (2)

For the equilibrium of charge atz = q, the net
electric field at this point due to both the ring
should be zero

kqua kqga
(a2 + a2)3/2 " (b2 + a2)3/2 =
Put the values and solve to get b/a = 2
(3)
The faces adhe, bcgf, cdhg and abfe will
contribute zero flux because the area vector is
normal to the electric field for these faces

EA+EB:O:

ﬂ i
| ad4 @
Il
A T~
R =>4 P o
el T g = +by)j
—-4 [
ol P I a1
d- "/I < ! I L4
o k| |
S ST

o {T oy
| £
T

Flux through face efgh, ¢, = [E - dA

= a(f) - 1*(=)) = —al?

As the field at the face efgh (that lies in the yz
plane, y = 0) is E = af and area vector is [2(—})
(direction outwards normal)

Flux through face abcd:

¢, = (a+bl)j- 2] = (al? + bl3), for thisy = 1
Net flux through the cube = ¢; + ¢, = b13

Qenclosed

From Gauss’s law, ¢ = .
0

Qenclosed = E0Pr = 'Sobl3
After substituting the values | = Imand b = 3,

we get

Qenclosed = €0Pr = 3&o

(5)

W =¢qE Xscosf@ =1=0.2E X 2cos60°
= E =5NC™ !

(2)
p =kr?
E<r=§)=éE(r=R)

Genclosed _ l Q
4mey(R/2)?  84meyR?
32¢enclosed = @

Riz 4mk (R
Genclosed ZJ;) kr®4nredr = (a+ 3)< )

(a+3)

2
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Atk

— R(a+3)
Q (a+3)
9 =203 =5 20t3 =32 = g =2
Genclosed
251 (2)
q q
ay =Eand a, =ﬁ=>a1 = 2a,
1 2 1 2 1 2
K, = Emﬂ’l = §m1(a' ), K, = Emzvz
— 1 ( t)Z
= Zmz a;

cll
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K, myaf m 4
1

= = —X = —
K, mya3 2m
252 (0)
FB_) (4,1)

W= qf E.di=1 xf (Exdx + Eydy)
74 (2,2)
(4.1) (41)

=1Xx f (ydx + xdy) = f d(xy)
(2.2) (2.2)

=yl =4x1-2x2=0
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