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UNIT
1

Topic o Electrostatics, Capacitance, Current Electricity, Magnetic
Effect of Current, Electromagnetic Induction.

1.SINGLE CORRECT OPTION TYPE QUESTIONS np R (r—4R) mp RE(r+4R)
(A) “9¢ r2r-R) ) “9¢.r(2r—R)
Q.1 What will be the interaction P.E. of charges q, e e
and q, if V| is the potential at location of charge C mp"R”(7r—4R) D 2np“R7(r—4R)
q, due to charge q, and V, is the potential at the 9¢,1(2r—R) 9¢,r(2r—R)
location of charge q, due to charge q;.
1 1 Q4 In these three circuits all the batteries are
(A) ) @V, +q,Vy) (B) B @V, +q,V) identical and have negligible internal resistance,
©2(q,V,+tq,Vy (D) (q,V,+q,V)) and all the light bulbs are identical. Rank all 5
light bulbs (A, B, C, D, E) in order of
Q2 A positively charged sphere of mass m = 5 kg is brightness from brightest to dimmest.
attached by a spring of force constant k =10*Nm!.
The sphere is tied with a thread so that spring is B
in its natural length. Another identical, negatively Battery— A& — -= DE)ERE)
charged sphere is fixed with floor, vertically below =

the positively charged sphere as shown in fig. If
initial separation between spheres is r, = 50 cm
and magnitude of charge on each sphere is q = (B)A>B=C>D=E
100uC. The maximum elongation of spring when (O)A=D=E>B=C

the thread is burnt - (D) D=E>A>B=C

(A)JA=B=C>D=E

QS5 Two identical charged spheres are suspended by
strings of equal lengths. The strings make an
angle of 30° with each other when suspended in
a liquid of density 800 kg m~3, the angle remains

Iy the same. What is the dielectric constant of liquid.
@ (The density of material of the spheres is1600 kg
-3
(A) 15 cm (B) 10 cm " )1 -
(C) 25 em (D) 22 cm (A) (B)
O)15 (D)2/3
3 Distance between centres of two spheres A and

Q P Q.6 In the circuit shown below, the current that

B, each of radius R and their separation r as
shown in fig. Sphere B has a spherical cavity of
radius R/2 such that distance of centre of cavity is
(r —R/2) from the centre of sphere A and R/2 from a 10Q

the centre of sphere B. Dielectric constant of -WW-
material of each sphere is K = 1 and material of

each sphere has a uniform charge density p per % _ %
50

flows from a to b when the switch S is closed
is

unit volume. The interaction energy of the two 10V — 20Q

spheres is -

5 . (A)—-15A B)+15A
r (CO)+1.0A (D)-1.0A
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Q.7 Four identical capacitors are connected in series Q.10 A wire mesh (made of equilateral triangles) of

with a battery of emf 10V. The point X is earthed. infinite extent in a plane has 1 A of current fed
Then the potential of point A is — into it at point X and 1 A of current taken from
—+ —

| 1 it at point Y, as shown in fig. What is the current
10V in the wire xy-

o /\/\/\/\/\/
AT AVAVAVAS
(A)7.5V  (B)OV  (C)-7.5V (D)10V /\ \/\/\/\

Q.8 What is the capacitance of the capacitor of
square plates of area A, between A and B shown

2 1 1 1
(A) 3 A (B ZA ©) EA (D) EA

in fig.
B Q.11  Twelve equal resistors are connected as shown in
the diagram. The effective resistance between F
d and C is -
R
d E MMM D
R R
e A o F NV NV C
- 20 . R R
A goA K (K, +2K,) R R R R
(A) 4d (K, +K;) AR
oA K, (K, +3K,)
B) 4 K +K,) (A) 3R/4 (B) 10 R/3
b (C) 10R/9 (D) 4R/3
gA KK,
© g4 4d K, +K, Q.12  The ratio ot the lengths, densities, masses and
e A resistivity of two wires A and Bare 1: 2, 1: 2,
0

1:1, 4 : 1 respectively, The ratio of their
resistances are —
A)1l1:4 B2:1 (©1:2 D)4:1

(D) 44K, +3K,)

Q9 A dielectric slab is slowly inserted between the
plates of parallel plate capacitor as shown in Fig. Q.13

. . . A resistance is in the form of a truncated right
Which of the following statements is true — &

circular cone as shown in fig. The end radii are a
and b and the altitude is £. If the taper is small and
t+H++++H++ 1 the current density is uniform across any section.
p is the resistivity , the resistance of cone will be—

_______ _ W

(A) The force required to pull back the slab is ‘“ /

independent of £ and x /
(B) The force required to pull back the slab

depends only on £ not on x. pt pt
(C) The force required to pull back the slab (A) n(b2 —a?%) (B) n(b* +a?)
depends only on x not on £. 2pt
(D) The force required to pull back the slab C) — nab (D) m

depends on £ and x both
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Q.14

