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SINGLE CORRECT ANSWER TYPE

Each of the following Question has 4 choices A, B, C & D, out of which ONLY ONE Choice is Correct.

1.

A small steel ball of radius r is allowed to fall under gravity through a column of a viscous liquid of
coefficient of viscosity 1. After some time the velocity of the ball attains a constant value known as terminal

velocity vy. The terminal velocity depends on (i) the mass of the ball m, (ii) n, (iii) » and (iv) acceleration

due to gravity g, Which of the following relations is dimensionally correct?

@A) v B) v (©  vpenmg D) vyl
nr mg Ul

If P represents radiation pressure, ¢ represents speed of light and Q represents radiation energy striking a unit
area per second, then non-zero integers x, y and z such that P*Q”C? is dimensionless are

(A) x=Ly=1z=-1 B) x=Ly=-1,z=1

(&) x=-l,y=1,z=1 D) x=Ly=1z=1

The mass and volume of body are 4.237 g and 2.5 cm®, respectively. The density of material of the body in

correct significant figures is

(A)  1.6048 g cm™ B) 1.69gem™> (C) 17gem™> D) 1.695gcm™

The numbers 2.745 and 2.735 on rounding off to 3 significant figures will give
A) 2.75 and 2.74 B) 2.74and 2.73 (C) 2.75and 2.73 (D) 2.74 and 2.74

In the context of accuracy of measurement and significant figures in expressing results of experiment, which
of the following is/are correct?

1) Out of the two measurements 50.14 ¢m and 0.00025 ampere, the first one has greater accuracy
?2) If one travels 478 km by rail and 397 m by road, the total distance travelled is 478 km.

(A) Only (1) is correct (B) Only (2) is correct

© Both are correct D) None of them is correct

Two uniform solid cylinders 4 and B each of mass 1 kg are connected by a spring of constant 200 N m ! at
their axels and are placed on a fixed wedge as shown in the figure. There is no friction between cylinders and
wedge. The angle made by the line 4B with the horizontal, in equilibrium, is

B
A

60° 309

(A) 0° (B) 15° © 30° D) None of these

Physics 1 Units Dimensions and Vectors
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A sphere of mass m is kept between two inclined walls, as shown in the figure. If the coefficient of friction

between each wall and the sphere is zero, then the ratio of normal reaction (N, / N,) offered by the walls 1

and 2 on the sphere will be
2

‘ |

(A) tan O (B) tan 20 ©) 2cosH (D) cos 20

Two smooth cylindrical bars weighing W N each lied next to each other in contact. A similar third bar is

placed over the two bars as shown in figure. Neglecting friction, the minimum horizontal force on each lower
bar necessary to keep them together is:

(A) B EW ©)

o |

MULTIPLE CORRECT ANSWERS TYPE

Each of the following Question has 4 choices A, B, C & D, out of which ONE or MORE Choices may be Correct:

9.

10.

11.

t
If I=a|1-e * |, then (where [ is electric current and ¢ is time)

(A) the SI unit of a is ampere (B) the SI unit of A is second
t t

© e * is unitless (D)  the Slunitofa e * is ampere

Choose correct statement(s).

(A) Any physical quantity may have than one unit

3B) Any physical quantity can have more than one dimension formula

© More than one physical quantities may have same dimension

D) We can add and subtract only those expression having same dimension

In a system of units, the unit of velocity be 5ms™!, the unit of acceleration be 20ms™> and the unit of force

be 10 N then select the correct alternative (s).

(A) The unit of mass is %kg B) The unit of length is %m

: . . 32
© The unit of time is %s D) The unit of pressure is 3?Pa

Physics 2 Units Dimensions and Vectors
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12. In a new system of units, the unit of mass is 1000 kg (1 metric ton), unit of length is 1000 m (1 km) and unit
of time is 3600 s (1 hr). Select correct statement(s).
(A) The numerical value of 500 m in the new system is 0.5
(B) The numerical value of 7200 s in this new system

© The numerical value of 1/36 J in this new system is 3.6 x 107
D) The numerical value of 1/36 N in this new system is 0.36

13. Use dimensional analysis to see which of the following expression is/are NOT allowed if p is a pressure, ¢ is
a time, m is a mass, r is a distance, v is a velocity and 7' is a temperature?
pt prt2 pr2 pr
(A) log(—) B) log( j © log(—zj D) log(—)
mr m mt mtT
_be
14. In damped simple harmonic motion, displacement x =aye 2 sin(wt + o), where t is in second. Choose the

correct option(s).

. . m : . -
(A) Dimensions of > are same as f B) Dimensions of qyo are [LT l]
© b is dimensionless constant (D) o is dimensionless and unitless
15. A wave is propagating along x-axis in a medium, so that displacement y of particle at any position x, at any

time 7 is given by

_[L_E}
a b ¢
y=—e

)

Where a, b and ¢ are constants. Choose the correct option(s).

(A) dimension of b is [7] B) dimension of a is [LT 2]
t x
© dimension of ¢ is [L] (D) e_(b_c) is dimensionless
16. In the following table some unknown physical quantities and their dimensions are given:
Physical quantity Dimensional formula
X M7
Y MLt
z m'er!
w Mm'r'T

Tick the correct possible relation(s).

f Z X'YW 20
(A) X =2n W (B) tan( 7 )Z?TC
3 VA 2 | Z
© exp( ij—n (D) X= /—

Physics 3 Units Dimensions and Vectors
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17. One end of a horizontal uniform beam of weight /¥ and length L is hinged on a vertical wall at point O and
its other end is supported by a light inextensible rope. The other end of the rope is fixed at point Q, at a
height L above the hinge at point O. A block of weight o}V is attached at the point P of the beam, as shown

in the figure (2\/5 YW . Which of the following statement(s) is(are) correct?

0
L
(0] /4 P
/‘ >
L oW

(A) The vertical component of reaction force at O does not depend on o

B) The horizontal component of reaction force at O is equal to W for o = 0.5
© The tension in the rope is 2W for o = 0.5

(D) The rope breaks if o >1.5.

Paragraph for Questions 18 — 19
According to Newton’s law of gravitation, force between two particles of masses m;and m, separated by distance r

Gmlm2
2
r

is given by F = , here G is universal gravitation constant.

Now suppose we take density (p), distance (L) and universal gravitation constant (G) as fundamental physical

quantities then

18. Dimensional formula of pressure is
A) PG B)  pl’G (©) pLG (D)  cannot be determined
19. Dimensional formula of velocity is
G LG
@a L o B)  LJGp © L\/g (D) s

Paragraph for Questions 20 — 21
Two smooth blocks are placed at a smooth corner as shown in figure. v
Both the blocks are having mass m. We apply a force F' on the small

block m. Block A4 presses block B in the normal direction, due to which i
pressing force on vertical wall will increase, and pressing force on the B N
2]
horizontal wall decreases, as we increases F'(0 =37° with horizontal). 2
A m N2
=

As soon as the pressing force on the horizontal wall by lock B becomes
zero, it will lose contact with ground. If the value of F further increases, F m

block B will accelerate in the upward direction and simultaneously block < b=
A will move towards right
20. What is the minimum value of F to lift block B form ground?
25 5 3 4
A —m B —m C —m D —m
(A) e (B) 38 © 1" (D) ;"8

Physics 4 Units Dimensions and Vectors
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21. If both the blocks are stationary, the force exerted by ground on block 4 is

) mg+3TF

B) mg-—— ©

4

mg +—
£773

MATRIX MATCH TYPE
Each of the following question contains statements given in two columns, which have to be matched. Statements in Column
1 are labelled as (A), (B), (C) & (D) whereas statements in Column 2 are labeled as p, q, r, s & t. More than one choice from
Column 2 can be matched with Column 1.
22. In a new system reter, recond, rilogram and roule are units of length, time, mass and energy respectively. In

D  mg-—

this system velocity of light (3x 108 ms_l) , acceleration due to gravity (10ms_2) and standard atmospheric

pressure 10’ Nm_z) are fundamental units.

Column I Column II
(Physical quantity in MKS system) (Numerical value in new system)
(A) 1800 m ®) o
(B) 3000s Q) 92
(C) 8100 kg R) 13
D) 7290 joule S 241078
(M) 19~5°
23. Match the following columns and mark the correct options from the codes given below.
Column I Column II
(Physical quantity in MKS system) (Numerical value in new system)
a 1 p- 1
3
b 1.00 q- 03
3.
c 2-03 r. 033
d 2-03 s. 2
Codes:
a b c d a b c d
A) q p B) qr qr ps ps
© q s D) r p s p

r of the orbit. If T oc G*m?r¢, find value of a+ b + ¢ +2 c.

SUBJECTIVE INTEGER TYPE
24, Length of a year on planet is the duration in which it completes one revolution around the sun. Assume path
of the planet known as orbit to be circular with sun at the centre. The length T of a year of a planet orbiting
around the sun in circular orbit depends on universal gravitational constant G, mass m, of the sun and radius

25. In a new system of units, net force applied on a block of mass 10 kg moving with acceleration 10m/ s? is

given as 100 unit of force. When the same block is moving at a speed of 20 m/s its kinetic energy is 20 unit

of energy. A liquid has a surface tension of 10 SI units. Its surface tension in new system is 10" . Find the

value of n. (Dimensional formula of surface tension is MLOT™ ).

Physics
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26. To find the distance d over which a signal can be seen clearly in foggy condition, a railway engineer uses
dimensional analysis and assumes that the distance depends on the mass density p of the fog, intensity

(power/area) S of the light from the signal and its frequency f. The engineer finds that d is proportional to
S'" _ Find the value of n.

27. In relativistic energy-momentum relation, E” = 2¢2 £ m2c*. Find the value of n. (here E = ener: ,
gy p 0 gy

p = momentum, ¢ = speed of light m, = rest mass of particle.)

28. In a new system of unts a tower of height 76 m is represented by number 7.6, sugar sack of mass 100 kg is
represented by number 10 and 1 hour time is represented by number 360. If a force is measured to be
4 N, then find the number representing force in this new system.

29. A student of 7K batch forget Newton’s formula for speed of sound but he remembers that there were speed
(v), pressure (p) and density (d) in the formula. He then started using dimensional analysis to find the actual

relation by assuming v «c p*d” . Find the value of x — y.

30. The distance moved by a particle in time (t) from centre of ring under the influence of a force is given by
x=asin®t where a and ® are constant. If ® is found to depend on the radius of the ring (r), its mass ()
and universal gravitation constant (G), by using dimensional analysis to write an expression for ® in terms

1

of r, m and G and if ©®=G*m’r¢ then write the value of ———— .
la+b+c]|
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Kinematics of a Particle &
Motion in Two Dimension

SINGLE CORRECT ANSWER TYPE
Each of the following Question has 4 choices A, B, C & D, out of which ONLY ONE Choice is Correct.

1. The displacement-time graph of a moving particle with constant acceleration is shown in the figure. The velocity-time
graph is given by
3 —
x 1
t rm)I |
o I . L,
i 'y ol 1 2 h‘ﬁr
v i
A o ! , (B) (":WI
0 ¥ 2 l 2,
i 1{s) Q ! 1(s)
; 19 7] W '
10 ======-
A
© (D) 10
v \ /
(m/s) -
0| 1 2 )
2. Two balls are thrown from an inclined plane at angle of projection o with the plane, one up the plane while other down

the inclined plane (as shown in figure). In the figure u; and u; are the speeds when the line of motion of the particle is

parallel to the inclined plane and h; and h; are maximum displacements perpendicular to inclined plane respectively.
/5]

Uz

_
2 .2 .
2 o

(i) hlzhzzm (ii) T1:T2:&:T

2gcosf gcosH
(i) R,=R,=gsin0.T? iv) w=uw
The correct choice is :
(A) All are true (B) Statements (i) and (ii) are true
© Statements (i), (ii) and (iii) are true D) Statements (i), (ii) and (iv) are true

Physics 7 Kinematics of a particle
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3. A particle is thrown with an initial velocity vo at an angle o to the horizontal. The ratio of radius of curvature at the
highest point of its path to the maximum height is :
1 1
4)  Jcota B)  2cot’a (C)  2cota ® cot’ a
4. The distance between two moving cars A and B at a particular time is d. Their relative velocity is V with the component
along AB being u and perpendicular to AB being v. The time that elapses before they arrive at their nearest distance is :
du dv d(u+v dv
@ — ® ©) (—2) ®
Vv Vv A (u+v)
5. Two particles positioned at A(5, 3) and B(7, 3) are moving with constant velocity 21 +33 and xi + yj respectively.
After 2s they collide, then the values of x and y are respectively
A) 2,2 (B) 1,3 © 3,2 (D) 1,1
6. Three particles A, B and C are projected with initial velocities v,vg and v (in v 4
vertical plane) as shown in figure. The particles collide at highest point of A. Then c .
VA iVp Ve is: ’__1‘,‘_;1
A  1:2:43 B  3:2:1 é; :
© J3:1:2 (D) Data insufficient B A i
7. The acceleration of a particle which moves along the positive x-axis a(in m/s")

varies with its position as shown. If the velocity of the particle is

0.8 m/s at x = 0, the velocity of the particle at x = 1.4 is : (in m/s)

A) 1.6

B) 1.2

© 1.4 H i ; 5

(D) None of these © D 08 L4 x(in m)
8. A ball is thrown from a point on ground at some angle of projection. At the same time a bird starts from a point directly

above this point of projection at a height h horizontally with speed u. Given that in its flight ball just touches the bird at
one point. Find the distance on ground where ball strikes

(A) 2u \/E (B) u |2t (©) 2u |2 D) u \/Z
g g g g

9. A particle is projected from point A at an angle of 53° with horizontal. At the same time wedge starts from rest and
moves with constant acceleration a as shown. The value of a for which the particle strikes the plane perpendicular to it

o L4 2
at point P is : Ltan53 =§J (glem/s )

A) 10 m/s (B) 100 m/s> P

C 26/3 m/s? D 140 m/s*
(©) mls (D) mls wedg o A

MULTIPLE CORRECT ANSWERS TYPE A
Each of the following Question has 4 choices A, B, C & D, out of which ONE or MORE Choices may be Correct:

10. A ball of mass m is projected from the ground with an initial velocity u making an angle 0 with the horizontal. Then
choose the correct statement(s).

(A) the change in velocity between the point of projection and the highest point is u sin Oj (downward)
B) the average velocity averaged over the time of flight is ucosbi (horizontal)

© the change in velocity in the complete projectile motion is —2usin 9}

D) the rate at which momentum of the ball is changing is constant

Physics 8 Kinematics of a particle
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11. A particle has initial velocity 10 m/s. It moves due to constant retarding force along the line of velocity which produces
a retardation of 5 m/s%. Then
(A) the maximum displacement in the direction of initial velocity is 10 m
B) the distance travelled in first 3 seconds is 7.5 m
© the distance travelled in first 3 seconds is 12.5 m
D) the distance travelled in first 3 seconds is 17.5 m
12. A train starts from rest at S = 0 and is subjected to acceleration as shown : a(m/s)?
(A) Change in velocity at the end of 10 m displacement is 50 m/s. 6
B) Velocity of the train for $= 10 m is 10 m/s.
© The maximum velocity attained by train is not greater than 14 m/s
D) The maximum velocity of the train is between 15 m/s and 16 m/s. | 30 S(m)
13. Two swimmers 4 and B start swimming from different positions on

the same bank as shown in figure. The swimmer 4 swims at angle

90° with respect to the river to reach point P. He takes 120 seconds

to cross the river of width 10m. The swimmer B also takes the same
time to reach the point P

(A) Velocity of A with respect to river is 1/6 m/s

B) River flow velocity is 1/4 m/s

© Velocity of B along y-axis with respect to earth is 1/3 m/s
D) Velocity of B along x-axis with respect to earth is 5/24 m/s

14. A rocket is fired vertically up from the ground with a resultant acceleration of 10 m/s? upward. The fuel is finished in 1
minute and it continuous to move up (g = 10 m/s?)
(A) The maximum height reached by rocket from ground is 18 km.
B) The maximum height reached by rocket from ground is 36 km.
© The time from initial in which rocket again at ground is 240 s.

D) The time from initial in which rocket again at ground is (120+60\/§ )s.

15. In a situation, a board is moving with a velocity v with respect to earth, - -~
while a man 4 is running with a velocity 2v with respect to earth and the A 'i 'i B v
man B is running with a velocity -2v with respect to earth. If both men are ' O O :
running from the opposite ends of the board at the same time, as shown.

Length of the board is L. If they meet after time 7, then :

(A) Value of T'is L /4v (B) Value of T'is L/2v
© Displacement of man B with respect to board in time 7' is 3L/4
D) Displacement of man A4 with respect to board in time 7' is L/4

16. A jeep runs around a curve of radius 0.3 km at a constant speed of 60 ms~'. The jeep covers a curve of 60° arc.
(A) Resultant change in velocity of jeep is 60 ms™
(B) Instantaneous acceleration of jeep is 12 ms™!
© Average acceleration of jeep is 11.5 ms™
D) Instantaneous and average acceleration are same in this case

17. Take the z-axis as vertical and xy plane as horizontal. A particle 4 is projected with speed of 4\/5 m/s at an angle 45° to
the horizontal in the xz. Particle B is also projected at same instant but with speed 5 m/s at an angle tan"'(4/3) with
horizontal in yz plane, then which of the following statement/s is/are correct? (g = 10 m/s?)

A) Magnitude of relative velocity of A with respect to B is 5 m/s during motion
B) Particle 4 and B again hit the ground at the same instant
© The separation between 4 and B when they hit the ground is 4 m

D) The path of 4 with respect to B is straight line

Physics 9 Kinematics of a particle
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18. Two particles A and B are projected from the same point with the same velocity of projection but at different angles o
and B of projection respectively, such that the maximum height of A is two-third of the horizontal range of B. Then

which of the following relations is(are) incorrect?

A) 3(1 - cos Za) =8sin2f B) Range of A = maximum height of B
. 13 . . u’
© Maximum value of [ is Esin Z D) Maximum horizontal range of 4 = —
g
19. In a projectile motion let v, and v, are the horizontal and vertical components of velocity at any time ¢ and x and y are

displacements along horizontal and vertical from the point of projection at any time #. Then
A) v, —t graph is a straight line with negative slope and positive intercept

B) X —t graph is a straight line passing through origin

© vy — t graph is a straight line passing through origin

D) v, —t graph is a straight line

20. Two particle P and Q move in a straight line 4B towards each other. P starts from 4 with velocity #; and an
acceleration ;. Q starts from B with velocity u, and acceleration a,. They pass each other at the midpoint of 4B and

arrive at the other ends of 4B with equal velocities.

o , 2un —
(A) They meet at midpoint at time ¢ = 2y —m)
(a1 —ay)
4(uy —uy ) (aguy — ayuy)

B) The length of path specified i.e., 4B is 1= 3
(a)—ay)

© They reach the other ends of AB with equal velocities if (1, +u;)(a; —a,) = 8(aju, —ayu,)
D) They reach the other ends of 4B with equal velocities if (1, —u;)(a; +a,) = 8(ayu; —ayu,)

21. Three particles A, B and C and situated at the vertices of an equilateral triangle ABC of side of length / at time ¢ = 0.
Each of the particles moves with constant speed u. A always has its velocity along AB, B along BC and C along CA.