Q.15

Q.16

Q.17

A proton accelerated by a potential difference V
flies through a uniform transverse magnetic field
with induction B. The field occupies a region of
space of thickness d. The angle a through which
the proton deviates from the initial direction of its
motion is -

(A) sin! (Bd,/ ﬁj

(B) sin”! (ZBd 4
2mv

(C) cos™! (Bd\/ﬁJ
(D) cos! (ZBd\/ﬁ

A rotating rod is pivoted about one end and
carries a charge Q uniformly distributed along its
length L. If the rod rotates with velocity ® then
its magnetic moment is —

Qul? Qul?
(A) BE (B) —
S»Q(;)L2 Qo)L2
© 5 (D) 6

A wire ABC is bent such that its two segments
are each of length £ and inclined at 60° as shown
in fig. If the bent wire is placed in a uniform
magnetic field B, the net force acting on the wire
is -

X X X X X X X X X X X X

B

X X X X X X\ X X X X X

X X X X X X X\X X X X
e >
X X X X X X X X X X X X
(A)BI1¢ (B)3BI¢
Bl
(C)gBIl (D)T

A conducting bar PQ of length L carrying a
current I is suspended from a rigid support as
shown in fig. A uniform magnetic field B
perpendicular to PQ and directed away from the
reader is applied. If the mass of the bar is M; the
tension in each string is -

Q.18

Q.19

e

T T
X X X X x| x B
—> B>
P L Q!

X X X X X X X

(A) (Mg + IBL)2 (B) (Mg - IBL)/2
(C) Mg - IBL/2 (D) Mg/2

A plane spiral coil is made on a thin insulated wire
and has N turns. Radii of inside and outside turns
are a and b respectively. A magnetic field normal
to plane of sprial exists in the space . The
magnetic field increase at a constant rate 'o.
Potential difference between the ends of the spiral
will be —

(A) % n Noa (b - ad)
1
(B) 5 nNa (b —ad)
1
(©) 7 (tNo. ) (a2 + b? + ab)
(D)% nNa (a2 + b?> + ab)

In closed circuit shown in Fig. AB, BC, and CD
are straight conductors, each of length R and
DEA is a semi circle of radius R. A smaller circular
loop of radius r is coplanar with the circuit and
centre of loop coincides with centre of curvature
of the semicircle. If current through the circuit

increases at a constant rate E = o, the emf

induced in the loop is -

B C

) uo(n;f)arz - uo(n+4zlf)r2a
u, (n+3)r’a ) Ve

© 4R 4R
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Q.26

A circuit element is placed in a closed box. At time
t=0, a constant current generator supplying a current
of 1 amp. is connected across the box. Potential
difference across the box varies according to graph

shown in figure. The element in the box is.
V(volts)A

b

3
(A) resistance of 2Q.

(B) a battery of emf 6V.
(©) an inductance of 2H.
(D) a capacitance of 0.5F.

»1(S)

Q.27

A solid non conducting hemisphere of radius R has
a uniformly distributed positive charge of density p
per unit volume. A negatively charged particle
having charge q is transferred from centre of its base
to infinity. Work performed in the process is -

2 2 2 2
-qpR gpR -qpR gpR
(A) 2me,, (B) 4, © 2¢g, D) 4g,

Q.28  The amount of heat liberated when a capacitor of C
farads charged to a potential difference of
V volts is discharged through a resistor of R ohms
in H joules. The same capacitor is now charged to
a potential difference of 2V and discharged through
a resistor of 2R ohms, then heat liberated is —

(A)4H  (B)2H (C)H (D) H2
2. MULTIPLE CORRECT TYPE QUESTIONS

Q.29 The network of identical resistors as shown
between points A and B is connected to a DC

source of emf V. Then

C F
AMA—4—A B
LA AMA-
A D E

(A) Potential at point D is V/2

(B) current between points A and C is the same
as the between points F and B

(C) current between points C and D is half that
between points C and F

(D) current between points E and F is one third
that between points F and B

Q.30

Q.31

Q.32

Q.33

Which of the following statements is/are false -

(A) A charged particle is free to move in an
electric field. It always move along the
electric lines of force.

(B) Two identical spheres (metallic) of exactly
equal masses are taken. One is given a
positive charge q coulomb and the other an
equal negative charge. Their masses after
charging being equal.

(C) A ring of radius R carries a uniformly
distributed charges +Q. A point charge —q is
places on the axis of the ring at a distance
2R from the centre of the ring and released
from rest, the particle executes SHM along
the axis of the ring.

(D) If electric potential is zero at a point , the
electric field at that point must be zero.

Two parallel plate air capacitors are constructed, one

by a pair of iron plates and the second by a pair of

copper plates, on same area and same spacing then -

(A) The copper plate capacitor has a greater
capacitance than the iron core.

(B) Both capacitors have equal non-zero
capacitances, in the uncharged state.

(C) Both capacitors will have equal capacitance only
if they are charged equally

(D) The capacitances of the two capacitors are equal
even if they are unequally charged.

Three capacitors are connected as shown. Then —

C1 2},LF
p— —2— 8
2uF l
T4pF
| 1 C - +

(A) Charge on capacitor 61 is6uC
(B) Potential of point A is3V
(C) Potential of point Bis6 V
(D) Charge on capacitor C, is 3 pic

A metallic conductor of irregular cross-section is as
shown in the figure. A constant potential difference
is applied across the ends (1) and (2) then -

()

()@
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Q.34

Q.35

(A) The current at the cross section P equals the
current at the cross section Q.

(B) Theelectric field intensity at P is less than that
atQ.

(C) Therate of heat generated per unit time at Q is
greater than that at P.

(D) The number of electrons crossing per unit area
of cross section at P is less than that at Q.

A particle of mass m = 1.6 x 107 kg and charge
q=1.6 x 1071°C. enters into a region of uniform
magnetic field of strength 1.0 T along the direction

X
0
leaves the region of the field at \Q

the point F then distance EF Flx
and angle 0 is -

shown in Fig. The speed of the
particle is 10’m. The particle

(A) EF =10.0 cm E |X
(B)EF=14.1cm /C X
(C)0=45° X
(D) 0= 60°

A solenoid of inductance L and resistance r is
connected in parallel to resistance R. A battery of
emf E and of negligible internal resistance is
connected across its parallel combination as shown
in Fig. Attime t= 0, switch S is opened.

——— 00—

Lr

MWW

R
|\ A
- gV

(A) CurrentI (t) through the solenoid after the switch
R+r
is opened = E ei(T}
R

2
(B) Energy stored in thesolenoid initially was o2
r

E2
(C)Energystoredin the solenoid initially was Re "

(D) Current I(t) through the solenoid after the switch

R+r
, E 7( L ]t
isopened = — ¢
r

Q.36

Q.37

Q.38

Q.39

Figure shows three concentric thin spherical
shells A,B and C of radii R, 2R, and 3R. Shells A
and C are given charges q and 2q and shell B is
earthed. Then :

C 4
(A) Charge on inner surface of shell C is Eq

4
(B) Charge on outer surface of shell B is —Eq

2
(C) Charge on outer surface of shell C is Eq

4
(D) Charge on outer surface of shell C is Eq

Charges Q; and Q, lie inside and outside
respectively of a closed surface S. Let E be the field

at any point on S and ¢ be the flux of E over S :
(A) If Q, changes, both E and ¢ will change.
(B) If Q, changes E will change but ¢ will change.
(O)IfQ,;=0and Q, =0 then E=0 but ¢ »0.
D)IfQ; #0and Q,=0then E=0but ¢ 0

An uncharged capacitor having capacitance C is
connected across a battery of emf V. Now the
capacitor is disconnected and then reconnected
across the same battery but with reversed
polarity. Then —

(A) After reconnection, heat energy produced in
the circuit will be equal to two—third of the
total energy supplied by battery.

(B) After reconnection, no energy is supplied by
battery

(C) After reconnection, whole of the energy
supplied by the battery is converted into heat.

(D) After reconnection, thermal energy produced
in the circuit will be equal to 2CV?2.

In the circuit diagram shown, when switch is
shifted from position 1 to position 2, then :

1
—
C
23

|
B Ep
(A) Extra charge drawn from battery is E,C.
(B) Extra charge drawn from battery is EE,C.

1
(C) Heat generated in the circuit is By E22C.

1
(D) Heat generated in the circuit is By EE,C.
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Q.40

Q.41

Q.42

Battery shown of emf E has internal resistance r
and a variable resistor. At an instant current flowing
through the circuit is i, potential difference between
the terminals cells is V, thermal power developed
in external circuit is P and thermal power developed
in the cell is equal to fraction n of total electrical
power generated in it, then which of the following
graphs is/are correct ?

E r
V P
(A) (B)
t
P
n
© (D)
i
A current i flows through a metal rod of length /
and mass m that slides on a frictionless rails as

shown. If initial speed of the rod is v and a
magnetic field B acts vertically up, then-

N\,

E2

Bi/
(A) speed of the rod at time t isvg +——t
m

Bi/
(B) speed of the rod at time t is Vg _Ft

2

m
(C) distance moved by rod before it stops is >Bif

i
D) distance moved by rod before it stops is
( y p

3mv%

2Bi¢

A uniform magnetic field B exists in space
directed along positive y-axis. A particle of mass
m and charge q is projected towards negative
x-axis with speed v from a point (x, 0, 0). The
maximum value of v for which the particle does
not hit the Y-Z plane is :

(A) directly proportional to the mass m of the particle.
(B) directly proportional to the magnetic field.
(C) directly proportional to the charge of particle

(D) directly proportional to the distance x of the
particle from origin.