(A) The time after which they meet is ;—l
u

B) Total distance travelled by each particle before they meet is 2?[

© Average velocity during the motion is %
D) Relative velocity of approach between any two particles is 3;”
22. A motor boat is to reach at a point 30° upstream on other side of a river flowing with velocity 5 m/s. Velocity of motor

boat with respect to water is 54/3 m/sec. The driver should steer the boat at an angle of
(A) 30° up w.r.t. the line of destination from the starting point

B) 60° up w.r.t. normal to the bank © 150° w.r.t. stream direction
D) None of these

23. A man in a boat crosses a river from point 4. If he rows perpendicular to the bank her reaches point
C(BC =120 ¢m) in 10 minutes. If the man heads at a certain angle a to the straight line AB (4B is perpendicular to the
banks) against the current he reaches point B in 12.5 minutes. B &

(A)  The width of the river is 300 m ; r
(B)  The width of the river is 200 m g
© The rowing velocity is 20 m/min \U< 1

D) The rowing velocity is 30 #m/min

Physics 10 Kinematics of a particle
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24. At the instant a motor bike starts from rest in a given direction, "
a car overtakes the motor bike, both moving in the same _ A Bike P
direction. The speed time graphs for motor bike and car are = Bl
represented by OAB and CD respectively. Then % 40 Car —» D
(A) At t = 18 s the motor bike and car are 180 m apart BQ :
(B) At = 18 s the motor bike and car are 720 m apart # 20+
©) The relative distance between motor bike and car : !
reduce to zero at ¢+ = 27 s and both are 1080 m far O3 & o 15 15 18 21 24 27
from origin time (in s)
D) The relative distance between motor bike and car always remains same
25. A particle moves with an initial velocity v, and retardation ov, where v is velocity at any time .
(A) The particle will cover a total distance )
o
B) The particle will come to rest after time 1
o
© The velocity will continue to move for a long time
. . . . 1
D) The velocity of particle will become 20 after time —
e o
26. The velocity of a particle along a straight line increases according to the linear law v =v, +kx, where k is a constant.
Then
(A) The acceleration of the particle is k(v +kx)
. . 1 . .
(B) The particle takes a time ;loge (iJ to attain a velocity v
Yo
© Velocity varies linearly with displacement with slope of velocity displacement curve equal to &
D) Data is insufficient to arrive at a conclusion
27. A particle is fired from a point on the ground with speed u making an angle 6 with the horizontal. Then
2 .2
A) The radius of curvature of the projectile at the highest point is uZcos®
g
. o . . u’sin’9
(B) The radius of curvature of the projectile at the highest point is ————
© At the point of projection magnitude of tangential acceleration is gsin0
D) At the point of projection magnitude of tangential acceleration is gcos6

Paragraph for Questions 28 - 29

Raindrops are falling with a velocity 1052 m/ s making an angle of 45° with the vertical . The drops appear to be falling
vertically to a man running with constant velocity. The velocity of rain drops change such that the rain drops now appear to be

falling vertically with /3 times the velocity it appeared earlier to the same person running with same velocity.

28. The magnitude of velocity of man with respect to ground is :
(A) 1052 m/ s B) 10+/3 m/s © 10m/s D) 20m/s

29. After the velocity of rain drops change, the magnitude of velocity of raindrops with respect to ground is :
(A) 203m/s B) 10m/s © 10+/3 m/s D) 20m/s

Physics 11 Kinematics of a particle
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MATRIX MATCH TYPE

Each of the following question contains statements given in two columns, which have to be matched. Statements in Column
1 are labelled as (A), (B), (C) & (D) whereas statements in Column 2 are labeled as p, g, r, s & t. More than one choice from
Column 2 can be matched with Column 1.

30. MATCH THE FOLLOWING :

Column 1 Column 2
c
2
A) Particle moving with constant speed ) § N\
“+——>time
c
.2
(B) Particle moving with increasing acceleration @ E’ i
alt time
2
3
© Particle moving with constant negative acceleration (r) g;
“+——time
c
.2
D) Particle moving with zero acceleration (s) é
—f)time
31. Column-1 gives some graphs for a particle moving along x-axis in positive x-direction. The variables v, x and ¢

represent speed of particle, x-coordinate of particle and time respectively. Column-2 gives certain resulting
interpretation. Match the graphs in Column-1 with the statements in Column-2.

Column 1 Column 2
v
A) (p) Acceleration of particle is uniform
X
v — x graph
V2
B) (q) Acceleration of particle is non-uniform
X
V2 — x graph
v
© (r) Acceleration of particle is directly proportion to ‘#’
<
v — tgraph
v
D) (s)  Acceleration of particle is directly proportional to ‘x’
£
v — £ graph

Physics 12 Kinematics of a particle
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32. As shown in the figure there is a particle of mass NE) kg, is projected 10ms™’
with speed 10 m/s at an angle 30° with horizontal (Take g = 10 m/s?) then %—\
match the following :
¢ AH30° B
Column 1 Column 2
Average velocity (in m/s) during half of the time of flight 1
@ ®
2
The time (in sec) after which the angle between velocity 5
(B) . @ 2413
vector and acceleration vector becomes /2 2
(C) Horizontal range (m) (r) 5\/5
tan"t|
b Change in linear momentum (N-s) when particle is at At an angle of '@N 2.3 from
(D) highest point s)
horizontal
33. A particle is moving along a circle of a fixed radius and gaining speed in a uniform manner. Match Columns I and II.
Column 1 Column 2
(A)  Tangential acceleration is (p) zero
(B)  Radial acceleration is (qQ) A non - zero constant value
(C)  Angular acceleration is (r) Variable
(D)  Angular momentum is (s) (10 m/s?)

SUBJECTIVE INTEGER TYPE

34. In the figure shown, the two projectiles are fired simultaneously.
What should be the value of ‘n’ if initial speed of the left side projectile is

n % m/s for the two projectile to hit in mid-air ?

3s. A ball is thrown from the origin in the x-y plane with velocity 28.28 m/s at an A {0m
angle 45° to the x-axis. At the same instant a trolley also s2tarts moving with Y
. . " . " . Vo
uniform velocity of 10 m/s along the positive x- axis. Initially, the trolley is 10m/s
located at 38m from the origin. Determine position with respect to end of B~ | S
trolley at which the ball hits the trolley. £ e
g Y A i s
O le— 38m —» x
36. The accelerator of a train can produce a uniform acceleration of 0.25 ms™2 and its brake can produce a retardation of

0.5 ms™2. The shortest time in which the train can travel between two stations 8 km apart is x minutes and 10 s, if it

stops at both stations. The value of x is.

37. On a two-lane road, car 4 is travelling with a speed of 36 kmh™'. Two cars _ . _ .29 o
vy = 15ms v, = 10ms v = 15ms

B and C approach car 4. In opposite directions with a speed of 54 kmh™".

each. At a certain instant, when the distance 4B is equal to AC, both being 1 B. i A i C
k m >t [ >

km, B decides to overtake 4 before C does. What minimum acceleration of

car B (in m/s*) is required to avoid an accident?

Physics 13 Kinematics of a particle
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44.

45.
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A stone is dropped from a height 4. Simultaneously another stone is thrown up from the ground with such a velocity so

. h
that it can reach a height of 44. The time when two stone cross each other is (k_) where k =
g

In the given figure, the angle of inclination of the inclined
plane is 30°. A particle is projected with horizontal velocity 90°
vy from height A. Find the horizontal velocity v, (in m/s) so

that the particle hits the inclined plane perpendicularly. Given,

9207 30°
H=4m, g=10 mls* &

. . . V ..
The slopes of wind screen of two cars are o, =30° and o, =15° respectively. At what ratio of —L of the velocities of
2

the cars will their drivers see the hail stones bounced back by the wind screen on their cars in vertical direction assume
hail stones fall vertically downwards and collisions to be elastic

A projectile is launched at time # = 0 from point 4 which is at height / m B

above the floor with speed v m/sec and at an angle 6 =45° with the floor. It

passes through a hoop at B which is 1m above 4 and B is the highest point of AA(SO

the trajectory. The horizontal distance between 4 and B is d metres. The l

projectile then falls into a basket, hitting the floor at C a horizontal distance O y 36:1

3d metres from 4. Find / (in m)

A body is projected up from the bottom an inclined plane with a velocity 343 m/sec which makes an angle 60° if the
horizontal. The angle of projection is 30° with the plane then the time of flight when it strikes the same plane is 0.1x.
Then the value of x is.

A student is standing on a train travelling along a straight horizontal track at a speed of 10 m/s. The student throws a
ball into the air along a path, that makes an initial angle of 60° with the horizontal along the track as observed by the
student. The professor standing on the ground observes the ball to rise vertically. What will be the maximum height (in
m) reached by the ball.

A balloon moves up vertically such that if a stone is thrown from it with a horizontal velocity v, relative to it the stone

always hits the ground at a fixed point 2v§ /g horizontally away from it. If the height y of balloon as function of time is

kvg —gt/2v
y=—"="L(-e 0). Then find £?
g

A cat, on seeing a rat a distance d = 5m, starts with velocity u =5 ms~" and moves with acceleration o =2.5 ms™> in

order to catch it, while the rat with acceleration (3 starts from rest. For what value of 3 will the cat overtake the rat? (in

ms %)
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JEE Advanced Revision Booklet Dynamics of a Particle

SINGLE CORRECT ANSWER TYPE
Each of the following Question has 4 choices A, B, C & D, out of which ONLY ONE Choice is Correct.

1. A rectangular block weighing 150 N, is lying on a rough inclined plane with inclination
angle 45° as shown in the figure. The block is tied up by a horizontal string which has a
tension of 50 N to keep the block just in equilibrium, then the coefficient of friction
between the block and the inclined surface is :

(A) Zero
B) 0.33
© 0.5
D) 0.7
2. A plank is held at an angle o to the horizontal (figure)

on two fixed supports A and B. The plank can slide
against the supports (without friction) because of its

weight Mg. With what acceleration and in what A -
direction, a man of mass m should move so that the B
plank does not move.
(A) gsina (1 +ﬁj down the incline (B) gsina (1 +—j down the incline
m
© gsina (1 +ﬁj up the incline D) gsina (1 +—j up the incline
m
3. A rod AB is shown in figure. End A of the rod is hinged on the ground. Block is moving with velocity \/5 m/s

towards right. The velocity of end B of rod when rod makes an angle of 60° with the ground is:

V= -\/ﬁ m/s
—>
HITTTTT
@A  Bms (B) ©) 23 ms ®) 3m/
4. A trolley C shown in the figure is driven with an acceleration @ = 3 m/s2. The ratio of acceleration of the bodies A

and B of masses 10 kg and 5 kg respectively is: (assume pulleys are massless and friction is absent everywhere)

(A) 2:1 (B) 1:3 © 1:1 (D) 2:3
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In the system shown in figure, all the surfaces are smooth. Rod is moved by
external agent with acceleration 9 m/s? vertically downwards. Force exerted
on the rod by the wedge will be :

A) 120N (B) 200 N

© 135/2N D) 225/2 N

In the situation shown in figure all the string are light and inextensible and pullies are light. There is no friction at
any surface and all blocks are of cubodial shape. A horizontal force of magnitude F is applied to right most free end
of string in both cases of figure 1 and 2 as shown. At the instant shown, the tension in all strings are non zero.
Let the magnitude of acceleration of large blocks (of mass M) in figure 1 and figure 2 are a; and a> respectively.
Then:

Figure: 1 m Figure : 2 R m s
M M
1 m 2 F

F

Smooth horizontal surface / Smooth horizontal surface
(A) a =ay#* 0 (B) a =ay= 0 © a > ap D) a <ap
An inclined plane makes an angle 30° with the horizontal. 4 groove (OA) of length
5 m cut, in the plane makes an angle 30° with OX. A short smooth cylinder is free Cylinder
to slide down the influence of gravity. The Time taken by the cylinder to reach A
from Ato Ois: (g=10 m/s?)
A) 45 (B) 25 (0] 30 > X
© 2s (D) ls

A particle of mass m = 0.1 kg is released from rest from a point A of a wedge of

A
mass M = 2.4 kg free to slide on a frictionless horizontal plane. The particle slides
down the smooth face AB of the wedge. When the velocity of the wedge is 0.2 m/s ’
the velocity of the particle in m/s relative to the wedge is :
A) 4.8 B) 5.77
© 7.5 D) 10 B

MULTIPLE CORRECT ANSWERS TYPE

Each of the following Question has 4 choices A, B, C & D, out of which ONE or MORE Choices may be Correct:

9.

In the given figure, a block A rests on a smooth triangular block B and the
block B is given an acceleration of a = 2 m/s? along the plane.
A) normal force on block A due to block B is m(g — a)

B) acceleration of block A relative to block B is a cos 0
© If friction is present between block and A and B, the coefficient of

_y a . .
friction should be greater than —cosO, for no relative motion
g

between 4 and B
D) If friction is present between block and 4 and B, the coefficient of friction should be greater than
acosf

——, for no relative motion between 4 and B
g—asinf
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10. Two blocks each of mass 1 kg are placed as shown. They are connected by a string which passes over a smooth
(massless) pulley. There is no friction between m; and the ground and the coefficient of friction between m; and m»
is 0.2. A force F is applied to m>. Which of the following statements is/are correct. v

A) The system will be in equilibrium if F<4N . = B E )
(B) If F> 4N the tension in the string will be 4N. it
1
©) If F > 4N the frictional force between the block will be 2N. ‘
A\

ARLELERRRRERRERRRRRRRRRRRRRRRRAAY
D) If F = 6N the tension in the string will be 3N.

Ty

11. A block P of mass 4 kg is placed on horizontal rough surface with coefficient of friction p = 0.6. And two blocks R
and Q of masses 2 kg and 4 kg connected with the help of massless strings 4 and B respectively passing over

frictionless pulleys as shown, then (g = 10m/s?) P @
A) acceleration of block P is zero. i akg @
(B) tension in string 4 is 20 N. T I I Ty,
© tension in string B is 40 N. p=0.6
D) contact force on block P is20/5 N. I;LE,
12. Two blocks 4 and B each of mass 1/2 kg is connected by a massless ' )
inextensible string and kept on horizontal surface. Coefficient of friction B A ._Fikt
between block and surface is shown in figure. A force F = k# (where k = 1 T T T T T
N/s and ¢ is time in second) applied on 4. Then (g = 10 m/s?) w=0.2 w,=0.2
(A) work done by friction force on block B is zero in time interval ¢ = 0 to ¢ = 3« pn=0.2 pn=0.4
(B) work done by friction force on block 4 is zero in time interval t= 0 to ¢ = 3s.
© work done by tension on B is also zero in time interval = 0 to ¢ = 3s.
D) speed of blocks at = 10s is 27.5 m/s.
13. A chain of length L is placed on a horizontal surface as shown in figure. At any instant x is the length of chain on

rough surface and the remaining portion lies on smooth surface. Initially x = 0. A horizontal force P is applied to the
chain (as shown in figure.) In the duration x changes from x = 0 to x = L, for chain to move with constant speed.
Choose the incorrect option(s): [

- L »
%+ Lg

(A) the magnitude of P should increase with time
(B) the magnitude of P should decrease with time

© the magnitude of P should increase first and then
decrease with time Smooth Rough

D) the magnitude of P should decrease first and then increase with time

14. Two blocks of masses 10 kg and 20 kg are connected by a light spring as shown. A force of 200 N acts on the 20 kg
mass as shown. At a certain instant the acceleration of 10 kg mass is 12 ms towards right direction.

(A) At that instant the 20 kg mass has an acceleration of 12 ms-2. F
(B) At that instant the 20 kg mass has an acceleration of 4 ms?. W

© The stretching force in the spring is 120 N. F=200N
D) The collective system moves with a common acceleration of 30 ms

when extension in the connecting spring is the maximum.

15. An arrangement of the masses and pulleys is shown in the figure. Strings connecting masses A and B with pulleys
are horizontal and all pulleys and strings are light. Friction coefficient between the surface and the block B is 0.2
and between blocks A and B is 0.7. The system is released from rest. (Use g= 10 m/s?)

1 kg
Block D
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(A) The magnitude of acceleration of the system is 2 m/s? and there is no slipping between block A and block
B.

(B) The magnitude of friction force between block A and block B is 42 N.

© Acceleration of block C is 1 m/s?> downwards.

D) Tension in the string connecting block B and block D is 12 N.

In the figure, the pulley P moves to the right with a constant speed u. The B P
downward speed of A is va and the speed of B to the right is vs.
(A) VB = Va (B) VB=U+Va

© VBt UuU=va

D) the two blocks have accelerations of the same magnitude

A rope AB of linear mass density A is placed on a quarter vertical fixed disc of radius R as shown in the figure.
The surface between the disc and rope is rough such that the rope is just in equilibrium. Gravitational acceleration is
g. Choose the correct option(s). A

A) Coefficient of static friction between rope and disc is p =1

. e L 1
B) Coefficient of static friction between rope and disc is p = E

© Maximum tension in the rope is at the top most point 4 of the rope
D) Maximum tension in the rope is kRg(x/E -1)

R B

Two blocks of masses 2 kg and 4 kg are placed over each other as shown in the adjoining figure. The coefficient of
kinetic and static friction are as shown in the figure. A variable force F' =4¢ starts acting on the 4 kg block as shown.

Choose the correct option from the following. (a4, anda, represent the accelerations of 4 kg and 2 kg blocks,

respectively.)

a,

(A)

?_ (D) /
i t

r—d
|
I
|

A body of mass 10 kg is kept at horizontal rough surface as shown in the figure. The coefficient of friction between
body and the surface is 0.05. At ¢ =0, body is given velocity 10 m/s along positive x-axis , simultaneously, a force of
15 N starts acting along negative x-axis continuously through the motion of body. Choose the correct graph(s).

(Physical quantities along positive x-axis, are considered as positive)
¥

I5SN Moke
////O//////// T S G Y X

n=0.05
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20. A massless inextensible string rests on a stationary wedge forming an angle o with the horizontal as shown in the

figure. One end of the string is fixed to the wall at point 4. A small block of mass m is attached to the string at point
B. The wedge starts moving to the right with a constant acceleration a due to an external force (not shown in the

figure). Then choose the correct result(s) (Assume all contact surface to be smooth) A4
(A) Acceleration of block B is 2acosa /2 with respect to ground 4 B
(B) Acceleration of block B is 2asino /2 with respect to ground 2 4
]
© Normal reaction applied by the wedge on the block B is 2 ¢
N =mgcosa+masina
. 1-
D) Normal reaction applied by the wedge on the block B is N =mgcosa +M
sino
21. A block of mass s10 kg placed in contact with the vertical wall of a box which is acceleration in horizontal direction
with acceleration 20 m /sec? . Friction coefficient is p=0.6(Take g =10m/ secz)
(A) Acceleration of block is 20 m /sec’ as ween by observer on ground - u=0.6
B) Friction force on the block is 100 N /
© Contact force between wall and block is 100v/5 (N) ) trifisees
D) Contact force between vertical wall and block is only
electromagnetic in nature
22, Att=0,aforce F =at" isapplied to a small body of mass m at an angle o resting on a smooth horizontal plane.
F=at
oL
Fit
ALLAVALVVURURVL VA VARV ARA NRNR AV
3

(A) Velocity of the body at the moment it breaks off the plane is ”i—g

9atan” asino

2
(B) The distance travelled by the before breaking off the plane is L
12asino tan o

© Its acceleration at the time of breaking off the plane is g cota.

D) Time at which it breaks off the plane is W_lg
asino
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23. A block of mass m is released from rest on a wedge of mass M as shown in the

figure, a, is the horizontal acceleration of wedge and N is the ground reaction,

N, is normal reaction between block and wedge Mark the correct statements.

N
A N=(M+m B - -
(A) ( )g (B) & am)
N si
©  Nsind_ (D) N, =mgcosb
M
24, A rough L-shaped rod is located in a horizontal plane and a sleeve of mass

m is inserted in the rod. The rod is rotated with a constant angular velocity ®

in the horizontal plane. The lengths /; and/, are shown in the figure. The

normal reaction and frictional force acting on the sleeve when it just starts
slipping are (. = coefficient of static friction between the rod and the sleeve)

(A) N = mo?], (B) £ =mol,
©)  N=myg*+o’} O  f=uN

Paragraph for Questions 25 - 27

Block A of mass m and block B of mass 2m are placed on a fixed triangular wedge
by means of a massless, inextensible string and a frictionless pulley as shown in
figure. The wedge is inclined at 45° to the horizontal on both sides. The coefficient
of friction between block A and the wedge is 2/3 and that between block B and the
wedge is 1/3. If the system of A and B is released from rest, find

25. The acceleration of A :

(A) 2 m/s? B) 3 m/s? © 5 m/s? D) Zero
26. Tension in the string,
242
) gmg (B) Tfmg ©  2mg ®  mg/\2
27. The magnitude and direction of the force of friction acting on A.
mg mg mg mg
A —downward (B ——=downward (C ——upward D) upward
A) NG (B) 32, © NG V2,
Paragraph for Q.28 - 30
In the following figure both the pulleys and the string are massless and all the surfaces are
frictionless.
Given: my = lkg, my = 2kg, my = 3kg .
) m3
28. The tension in the string is : 3
120 240 130
A) —N (B) —N © —N D) None of these
7 7 7
29. The acceleration of m; is :
40 ) 30 ) 20 )
(A) 7m /s B) 7m /s © 7m /s D) None of these
30. The acceleration of m;3 is :
40 5 30 5 20 5
(A) 7m /s B) 7m /s © 7m /s D) None of these
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MATRIX MATCH TYPE

Each of the following question contains statements given in two columns, which have to be matched. Statements in
Column 1 are labelled as (A), (B), (C) & (D) whereas statements in Column 2 are labeled as p, q, r, s & t. More than one

choice from Column 2 can be matched with Column 1.