Q.43 Two different coils have inductances L; = 8 mH and
L, =2mH. At a certain instant the current in the two
coils is increasing at the same constant rate and
power supplied to the two coils is same. Then :

e 1
@A) o, =1 B, =7

U 1 U,
©y,~ 7 ™y, =*

Q.44  Two concentric spherical shells of radii R, and R,
carrying charges Q, and Q, respectively then

(R,>R)) -
AV = 1 Q +Q,
(A) V= 4re, r ’
Q,
E= 4ms, r—zwhenr>R2
! 2, Q
- =2 4=
(B)V 4me, (Rz r)’
I Q
E_47ts0 2 Ry<r<R
1 Q. Q
_ =2 4=L
©V 4me, (Rz R, )’

1 ( Q | Q
E

- 4re, R_12+R22J <R <R
3. PASAGE BASED QUESTIONS

Passage : (Questions 45 & 46)
The circuit in figure 1 contains a cell of emf E, a
known variable resistance R, an unknown
resistance R and an ammeter. When X and Y are
short circuited E = [ R . When R is inserted the
current is al, where a is a constant.

L

® ™~

—._

(Figure 1)
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Q.45 Rinterms of R, & o is equal to : Q47
Rya Rya
A) 1= q) ®) 1+ o)
Ro(1+a) R,(1-a)
R D R
© == (D) =
Q.46 For R in the range, © ? R ? 0, the range of o is
given by :
(A)0<ac<1 B)0<La<w Q.48
©)0<ax<2 D) a>1

Passage : (Questions 47 & 48)
Figure 1 shows a unit used to build a system

known as ladder network.
A — 1 .
10Q2 10Q2
10Q2
10Q2
B —[ 1 1 ®
10Q2 10Q2

The resistance between oo & € when one extra
ladder unit is added to the left of Y, Z as suggested
by small arrows in figure, is :

20r +1200 20r +1200
r—20 r+20

40r +1200 40r + 40
r+40 r+40

Use result of previous question to find the
equivalent resistance R of an infinite ladder made

of these units.
(A)R=20/3Q  (B)R=103Q

(C)R=2020 (D)R=10/20Q

Passage : (Questions 49 to 54)

A very large, charged plate floats in deep space.
Due to the charge on the plate, a constant electric
field E exists everywhere above the plate. An
object with mass m and charge q is shot upward
from the plate with a velocity v and at an angle
0. It follows the path shown reaching a height h
and a range R. Assume the effects of gravity to
be negligible .

Figure 1
A second unit is added on the left as shown in
figure 2.
& I 1 é 1 I
C 100 T 10Q 10Q R g
10Q2 10Q
Q.49  Which of the following must be true concerning
10Q 10Q the object —
-1 , . . — e (A) q must be positive
10Q 10Q B 10Q 10Q (B) q must be negative
Figure 2 (C) m must be large
It would be possible to add a very large number of such (D) m must be small
units to form a ladder network of resistance r, as shown in
figure 3. By this stage, adding one extra unit would make
no significant difference to the resistance betwleen Y&Z. ' O, total .
| "
Y
(e — [} & [
10Q2 10Q 10Q2 10Q2
10Q 10Q
0
10Q 10Q
Q & " -
10Q2 10Q2 Z 10Q 10Q2 10Q2 10Q2
Figure 3
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4. COLUMN MATCHING QUESTIONS

Answer Q.108, Q.109 and Q.110 by appropriately matching the information given in the three columns of the
following table.

For infinite conducting plate having surface change density ¢ ¢/n?, the electric field at any point at distance r is given

9

by - and it is independent of distance from infinite conducting plate. Now consider the plate configurations given in
0

column 1.
Column-1 Column-2 Column-3
Magnitude of electric field at | Magnitude of electric field at
point ‘A’ point ‘B’
c o 2o
. 2c
Mol ()0 (®) —
A|B 0
c 3o
... 20 3c
a | e . (i) — Q) —
A B So So
-6 26 3c
) | o e (i) — R) —
A|B =0 =0
o} 4o
.. 4o 5c
(IV) . . (iv) — S —
A B So So

Q.108 Which of the following combination is correctly Q.110 Which of the following combination is correctly

matched : matched :

Eg; ((B (@) f}’}) (&) (V) (V) (9)
b B) (1) (i

©Wo® O m e

(D) (IV) (iii) (S)
Q.109 Which of the following combination is correctly

matched :

(GVIGXON(®)

(B) (1) (1) (S)

(C) (1) (iii) (Q)

(D) D) (i) (R)
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Answer Q.111, Q.112 and Q.113 by appropriately matching the information given in the three columns of the

following table.

Consider the following four circuits given in column 1. Capacitance of C,, C, & C, are 1uF, 2uF and 3uF. The e.mf. of

battery 10 V.
Column-1 Column-2 Column-3
Circuit Condition of S; & S, Total energy of all capacitors
1} Il
G C2 (i) S, closed
) p=L L P)37.5W
Or 3 G R, | Siopen
&
I} I} (i) Sy closed © 500
il
G 2 S, closed
Im = p. —=C,
Si
<&
0 0 (iii) S; open
81 “2 S, open (R) 2727w
Im  g= A —=C,
Si
Il <
1 ll_
G G (iv) S; open
+ (S) 3334w
(Iv) ET 7.81 =Cs S, closed
Q.111  Which of the following combination is correct : Q.113  Which of the following combination is correct :
(A) (D) () (P) (A) (I (iv) (P)
(B) D (i) (Q) (B) (V) (ii) (R)
(©) (@) (ii) (P) (©) AV) (iv) (R)
D) O ® P) (D) (I (iv) (Q)

Q.112 Which of the following combination is correct :
A) (@) @) (P)
(B) (D) (iv) (Q)
(©) D) (iv) (P)
(D) (V) (iv) (P)
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Q.114 The following table gives the length of four
copper rods at same temerature, their diameters
and the potential differences between their ends.

Rod Length | Diameter | Potential difference
1 L 3d \Y
2 2L d 3V
3 3L 2d 2V
4 3L d \%
Match Column—I with Column—II
Column-I Column-IT
(1) |Greatest Drift speed of electron (P)Rod 1
(IT) |Greatest Current (Q)Rod 2
Greatest rate of thermal energy
(III) produced (R)Rod 3
(IV) |Greatest Electric field (S) Rod 4
Code :
A)I->PII—->P II->PIV->Q
BI->QUI->Q I »>P;IV->Q
OI->QUI->PII—>QIV->P
DOD)I->QUI->P I ->P;IV->Q
Q.115 Two identical capacitors are connected in series,

then combination is connected to battery some
changes in capacitor 1 are now made
independentely after state, listed in column I.
Same effects which may occur in new steady
state due to these changes on capacitor 2 are
listed in column II.

Cap, Cap,
Match Column—I with Column—II
Column-I Column-II

)

A dielectric slab is
inserted

(P)

Charge on capacitor
increases

D

Sepration between
the plates increased

Q

Charge on capacitor
decreases

(111

connecting both plotes

A metal plate is inserted

(R)

Energy stored in
capacitor increases

(IV)|The left plates is

orounded

S

No change is
occurred

Code :

(A)T > PQ; I - Q; Il > P; IV — S
B)I >P; I - QR; I »Q;IV—>Q
(OT>PR; 1T —>Q; Il >Q;IV—>S
D)I>R; 11 > Q; Il »P; IV Q

Q.116
(A)

B)

©

D)

Q.117

Q.118

(A) A current carrying coil

Column-1 Column-I1

Dielectric ring uniformly (P) Time independent

charged. electrostatic field.

Dielectric ring uniformly (Q)Magnetic field

charged rotating with

constant angular

velcoity ®

(R) Induced electric
field

(S) Magnetic moment

Conducting ring with
constant current Ij.
Conducting ring with
variable current

I sinwt.

The switch S is connected with point ‘a’ for a
very long time, then it is shifted to position ‘b’
the resulting current through inductor is shown
by curves in the graph for four sets of values
for the resistance R & inductance L (given at left
column)

Match Column—I with Column-II

Column 1 Column 11
(A) Ry & L P)1
(B) 2R, and L, Q I
(©) Ryand 2L, (R) I
(D) 2R, and 2L, OWY

Match Column—I with Column—II
Column II
(P) Perpendicular

Column I

placed in a magnetic to the plane

field experiences torque. of coil
For given values of N

(number of turns).

i (current), A (area),

o (angular speed) and

the torque will be

maximum when the

magnetic field is
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Q.119

(B) As a coil is rotate in a
magnetic field, emf is

(Q) Along the
plane of coil.

induced across the coil
For given values of N
(Number of turns). A

(area). o (angular speed)
and B (magnetic flux density),
induced emf will be maxi-
mum when the magnetic
field is.

(C) As a coil rotates in a

(R) Inclined at 45°

uniform magnetic field, to the plane of

magnetic flux through coil.
it will be maximum when
the magnetic field is.
(D) Force on a current (S) Inclined 60° to

carrying coil placed in the plane of

a uniform magnetic field the coil.
will be zero when the

magnetic field is.

A loop is kept in a magnetic field. It is fixed such
that field lines pass perpendicular to its area. At
any instant, magnetic flux density over the entire
area has the same value but it varies with time
as shown in the figure

Match Column - I with Column - II.

B

t, 64

Column I1
(A) Magnetic flux and induced (P) at t,4

Column I

current both are maximum
(B) Induced current is maximum (Q) at t,
(C) Induced current is non-zero (R) at t;

(D) Induced current is constant (S) at ts

Q.120

Q.121

In regard to discharging of a capacitor through
a resistance match Column—I with Column—II :

Column I Column II
(A) Exponential variation (P) Current
(B) Oscillatory variation (Q) Charge

(© Time in which the quantity (R) Electric energy
becomes half of its initial stored in

value is mininmum. capacitor

(D) Time in which the quantity (S) Electric field

becomes zero is the same  strength
for. between the
plates.

The magnetic field in the cylindrical region in fig.
increases at a constant rate of 10.0 mT/sec each
side of the square loop abcd and defa has a
length 2.00cm and resistance of 2.00Q2. Correctly
match the current in the wire ‘ad’ in four different
situations as listed in left column with value given.