31. In the given figure, coefficient of friction between the 2kg F, h
and 3kg blocks are ps = 0.3 and px = 0.2, between the Skg Zkg ‘/roug
and surface are pus = pux = 0.1 and between 3 kg and L 3kg kg {rough
surface is Us = Uk = 0, (g =10 m/sz) . TITTITT T AT T T T T T T T T T T T
Column 1 Column 2
(A) For F1=0,F,=15N ) acceleration of all blocks will be same
(B)  For Fy=25/4N,F>=0 Q) acceleration of any two blocks will be
different
(C) For F1=8N,F,=10N (r) frictional force between 2kg and 3kg block
is less than maximum static friction
(D) For Fi=16N,F,=9N (s) contact force between 3kg and 5kg block is
less than 10 N.
32. Two blocks of mass m; and m, (m, > my) are placed in contact with each
other on an inclined plane as shown in figure. The co-efficient of friction @@
between m, and surface is [ and between m; and surface is L.
A0
Column 1 Column 2
(A) =03, =02 ()] Acceleration of both blocks is different.
(B) m=021=03 Q) Acceleration of both blocks is same.
() m=031=03 (r) Normal reaction between both the blocks is zero.

(@) =03, = 0.2 and the inclined plane starts (g) Normal reaction between both the blocks is non-zero.
moving up with acceleration g/2.

SUBJECTIVE INTEGER TYPE

33. A heavy spherical ball is constrained in a frame as shown in figure.

The inclined surface is smooth. The maximum acceleration with

which the frame can move without causing the ball to leave the 30 T

. n .
frame is — . Find value of .

V3

34. A 1 kg block B rests on a bracket 4 of same mass as shown in figure.

Constant forces 1 = 20N and F, = 8N start acting at time ¢ = 0. The

distance of block B from pulley is 50 m at ¢ = 0. Determine the time (in s)

when block B reaches the pulley.

3s. A man of mass 50 kg is standing on one end of a stationary wooden plank
resting on a frictionless surface. The mass of the plank is 10 kg, its length is
300 m and the coefficient of friction between the man and the plank is 0.2.
Find £ if shortest time (in s) in which the man can reach the other end of the

plank starting from rest and stopping at the other end is 10 £.
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A particle of mass 2.5 kg is moving in gravity free space with velocity of 3i m/s. At =0, a force of magnitude
67.5 N starts acting on the particle such that it is always perpendicular to its instantaneous velocity. Find x if

. L 27
minimum time (in ms) after which the particle has the same velocity as the initial is — seconds.
x

A monkey of mass ‘m’ climbs up to a rope hung over a fixed pulley with M

an acceleration g/4 The Opposite end of the rope is tied to a block of mass pmg S TTITT 7777777777777,

i &

M lying on a rough horizontal plane. The coefficient of friction between

the block and horizontal plane is p. Find the tension in the rope and if i

T:M(Sm—4pM)

K ) + uMg. Find value of k?

Find the minimum force required to keep a block of mas m in equilibrium on a rough inclined plane with inclination

B mg(sinOL—ucoso¢)«/1+ku2 Find k2

o and coefficient of friction p(<tana) and if F;,

I+u

In the system shown in the figure, a bead of mass m can
slide on the string. There is friction between the bead
and the string. Block B has mass equal to twice that of
the bead. The system is released from rest with length /
= 1875 m of the string hanging below the bead.
Assuming the pulley and string to be massless. Find the
distance (in meter) moved by the block B before the
bead slips out of the thread.

A cyclist rides along the circumference of a circular horizontal track of radius r. The coefficient of friction
n=g (1—%) where 1y =0.8 isaconstant, R =2 and r is the distance from the centre of the circle. Calculate the

maximum velocity of the cyclist.

The block C shown in the figure is ascending with an acceleration a = 3 m/s* by
means of some motor not shown here. Find the acceleration of the bodies 4 and B

of masses 10 kg and 5 kg respectively in m/s%, assuming pulleys are massless and

friction is absent everywhere. If |a A| =a and |a B| =b then find a + b?

Two particles of mass m each are kept on a horizontal circular platform on
two mutually perpendicular radii at equal distance r from the centre of the
table. The particles are connected with a string, which is just taught when the
platform is not rotating. The coefficient of static friction between the
platform and block is p (now if angular speed of platform m is slowly

increased). Find the maximum angular speed (®) of platform about its

centre so that the blocks remain stationary relative to platform. (If

1 2
=—,r=25mand g=10m/s")
SN £
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A circular tube of mass M is placed vertically on a horizontal surface as shown in the figure. Two small spheres,
each of mass m just fit in the tube are released from the top, as shown in the figure. If 6 gives the angle between
radius vector of either ball with the vertical, obtain the value of the ratio m/M for which the tube breaks its contact
with ground when 0 = 60° (Ignore any friction).

A plank is rotating in a vertical plane about one of its ends with a constant angular velocity o= V2 rad/s. A block
of mass m = 2 kg is placed at a distance / = 1 m from its end 4 (see figure) which is hinged. The block starts sliding
down when the plank makes an angle 8 = 30° with the horizontal. If coefficient of friction between the plank and
the block is p and given that u* = k/25. Find the value of k.

A
A bead of mass m 1is fitted onto a rough rod of length of 30.6 m and can move along it only. At the initial moment the
bead is in the middle of the rod. The rod moves with the constant acceleration @ =5m/s> as shown in the figure. Find
the time when the bead will leave the rod if the coefficient of friction between bead and rod is p=0.2 (Neglect
gravity)

a=5m/s
bii ]
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JEE Advanced Revision Booklet Energy & Momentum

SINGLE CORRECT ANSWER TYPE
Each of the following Question has 4 choices A, B, C & D, out of which ONLY ONE Choice is Correct.

1. An external agent moves the block m slowly from A to B, along a P
smooth hill such that every time he applies the force tangentially. g
Find the work done by the agent in this interval. \
m? gz H? mg g N i
Aa —— (B) EE— \
L L
(©) mgH+L) (D)  mgH A
7 777777777777,
2. A 2 kg block is gently pushed from rest at A and it slides down along the fixed .
smooth circular surface. If the attached spring has a force constant k = 20 N/m. e
What is unstretched length of spring so that it does not allow the block to leave 7 X §
the surface until angle with the vertical is © = 60°. ' _ 09'/’"
(A) 1m ®B) 15m D
© 05m D) 0.8 m
3. A small block of mass m is released from A inside the frictionless circular groove of radius 2 m on an inclined plane
as shown in figure. The contact force between the block and inclined plane at point B is
@) J28mg (B)  25mg
V28
© T mg D) 18.5 mg
4. Two blocks of masses m and 4m lies on a smooth horizontal surface connected with a spring in its natural length.
Mass m is given velocity v0 through an impulse as shown in the diagram. VO
Which of the following is not true about subsequent motion —
(A) Kinetic energy is maximum in ground frame and centre of mass o= 0 ml-/mzm'\-lm o= 0
(COM) frame simultaneously
B) Value of maximum kinetic energy & minimum kinetic energy is same in COM frame & ground frame
© Minimum kinetic energy is zero in COM frame but non zero in ground frame
(D) Maximum and minimum kinetic energies of m in ground frame is respectively %mvg and zero
5. DAs shown in the figure a body mass m moving horizontal with speed «/3m /s hits a fixed smooth wedge and goes
up with a velocity vsin the vertical direction. If £ of wedge is 30°, the velocity v, will be : ® ty
(A) J3m/s '
(B) 3 mls | m
T B Nt -®
© —m/s
3
(D) this is not possible
6. In the figure shown, a particle P of mass m strikes the inclined smooth plane of wedge of
mass 4m horizontally and rebounds vertically. The wedge is on a smooth horizontal plane. P,
Assume no toppling of the wedge. If the angle 6 is 60°, then the co-efficient of
restitution is: 4m
A ’ B ! C 7 D : :
A) 5 (B) NG © NG (D) 3
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7. The ends of a spring are attached to blocks of masses 3 kg and 2 kg. The 3kg block rests on a horizontal surface and
the 2 kg block which is vertically above it is in equilibrium producing a compression of 1 cm of the spring. How

much more must the 2 kg mass be compressed so that when it is released, the 3 kg block may be lifted off the

ground ?
2 kg
3 kg
(A) 1.5 cm (B) l cm © 2.5cm D) 3cm
8. Two particles are inter connected by an ideal spring (see figure). The spring is compressed and system is projected
in air under gravity. If the acceleration of m; is @ find acceleration of m.
m,
g l :
m,
_ Lo mg—ma mg +myg —ma
(A) s (B) s+a (©) mg—ma (D) Mg Thh8 —mad
m my
9. A particle of mass 15 kg has an initial velocity v, = i— 2}' m/s. It collides with another body and the impact time is

0.1s, resulting in a velocity 17f =6 + 4]A' + 5k m/s after impact. The average force of impact on the particle is

(A)  150(57+6]+5k) B)  15(5i+6]+5k)
©)  150(5/—6]+5k) D)  15(5i+6]+5k)
10. When you pull a tablecloth out from under a set of dishes, it's important to pull the cloth as fast as possible because

(A) the work done on the dishes by the cloth is proportional to the time during which the cloth pulls on them.

B) the weight of the dishes on the cloth is proportional to the time during which the cloth is moving.

© the force of sliding friction that the cloth exerts on the dishes is proportional to the time during which the
cloth is moving.

D) the momentum transferred to the dishes is proportional to the time during which the cloth pulls on them.

MULTIPLE CORRECT ANSWERS TYPE
Each of the following Question has 4 choices A, B, C & D, out of which ONE or MORE Choices may be Correct:

11. A ball of mass | kg bounces against the smooth ground as shown in the figure.
The velocity just before collision is 25 m/s and the velocity after just after y kg
hitting the ground is 15 V2 m/s. Select the correct alternative(s) 25m/s
(A) Magnitude of Impulse =5 Ns _/ 152 mis
B) Magnitude of Impulse = 35 Ns
©) Coefficient of restitution, e = 0.75 539,445
D) Coefficient of restitution, € = 0.25 X
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12. A particle of mass m makes a head-on elastic collision with another particle of mass 2m initially at rest. The
velocity of the first particle before and after collision is given to be u; and viand the velocity of second particle after
the collision is vo. Which of the following statements is true in respect of this collision?

(A) For all values of uy, viwill always be less than u{ in magnitude.

B) The fractional loss in kinetic energy of the first particle is g

th
© The gain in kinetic energy of the second particle is (gj of the initial kinetic energy the first particle.

D) There is a net loss in the kinetic energy of the two particle system in the collision.

13. A tennis racket (held firmly in the hand) moving at a speed u; hits a small ball moving towards it at a speed uo.
A) The maximum possible speed of the ball after it is hit is up + 2u;.
B) Magnitude of impulse on ball due to tennis racket is 2muy.

© Work done by tennis racket on ball is 2mu; (uo + ui)
D) Work done by tennis racket on ball is zero.

14. A man of mass M is carrying a ball of the mass M/2. The man is initially in [ 1
the state of rest at a distance D from fixed vertical wall. He throws the ball

[ ]
towards the wall with a velocity V horizontally with respect to earth at t = 0. [ ]
As a result of throwing, the man also starts moving backwards. The ball [

B —
2V

rebounds elastically from the wall. The man finally collects the ball.

Assuming friction to be absent.

A) the velocity of the man + ball system after the man has collected the ball is ?
B) Impulse by ball on man is g

© Impulse by ball on man is %

D) He catches the ball again at t :%

15. Consider a situation in which a ball collides horizontally with a wedge as shown in figure. All surfaces are smooth.
It is observed that after collision ball starts moving on the incline as shown in figure.

Vo v,

/ / / /

/ /
Before collision After collision
Which of the following statement(s) is(are)NOT correct for this situation.
(A) Collision between ball and wedge is perfectly inelastic (e = 0)

B) Momentum of the ball can be conserved only along incline just before and after collision.
© Momentum of system (ball + wedge) can be conserved along any direction just before and after collision.
D) Momentum of system (ball + wedge) can be conserved only along initial direction of motion of the ball.
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A ball of mass 1kg is dropped from a height of 3.2m on smooth inclined plane. The coefficient of restitution for the

|
collision is e :E . The ball's velocity become horizontal after the collision. O
32
(A) The angle 0 = tan! (L) m
V2
(B) The speed of the ball after the collision = 4\/5 m/s
© The total loss in kinetic energy during the collision is 8J 0

D) The ball hits the inclined plane again while travelling vertically downward.

A ball collides elastically with an another identical ball B with velocity 10 m/s at an angle of 30° from the line
joining their centers C; and C,, then
(A) velocity of ball A after collision is 5 m/s

B) velocity of ball B after collision is 543 m/s
© both the balls moves at right angles after collision
D) KE will not be conserved here, because collision is not head on.

In figure, a block of mass m is released from rest when spring was in its natural length. The pulley also has mass m
but it is frictionless. Suppose the value of m is such that finally it is just able to lift the block M up after releasing it.

M
(A) The weight of m required to just lift M is 7g

M
(B) The tension in the rod, when m is in has zero acceleration 7 g
. .M
©) The normal force acting on M when m has zero acceleration 7 g
D) The tension in the string when displacement of m is maximum possible is Mg

A bob of mass 10m is suspended through an inextensible string of length { . When the
bob is at rest is equilibrium position, two particles each of mass m strike it as shown. AL irs
The particles, stick after collision. Choose the correct statement from the following :

A) Impulse in the string due to tension is 2mu

3

B) Velocity of the system just after collision is v =

137, o137
© Loss of energy is 2—8mu (D) Loss of energy is gmu

Three identical discs A, B and C rest on a smooth horizontal plane, the disc A set in motion with velocity v along

perpendicular bisector of line BC joining centre of disc. Distance between the centers of disk B and C is V2 times
of the diameter of each disc. A stops after collision and all collisions are elastic, then which of the following

statements is(are) correct : B
(A) Net impulse on A is NG) (mv) —
(B) Net impulse on A is mv A
© Impulse on B due to A of same magnitude as impulse 2d
on C due to A v d=diamte
(D) Total kinetic energy of system (A + B+ C) before collision is mass(m) I

equal to total kinetic energy of system(A + B + C) after

collision
C
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21. Inside a hollow sphere of mass M, a rod of length R2 is released from the state of rest.
The mass of the rod is same as that of the sphere. If the inner radius of the hollow sphere
is R then find out its horizontal displacement with respect to ground in time in which the

rod becomes horizontal.

R R R Assume friction to
(A) —_ (B) —_ © JRE— D) R completely absent.
2 4 22
22. Two equal spheres of mass m are in contact on a smooth horizontal table. A third identical sphere impinges
symmetrically on them and reduces to rest, then:
(A) Coefficient of restitution is e :§
B) Loss of kinetic energy %mu2 where u is velocity before impact OL -------------
© After the collision, velocity of equal mass sphere is %
L 1
D) Loss of kinetic energy Emu
23. A pendulum bob of mass m connected to the end of an ideal string of length / is released from rest from horizontal

position as shown in figure. At the lowest point, the bob makes an elastic collision with a stationary block of mass
5m, which is kept on a frictionless surface. Mark out the correct statement(s) for the instant just after the impact.

O { m“v““

m
(A) Tension in the string at lowest point just after collision is (17/9) mg
B) Tension in the string at lowest point just before collision is 3 mg
© The velocity of the block is +/2gl/3
D) The maximum height attained by the pendulum bob after impact is (measured from the lowest
position 4//9
24, A body of mass m moving with a velocity v in the x direction collides with another body of mass M moving in y

direction with a velocity V. They coalesce into one body during collision.

A) The magnitude of momentum of the composite body [(mv)2 +(M V)z]l/2

M 24y
(B) The fraction of initial K.E. transformed into heat is 2( i ) vt
m+M N\ m? +MV?

M
© Decrease in kinetic energy is m—(v2 + VZ)
2(m+M)

D) None of these
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25. A particle of mass 1 kg is moving along X-axis. Its velocity is 6 m/s at x = 0. Acceleration time curve and potential
energy-displacement curve of the particle are shown.

'y
L

(m:’.s'z)

160 \ 6 10
0 6\ > x(12)
IR, |7 [y TOCHERRRNPRSNBROR...

(A) The work done by all the forces is 704 J

B) The work done by external forces is 350 J

© The work done by external forces is 384 J

D) The work done by conservation forces is 300 J

U
I

26. A block of mass 1 kg moves towards a spring of force constant 10 N/m. The spring is massless and unstretched. The
coefficient of friction between block and surface is 0.30. After compressing the spring, block does not return back:
(g =10 m/s)
(A) The maximum value of speed of block for which it is possible is 3.8 m/s
B) The maximum value of speed of block for which it is possible is 4.2 m/s
© If E; and £, are initial and final mechanical energy, which is sum of kinetic energy and potential energy,

the work done by friction on a system is (E; —E )

D) Statement in option (C) is wrong

27. The alternative that gives the conservative force of the following is.
> TL2% > 3% 27
A) F1=2xyi+x"j B) Fo=yi+xy7i
> TN > 27, 2%
©) F3=yi+xj (D) Fa=xy"i+x7i
28. A man is standing on a plank which is placed on smooth horizontal surface. There is sufficient friction between feet
of man and plank. Now man starts running over plank, correct statement is/are:
(A) Work done by friction on man with respect to ground is negative
(B) Work done by friction on man with respect to ground is positive

© Work done by friction on plank with respect to ground is positive
D) Work done by friction on man with respect to plank is zero

29. A small sphere of mass m suspended by a thread is first taken a side so that thread forms the right angle with the

vertical and then released, then

A) Total acceleration of sphere as a function of 6 measured from the vertical is gv1+ 3cos’H

B) Thread tension as a function of  measured from the vertical is T = 3mg cos0

© The angle 6 between the thread and the vertical at the moment when the total acceleration over of the
sphere is directed horizontally is cos™'1/ NG)

D) The thread tension at the moment when the vertical component of the sphere’s velocity is maximum will be
mg
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30. A particle P is initially at rest on the top pf'a smooth hemispherical surface which is fixed on a horizontal plane. The

particle is given a velocity u horizontal. Radius of spherical surface is a.
P

Jea

(A) If the particle leaves the sphere, when it has fallen vertically by a distance of %,u =

2
B) If the particle leaves the sphere at angle 0 (fig) where cos6 = g, then u =- c31g
© If u = 0 and the particle just slides down the hemispherical surface, it will leave the surface when cos© =§
D) The minimum value of u, for the object to leave the sphere without sliding over the surface is +/ag
Paragraph for Q.31 - 33
A ball of mass ‘m’ is suspended by massless string of length ‘ ¢’ from
fixed point. A particle of mass 2m strikes in the direction 6 = 45°
from horizontal and sticks to it (¢ > radius of ball) :
31. What should be minimum initial velocity of 2m mass, so that the system can complete vertical circle.
A) 32¢g¢ (B) 3 S%K © 3/5¢g¢ (D) gl

32. If ¢ = 60°, the string is cut, what will be the velocity of combined mass at highest point of trajectory :

¢ 1
A) % (B) Vgl © 2\/gt (D) Y gt
33. In the previous question, what will be maximum height achieved by the combined mass from the initial position of
ball "m"
1 3¢
A) . (B) - © ¢ (D) 2¢
2 2
Paragraph for Q.34 - 35 i
4 |
Three masses m, m and 2m are held stationary as shown in <—m’|<4—m>
the figure with all the strings taut. Now, the mass 2m is I_Z'tll
released and it starts falling vertically downward. o I+l
34 Velocity of masses m at the instant 2m touches the ground is : 3m i
[5 [5 |
(A) 10,|[— m/s B)15,[— m/s | |m ! m
13 17 |
© 101’ > / D)6, > /
—m/s — m/s
17 17
3s. The maximum height reached by masses m (in metre is)
A) 0.78 B) 1.53 © 2.16 D) None of these
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MATRIX MATCH TYPE

Each of the following question contains statements given in two columns, which have to be matched. Statements in
Column | are labelled as (A), (B), (C) & (D) whereas statements in Column Il are labeled as p, q, r, s & t. More than one
choice from Column Il can be matched with Column I.

36. Assume that 2 bodies collide head on. The graph of their velocities with time are shown in column-1 match them
with appropriate situation in column-2

Column 1 Column 2
IO 0 om
(A) >< ®) GO <O
m,<m, 0<e<l
w (1) 2" body is large
m, wall
4 5t 5
w(l)

) it ball
© %t ®) 0= O

w (1) vy Vv,
(2) Go— G—

(D) t O) m=m e=]
v, >V,

m, m,

©® O— «—©

m>m, e=1

37. In the figure shown, upper block is given a velocity 6m/s & lower block a velocity 3m/s. When relative motion
between them stops. (Here block 2 Kg is very long)
Column 1 Column 2

(A)  Work done by friction on 1 kg block ®) 3 Joule smoothml’ihmﬁiis
B) Work done by friction on 2 kg block ()] negative 4 2Kg 3m/s
© Net work done by friction (r) positive

D) Loss in K.E. of system (2kg + 1kg block) (s) 7 Joule

SUBJECTIVE INTEGER TYPE

38. Board A is placed on board B as shown. Both boards slide, without moving with respect to each other, along a
frictionless horizontal surface at a speed 6 m/s. Board B hits a resulting board C "head-on". After the collision,
boards B and C stick together and board A slides on top of board C and stops its motion relative to C in the
position shown on the diagram. What is the length (in m) of each board? All three boards have the same mass,
size and shape. The coefficient of kinetic friction between boards A and C and between boards A & B is 0.3.

(Take g = 10 m/s?)

smooth

A
B || c | [ B ] C

V=0 —

Before After
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39. An inclined plane is placed on a horizontal smooth surface. The plane is struck by an small
elastic ball whose velocity is horizontal just before the impact. The ball bounces off the inclined
plane and then lands on it again at the point of first impact. Find the ratio of the masses of the
ball and the inclined plane. (Angle 6 = 30°)
40. Two massless strings of same length hang from the ceiling very near to each other as shown
in the figure. Two balls A and B of masses 0.25 kg and 0.5 kg are attached to the string.
The ball A is released from rest at a height as shown in the figure, so that its velocity is 3
m/s before collision. The collision between two balls is completely elastic. Find the speed
(in m/s) of ball A just after the collision.
41. A small ball is projected from point P on floor towards a wall as shown.
It hits the wall when its velocity is horizontal. Ball reaches point P after one bounce on
the floor. If the coefficient of restitution is the same for the two collisions, find the
value of its reciprocal. [All surfaces are smooth] p
42. A small ball of mass 2g is attached to a string of length ¢ whose other end is fastened to me
an upright vertical rod fixed on a wooden board resting on a horizontal table. The
combined mass of the board and rod is 1kg. The friction coefficient between the board
and the table is p. The ball is released from rest with the string in a horizontal position.
While the ball swings, the board does not move. m\m
What is minimum value that p must have to prevent the board from moving to the left while the ball swings down ?
Using necessary approximation, express your answer as x X 107 and find x.
43. A block of mass m placed on a smooth horizontal surface is attached to a spring and L
is held at rest by a force P as shown. Suddenly the force P changes its direction | . p
opposite to the previous one. Find the ratio /»/1;, where /; is the maximum extension
in the spring and /; is the initial compression.
44. Block 4 of mass lkg is placed on the rough surface of block B of mass 3kg. Block B is placed on
smooth horizontal surface. Blocks are given the velocities as shown. Find net work done by the frictional force.
[in (-) ve J]
e 8 milsec
4 mfsec
B
45. A Block of mass 2kg is placed on an inclined plane of
angle 53°, attached with a spring as shown.
Friction coefficient between block and the incline is 0.25.
The block is released from the rest and when spring is in
natural length. Find maximum speed of the block it
acquires after the release in c¢m/s is found to be nearly 5n.
Find ‘n’ (Take g =10 m/s?)
46. The sphere at P is given a down ward velocity v, and swings in a
vertical plane at the end of a rope of /= lm attached to a support at
O. The rope breaks at angle 30° from horizontal, knowing that it
can withstand a maximum tension equal to four times the weight of
the sphere. Then the value of v, will be (g =10 m/sz)
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47.

48.

49.

50.

51.

52.

53.

An observer and a vehicle, both starts moving together from rest with 5l
2 m/s

accelerations 5 m/s*> and 2 m/sz, respectively. There is a 2 kg block m
on the floor of the vehicle, and p = 0.3 between their surfaces. Find

the work done by frictional force on the 2 kg block as observed by the

running observer, during first 2 seconds of the motion. y ~

A block of mass m is placed inside a smooth hollow cylinder of radius R

kept horizontally. Initially system was at rest. Now cylinder is given 2
constant acceleration 2g in the horizontal direction by external agent. Find

the maximum angular displacement of the block with the vertical.

Two balls with masses m; =3 kg and m, =5 kg have identical velocity "= 5 m/s in the direction shown in figure.

They collide at origin. Find the distance of position of C.M. from the origin 2 sec after the collision.

3

A plate of mass M is moved with constant velocity ‘v’ against dust particles moving with velocity ‘u’ in opposite
direction as shown. The density of the dust is p and plate area is A. Find the force F' required to keep the plate

moving uniformly is Ap(u + v)N, then NV is

e
[ ] * ® & 9 L BN ] ® @ *
L ® L] L L]
® & & & 0 & & @ @ 2
® & & & & & & 0 o @
G L] ] e [ ] ®
® & 9 & o8 0 0 3
® & & & 0 & & &0 2
L] L ] L] L [ ]
® & & &+ & 0 0 B
u
Plate dust parti
st particle
(M)

A simple pendulum is suspended from a peg on a vertical wall. The pendulum is pulled away from the wall to a
horizontal position and released. The ball hits the wall, the coefficient of restitution, being (2/ \/g) What is the

minimum number of collisions after which the amplitude of oscillation becomes less than 60°?

A small particle of mass m = 2 kg moving with constant horizontal

velocity u = 10 m/s strikes a wedge shaped block of mass M = 4 kg 8_’
placed on smooth horizontal surface on its inclined surface as shown in

figure. After collision particle starts moving up the inclined plane.

Calculate the velocity of wedge immediately after collision. &)

Three identical balls, ball I, and 1T and ball III are placed on a smooth floor

on a straight line at the separation of 10 m between balls as shown in figure.
Initially balls are stationary. Ball I is given velocity of 10 m/s towards ball

II. Collision between ball I and II is inelastic with coefficient of restitution

10 m 10 m
0.5 but collision between ball II and III is perfectly elastic. What is the time

interval between two consecutive collisions between ball I and 11?7
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Three objects A, B and C are kept in a straight line on a frictionless horizontal surfaces. These have masses m, 2m
and m respectively. The object 4 moves towards B with a speed 9 m/s and makes an elastic collision with it.
Thereafter, B makes completely inelastic collision ‘C’. All motions occur on the same straight line. Find the final
speed in m/s of the object ‘C".

The friction coefficient between the horizontal surface and each of 1.0 mls at rest
the blocks shown in the figure is 0.2. The collision between the B il
blocks is perfectly elastic. Find the separation between them (in :

il
cm) when they come to rest. (Take g =10 mls? ) 16 cm

Two particle of equal masses 4 M are initially at rest. A particle of
mass M moving at speed u collide elastically with one of the larger O O —_— O
Vi

balls. How many collisions occur?
aM y am

A ball leaves the track at B which is at 3m height from bottom most point of the track. The ball further rises upto 4m
height from the bottom most point before falling down. Find % (in m), if the track at B makes an angle 30° with

Rt

A block of mass 0.18 kg is attached to a spring of force-constant 2 N/m. The

horizontal.

coefficient of friction between the block and the floor is 0.1, initially the block

is at rest and the spring is un-stretched. An impulse is given to the block as

shown in the figure. The block slides a distance of 0.06 m and comes to rest for
the first time. The initial velocity of the block in m/s is V' = N/10. Then N is.
A ball collides at B with velocity 10 m/s at 30° with vertical. There is a flag at 4 and a wall at C. Collision of ball
with ground is perfectly inelastic (e = 0) and that with wall is elastic (e = 1). Given AB = BC = 10 m. Find the time
after which ball will collide with the flag.

L

A small ball of mass m is attached to the end of the string of length ¢ = Im whose other end is fixed. From its lowest
position, the ball is given a kinetic energy mg(/5. The net acceleration (in m/s?) of the ball at the instant when the

string makes an angle 0 of 37° with the vertical is
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JEE Advanced Revision Booklet Rotational Motion

SINGLE CORRECT ANSWER TYPE
Each of the following Question has 4 choices A, B, C & D, out of which ONLY ONE Choice is Correct.

1. A thin wire is bent in form of a helix of radius R and height H. The pitch of helix is g and mass per unit length of

wire is ». Moment of inertia of wire about the axis of helix is:

(A) AHR? (B) 2).R2\H? + 47R>

(©) ARZH? +167°R? (D)  None of these

2. Consider a uniform rectangular plate of mass M and dimensions (a x b). Its moment of inertia about one of the
diagonal is:
Ma*b? Ma*b? Ma*b?
2 2 (B) 2 2 © 2 2
6(a”+2) 3(a+7) 12(a®+27)

3. A uniform smooth rod of mass m = 1lkg and length L is balanced in the vertical
position as shown in the figure. When a horizontal force F is applied at end A4, the B I
L

(A) D) None of these

acceleration of top point Bat this instant is:
(A) 2m/s*to right

B 1 m/s* to left

(B) m/s* to e FoIN y
©) 1 m/s? to right T
D) None of these

4. A body is rolling without slipping on a horizontal plane. If the rotational energy of the body is 40% of the total
kinetic energy, then the body might be:
(A) Cylinder (B) Hollow sphere  (C) Solid cylinder (D) Ring
S. A sphere of mass m is given some angular velocity about a horizontal axis /V
through its centre, and gently placed on a plank of mass m as shown in the
figure. The coefficient of friction between the two is p. The plank rests on m
a smooth horizontal surface. The initial acceleration of centre of mass of /
the sphere relative to the plank will be mV / i 1
7
(A) zero (B) Hg ©) She (D) 2pg
6. A rod of length L is held vertically on a smooth horizontal surface. The top end of the rod is given a gentle push.

At a certain instant of time, when the rod makes an angle 6 with horizontal the velocity of COM of the rod is v).

The velocity of the end of the rod in contact with the surface at that instant is :

(A) v cot 0 (B) v cos 6 © Vo sin 6 D) v tan 6

7. A uniform bar AB of mass m and a ball of the same mass are released from
rest from the same horizontal position. The bar is hinged at end A. There is Y L—m ! mo
gravity downwards. What is the distance of the point from point B that has the A B C

same acceleration as the ball, immediately after release?

(A) - (B)

= C D =
3 3 © (D)

2 4
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8. A uniform bar of mass M and length L collides with a horizontal surface.
Before collision velocity of centre of mass was vy and no angular velocity. Just
after collision velocity of centre of mass of bar becomes v in upward direction
as shown in the figure. Angular velocity @ of the bar just after impact is :

6(v0 + v)cos@ ®) 6(VO - v)cos@

A)
L L
0 0 Before After
(C) (VO + V) cos (D) (VO B V) cos collision collision
L 6L
9. A light thread is wound on a disk of mass m and other end of thread is connected |;
to a block of mass m, which is placed on a rough ground as shown in the
diagram. Find the minimum value of coefficient of friction for which block
remain at rest:
m
| | | 1
A) = (B) — © = (D) -
3 4 2 5

10. Two point masses of 0.3 kg and 0.7 kg are fixed at the ends of a rod of length 1.4 m and of negligible mass. The
rod is set rotating about an axis perpendicular to its length with a uniform angular speed. The point on the rod
through which the axis should pass in order that the work required for rotation of the rod is minimum, is located at
a distance of :

(A) 0.42 m from mass of 0.3 kg B) 0.70 m from mass of 0.7 kg
© 0.98 m from mass of 0.3 kg D) 0.98 m from mass of 0.7 kg

MULTIPLE CORRECT ANSWERS TYPE
Each of the following Question has 4 choices A, B, C & D, out of which ONE or MORE Choices may be Correct:

11. Which of the following statements is(are) true

(A) Work done by kinetic friction on a rigid body may be positive

B) A uniform sphere rolls up an inclined plane without sliding. The friction force on it will be up the incline.
(only contact force and gravitational force is acting)

© A uniform sphere rolls down an inclined plane without sliding. The friction force on it will be up the
incline. (only contact force and gravitational force is acting)

D) A uniform sphere is left from rest from the top of a rough inclined plane. It moves down the plane with
slipping. The friction force on it will be up the incline always.

12. A thin bar of mass M and length L is free to rotate about a fixed horizontal axis through a point at its end. The bar
is brought to a horizontal position and then released. The angular velocity when it reaches the lowest point is

A) Directly proportional to its length and inversely proportional to its mass

B) Independent of mass and inversely proportional to the square root of its length

© Dependent only upon the acceleration due to gravity and the length of the bar

D) Directly proportional to its length and inversely proportional to the acceleration due to gravity
13. A rod bent at right angle along its centre line, is placed on a rough horizontal fixed cylinder

of radius R as shown in the figure. Mass of rod is 2 m and rod is in equilibrium. Assume that A

frictional force on rod at A and B are equal in magnitude.

(A) Normal force applied by cylinder on rod at A is 3mg/2. B
B) Normal force applied by cylinder on rod at B must be zero.

© Frictional force acting on rod at B is upward.

D) Normal force applied by cylinder on rod at A is mg.
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14. A disc of mass m and radius r is gently placed on another disc of mass 2m & radius r. The disc of mass 2m is
rotating with angular velocity o initially. The disc is placed such that axis of both are coincident. The coefficient

of friction is p for surfaces in contact. Assume that pressure on disc is uniformly distributed. Find the correct

statement.
o L 2.2
(A) Loss in kinetic energy of system AK= —mrcwo,~ . 0
O 30 =
1
B) Loss in kinetic energy of system AK = g mrzmo2 .
L. 2
© The common angular velocity is — o). 2m
Z -
D) The common angular velocity is g ol ¥(»O/,
A
15. A uniform cubical block of mass M and side ‘a’ is as shown in the figure Mark the correct statefnent(s). i
(A) The moment of inertia about axis A, passing through the centre of Tl :
1 P
mass is [, = gMa2 D / t /
B) The moment of inertia about axis B, which bisects one of the : '
. 5 P
cube faces is Ig = — Ma2 i ;
a P
(©) The moment of inertia about axis C, along one of the cube edges /NS S— - /
2 :
islc= g Ma2 i
D) The moment of inertia about axis D, which bisects one of the [

. 7
horizontal cube faces is — Ma>

B
C

16. A disc is given an angular speed () and released from a certain height (as shown in

the figure). Motion of disc is observed after collision with the rough surface. Released from rest

Velocity of centre of mass of ball and direction of ® is shown in the figure after the r ®o
collision. Mark possible path(s) of disc can follow after the collision. :

\Y 1

o, i

. ) >V Rough Surface

i o ‘
(A) Vi (B) e

o o
; ’ =0 ™ . '/I ® \\‘

© (D) 7
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A massless spool of inner radius r, outer radius R is placed against vertical wall and tilted split floor as shown in the
figure. A light inextensible thread is tightly wound around the spool through which a mass m is hanging. There
exists no friction at point A, while the coefficient of friction between spool and point B is p. The angle between two

surfaces is 0.

A) the magnitude of force on the spool at B in order to maintain equilibrium is
2 2
r r 1 g R
[ |
\/ R R) tan®@ < B
B) the magnitude of force on the spool at B in order to maintain equilibrium is
mg|1-L= ! A
g R jtan0 »
© the minimum value of p for the system to remain in equilibrium is —(RC/O )6 1
) —
s cgeq . . t
(D) the minimum value of p for the sysem to remain in equilibrium is R jm)g 1
) —

A solid sphere is given a angular velocity o and kept on a rough fixed incline plane as shown
in the figure. Then choose the correct statement.

A) If p = tan O then sphere will be in linear equilibrium for some time and after that pure
rolling down the plane will start.
B) If p = tan 6 then sphere will move up the plane and frictional force acting all the time
will be 2 mg sinf. lununnuonn
tan 0 . S
© Ifu= T there will never be pure rolling (consider inclined plane to be long enough.)
D) If incline plane is not fixed and it is on smooth horizontal surface then linear momentum of the system

(wedge and sphere) can be conserved in horizontal direction.

A billiard ball initially at rest is given a sharp blow by a cue stick. The force is horizontal and is applied at a

distance 2R/3 below the centre line, as shown in the figure. The initial speed of the ball is V), and the coefficient

of kinetic friction is L . (1 is small) :

; »X
(A) Initially kinetic friction acts in —i direction (B) Initially kinetic friction in i direction.
Sv
© Ball instantaneously starts pure rolling. D) Initial angular velocity of ball is 3—0

A student Amir of mass m is standing on the edge of an horizontal disc of radius R. The disc is free to rotate about
a frictionless vertical axis passing through its centre. Initially the student and disc are at rest. At t = 0 the student
starts to run at his maximum velocity v relative to disc. He runs along the circumference of the disc towards his
friend Salman in anticlockwise sense. Salman is stationary on ground. Moment of inertia of disc is I.

(A) Time taken to reach Salman is ﬂ(1 + ! 3 ) .
v mR

. . . . TR
B) If disc were considered massless time taken to reach Salman is —.
%
© If disc were considered massless Amir can never reach Salman.
D) Time taken will be minimum if Amir instead of running along circumference runs along diameter

towards Salman.
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A particle is rotating in a conical pendulum with help of a string of length ¢ as shown in the
figure. The speed of the particle is constant and angle 0 is also constant with time. It can be
said that

A) Angular momentum of the particle about the point of suspension is not constant.

B) Only the direction of angular momentum of the particle about the point of
suspenstion is constant.

© Only the magnitude of angular momentum about the point of suspension is constant.

D) Net torque on the particle about the point of suspension is zero.

In the adjacent figure a uniform rod of length ¢ and mass m is kept at rest in «

.. 4

horizontal position on an elevated edge. The value of x (consider the figure) is such

that the rod will have maximum angular acceleration o, as soon as it is set free.

i ‘ - g3
A x is equal to —= B) o is equal to =—
(A) q 2\/5 ( q Y
. g\/g . 14
C o is equal to =— D) x is equal to ——
© q 7 q \/g
In the adjacent figure, a uniform disc of mass 2m and radius (/2 is lying at rest on a 2m

and tangential to the disc, particle A is at rest. In the same horizontal plane another particle

smooth horizontal surface. A particle ‘A’ of mass m is connected to a light string of length
(. whose other end is attached to the circumference of the disc. Initially strign is just taut
/
. . . . . . . . 1'1'1 V, A
B of same mass m moving with velocity v, perpendicular to string collides elastically with B O—°

m

A. Just after impact which of the following statements will be true

2 2
A Tenstion is the string is 2mvy B) Acceleration of the centre of the disc is -
8 50 50

. .omv . .. 20

C Tension in the string is —2 D) Acceleration of the centre of the disc is —2
g S0 5¢

A cylinder is rolling without sliding on a smooth horizontal surface as

shown. O is origin, B and A are two points on y-axis C and D are topmost (0, 3R/2)

and bottom most point of cylinder at the given instant. Mark the correct A /'.\v
statements. (0, R)

(A) Angular momentum of body about C and D will be same in magnitude 0"

(B) Angular momentum of cylinder wil be minimum about A among the given points

© Angular momentum will be minimum about B

D) Angular momentum about O and C will be same in magnitude

A rod 4B of mass M and length L lies on a smooth horizontal table. An impulse J J A

is applied to end A as shown in the figure immediately after imparting the impulse:

. . .8
(A) The radius of curvature of trajectory of 4 as seen from the ground is §L.