Match Column—I with Column—II
Column II
(P) 5x 1077A, d to A

Column I

(A) The switch S; is
closed and S, is
open

(B) S; is open but S,
is closed

(©) Both S; & S, are
open

(D) Both S; & S, are
closed

Q) 5x1077A,atod
(R) 2.5x1078A,dtoa

(S) No current

5. NUMERICAL RESPONSE TYPE QUESTIONS

Q.122

An alpha particle is moving in the field of an infinitely
charged straight conductor towards it from A to B.
The velocities of the alpha particles at A and B are
3% 10°m/s and 2 x 10° m/s. The distances of A and
Bare4 cmand 1 cm respectively from the conductor.
The linear density of charge on the conductor is
foundto be § X 10™ C/m where 1 <3 <10. Mass of
an alpha particle = 6.65 x 10727 kg; Charge of an
alpha particle =+2x1.6 x 10~1° C. Find the integer n?
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Q.123

Q.124

Q.125

Q.126

A dielectric sphere has a uniform volume
distribution of charge. The electric field intensities
dueto the charge at distances 60 cm and 6 cm from

\%
the centre of the sphere are respectively 2500 Py

\Y%
and 2000 g The electric field intensity on the

surface of the sphere is found to be 10" V/m. Find
the integer n ?

The spherical region a <t carries a charge per unit

A .
volume of p =—, where A is a constant. At the
r

centre (r = 0) of the enclosed cavity is a point charge
Q= 125m. The value of A so that the electric field in
the region a <r has constant magnitude (given
a="1) is given by 50n. Find the integer n ?

A capacitor C, a resistor R and a battery of e.m.f E
are connected in series with a commutator as shown

in the diagram.
R
_—C
2 1
E

The energy dissipated (In p sec.) when the
connections in the commutator are interchanged
from 1 and 2 to 2 and 1, making the positive plate of
C negative is found to be 10n pJ. Find the integer n?
(Given E=12v.,C=15pF)

A capacitor of capacitance C, is discharged through
aresistance R,. When the discharge current attains
the value 1 the key K is opened. The amount of
heat Q liberated in the resistor starting from this
moment is found to be 5n J. Find the integer n ?
(C,=2F,C,=3F,[,=10A,R=1Q)

A+

1

R[] /o TG

Q.127 The four terminal network is part of a larger circuit.

The potentials of the points A, B, C are respectively
31V,33 Vand51 V. The current through the 3 ohm
resistor is 7A. The potential of the point D is found
to be 7n volt. Find the integer n ?

Q.128 The circuit, shown in Fig is in steady state. Total

Q.129

electrostatic potential energy stored in the three
capacitorsis 11n pJ. Find the integer n?

50 20
‘VAVM L A
80 T 3mF | .\
1V
—= 24v ] -
1uF
130 T2F 210
—AWWy MWW\
10 20

Asquare frame carrying a current [ =0.9 A is located
in the same plane as a long straight wire AB carrying
a current]l' = 5A. The frame side has length 2a=§
cm. The axis of the frame PQ passing through
midpoints of opposite sides is parallel to AB and its
distance from AB is b = 3a. The force which is
acting on the frame in B x 10N, where 1 <3 <10.
Find the integer n ?

A | c
|
K P N
a ! a
|
A 1 l I AL
|
a:a
L 'Q M
I
B b 1+ b p
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ANSWER KEY

1. SINGLE CORRECT OPTION TYPE QUESTIONS 75.(A) 76. (A) 77. (D)
1. (B) 2.(B) 3.(0) 4.(C) 78.(B) 79. (A),(B) 80. (B)
5.(B) 6. (D) 7. (A) 8.(B) 81.(A) 82. (D) 83. (0)
9. (A) 10.(D) 11.(B) 12.(C) 84. (A) 85. (A) 86. (B)
13. (C) 14.(A) 15.(D) 16.(A) 87. (0) 88. (0) 89. (B)
17. (B) 18.(D) 19.(B) 20.(C) 90. (C) 91. (B) 92. (A)
21.(B) 22.(A) 23.(0) 24.(B) 93. (A) 94. (B) 95. (A)
25.(A) 26.(D) 27. (D) 28. (A) 96. (B) 97. (A) 98. (B)
2. MULTIPLE CORRECT TYPE QUESTIONS 99, (D) 100. (D)  101.(B)
29. (A),(B), (C), (D) 30. (A), (B), (C), (D) 102. (B)  103.(B)  104. (A)
31. (B), (D) 32. (A),(B),(C) 105.(C)  106.(B)  107. (D)
33.(A), (B), (C), (D) 34.(B), (©) 4. COLUMN MATCHING QUESTIONS
35. (B),(D) 36. (A),(B),(C) 108. (A) 109. (D) 110. (D)
37.(A), (B), (C) 38. (A), (©), (D) 111. (B) 112. (C) 113. (C)
39. (A), (B), (C) 40. (A), (B), (C), (D) 114. (D) 115. (C)
41.(B),(C) 42.(B), (O), (D) 116.A>P B—>QR C—>QR D—>QRS
43. (A),(B), (O) 44. (B),(©) 1177A >R B> Q C>S D-oP
3. PASSAGE BASED QUESTIONS 118.A>Q B—>Q C—>PD—->PQRS
45. (D) 46. (A) 47. (C) 119. A — Does not match B — Q
48. (A) 49. (B) 50. (D) C > PQ,S D - PS
51. (D) 52. (D) 53. (D) 120. A > PQ.R,S B — Does not Match
C—->R D - PQ,RS