. .2
(B)  The radius of curvature of trajectory of B as seen from the ground is §L.

(C) The instantaneous axis of rotation is at a distance of L/6 form the mid-point of the rod.
(D) The mid-point of the rod will move along a straight line.
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A uniform rod of length / and mass m is rotating about a fixed axis perpendicular to the paper (xy-plane) and
passing through its one of the end 4. At the instant shown in the figure rod’s angular velocity is ® and velocity of

- . .
the centre of mass of the rod is v,,,. The moment of inertia of the rod about an axis passing through point 4 and

kinetic energy of rod respectively.

4

cm cm

2
(A) LA:IAQ):(IMeri J(»,K:%mvz PRy

S 1
(B) L,=1,0=mr  xven +1,0,K=—mV’, +=1, o

cm cm 2 cm

=

2
mi 0, K :lIA(o2
4 2

(©  Li=I, 6:(10”1 +

cm

- - - - - 1 LBt
(D) La=I1,0=mFumXVan +1 m,K:E]A(oZ --------
A small disc of mass in is released on a parabolic curve in a vertical plane such that gravity acts along negative y-

2a
N3

and curve are sufficient for pure rolling. When disc is reached at x = a then choose the correct option(s).

axis. The equation of parabolic curve is x* = where ‘a’ is a positive constant. Frictional force between disc
q

(A) Acceleration of disc along the trajectory is/3g

(B) Acceleration of disc along the trajectory is % .
3

F

© Frictional force between disc and curve is 225 .
243
X
D) Frictional force between disc and curve is ng .
3

A small object is placed on a smooth table at a distance 7, from a hole in the centre of table. An ideal inextensible
chord is attached to the object through this hole. The object is set into motion with initial velocity of magnitude
Vo at right angle to the chord and at the same time, the chord is pulled through the hole at uniform speed ¢ m/s.
Initially object is at point A(0, y) and at any time t, it is at point P(r cos®, rsin0). Neglect the dimension of
object. Choose CORRECT option(s)

2.2
(A) Tension in the chord at any time t is Lv%
(rp—ct)
Y22 e
(B) Tension in the chord at any time t is M
(rp—ct)
. . . 2Ry, B /
© Angular speed of the object at any time tis ———- cm/s
(rp—ct)
. . . Vo
D) Angular speed of the object at any time tis ————
(rp—ct)
A thin rigid uniform circular disc rolls without slipping on a horizontal rigid + oy
surface (or the ground). At a certain instant, its position w.r.t. ground frame is as B| Translatory
shown in the figure. ¥ C.M. Frame
A) Sector ABC has greater kinetic energy than sector ADC w.r.t. ground frame A X
B) Sector BO’C has greater kinetic energy than sector CO’D w.r.t ground frame
© Sector BO’C has the same kinetic energy as sector 40 ’B w.r.t. ground frame 7”7 G/r(;Lll;l f s S X
D) All the sectors AO’B, BO’C, CO’D and AO’D have same kinetic Frame

energy w.r.t. the centre of mass frame

Physics 40 Rotation Motion



30.

31.

32.

33.

34.

Vidyamandir Classes

A disc of mass M and radius r has massless string wrapped over it with one end fixed on disc and other end
connected to block of same mass M. Initially system is held at rest. Now system is released from rest.
Immediately after system is released (assume there is no slipping at any contact surface). .

2 - J

2 4
(A) Acceleration of block in ground frame is ggi —g J
2 2 2 & Q ;\
(B) Acceleration of block in the frame of centre of disc is —g gi —g J
. . L2
© Acceleration of block in ground frame is —g J

D) Tenstion in string is 3 mg/5

-

A disc is given an initial angular velocity @, and placed on rough horizontal surface as shown. The quantities

which will not depend on the coeffcient of friction is/are
(A) The time until rolling begins.
(B) The displacement of centre of mass of the disc until rolling begins.

© The veocity when rolling begins.
D) The work done by the force of friction.

A uniform ring is connected to a light axle with light spokes so as to from a wheel. The wheel is placed on a
horizontal surface with its plane vertical and a constant horizontal force F is applied to the axle. Surface AB is
rough and surface right to B is smooth. The wheel does not slip when it moves from A to B and takes time 7 to

move the distance d between 4 and B.
(A) Rotational KE remains constant right of B
B) Energy is dissipated from A4 to B F
©) Linear acceleration of centre of mass of
the ring right of B is more than linear 4 . B

acceleration left of B

D) Linear acceleration of centre of mass of the wheel
undergoes constant non-zero acceleration to the right of B.

A uniform wheel is rolling without slipping on a horizontal surface. At a certain

instant, its centre of mass has velocity ‘v’ and acceleration ‘a’ of P, O and R are three X
points on the rim of the disc as shown in the figure. Acceleration of.
A) P is vertically upwards @)
B) O may be vertically downwards
©) R cannot be horizontal
[)

D) Some point on the rim may be horizontal leftwards.

A rod CD of length L and mass M is placed horizontally on a frictionless horizontal surface as shown. A second
identical rod 4B which is also placed horizontally (perpendicular to CD) on the same horizontal surface is moving
along the surface with a velocity v in a direction perpendicular to rod CD and its end B strikes the rod CD at end
C and sticks to if rigidly. Then,

(A) Velocity of centre of mass of the system just after impact is E P
. R 1
B) The o (angular speed) of system just after collision is 5L i
© Velocity of centre of mass of the system just after impact is % J-v
A L B C

D) The o (angular speed) of system just after collision is ;—Z
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Paragraph for Q. 35 - 37

A particle A is attached through an ideal thread to a point B on the circumference
of a smooth vertical cylinder as shown in the figure. Thread is horizontal and the

particle can slide on a smooth horizontal plane. The particle is now given a ¥ *C
horizontal speed V perpendicular to thread as shown. For the subsequent motion, ER
answer the following questions: (/ = length of thread, R = radius of cylinder): ¢ ]'3
/
35s. Angular momentum of particle is conserved about point:
A) B B) C © Midpoint of BC (D) None of these.
36. From start upto the moment particle strikes the cylinder, external torque required to keep the cylinder in
equilibrium:
(A) It always zero B) Continuously increases
© First increases then decreases. D) Remains constant.
37. If the motion starts at t = 0, the time at which particle strikes the cylinder is:
? ? 12
(A) — B) © D) None of these
RV} 2RV, 3RV
Paragraph for Q. 38 - 39
A uniform rod 4B is hinged at the end 4 in a horizontal position as shown in the
figure. The other end of the rod is connected to a block through a massless string as “
shown. The pulley is smooth and massless. Masses of the block and the rod are same
and are equal to 'm" ml
38. Then just after release of block from this position, the tension in the thread is : B
mg Smg 11lmg 3mg
A — B — C —_— D —
A) 3 (B) 3 © 3 D) 3
39. Then just after release of block from this position, the magnitude of reaction exerted by hinge on the rod is :
3mg Smg Omg Tmg
A — B — C — D —
) 16 ®) 16 © 16 ®) 16

Paragraph for Q. 40 - 42

A gardener presses the grasscutter with a force F at an angle 6 . Assume the motion of grasscutter as pure rolling. Find the

40. Friction between the grasscutter (assumed as a disc) and grouind.
Fsin® FcosO 2F 2F cosB
(A) (B) © —- (D) —
3 3 3 3
41. Acceleration of COM of the roller (disc). Assume that mass of the disc is m and neglect the mass of the
connecting rod.
2F cos6 Fsin© 2Fsin 0 FcosO
(A) — (B) © (D)
3m 3m 3m 3m
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42. Maximum force F for no relative sliding if the coefficient of friction between the roller and ground is .
A) wmg cos? B wmg sin? C 3umg . D 3umg .
cos0+3usin O cos 0 +3usin O cosB—-3usin6 cos 0 +3usin O

Paragraph for Q. 43 - 45

Figure shows a unform smooth solid cylinder A of radius 4 m rolling without slipping on the 8 kg plank which, in turn, is
supported by a fixed smooth surface. Block B is known to accelerate down with 6 m/s* and block C moves down with
acceleration 2m/s?.

A
(‘ 4m
0]
I~ 8kg
»
C
T ] 2kg IZ m/s”
2
6 m/s
43. What is the angular acceleration of the cylinder?
4 - - - -
(A) gmar 572 (B) grad 572 (©) 2rad s~ (D) 1rad s>
44. What is the ratio of the mass of the cylinder to the mass of block B ?
A) 1 (B) 2 © 3 (D) 4

45. If unwrapped length of the thread between the cylinder and block B is 20 m at the beginning, when the system
was released from rest, what would it be 2 s later ?

A)  28m B) 30m C 2m D) 325m

MATRIX MATCH TYPE

Each of the following question contains statements given in two columns, which have to be matched. Statements in
Column I are labelled as (A), (B), (C) & (D) whereas statements in Column Il are labeled as p, q, r, s & t. More than one
choice from Column Il can be matched with Column I.

46. A particle P strikes the uniform rod R normally, elastically at a distance x
from hinge as shown in the figure. The rod of length / is suspended vertically LI
with upper end hinged. N
Column I(Arrangement) Column II(For the collision) p [
(A) / . o (p) Linear momentum of (P+R) system increases
Ifx= E , elastic collision R
(B) Ifx = elastic collision (@) Linear momentum of (P+R) system decreases
©) / ] (r)  KE of the particle P decreases
Ifx= E, P sticks to R
(D) Ifx=1[ PstickstoR (s)  Angular momentum of the (P+R) system is conserved about hinge.
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47. A particle P moves with constant speed on a circle in anticlockwise direction as shown in figure
B
])
E
@------m--me- A
D

Match Column I with Column II :

(A)
(B)
©
(D)

Column I
Angular momentum of the particle about O
Angular momentum of the particle about E
Angular velocity of the particle about O
Angular velocity of the particle about E

Column II

(p) Is minimum when the particle is at A

()]

(r) Does not remain constant
(s) Remains constant

Is maximum when the particle is at A

48. In each situation of Column I, a uniform disc of mass m and radius R rolls on a rough fixed horizontal surface as

shown. At t = 0 (initially) the angular velocity of the disc is ®; and velocity of the centre of mass of the disc is

vy (in horizontal direction). The relation between vy and ®, for each situation and also initial sense of rotation is

given for each situation in Column I. Then match the statements in Column I with the corresponding results in

Column II .

Column I

o,

/ﬂ
D
S,

D

(p)

(@

(r)

)

Column IT
The angular momentum of the disc
about point A (as shown in the figure)
remains conserved.

The kinetic energy of the disc after it
starts rolling without slipping is less
than its initial kinetic energy

In the duration disc rolls with slipping,
the friction acts on the disc towards the
left.

In the duration disc rolls with slipping,
the friction acts on the disc for some
time to the right and for some time to
the left.

SUBJECTIVE INTEGER TYPE

49. A rod of length R and mass M is free to rotate about a horizontal axis

passing through hinge P as shown in the figure. First it is taken aside such
that it becomes horizontal and then released. At the lowest point the rod

hits the block B of mass m and stops. If mass of rod is +/60 kg, find

mass of the block if it just complete the circle.

50. A uniform rod of length ¢ = 1m is free to move and rotate in gravity-free space. When an impulse is given to one

end of the rod, perpendicular to its length, its centre of mass moves with velocity v = 1 m/s. What will be its
angular velocity (in rad/s) about its centre of mass.
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A uniform rod AB of length 4m and mass 12 kg is thrown such that just
after the projection the centre of mass of the rod moves vertically upwards
with a velocity 10 m/s and at the same time it is rotating with an angular

Velocltyz rad/sec about a horizontal axis passing through its mid point. A

Just after the rod is thrown it is horizontal and is as shown in the figure.
Find the acceleration (in m/secz) of the point A in m/s? when the centre

of mass is at the highest point. (Take g = 10m/s2 and 72 = 10)

A disc of mass M and radius R is placed on a rough horizontal surface. A A
light rod of length 2 R is fixed to the disc at point A as shown in the figure

and force %Mg is applied at the other end. Find the minimum value of

10pn where p is coefficient of friction (upto one decimal place) between

disc and horizontal surface so that disc starts to roll without slipping.

A uniform cylinder of mass m and radius r rolls on a fixed cylindrical
surface of radius R. At a certain instant, the line OC has an angular
velocity o and angular acceleration «. Find:

Ifthe acceleration of point of contact P of the cylinder with respect to the

2
surface is M

Then find value of .

A uniform rod of length 2¢ and mass m is suspended from one end by
inextensible string and other end lies on smooth ground. The angle made

by rod with vertical is 9:sin_1(1/ V3). If N, and N, represents the

contact force from ground on rod just before and just after cutting string
then find the ratio of N,/ N,.

A rigid triangular fram consists of three massless rods of length /=2.5m each and
point masses of mass m each at vertex B and C respectively. Frame is haning vertically
from point A about which it can rotate freely about an axis xx” which is perpendicular to
plane of frame as shwon in figure. Point of suspension of frame, i.e. A, is accelerating
with constant acceleration « =3g /4 in horizontal direction and initially frame is at rest

1/4

w.r.t. support A. Minimum initial angular velocity o =x(3)"" (in rad/s) provided to

system, so that it can complete vertical circular motion in the frame of support A.
Calculate the value of x. (take g =10 m/ sz)
A uniform rod of length 12 metre and mass m is hinged at midpoint and lies

horizontally at rest. Rod is free to rotate in vertical plane about hinge O. A particle of
mass m is released from height h as shown in figure. Particle collides with end A and

B { C

m
?

0 Al

sticks to it. Calculate minimum height h (in metre) so that system can complete [
vertical circular motion.
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57. If a car is moving rightward with acceleration a = g\/ k m/s rightward as shown in the figure. Find the value of &

so that, rod maintains its orientation as shown in the figure. Neglect the friction and mass of the small rollers at 4
and B.

58. For identical rods, each of mass m are welded at their ends to form a

square, and the corners are then welded to a light metal hoop of radius r. If

the rigid assembly of rods and hoop is allowed to roll down the inclined — M

rough surface. If the minimum value of the coefficient of static friction

which will prevent slipping is % Find the value of £.

59. A small particle is given an initial velocity v, = 10 m/s along the tangent to

the brim of a fixed smooth hemisphere bowl of radius 7 = 152 m as
shown in the figure. The particle slides on the inner surface and reaches
point B, a vertical distance 2 = 15 m below 4 and a distance » from the
vertical center line, where its velocity v makes an angle 6 with the
horizontal tangent to the bowl through B. If 6 =15K° . Find the value of :
K. (take g = 10 m/s?) Vertical centre line A

60. A uniform iron ribbon of mass 3m and length 3d is bent 2d
at B as shown in the figure and placed on a horizontal
table in vertical plane. A fly of mass m is sitting at point
A. Angle ais at which the ribbon is just about to topple? C
Find 8cos o. B<— d—r
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JEE Advanced Revision Booklet Gravitation

SINGLE CORRECT ANSWER TYPE
Each of the following Question has 4 choices A, B, C & D, out of which ONLY ONE Choice is Correct.

1. A satellite is projected with velocity+/5/ 6 times its escape speed from earth’s surface. The initial velocity of the
satellite is parallel to the surface of earth. The maximum distance of the satellite from the centre of earth will be :
(A) 3R B) 4R © 5R D) 8R

2. Two satellites S; and S; revolve around a planet in coplanar circular orbits in the same sense. Their periods of

revolution are 1 hour and 8 hours respectively. The radius of the orbit of Siis 10* km. When S; is closest to S,, the
angular speed of S; as observed by an astronaut in S; is :

(A) 7 rad/hr B) 27 rad/hr © 7 /3rad/hr D) /2 rad/hr
3. A thin uniform annular disc of mass M has outer radius 4R and inner radius 3R as shown in the figure. The work
required to take a unit mass from point P on its axis to infinity is :
P GDA
4R
A\ 4
3R 4
2GM 2GM GM 2GM
A {a2-5) B (W25 ©  — ®  ——(\2-
7R 7R 4R 5R
4. At what distance from the centre of the moon is the point at which the strength of the resultant field of earth’s and

moon’s gravitational fields equal to zero ? The earth’s mass is 81 times that of moon and the distance between
centres of these planets is 60R where R is the radius of earth.

(A) 6R B) 4R © 3R D) 5R
5. When a satellite in a circular orbit around the earth enters the atmospheric region, it encounters air resistance to its
motion. Then which of the following is incorrect :
(A) it loses mechanical energy B) its kinetic energy increases
© its kinetic energy decreases D) its angular momentum about the earth decreases
6. Gravitational field due to uniform thin hemispherical shell at point P is /, then the Pt
magnitude of gravitational field at Q is : (mass of hemisphere is M. radius R). R
o o CiaN
@ -1 B T+l .
2R 2R !
GM GM L
© —1 D) 2l —— !
4R 2R Q4
7. A particle is projected form the earth’s surface with an initial speed of 4 km/sec. What will be the maximum height

attained by the particle in km:
A) 382.6 B) 914.3 © 435.2 D) 637.6
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8. A body placed in a capsule will be weightless with respect to the capsule, when the capsule, in the gravitational field
of the Earth is :
A) free falling vertically
B) a projectile near the surface of the earth
©) falling with a constant acceleration
D) projected from the surface of the earth with an escape velocity

9. A satellite is orbiting around the earth in a circular orbit of radius . A particle of mass m is projected from the
satellite in a forward direction with a velocity v =,/ 2/3 times the orbital velocity (this velocity is given w.r.t.

earth). During subsequent motion of the particle, its minimum distance from the centre of earth is :

r 2r 4r
A — B r C — D —
A) 3 (B) © 3 (D) 5
10. A rocket is launched normal to the surface of the Earth, away from the Sun, along the line joining the Sun and the

Earth. The Sun is 3x10° times heavier than the Earth and is at a distance 2.5x10* times larger than the radius of
the Earth. The escape velocity from Earth's gravitational field is v, =11.2 kms™! . The minimum initial velocity
(vy) required for the rocket to be able to leave the Sun-Earth system is closest to

(Ignore the rotation and revolution of the Earth and the presence of any other planet)

(A) v, =62kms™  (B) v, =42kms™  (C) v, =72kms™ (D) v, =22kms™!
N N N N

MULTIPLE CORRECT ANSWERS TYPE
Each of the following Question has 4 choices A, B, C & D, out of which ONE or MORE Choices may be Correct:

11. A tunnel is dug along a chord of earth at perpendicular distance R/2 from the earth’s centre. The wall of the tunnel
may be assumed to be frictionless. A particle is released from one end of the tunnel. The pressing force by the
particle on the wall, and the acceleration of the particle vary with x(distance of the particle from the centre)
according to :

Pressing Pressing

force focre
A) (B) B

a e N _ L
x=R/2 x=R x=R/2 x=R
Acceleration Acceleration
© ()]
p : % : : 5
x=R/2 x=R x=R/2 x=R

12. An orbiting satellite will escape if
(A) Its speed is increased by 41%

B) Its speed in the orbit is made /(1.5) times of its initial value
© Its KE is doubled D) It stops moving in the orbit
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13. Two satellites S; and S; of equal masses go round a heavy planet in coplanar circular orbits of radii R and 4R.
(A) The ratio of periods of revolution of S; and Sy is 1 : 8
(B) Their speeds are in the ratio 2 : 1
©) Their angular momenta are in the ratio 1:2
D) None of these

14. A massive uniform sphere has an eccentric spherical cavity inside it, with the centre of cavity at a distance of /

from the centre of massive sphere. A small particle placed inside the cavity will experience a gravitational force :
(A) of zero magnitude

B) a magnitude and direction different at different positions in the cavity
© constant irrespective of its position

D) of magnitude proportional to ¢

15. Planck’s constant %, speed of light ¢ and gravitational constant G are used to form a unit of length L and a unit of
mass M. Then the correct option (s) is(are) :
(A) M e (B) M oG (©) Lo\ (D) Loc~G

16. A double star is a system of two stars of masses m and 2 m rotating about their centre of mass only under their

mutual gravitational attraction. If r is the separation between the two starts then their time period of rotation about
their centre of mass will be proportional to :
1 1

3
A 2 B) ©  m? ® w2
17. An artificial satellite of mass m is moving in a circular orbit around the earth of mass M and radius R with a speed
equal to half of the magnitude of escape velocity on the surface of earth). Then
(A) If the satellite is stopped suddenly in the orbit and is allowed to fall freely towards the earth, the speed

with which it hits the surface of earth is /gR

B) The escape velocity with respect to the earth in the same orbit is /%

© The energy spent in shifting this satellite to an orbit at a further height R/2 from the present orbit is
GMm
2R

D) The energy spent in shifting this satellite to an orbit at a further height R/2 from the present orbit is
GMm
20R

18. Two particle of mass m and 4m are at rest at an infinite separation. They move towards each other under mutual
gravitational attraction. If G is the universal gravitational constant. Then at separation r, (Assume zero reference
potential energy at infinite separation).

(A) The total energy of the two object is zero

/2
B) Their relative velocity of approach is ( ) in magnitude

7

2

© The total kinetic energy of the object is 4Gm
-

D) Net angular momentum of both the particles is zero about any point
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Paragraph forQ.19-21
Consider a hypothetical planet which is very long and cylindrical. The density of the planet is p and its radius is R.

19. What is the possible orbital speed of the satellite in moving around the planet in circular orbit in a plane which is
perpendicular to the axis of planet?

(A) R\/nGp B) 2R\/nGp © R\27Gp D) %
o
20. If an object is projected radially outwards from the surface such that it reaches upto a maximum distance of 3R

from the axis then what should be the speed of projection?

2 /
(A) R /5 pG (B) 2R\npGln3 (C) R /% pG ® R éanm

21. Assume that the planet is rotating about its axis with time period T. How far from the axis of the planet do the geo
synchronous tele-communications satellite orbit?

A) RT\nGp B) 2RT\nGp © RT\2nGp D) RT %

o

MATRIX MATCH TYPE

Each of the following question contains statements given in two columns, which have to be matched. Statements in
Column I are labelled as (A), (B), (C) & (D) whereas statements in Column Il are labeled as p, q, r, s & t. More than one
choice from Column Il can be matched with Column I.

22. Match the column

Column I Column IT
(A) Geostationary satellite (p) Circular orbit
B) Total energy of earth satellite system is constant in (q) Elliptical orbit
© Angular momentum of satellite about centre of earth is constant in (r)  Equatorial plane orbit
(D)  Orbital speed of satellite may be constant (s)  Non-equatorial plane orbit

SUBJECTIVE INTEGER TYPE

23. A spaceship is sent to investigate a planet of mass M and radius R.
While hanging motionless in space at a distance SR from the centre of ,V 0
the planet, the spaceship fires an instrument package of mass m, which m.
is much smaller than the mass of the spaceship. For angle 6 the Co L —
ol
package just graze the surface of the planet? If 5R
o) 1 M
0 =sin”!| — 1+% , find K.
K S5Vg R
24, A bullet is fired vertically upwards with velocity v from the surface of a spherical planet. When it reaches its
maximum height, its acceleration due to the planet’s gravity is 1/4" of its value at the surface of the planet. If the
escape velocity from the planet is v, = v+/N , then the value of N is . (Ignore energy loss due to
atmosphere)
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25. Distance between centres of two stars is 10 4. The masses of these stars are M and 16M and their radii are a and
2a, respectively. A body is fired straight from the surface of the larger star towards the smaller star. Its minimum

KGM
a

initial speed to reach the surface of the smaller star is 3 find value of K.

26. A solid sphere of radius R/2 is cut out of a solid sphere of radius R that the
spherical cavity so formed touches the surface on one side and the centre of the
sphere on the other side, as shown. The initial mass of the solid sphere was M.

If a particle of mass m is placed at a distance 2.5R from the centre of the L

. o . . KGM K
cavity. If the gravitational attraction on the mass m is Lorm , find —.
0R> 23
27. A point mass m is released from rest at a distance of 3R from the centre T

of a thin-walled hollow sphere of radius R and mass M as shown. The
hollow sphere is fixed in position and the only force on the point mass
is the gravitational attraction of the hollow sphere. There is a very 3R
small hole in the hollow sphere through which the point was falls as
shown. The velocity of a point mass when it passes through point P at

a distance R/2 from the centre of the sphere is , ,nf_é\/[ , find n.

28. The gravitational potential energy of a satellite revolving around the earth in circular orbit is —4MJ . Find the
additional energy (in MJ) that should be given to the satellite so that it escapes from the gravitational field of
earth. Assume earth’s gravitational force to be the only gravitational force on the satellite and no atmospheric
resistance.

29. A binary star consists of two stars A (mass 2.2M;s) and B (mass 11Ms), where M; is the mass of the sun. They are
separated by distance d and are rotating about their centre of mass, which is stationary. The ratio of the total
angular momentum of the binary star to the angular momentum of star B about the centre of mass is :

30. Gravitational acceleration on the surface of a planet is J6 /llg , where g is gravitational acceleration on the

surface of the earth. The average mass density of the planet is planet is 2/3 times that the earth. If the escape speed
on the surface of the earth is taken to be 11 Kms™, the escape speed on the surface of the planet in Kms'will be:
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JEE Advanced Revision Booklet Liquids

SINGLE CORRECT ANSWER TYPE
Each of the following Question has 4 choices A, B, C & D, out of which ONLY ONE Choice is Correct.

1. A vessel of uniform cross section (open at the top with an orifice at the bottom contains oil |-

(relative density 0.8) on top of water. Water flows out of the vessel. The initial speed of water for =
the values given in the figure is nearly. (Take g = 10 m/s?)

(A) 10.0 m/s B) 8.0 m/s
© 16.7 m/s D) 5.0 m/s
2. Two communicating vessels contain mercury. The diameter of one vessel is # times than the diameter of the other.

A column of water of height / is poured into the left vessel. The mercury level will rise in the right-hand vessel
(s =relative density of mercury and p = density of water) by

2, I Water
n
@ ®
(n + 1) s (n + 1) s
h h
© —— ®
(n + 1) s n's
3. Three liquids having densities p;, p, and p; are filled in a U-tube. Length ~ Atmosphere Atmosphere

of each liquid column is equal to(, p; > p, >p; and liquids remain at rest

(relative to the tube) in the position shown in the figure. It is possible that :

(A) U-tube is accelerating leftwards _ P Ps
B) U-tube is accelerating upwards with acceleration g £ :
© U-tube is moving with a constant velocity P2
D) None of the above
¢
4. A sphere of solid material of specific gravity 8 has a concentric spherical cavity and just sinks in water. The ratio of
radius of cavity to that of outer radius of the sphere must be :
71/3 51/3 91/3 31/3
A) — (B) - © - (D) -
2 2 2 2
5. In the figure shown the velocity and pressure of the liquid at the small cross section (2) are given by : (If Py is the

atmospheric pressure).

h h
A) w/2hg,PO+p—2“>T B) Jhg,Pw%
h 3ph NI 3ph
(©) /—g,PO+—p o (D) g,Po+ P78
2 4 2 4
6. A cubic block of side a is connected with two similar vertical springs as shown. Initially,
bottom surface of the block of density o touches the surface of the fluid of density 2o
while floating. A weight is placed on the block so that it is immersed half the fluid, then the K
weight is :
(A) a £+a20'g (B) a(K+a2c7g) _______________
2 20 (o)
K
a’ a
© a(K +7(7g} (D) E(K+a26g)
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7.

10.

11.

12.

13.

A hollow sphere of mass M and radius R is immersed in a tank of water

(density pw) . The sphere would float if it were set free. The sphere is tied to the

bottom of the tank by two wires which makes angle 45° with the horizontal as shown
in the figure. The tension 77 in the wire is:

:ﬂ R’p,g-Mg
V2

(©) §ER3 P8 — Mg (D) %ﬂR%wg + Mg

(A)

(B) %nR%wg—Mg

A body of density p’ is dropped from rest at a height 4 into a lake of density p where p > p. Neglecting all dissipative
forces calculate the maximum depth to which the body sinks before returning to float on the surface.
@ i ® 2 © 2w

pP—p P pP—p pP—p
A tube of length L is filled completely with an incompressible liquid of mass M and closed at both the ends. The tube is
then rotated in a horizontal plane about one of its ends with a uniform angular velocity @ . The force exerted by the liquid
at the other end is :

(A)  MoL/?2 (B) Mol (C)  MoL/A4 (D)  Moi?2

A solid sphere of radius r is floating at the interface at the interface of two immiscible liquids

of densities p; and p,(p, >p;), half of its volume lying in each. The height of the upper

liquid column from the interface of the two liquids is h. The force exerted on the sphere by
the upper liquid is (atmoshperic pressure = p, and acceleration due to gravity is g):

A) R)nrz +(h—§r)nr2plg B) (h—%r)m’zplg

©  3nihe ®  Rxu’

A cylinderical wooden float whose base area S and the height A drifts on the water surface. Density of wood d and
density of water is p. What minimum work must be performed to take the float out of the water?

Sdg? H? B Sgd*H? © Sgd*H? D) Sgd*H?

A)
4p 2p p 3p

An isolated and charged spherical soap bubble has a radius ‘r’ and the pressure inside is atmospheric. If ‘T’ is the
surface tension of soap solution, then charge on drop is:

(A) 2 2T (B) 8nr[2r e, (©) 8mr[rTe, (D) 8nr /2:—T
0

€9

Consider a small water drop in air. If T is the surface tension, then what is the force due to surface tension acting on the
smaller section ABC ?

(A) 21 TR (B) 21t TRsin® (©) 2n TRsin’0 (D) 21 TRsin> 0
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14.

In the figure shown, a light container is kept on a horizontal rough surface of

coefficient of friction p = S7h A very small hole of area S is made at depth ‘h’.

>

Water of volume ‘V’ is filled in the container. The friction is not sufficent to

keep the container at rest. The acceleration of the container initially is:

V
(A) A (B) g
Sh
(©) Zero D) V8

MULTIPLE CORRECT ANSWERS TYPE

Each of the following Question has 4 choices A, B, C & D, out of which ONE or MORE Choices may be Correct:

15.

16.

17.

18.

Figure shows a container filled with a liquid of density p. Four points 4, B, C and D

on the vertices of a vertical square. Points 4 and C lie on a vertical line and points B

and D lies on a horizontal line. Choose the correct statement(s) about the pressure at
the four points. D ‘QB

(A)  Pp=Ps (B) P,<Py=P, <P C

P-—-P
(©) PD=PB=% ®)  Pp=P=—=

A liquid flows through a horizontal tube. The velocities of the liquid in the
two sections, which have areas of cross section 4; and 4, are v; and v,
respectively. The difference in the levels of the liquid in the two vertical ;
tubes is /. Then 4,
A) The volume of the liquid flowing through the tube in unit time is 4;v; '

B) vy =V =4/2gh

©) v% —v12 =2gh

D) The energy per unit mass of the liquid is the same in both sections of the tube
A rectangular vessel of dimension (l x b x h) and mass M contains a liquid of 0
f————

density p . The vessel has an orifice at its bottom at a distance ¢ from the rear
wall as shown in the figure. k F
(A) The maximum volume of the water that can be stored when the vessel is

accelerated is /cb/2 7 ':’ 7 7
B) The maximum volume of the water that can be stored when the vessel is c :

accelerated is A/b/2

heb h
© Force F that must be applied when maximum water stored is|:M + CTP} rg
c
hebp | 1,
D) Force F'that must be applied when maximum water stored is |:M + C_p} £
c

A wooden block is floating in a water tank. The block is pressed to the bottom. During the process, a work is done.
Which of the following statements are false?

(A) Work done is equal to work done against upthrust exerted by the water

B) Work done is equal to work done against upthrust plus loss of gravitational potential energy of the block

© Work done is equal to work done against upthrust minus loss of gravitational potential energy of the block

D) Work done is equal to loss of gravitational potential energy of the block

Physics 54 Liquids



Vidyamandir Classes

19. The mass of block is m; and that of liquid with the vessel is m,. The block is suspended by a string e

(tension T) partially in the liquid. The reading of the weighting machine placed below the vessel.
(A) is(m +m)g

B) is greater than (m; + m2) g
© is equal to (mig +mr g— 1)

D) is less than (m; +m2) g

20. A body floats on water and also on an oil of density 1.25. Which of te following is/are true?
(A) The body loses more weight in oil than in water
B) The volume of water displaced is 1.25 times that of oil displaced.
© The body experiences equal upthrust from water and oil
D) To make the body just sink, one will need 1.25 times load in case of oil than in case of water
21. Two tubes of uniform cross-section are held vertically. u, and up are the velocities of fluid Y 1
flow at 4 and B respectively, and p,and pg are pressure at 4and B respectively. Arrow Bl e Bl e
show the direction of fluid flow.
(A) Incasel, uy >ugandp, > pp
(B) Incasel, uy =ugand p, > pp Al ® Al ®
© Incasell, uy >ugandp, < pp I 1
D) Incasell, uy =ugand p, > pp Case-] Case-ll
22, The container carrying some liquid shown in the diagram is given some small acceleration a.
(A) If a is directed upwards, P, — Py increases

(B) If g is directed towards right, P, — Pp decreases

© If g is directed downwards, P, — Py remain same
D) If a is directed towards left, P, — P; remain same
23. Two solid spheres Aand B of equal volumes but of different densities

d anddp are connected by a string. They are fully immersed in a fluid of
density dp. They get arranged into an equilibrium state as shown in the figure
with a tension in the string. The arrangement is possible only if:

(A) dy<dp (B) dg >dp

© dy>dp D) dy+dp=2dp

24, Water jet is projected at an angle to the horizontal. At the point of projection, the area of the jetis S| and at the highest

point, the area of the jet is S,. The initial velocity of projection is u.

_1f 8
A) The angle of projection is cos ! (S—IJ
2

S,
2 2
(B) The range on the level ground is 5 1—S—12 S’;m
g 5 \Y)
2

2 2
© The maximum height reached from the ground is L{l - S—IZJ
g S5

D) The rate of volume flow is Spu
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Passage For Questions 25 - 27
A cube made of wood having specific gravity 0.4 and side length o’ is floated in a large tank fullof water.

25. Which action would change the depth to which block is submerged?
(A) more water is added in the tank B) atmospheric pressure increases
© the tank is accelerated upwards D) none of these

26. If the cube is depressed slightly, it executes SHM from it’s position. What is it’s time period?

@“ 2 /< ®) 2| © ol o e
g 2g 5g 5Vg

27. What can be the maximum amplitude of it’s vertical simple harmonic motion?
A) % B) 0.4a © 0.6a D) 0.2a

Passage For Questions 28 - 30

Two ice cubes of side 10 cm, having cavity of volume 20 cm® at centre of cube but filled with different materials 4 and B

respectively. The specific gravity of material 4 is 4.9 and specific gravity of material B is 1.9. Now these cubes are placed in
two different vessels of same base area as shown in figure. The water level before putting blocks in vessels are same. Assume
that ice melts uniformly from all sides and with same constant rate in both the vessels. (specific gravity of ice = 0.9)

T OA T OB
28. Find the ratio of initial submerged volumes of the blocks containing 4 and B respectively :
49 49
A — B 1:1 C — D 4:1
A) 16 (B) © T (D)
29. Choose the correct statement :
(A) Both cubes sink simultaneously
B) Aand B sink only after complete melting of ice
©) A sinks prior to B
D) B sinks prior to 4
30. Choose the correct graph showing the variation of heights of water-level in two vessels with time :
h h
A A

=

(A)

~—
-~
)

t Ie) !

: ; : 5

.

hy— hy
(©) h, :k (D) h, K
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Passage For Questions 31 - 33
You may have heard of g-LOC. In simple terms, it is gravity induced loss of consciousness. This seems surprising. How can

gravity lead to a loss of consciousness. For this, we have to remember that brain functions properly when the heart maintains a
proper blood pressure in the brain. The brain is higher than heart by about 30 cm, so blood pressure at brain is less than that at
the heart. When there is a sudden change in acceleration, the pressure at heart changes. If this decreases the pressure in brain, the
brain system can stop functioning. This decrease in pressure can be fatal.

It is seen that when the effective acceleration due to gravity is 3 g, the person can undergo g-LOC. For this problem, we can

assume that density of blood =1x 103 kg/m3 .

31. Assume that a pilot flying a plane takes a horizontal turn with a speed of 100 m/s. What is the minimum radius he can
take?
1 2
& 20 (B)  250V2m (©  250m ® 2
32. What is the pressure difference between heart and brain when there is g-LOC?
A) 1000 Pa B) 3000 Pa © 6000 Pa D) 9000 Pa
33. In which of the following cases, a person can undergo g-LOC?
(A) A person falls down vertically (B) A person jumps with a parachute
© A person slides on a slide D) A person sits in a rocket fired vertically up
MATRIX MATCH TYPE

Each of the following question contains statements given in two columns, which have to be matched. Statements in Column
1 are labelled as (A), (B), (C) & (D) whereas statements in Column 2 are labelled as p, q, r, s & t. More than one choice from

Column 2 can be matched with Column 1.

34. The vessel has two sections of areas of cross-section 4, and A4,. A liquid of density p fills

both the sections, up to a height / in each. Neglect atmospheric pressure.

Column 1 Column 2
(P) The pressure at the base of the vessel L 2hpgd,
(Q) The force exerted by the liquid on the base of vessel 2 2hpg

(R) The weight of the liquid is less than 3 hpg(Az — AI)

(S) Download force on the liquid by the walls of the vessel at 4 2hpg4,

the level X
Codes :

P Q R S P Q R S
(A) 2 1 1 3 (B) 2 1 4 3
© 4 1 1 3 D) 2 1 3 4

3s. MATCH THE FOLLOWING :

Column 1 Column 2

(P) Hydrostatic force on the side wall of the cubical vessel, p = density of 1. 2

=
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(Q) Buoyant force on the cube, p = density of liquid 2. 1 )

A

I

(R) Impact (reaction) force on the vessel by the liquid coming out of the 3. pghA
vessel, p = density of liquid

>

/
\Y%

(S) Aerodynamic force acting on the flat roof surface of area A, p = density 4. 1

of air

Codes :

N
—
—_
—_

A) 4 3 2 1 (B)
© 4 3 1 2 D) 4 2 1 3

SUBJECTIVE INTEGER TYPE

36. A wooden plank of length 1 m and uniform cross section is hinged at one end
to the bottom of a tank as shown in the figure. The tank is filled with water up
to a height of 0.5 m. The specific gravity of the plank is 0.5. If @ is the angle
that the plank makes with the vertical equilibrium position. (Exclude the case 0.5 m|

6 = 0). Find the value of

cos’ 0 O

37. n drops of water, each of radius 2mm, fall through air at a terminal velocity of 8 cm/s. If they coalesce to form a single
drop, then the terminal velocity of the combined drop is 32 cm/s. The value of n is

38. A fixed cylindrical tank having large cross-section area is filled with two liquids of densities p and 2p and in equal

volumes as shown in the figure. A small hole of area of cross-section a = J6em® is made at height g from the

bottom. Find the area of cross-section of stream of liquid in cm? just before it hits the ground.
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39. A cube (density 0.5 gm/cc) of side 10 cm is floating in water kept in a cylinderical beaker of base area 1500 cm?. When

amass m is kept on wooden block the level of water rises in the beaker by 2 mm. Find the mass m (in gm).
40. A ballon has a volume of 0.09m> below the surface of the water (density 103 kg/m3) at a depth of 40 m. If the
temperature remains constant, what is its volume in m® when it is at the surface where the pressure is 1x 10° N/m? 2

41. A rectangular bar of soap has density 800 kg/m3 floats in water of density 1000 kg/m3. Oil of density 300 kg/m3 is

slowly addes, forming a layer that does not mix with the water. When the top surface of the oil is at the same level as
the top surface of the soap, what is the ratio of the oil layer thickness to the soap’s thickness, x/ L?

T soup OIL__[#x
¥
42. A barometer of length 0.99 m reads 0.76 m. The volume of air measured at atmospheric pressure to be introduced into

space to cause the length of mercury column to drop to 0.57 m is in cm® (the cross-section of the barometer tube is

0.1cm?)?
43. A sphere of radius 10 cm and density 500 kg/m3 is under water of density 1000 kg/m3. The acceleration of the sphere

is 9.80 m/s’ upward. Viscosity of water is 1.0 centipoise. If g = 9.81m/s> , the velocity of the sphere in m/s is .