54. (C) 55. (C) 56. (A)

57.(A) 58. (D) 59. (D) 12LA->Q B->P C—->SD-S

60. (A) 61. (B) 62. (B) 5. NUMERICAL RESPONSE TYPE QUESTIONS

122. [6]  123.[4]  124.[5]  125.[6]
126. [6]  127.[3] 128.[3]  129.[7]
66. (C) 67. (B) 68. (D) 130. [5] 131. [4]

69. (B) 70. (B) 71. (B)

63. (D) 64. (C) 65. (B)

72. (D) 73. (D) 74. (B)
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UNIT
1

Topic o Electrostatics, Capacitance, Current Electricity,
Magnetic Effect of Current, Electromagnetic Induction.

Hints

&
Solutions

1.SINGLE CORRECT OPTION TYPE SOLUTIONS

4 %
SoLI[B] V)= J.— .V, = g and
1 oqa
4ney r

U =qV, and U, =q, V,

1 1
UZE (U1+U2) :E(ql V2+(12V1)

Sol.2[B] When thread is burnt, positively charged sphere
accelerated downward due to two forces-
(i) Weight mg of upper sphere
(i1) Force of attraction exerted by lower sphere.
During this process spring elongates and tension
in it increases. Upper sphere continues to accel-
erate till tension becomes equal to sum of weight
and electric force. At this instant velocity of up-
per sphere is maximum. Therefore instant of max-
imum elongation of spring does not correspond
to equilibrium of forces but is corresponds to
instantaneous rest of sphere .
Let maximum elongation be x . According to law
of conservation of energy.
Loss of Electric and gravitational P.E. = energy
stored in spring.

1 {—qz _ (—qz)} 1,
+ mgx = — kx
o 2

4ne ro (ry—X)

or=x=0.10m or 10 cm

Sol.3[C] Interaction energy between two sphere having
uniformly distributed charges q; and q, is given
by

4 The right sphere has a cavity.
r

U= 4me,

This sphere can be assumed to be result of super-
position of two solid spheres one of radius R
having a positive charge density p and other of
radius R/2 having a charge density (-p).

(i) Interaction energy U, of left sphere and a solid
sphere of radius R and having charge density p.
Separation between centre of these spheres is r.

4 3 |14 3
—mnR —mnR
1 {3 pL p} 4mp’RE

4me

U, = =
1 o r 9g,r

(i) U, = Interaction energy between left sphere
and solid sphere of radius R/2

(=)

Uy = 4ne, X (r-R/2)

o]

_ ™R
= 9¢,(2r-R)

. required interaction energy

np°RE(7r—4R)

U=Ui+ U = Tge nar-R)

Sol.4[C] A, D & E get potential difference equal to emf
B & C get less than emf.

Sol.5[B] When charged spheres are immersed in liquid the
downward force decreases from Vdg to (Vdg -
Vog) where d is the density of sphere and o is the
density of liquid . Since on immersing the balls in
the liquid, the angle which the string makes with
the vertical does not change, it is clear that all the
three forces acting on the ball viz. downward force
due to gravity, electrical force due to repulsion
and tension should decrease in the same ratio
Hence.
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F€
Tsin15°
Vdg
F=T sin 15°
F
Vdg =T cos 15°, _Vdg = tan 15°

(Vdg-Vog)

T cos 15° + Vpg = Vdg

T sin 15° = E
sin =
__F
tan 15 :k(Vdg—Vpg)
F F

© Vdg ~ k(Vdg-Vpg)

k= =2

4
d-p

Sol.6[D] As 5 Q resistor is shorted, 1A current flows from
b to a.

Sol.7[A] |
I

<+ | <+
ov
Y
C C C C
HHHF -
9-99-9 99|94

All the four capacitor are in series. point X has
zero volt.
Potential across each capacitor is

Q—ZSVlt
7 2o Vo

Potential of A=2.5+25+2.5=7.5 Volt
Sol.8[B] Given arrangement is equivalent to

A2,d A2, d
| | | |

| ] ||
K K
o—— ——eo
Kl
| |
| |
A/2,2d
1 K,g0(A/2)
Cr= " d L d + 2d
kyegA/2  kiggA/2
- goA k, +—2K1K2
eff 44 K, +K,
~ KigA K, +3K,
Cer = 4d K, +K,
Sol.9[A] The total capacity of the system
Keobx Keob(£—-x)
C=C +¢(C,= J q

gob
C= a [£+ (K- 1)x]
energy stored

1 1 gyb
U= — CV?= ———
2 2 d
Now if the slab moves through the distance dx

dU = - Fdx + Vdq = -Fdx + V2dC

[+ (K- 1)x] V2
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1 g4b
= — —[K-1] V2dx

2 d
gob

= —Fdx + V? —5 (K-1)dx

Fot S0 gpye
=Fmy gk

Which is independent of £ and x.