44, A soap bubble is being blown on a tube of radius 1 cm. The surface tension of the soap solution is 0.05 N/m and the
bubble makes an angle of 60° with the tube as shown. The excess of pressure over the atmospheric pressure in the tube
is (in Pa)

45. A thin horizontal movable plate is separated from two fixed horizontal plates A and P by two highly viscous liquids of

coefficient of viscosity m; andm, as shown, where n, =4n),. Area of contact of movable plate with each fluid is same.
If the distance between two fixed plates is 4, and the distance of movable plate from upper fixed plate such that the

movable plate can be moved with a constant velocity by applying a minimum constant horizontal force /' on movable
plate is 4, then A/hy, is . (assume velocity gradient to be uniform in each liquid)
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JEE Advanced Revision Booklet Properties of Matter

SINGLE CORRECT ANSWER TYPE

Each of the following Question has 4 choices A, B, C & D, out of which ONLY ONE Choice is Correct.

1.

A uniform rod rotating in gravity free region with certain constant angular velocity. The variation of tensile stress with
distance x form axis of rotation is best represented by which of the following graphs:

c
o (&) o)
A) D (B) © i (D) i
X X X X

The specific heat of a metal at low temperatures varies according to S = a7> where a is a constant and 7 is the absolute
temperature. The heat energy needed to raise temperature of unit mass of the metal from 7=/ Kto 7 =2 K is:

4 3 5
A thin copper wire of length L increase in length by 1% when heated from temperature 7} to 7>. What is the percentage

A)  3a (B)

change in area when a thin copper plate having dimensions 2L x L is heated from T; to 7>?

(A) 1% B) 2% © 3% D) 4%

A rod of length 2m at 0°C and having expansion coefficient o = (3x + 2) x 1078 °C™! where x is the distance (in cm)
from one end of rod. The length of rod at 20°C is :
A) 2.124m (B) 3.24m © 2.0120 m D) 3.124m
A cylinder of radius R made of a material of thermal conductivity 4; is surrounded by a cylindrical shell of inner radius
R and outer radius 2R made of a material of thermal conductivity k,. The two ends of the combined system are
maintained at different temperatures. There is no loss of heat from the cylindrical surface and the system is in steady
state. The effective thermal conductivity of the system is:

kiky
k+k,

A long solid cylinder is radiating power. It is remolded into a number of smaller cylinders, each of which has the same

1 1
A) kg +k, (B) (©) Z(k1+3k2) (D) Z(3k1+k2)

length as original cylinder. Each small cylinder has the same temperature as the original cylinder. The total radiant
power emitted by the pieces is twice that emitted by the original cylinder. How many smaller cylinders are there?
Neglect the energy emitted by the flat faces of cylinder.

A) 3 (B) 4 © 5 (D) 6

A black body calorimeter filled with hot water cools from 60°C to 50°C in 4 min and 40°C to 30°C in 8 min. The
approximate temperature of surrounding is :

A) 10°C B) 15°C © 20°C D) 25°C

A steel wire with cross section 3 cm? has elastic limit 2.4 x 108 pa. The maximum upward acceleration that can be given
to 1200 kg elevator supported by this cable if the stress is not to exceed 1/3% of the elastic limit is : (g = 10 m/s?)

(A) Oms > (B) 10ms™2 (©) 11ms™> (D) 12ms™2

Two metallic spheres S; and S, are made of the same material and have got identical surface finish. The mass of S; is

thrice that of S;. Both the spheres are heated to the same high temperature and placed in the same room having lower
temperature but are thermally insulated from each other. The ratio of the initial rate of cooling of S; to that of S; is:

. | g NE
(A) 3 (B) Nl © =N (D) ( 3)
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10. A clock with an iron pendulum and periodic time 1 sec keeps correct time at 10°C. The error in seconds per day if the
temperature is 20°C is : (Take a = 10 x 107%/°C)
(A) 4.32 sec (B) 8.64sec © 2 sec (D) 1 sec

11. The temperature of a well stirred liquid kept open to a cold surrounding is plotted against time. The value of sec? 0, is:

A
(A) 1+9tan’ 0,

451
(B) 1+tan’ 6,

— 401
(€) 1+3tan? 0, O

S’ ’% IEYA.
M)  3+tan’0, g &

<

5 301

ol

=

2 25

204

B

0 10 20 30 40 50 60 70 Time(s)

MULTIPLE CORRECT ANSWERS TYPE

Each of the following Question has 4 choices A, B, C & D, out of which ONE or MORE Choices may be Correct:

12. Which of the following are correct ?
(A) The bulk modulus of an incompressible liquid is infinity.
B) Bulk modulus of a perfectly rigid body is infinity.
©) According to Hooke's law, the ratio of the stress and strain remains constant.
D) None of the above

13. The water equivalent of a copper calorimeter is 4.5 g. If the specific heat of copper is 0.09 cal/ g/°C

(A) mass of the calorimeter is 0.5 kg (B) thermal capacity of the calorimeter is 4.5 cal /°C
© heat required to raise the temperature of the calorimeter by 8°C will be 36 cal
D) heat required to melt 15 g of ice at 0°C placed in the calorimeter will be 1200 cal

14. A composite rod consists of a steel rod of length 25 ¢m and area 24 and a copper rod of length 50 cm and area A are
joined end to end. The composite rod is subjected to an axial load F. If the Young’s modulus of steel and copper are in the
ratio 2:1, then:

(A) The extension produced in copper rod will be more.

B) The extension in copper and steel parts will be in the ratio 2:1.
© The stress in the copper rod will be more.

D) No extension will be produced.

15.  Four rods 4, B, C, D of same length and material but of different radii r, r\/z s r\/g , and 2r respectively are held

between two rigid walls. The temperature of all rods is increased by same amount. If the rods do not bend, then

A) The stress in the rods are in the ratio 1:2:3:4.

(B) The force on the rod exerted by the wall are in the ratio 1:2:3: 4.

© The energy stored in the rods due to elasticity are in the ratio 1:2:3: 4.
(D) The strains produced in the rods are in the ratio 1:2:3:4.
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16.

17.

18.

19.

20.

21.

22,

One end of a conducting rod is maintained at temperature 50°C and at other end, ice is melting at 0°C. The rate of
melting of ice is doubled if :

(A) The temperature is made 200°C and the area of cross-section of the rod is halved

B) The temperature is made 100°C and length of rod is made four times

© Area of cross-section of rod is halved and length is doubled

D) The temperature is made 100°C and the area of cross-section of rod and length both are doubled.

Iron floats over mercury because density of mercury is more than the density of iron. Coefficient of volumetric
expansion of iron and mercury are 35 x 107%C™! and 180x 107°°C™". Now consider an iron cube floating in a bowl of

mercury at 0°C . When temperature is increased upto 25°C , then choose the correct options.
(A) Cube is submerged more at 25°C

B) Cube is submerged less at 25°C

© Percentage change in the fraction of volume submerged is about 1%

D) Percentage change in the fraction of volume submerged is about 0.4%

A sample A4 of liquid water and a sample B of ice of identical mass are kept in two

neighbouring chambers in an otherwise insulated container. The chambers can 4

exchange heat with each other. The graph of temperatures of the two chambers is
o S

plotted with time. S, = %ter

A) Finally the contents in sample A4 is water

B) Equilibrium temperature is freezing point of water

© Ice melts partly

D) Finally the contents in sample B isice only

Two surfaces of same nature and area but of different material are heated to same temperature. They are allowed to cool
down in same surroundings. If Lj{—? represents rate of loss of heat and L;—? represents rate of fall of temperature, then
initially for both :

(A) Lj{—? is same (B) Lj{—? is different (C) i—? is same (D) L;—? is diferent

Four identical rods which have thermally insulated lateral surfaces are joined at B C
point 4. Points B, C, D and E are connected to large reservoirs. If heat flows

into the junction from point B at rate of 1 /¥ and from point C at 3W inside,
flows out from D at 5W , which relation(s) is/are correct for temperature of
these points? E D
A) T,<Tg (B) Tp =T¢ © Tc >Tp (D) Tg =T

There is a rectangular metal plate in which two cavities in the shape of

—bh—
P

rectangle and circle are made, as shown with dimensions. P and Q are

centres of these cavities. On heating the plate, which of the following

==

quantities increase ?
@ B)  ab
(©) R (D) b

A bimetallic strip is made up to two metals with different o :
(A) On heating, it bends towards the metal with high o
(B) On heating, it bends towards the metal with low o
© On cooling, it bends towards the metal with high o
D) On cooling, it bends towards the metal with low o
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23. Two spherical black 4 and B, having radii r, and r; = 2r, emit radiation with peak intensities at wavelength 400 nm
and 800nm respectively. If their temperature are 7, and Ty respectively in Kelvin scale, their emissive powers are
E, and Ep then:

L ® A-d © iy m

A)
Ty Ty Eg Eg

=4

Paragraph for Q. 24 - 26
A body cools in a surrounding of constant temperature 30°C. Its heat capacity is 2 J/°C. Initial temperature of the body is 40°C.

Assume Newton’s law of cooling is valid. The body cools to 36°C in 10 minutes.
24, In futher 10 minutes it will cool from 36°C to :

(A)  34.8°C (B)  32.1°C (C) 32.8°C D)  33.6°C
25. The temperature of the body in °C denoted by 6 versus time ¢ is best denoted as :
40°C} 40°Ct
0 0
(A) 30°C (B) 30°C
(0.0) r— > (0.0) m— >
A A
40°C 40°C
0 0
(©) D) 1 O S
(0.0) — > (0.0) F— >

26. When the body temperature has reached 36°C, it is heated again so that it reaches to 40 °C in 10 minutes. Assume that
the rate of loss of heat at 38 °C is the average rate of loss for the given time. The total heat required from a heater by the
body is:

(A) 7.217 B) 0.7287J © 161J D) 321

Paragraph for Q. 27-29

Figure shows the relationship between tensile stress and strain for a typical material. Below the proportional point A4, stress is

directily proportional to strain which means Young’s modulus (Y) is a constant. In this region the material obeys Hooke’s law.

Stress
1 Plastic range
—>
: D
BY C Breaking
Yield point point
A Proportional
point
Stress
- Strain il
: . . ° : . A B KD
Provided the strain is below the yield point ‘B’ the material returns to its Material-I
. . . . . ABC
original shape and size when the force is removed. Beyond the yield point, the 5 D
material retains a permanent deformation after the stress is removed. For - leég}li?u-m Material-11
stresses beyond the yield point, the material exhibit plastic flow, which means Material-TV
that it coninues to elongate for little increases in the stress.Beyond C a local 7
AB.LC =
constriction occurs. The material fractures at D (i.e., breaking point). Strain

The graph below shows the stress-strain curve for 4 different materials.
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27. Material which is good for making wire making wires by stretching, is:
(A) Material-I (B) Material-II © Material-II1 D) Material-IV
28. Material which is most brittle, is:
(A) Material-I (B) Material-II © Material-II1 D) Material-IV
29. If you bought a new shoe which bites in the beginning and later on fits perfectly, then the material used to making the
shoe is:
(A) Material-I (B) Material-II © Material-IT1 D) Material-IV

Paragraph for Q. 30-32
At 20 °C a liquid is filled upto 10 cm height in a container of glass of

length 20 cm and cross-sectional area 100 cm?. Scale is marked on the
surface of container. This scale gives correct reading at 20 °C. Given

L =5x107k7", oy =1x107° °C”!

—20 cm——»i

10 cm»

30. The volume of liquid at 40 °C is:

A) 1002 cm B) 1001 cc © 1003 cc D) 1000.5 cc
31. The actual height of liquid at 40 °C is:
A) 10.01 cm B) 10.006 cm © 10.6 cm D) 10.1 cm
32. The reading of scale at 40 °C is:
A) 10.01 cm B) 10.004 cm © 10.006 cm D) 10.04 cm
MATRIX MATCH TYPE

Each of the following question contains statements given in two columns, which have to be matched. Statements in Column
1 are labelled as (A), (B), (C) & (D) whereas statements in Column 2 are labeled as p, q, r, s & t. More than one choice from

Column 2 can be matched with Column 1.

33. Consider a wire of length /, cross-sectional area 4 and Young's modulus ¥ and match Column 1 with Column 2 :

Column-1 Column-2

(A) If the wire is pulled at its ends by equal and opposite forces of (p)  Young's modulus ¥
magnitude F' so that it undergoes an elongation x, according to
Hooke's law. F' = kx , where (k) of the wire will depend on

(B) Let us suspend the wire vertically from a rigid support and (q) Elongation (x)
attach a mass m at its lower end. If the mass is slightly pulled
down and released, it executes S.H.M. of a time period that will
depend on

© If the given wire is fixed between two rigid supports and its (r)  Length (/)
temperature is decreased thermal stress that develops in the
wire will depend on.

D) Work done in stretching the wire to a new length (/ + x) will (s)  Area of cross-section (A)
depend on
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34. In column-I, certain situations are depicted where steam at 100°C is used to melt ice at 0°C by means of a conducting
body which is insulated to prevent heat losses to surrounding. Match the numerical value of question asked in each
entry to the corresponding entry I column-II. Symbols have usual meaning.

Column I Column IT
(A) —2m——Im—-> () 10
//////////
/Steam %
YT,

k=10 W/mK £,=20 W/mK

Find temperature of interface of two rods in °C.
(B) k=10 W/mK, 4,=100 cm? (q 20
T

Steam [¢——Im—  p| [ce

e
k=20 W/mK, 4,=100 cm?

Find total rate of heat transfer through the two
rods in SI units.

(© Steam (r) 30

@ Hollow sphere of
1
' k=5~ W/mK
32n
&
g

€%
%
2

Find thermal resistance in SI units

]

(D) ¢ 10m > (s) 40
Steam 2@cm

10 cm ) Tia
/

Hollow cylinder of k£ = % W/mk

Find temperature gradients in SI units.

NUMERICAL VALUE TYPE

35. Two opposite forces Fi = 120 N and F> = 80 N act on an elastic plank

of modulus of elasticity ¥=2x10"'N/m? and length / = 1 m

placed over a smooth horizontal surface. The cross - sectional area of

the plank is S = 0.5 m? The change in length of the plank is F, F,

x x 1072 m . Find the value of x.
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36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

A ring of radius » made of wire density o is rotated about a stationary vertical axis /\v

passing through its centre and perpendicular to the plane of the ring as shown in the e
figure. Determine the angular velocity (in rad/s) of ring at which the ring breaks. The
wire breaks at tensile stress o . Ignore gravity. Take 0/ p =4 in Sl unit, and r =1m .

2 kg ofice at —15°C is mixed with 2.5 kg of water at 25°C in an insulating container. If the specific heat capacities of
ice and water are 0.5 cal / g°C and 1 cal / g°C find the amount of water present in the container (in kg) ?

Four cylindrical rods of same material with length and radius (f,r), (2& r), (2& 2r) and (f, 2r) are connected
between two reservoirs at 0°C and100°C . Find the ratio of the maximum to minimum rate of conduction in them.

A solid sphere of radius R made of material of bulk modulus X is surrounded by a liquid in a cylindrical container. A
massless piston of area 4 floats on the surface of the liquid. When a mass m is placed on the piston to compress the
liquid, the fractional change in the radius of the sphere SR/ R is given by mg/nAK. Where n is :

Three conducting rods of same material and cross-section are shown in figure. Temperature A B C
of A, D and C are maintained at 20°C, 80°C and 0°C respectively. Find the ratio of length  20°C 0°C

BD and BC if there is no heat flow in AB.

80°C ID
. . 262
In a container of negligible heat capacity, 200 gm ice at 0°C and % gm steam at 100°C are added to 200 gm of water

that has temperature 55°C. Assume no heat is lost to the surroundings and the pressure in the container is constant 1.0
atm. (L, =80cal/gm, L, =540cal/gm,s,, =1cal/gm°C). Find the amount (in gm) of the steam left in the system.

A heating curve has been plotted for a solid object as shown in the figure. If the mass of the object is 200 g, then latent
heat of vaporization for the material of the object, is gx 10° J/kg. [Power supplied to the object is constant and equal to

1 kW]. Find the value of n.

Temp. (K)
F 3

ilAh Eeescse s gtees gty ;

300 |-+ :
6 = O ] 4
< o o (=]
s} ol O wy

— = o

Heat input in KIJ
A block is hung by means of two identical wires having cross-sectional area 4 (1 mmz) as shown in the diagram. If
temperture is lowered by AT (10 °C), find the mass (in kg) to be added to hanging mass such that junction remains at

initial position. Given that coefficient of linear expansion o =2x 107 /°C and Young’s modulus Y =5x 10! N/m?

N
for the wire. If your answer is N, find the value of 3

Liquid cools from 50°C to 45°C in 5 minutes and from 45°C to 41.5°C in the next 5 minutes. Calculate the temperature
of surrounding.
A body which has a surface area 5.0 em® anda temperature 727°C radiates 300 J of energy each minute. What is its

emissivity? Stefan constant 5.67 x 1078w /m?k*
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JEE Advanced Revision Booklet KTG and Thermodynamics

SINGLE CORRECT ANSWER TYPE
Each of the following Question has 4 choices A, B, C & D, out of which ONLY ONE Choice is Correct.