Sol.10[D] Break the problem into two parts. Consider a
mesh with 1A going in at X and 1A coming out
at infinity. By symmetry, the wire xy must carry

1
5 A of current. Alternatively, consider the mesh

with 1A going in at infinity and 1A coming out a

1
Y. Again by symmetry EA runs through XY.

1
Therefore net current through XY is EA'

Sol.11[B] From symmetry the equivalent circuit will be —
R

R
;
Sol.12[C] R = %,m:dZA, A=m/idl , R

) BIE R
BB

R, /Ry =1:2

Sol.13[C] Consider an element at a distance x from one end

of theekness d x

¢K§f
ol |
T\\%\
=

dx

b-a
r—[ 7 ]x-i-a

Resistance of small element is

pdx
dR: 2 >
n(a+5(b—a)j
L
- ; dx
[y
So R= IdR = ,[ X 2
0 0 n(a+l(b—a))
P L 1
=| n(b-a) (a+x(b—a))
¢ 0
pt pt pt

~ m(b-a)a mb(b-a) " rab

Sol.14[A] From the fig. it is clear that the angle of deflection
is given by a = £ COD = Z BEA
AB

therefore sino. = ﬁ = E where R is the radius

of circular path taken by the protons in the magnetic

E
R

7{C

A (0] D

—q ——»

my 1
field then R :q_B but 5 mv2=qV ,

) ~d gBd
sino= o = "

q

— qp-l | dBy/——
= o = sin ( zva

Sol.15[D] Taking element at a distance x charge on this
element

ol ] |
, )

dx
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_Q Hol
dq a f x dx Bresultant = Bl + 3B2 = > (TC + 2\/5)
4mR
2

This elemental charge is rotating about O.

. . A f smaller loop =
This can be treated as a current carring loop fea of smatier 100p = mt

dq dqo D(m+2+/3)r
of current - flux linked with it = mr’B = o D [)
' T 2= 4nR
magnetic moment .. Magnitude of induced emf
2
nx” xdqo
dm =——"—— _ 90, (+243)
L L dt 4R
Q1 2dx. QoL . .
Total moment ] dm = | ——ox dx= Sol.20[C] Consider a long element parallel to b of width dx
L2 6 .
0 0 at a distance x from the long conductor
Sol.16[A] If we complete the loop by joining end C to end dé _Ho 21 Nbdx
A, the net force on loop will be zero. This shows 4n
that the force acting on the bent wire is equal but ersa
opposite in direction to the force acting on straight ) J‘ p, 21
imaginary wire CA. As the length of CA is ¢, the ¢; = total flux before rotation = -
force on imaginary wire CA is I(£ x B) and this is al
also the magnitude of the force on the bent wire. ne 21 r+a
Nbdx “Ar < Nb log :
X

Sol.17[B] If we consider FBD of the rod 2T + BIL = Mg

¢, = total flux in coil afer rotation
T = Mg - BIL)/ 2

Ko rta j
—¢;,=-— 2IbN1 [_
(I)] 4TC b Og T
21 1 rta
Ad=0,— o= — An 21 bN log . )
Ad 2 r+a
. AQ = R - R 4n 21 bN log r
Sol.18[D] No. of turns per unit radial width n = (b—a) a |
consider a concentric circular ring of radius x and Sol.21[B] E = I Bodx = 5 Boa?
radial thickness 0
No. of turns in this ring = n .dx 2 2 4
flux ¢ = mx> B emf induced in this ring = n . dx i=ER= Bwa T = (iaB) % = B:}?:
(d—d)j = ndx (Tth ﬁj = mox2dx Sol.22[A]Let the original inductance of the solenoid be L
dt . ) dt i . and R its resistance. The resistance and
Total emf induced in the spiral coil inductance of each half would be R, =R /2 and
xb 1 1 L, = L/2. Since they are connected in parallel the
e= I (mnox?dx) = 3 ™o (b-ad) = 3 nNoL effective inductance is given by .
X=a
(a> + b> + ab) 1_i i_i_ 2 _i
T L "L L L2 L,
Sol.19[B] Due to semi circular part, B, at centre B;= i; — L= LT,O
(inward) due to straight conductor R
pol . . Similarly the effective resistance R = =4
B, = (sina + sinB) here, 4
A L Lo 1810
r =R cos30 and o=f=30 Time constant= R R~ - . 0.3x 108,
0
3u,l
"B, = Y3y, (inward) B 4B aan
6nR current [ = R —RO =6 "
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