1. For a given thermodynamic process, the P — V diagram is as shown below:
Which of the following is the V — T diagram for the process?
A B
T A — B : isobaric
B — C : adiabatic
P C C — A : isothermal
V—>
C
S C C ¢,
B B A
A% A% A% A%
A A /B A
T T T T
(A) (B) © D)
2. An insulated container is divided into two equal portions. One portion contains an ideal monoatomic gas at pressure

P and temperature T, while the other portion is a perfect vacuum. If a hole is opened between the two portions, the
change in internal energy of the gas is

(A) Zero (B) equal to work done by the gas
© equal to work done on the gas D) 3RT/2
3. A cyclic process ABCD shown in V-P diagram with two adiabatic and two isothermal process for » mole of

. . . B
monoatomic gas is shown in the figure. The ratio of L s

c
y-1
P P
a = (B) —=
P, Fy
4
P, B
© — D) -
P, a !
4. When the state of a system changes from A to B adiabatically the work done on the system is 322 Joule. If the state

of the same system is changed from A to B by another process, and 100 Joules of heat is required then work done
on the system in this process will be

(A) —222 Joule B) 38.2 Joule © 15.9 Joule D) 15.9 Joule
S. If a monoatomic gas undergoes a thermodynamic process for which its molar heat capacity is equal to the universal
gas constant. The process in terms of V and T is
(A) VT2 = constant (B) VT2 = constant
©) V2 T2 = constant D) VT = constant
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6. An ideal gas is initially at a temperature T and volume V. Its volume is increased by AV due to an increase in

temperature AT , pressure remains constant. The quantity 8 = varies with temperature as :

s s s
A) (B) © (D)
7. An ideal gas has molar heat capacity C, at constant volume. The gas undergo the process T =T, (1 - OLV) where
o, 7 is constant and ¥ is volume. Then molar heat capacity of the gas is :
R R
(A) C,+—(1-aV (B) C,—(1-aV
’ (xV( ) ’ (xV( )
R R
© C,—(1+aV (D) C,+——(1+aV
’ 2aV( ) " 2aV( )
8. A gaseous mixture consists of 2 moles of O, and 4 moles of Ar at a temperature T. Neglecting all vibrational moles,
the total internal energy of the system is
A) 4RT (B) 15SRT © 9RT (D) 11IRT
9. The pressure and density of a diatomic gas (y = 7/5) change adiabatically from (P,p) to (P',p"). If p' /p = 32, then
P'/P should be:
A) 1/128 (B) 128 ©) 32 D) None
10. The relation between internal energy U, pressure P and volume V of a gas in an adiabatic process is

U = a + bPV where a and b are constants. What is the value of the ratio of the specific heats ?

a b+1 o +1 b
A) - (B) © (D) —
b b o o
11. In the figure, the gas does 5J of work along isothermal process ab and 4 joule of work _
along adiabatic process bc. Then the change in the internal energy of the gas if the gas  PT ,
follows the straight path from ato cis: \;t-{
A) 9] B) —9] ‘ o
©) —4] D) None of these ¥

12. The velocity of sound in a gas at NTP is 0.68 times the rms velocity of the gas molecule at NTP. The number of
degrees of freedom of the molecules is :
A) 5 (B) 6 © 3 (D) 4

13. A cylinder made of perfectly conducting material closed at both ends is divided into two equal parts by a heat proof
piston. Both parts of the cylinder contain the same masses of a gas at a temperature to = 27° and pressure
Po =1 atm. Now if the gas in one of the parts is slowly heated to t = 57° C, the distance moved by the piston from
the middle of the cylinder will be (length of the cylinder = 84 cm)
(A) 3cm (B) Scm © 2 cm D) 1 cm
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14. Three Carnot engines operate in series between a heat source at a temperature 7; and heat sink at temperature 7,
(se figure). There are two other reservoirs at temperature 7, and 73, as shown, with 7} > T, > 75 >T;. The three

engines are equally efficient if:

113 173 —— T
@ n=(nr) n=(rn) Os
s s —
(B) T2=(T1 T4) ;T3=(T1 T4) Oce,
1T,
3 1/4 3 1/4 O €
©) T2=(T1 T4) ;T3=(T1 T4) ;
—— T,
1/2 5 1/3
(D) T2=(T1T4) ;T3=(T1 T4)
15. A Carnot engine, having an efficiency of % heat engine, is used as refrigerator. If the work done on the system is

10J, the amount absorbed from the reservoir at lower temperature:
A) 901 B) 1] © 1007 D) 991

MULTIPLE CORRECT ANSWERS TYPE
Each of the following Question has 4 choices A, B, C & D, out of which ONE or MORE Choices may be Correct:

16. Two gases have the same initial pressure, volume and temperature. They expand to the same final volume, one
adiabatically and the other isothermal.
(A) the final temperature is greater for the isothermal process
B) the final pressure is greater for the isothermal process
© the work done by the gas is greater for the isothermal process.
D) all the above options are incorrect

17. The molar heat capacity for an ideal gas

(A) is zero for an adiabatic process
(B) is infinite for an isothermal process
© depends only on the nature of the gas for a process in which either volume or pressure is constant
D) is equal to the product of the molecular weight and specific heat capacity for any process
18. A system undergoes a cyclic process in which it absorbs heat, Q; and gives out heat, Q.. The efficiency of the

process is 1 and the work done is W.

w %) %)
A) W=0-0, (B) n=— © n=— (D) n=l-—
9 O 9
19. Two adiabatic processes bc and ad for the same gas are given to intersect two isotherms at T and T» (as shown).
Then
ol ~2
1N
b id C T2
Va Vd Vb Vc g
vV—
1
v, T, v, T Ve [Ty )y-1
@a) A== (B) S=— © —== (D) VaVe =VpVa
T Va T Ve \T
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10. The diagram shown depicts three different states 1, 2 & 3 for an ideal gas. It is E
also known that temperatures at states (1) & (2) are same. Then:
(A) 1— 2 is an isothermal expansion process |
B) 1—3 is an expansion process and is accompanied by cooling \
© 3 —2 is an expansion process accompanied by cooling 2
D) internal energy must increase in process 1 — 3
>V
21. 2 moles of He are mixed with 2 moles of H, in a closed adiabatic container. Initially the mixture occupies 3 liters

at 27°C. The volume is suddenly decreased to (%jliters. Choose the correct option(s) (H, and He can be treated

as ideal gases) :

(A) y for mixture is %

(B) final temperature = 300+/2K
© Cp for mixture is 2R

D) Work done in compression is totally converted into internal energy

22. Two moles of O, (y = gj at temperature 7; and 3 mole of CO, (y = gj at temperature 27; are allowed to mix

together in a closed adiabatic vessel. The resulting mixture finally comes in thermal equilibrium. Then :

(A) Final temperature of the mixture is

(B) Final temperature of the mixture is

© Adiabatic exponent of the mixture formed is %

S . .1
D) Adiabatic exponent of the mixture formed is 5

23. Figure shows various processes in the PV -plane for an ideal gas. The process
ADC is an adiabatic, 4B is an isotherm, and BC is a constant-volume P
process. The heat added to the gas along 4B is 400 cal. The change in internal "
energy from C to A is + 1000 cal and the work done from D to C is 150 cal
A) work done by the gas from A to B is 400 cal . Isotherm
B) heat added to the system from B to C is —1000 cal | C
© the change in internal energy from C to D is 150 cal P Adiabati%
D) work done by the gas from D to 4 is 850 cal
24, One mole of an ideal monoatomic gas is taken through process AB given by P =0 —[3V2 (where oo and B are

positive constants) on P-V diagram. Which of the following is the correct statement regarding the given process?

A) Temperature is maximum at V' = /%

(B) Temperature is minimum at V' = % !
I
i I
© At point A rate of increase of temperature of gas with volume is more than at point B \'/, \l] vV
A B

D) Rate of increase of temperature of gas with volume is maximum at V' = \/%
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25. A sample of ideal gas of some mass is taken through the cyclic process shown in the figure. The temperature of the
gasatstate 4 is T, =200K, and at state C is T =1800 K. Choose the correct option :
P

Vv
Vy 1 Vy 1 PV, 1 Py, 1
(A) 4__ (B) 4 __ (O 44 _ - (D) 44 _ -
Ve 3 Vg 9 FPoVe 3 FVe 9
Paragraph for Q.26 - 28
WLLLLLLLLL I ILLILLLLS,
A conducting piston divides adiabatic cylinder of volume V into two equal parts :: ?’ ’
as shown in the figure. Both parts contain ideal monatomic gases. The initial 2 Po. To '/; 2Po. 2To 5
pressure and temperature of gas in left compartment are Py and Ty while that in ﬁ ? ' ;
right compartment are 2P, and 2T,. Initially the piston is kept fixed and the system 2 ) ﬁ
is allowed to acquire a state of thermal equilibrium. PP T F7777s
26. The pressure in left compartment after thermal equilibrium is achieved is :
3 4
(A) Py B) EPO © ;PO (D) None of these
27. The heat that flown from right compartment to left compartment before thermal equilibrium is achieved is :
3 3 2
(A) BV B ZPoVo © gPOVo (D) ;R)VO
28. If the pin which was keeping the piston fixed is removed and the piston is allowed to slide slowly such that a state
of mechanical equilibrium is achieved. The volume of left compartment when piston is in equilibrium.
@ ® 2 © 2 ® 2
4" 4 2 30

Paragraph for Questions 29 - 30

An ideal diatomic gas is filled in a piston. The number of moles is 7. An unknown process P’ the coefficient of volume

. . . 3
expansion y is found to depend on absolute temperature 7 as per the relation y = T

29. For process "P’ the molar specific heat of gas would be:
11
(A) %R (B) %R © ER (D) None of these
30. If from initial state A, the gas is expanded via process ‘P’ to double its volume and reach state B. Then volume is

changed isobarically to reach state C and then via isothermal compression the gas is brought back to state 4. Thus
a cyclic process is created, and if a heat engine uses such a process. The efficiency of such an engine would be:

(Given:In2=0.7, (2)? =1.4)
A 72% B) 125% ©  205% D)  252%
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Paragraph for Questions 31 - 32

A piston enclose some diatomic gas in the cyclindrical vessel with horizontal longitudinal axis as shown in the drawing. The

initial pressure of the air is equal to the external atmospheric pressure of 10° Pa. The cross-sectional area of the piston is
0.03m>. An originally unstreted spring with spring constant 2000 N/m is attached to the piston. The walls of the vessel and

the piston are perfectly insulated. The initial volume of the enclosed air is 0.024 m> and its initial temperature is
300 K. The air is heated to 360 K with a heating filament built into the vessel.

_§ |pee

31. Find the displacement of the piston caused by the heating.

A) 0.1 m B) 0.2m © 0.5m D) 0.3m
32. Find the energy delivered by the heating filament.
A) 1000 J B) 1200 J © 1400 J D) 151017
MATRIX MATCH TYPE

Each of the following question contains statements given in two columns, which have to be matched. Statements in
Column 1 are labelled as (A), (B), (C) & (D) whereas statements in Column 2 are labeled as p, q, r, s & t. More than one

choice from Column 2 can be matched with Column 1.

33. The diagrams below depict different processes for a given amount of an ideal gas. Match Column-I and II:
. P P P
P1 T F T F T F
() | \ (i) (i) i/ (iv) ,
F
— (V) i — (V) — T —_ T
Column 1 Column 2

(A) Infig.(i) as the system proceeds from the initial state to the (p) Temperature will remain constant
final state
(B) In Fig. (ii), as the system proceeds from the initial state to (q) Pressure will decrease
the final state
(C) In fig. (iii), as the system proceeds from the initial state to (r) Volume must increase
the final state
(D) In fig. (iv), as the system proceeds from the initial state to (s) Temperature may increase, may decrease

the final state or may first increase and then decrease
34. Heat given to process is positive, match the following option of column I with the corresponding option of column
I
P(atm)
J
30 [T
b/l SELELELEE M
S Ki P L
E P
10 20 V()
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Column 1 Column 2
(A) JK @ AW >0
B) KL Q AQ<0
© LM R) AW<O
o M S AQ>0
3s. One mole of an ideal monatomic gas is taken round the cyclic process ABCA as shown in the figure. Calculate ;
PA
3P, B
A
P, N < C
Vv, 2V, i;
COLUMN 1 COLUMN 2

(A)  The work done by the gas p) 5/2 PV
(B)  The heat rejected by the gas in the path CA; ()] 25RV,

8R
(C)  The net heat absorbed by the gas in the path BC (r) PoVo
(D) The maximum temperature attained by the gas during the cycle.  (s) RV,

2

SUBJECTIVE INTEGER TYPE
36. Two identical containers A and B with frictionless pistons contain the same ideal gas at the same temperature and

the same volume V. The mass of gas A is ma and that in B is mg. The gas in each cylinder is now allowed to
expand isothermally to the same final volume 2V. The change in the pressure in A and B are found to be AP and
1.5AP respectively. Then value of ma (in kg) is if mg = 3kg.

37. Two cylinders A and B fitted with pistons contain equal amounts of an ideal diatomic gas at 300K. The piston A is
free to move, while that of B is held fixed. The same amount of heat is given to the gas in each cylinder. If the rise
in temperature of the gas in A is 30K, and rise in temperature of the gas in B is T the value of T/6 is .

38. A cylindrical tube of uniform cross-sectional area A is fitted with two air tight frictionless pistons. The pistons are
connected to each other by a metallic wire. Initially the pressure of the gas is Py and temperature is To. Atmospheric
pressure is also Po. Now the temperature of the gas is increased to 2Ty, if the tension in the wire is K PoA then the
value of K is

AN AN

ARNANRNNNNNNNN

AANNNNNNNNNNNNY

39. A diatomic gas of molecular weight 30 gm/mole is filled in a container at 300 K. It is moving at a velocity 100 m/s.

. L . (10 . . .
If it is suddenly stopped, the rise in temperature of gas is (?ij , where R is universal gas constant. Find the

value of x in joule/mole.
40. One mole helium in a vessel gets the heat from outside and starts expanding to make its volume 2 times the original

volume. The heat capacity of the gas in this process is constant and is > What is the final temperature of gas (in

K)? Initial temperature is 200 K and initial pressure is 40 kPa.
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41. A cylindrical vessel is divided in two parts by a fixed partition which is perfectly heat conducting. The wall and
piston are thermally insulated from surroundings. The left side contains 0.5 moles of gas with C, =2R at

temperature of 300 K. The right side contains 4 moles of mixture of gas with C, =1.75R at same temperature of

. . . 4 . .
300 K. The piston compresses slowly the right side from volume of V|, to TO. Find the total change in internal

energy of gases. If AU =n x10* J, fill » in OMR sheet. (Take R = %S.I. unit )

52. Figure shows an ideal gas. Its pressure, volume and temperature are
Ry, VyandT; respectively. Thin U-tube contains mercury. It was
observed that there was a difference of 40 cm in the level of
mercury column in two limbs. Now the gas is heated to
temperature 1.5 7, and simultaneoulsy mercury was added in limb

B to maintain the level of mercury in limb A at its original

poistion. Find the new difference in the level of mercury in limb
Aand B (in cm). [Take : Py, =76cmof Hg |

43. A glass tube has fixed length 76 cm above the mercury level. There is some space above mercury column in the

tube that contains 10~ moles of air at 300 K. Atmospheric pressure remains constant at 76 cm of Hg. If the
temperature of the air column slowly decreases by 10 K, find the net heat lost by the air column. Given v, =1.4.

Neglect the effect of surface tension. [Take R = 25/3 J/mol-k]

Air —

1 U

Mrrcury

76 cm —

44, A 20.0% efficient real engine is used to speed up a train from rest to 4 m/s. It is known that an ideal (Carnot)
engine having the same cold and hot reservoirs would accelerate the same train from rest to a speed of 6 m/s using
the same amount of fuel. Assuming that the engines use air at 300 K as a cold reservoir, find the temperature of the
steam serving as the hot reservoir. (write greatest integer value in Kelvin)

45. If a 25% efficient Carnot heat engine is run in reverse so that it functions as a refrigerator, what would be the
engine’s (that is, the refrigerator’s) coefficient of performance (COP) ?
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JEE Advanced Revision Booklet Simple Harmonic Motion

SINGLE CORRECT ANSWER TYPE
Each of the following Question has 4 choices A, B, C & D, out of which ONLY ONE Choice is Correct.

1. A pendulum makes perfectly elastic collision with block of m lying on a .
frictionless surface attached to a spring of force constant k. Pendulum is slightly )

displaced and released. Time period of oscillation of the system is a—’ﬂ'l;"ﬂ"-lwl()
m
A) 27 £ + \/E (B) o £ + \/E
g k g k
{ m

© 27 \/: D) 27 \/:
g k

2. The amplitude of a damped oscillator decreases to 0.9 times its original magnitude in Ss. In another 10s, it will
decrease to a times its original magnitude, where a equals:
(A) 0.7 B) 0.81 © 0.729 D) 0.6

3. Two simple pendulums of length 1m and 16 m respectively are both given small displacement in the same direction

at the same instant. They will again be in the same phase after shorter pendulum has completed n vibrations. The

value of 1 is
A) 5 (B) 4 © 1/4 (D) 4/3

4. A mass m is suspended from a spring of force constant k& and just touches
another identical spring fixed to the floor as shown in the figure. The time
period of small oscillations is :

(A) 27 2 (B) T 2 +7 o
Vk \ & Nk/2
©) m/i (D) T /ﬁ + 7 /ﬁ
3k/2 k 2k :

S. A particle of mass m is performing SHM along line PQ with . a ,

amplitude 2a with mean position at O. At ¢ = 0 particle is at point R 2a O<2—»R
p— & e —p»Q

v=a\/§

(OR = a) and is moving towards Q with velocity v = a3 misec.

The equation can be expressed by :

(A) X :a(\/g sint +cos t) (B) X = Za(x/g sint + cos t)
©) X = Za(sint +x/§cost) (D) X = a(sint ++/3 cos t)
6. If the potential energy of a harmonic oscillator of mass 2 kg in its equilibrium position is 5 joules and the total energy

is 9 joules when the amplitude is one meter then the period of the oscillator (in sec) is :
A) 1.5 (B) 3.14 © 6.28 D) 4.67
(Hint : Total energy = U (0) + 1/2 kA?)

7. A particle executes a simple harmonic motion between x = —A and x = +A, the time taken for it to move from x =0

A . A A .
to x = ) is T1 and to move from B} to — is T, then

V2

A) Ti<T, B) Ti=T © T =2T, D) T, =2T),
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8. If a simple pendulum has significant amplitude (upto a factor of 1/e of original) only in the period between =0 to
t=1 then T may be called the average life of the pendulum. When the spherical bob of the pendulum suffers a

retardation (due to viscous drag) proportional to its velocity with b as constant of proportionally, the average life
time to the pendulum (assuming damping is small) in second is:
0.693 1
A —_— B b C —
A b (B) © b
MULTIPLE CORRECT ANSWERS TYPE
Each of the following Question has 4 choices A, B, C & D, out of which ONE or MORE Choices may be Correct:

2
(D) 3

9. Which of the following quantities are always negative in a simple harmonic motion?
(A) F-a (B) VeF (©) a-r (D) F-F
10. Acceleration-time graph of a particle executing SHM is as shown in the figure. Select the correct alternative(s).

N AN
N\

(A) Displacement of particle at 1 is negative.  (B) Velocity of particle at 2 is positive.

a

© Potential energy of particle at 3 is maximum (D) Speed of particle at 4 is decreasing

11. Density of liquid varies with depth as p = oh. A small ball of density po is released from the free surface of the
liquid. Then
(A) the ball will execute SHM of amplitude po/a
B) the mean position of the ball will be at a depth po/2a from the free surface.
© the ball will sink to a maximum depth of 2py/a
D) all of the above

12. A particle starts SHM at time t = 0. Its amplitude is A and angular frequency is ®. At time t = 0 its kinetic energy is
E/4. Assuming potential energy to be zero at mean position, then displacement-time equation of the particle can be

written as
(A) x = A cos [0t + (1/6)] (B) x = A sin [ot + (7/3)]
© x = A cos [ot — (271/3)] D) x = A cos [0t — (1/6)]
13. A particle moves along the x-axis according to the equation x = 4 + 3 sin(2nt), here x is in cm and t in second.
Select the correct alternative(s).
(A) The motion of the particle is simple harmonic with mean position at x =0
B) The motion of the particle is simple harmonic with mean position at x =4 cm
© The motion of the particle is simple harmonic with mean position at x =—4 cm

D) Amplitude of oscillation is 3 cm

14. A block of mass m is attached to a massless spring of force constant k, the other end k
of which is fixed from the wall of a truck as shown in the figure. The block is placed m
over a smooth surface and initially the spring is unstretched. Suddenly the truck starts
moving towards right with a constant acceleration ao. As seen from the truck © ©
(A) the particle will execute SHM. (B) the time period of oscillations will be 27 \/%

2.2
© the amplitude of oscillations will be % D) the energy of oscillations will be ™ %o
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15. Two particles undergo SHM along the same line with the same time period (T) and equal amplitudes (A). At a
particular instant one particle is at x = —A and the other is at x = 0. They move in the same direction. They will
cross each other at

x=-A x=0 X =+A
A) t=4T/3 (B) t=3T/8 © x=A/2 D) X= A/ N
16. A spring mass system as shown in figure is suspended in a constant electric field E.

A charge q is given to the mass. Then the time period of oscillation of the system is

k
m m
(A) 27:\/% (B) 27:\/% .

m,q
[mo —gE [qF —
() o % (D) o %
(mg>qE)
17. For a simple harmonic motion with given angular frequency o, two arbitrary initial conditions are necessary and

sufficient to determine the motion complete. These initial conditions may be :
(A) Initial position and initial velocity (B) Amplitude and initial phase
© Total energy of oscillation and amplitude (D) Total energy of oscillation and initial phase

18. An object of mass m is performing simple harmonic motion on a smooth horizontal surface as shown in the figure.
Just as the oscillating object reaches its extreme position, another object of mass 2m is dropped on to oscillating
object, which sticks to it. For this situation mark out the correct statement(s).

(A) Amplitude of oscillation remains unchanged
(B) Time period of oscillation remains unchanged
© The total mechanical energy of the system does not change
D) The maximum speed of the oscillating object changes
19. Two blocks connected by a spring rest on a smooth horizontal plane as shown in the given figure. A constant force
F starts acting on block m, as shown in the figure. Which of the following statements are not correct?
m, “ i w—
A) Length of the spring increases continuously if ny >m, .
B) Blocks start performing SHM about centre of mass of the system, which moves rectilinearly with constant
acceleration.
© Blocks start performing oscillations about centre of mass of the system with increasing amplitude.
D) Acceleration of m, is maximum at initial moment of time only.
20. When the point of suspension of pendulum is moved, its period of oscillation
A) Decreases when it moves vertically upwards with an acceleration a
B) Decreases when it moves vertically downwards with acceleration greater than 2 g
©) Increases when it moves horizontally with acceleration a

(D) All of the above

21. A spring of spring constant K is fixed to the ceiling of a lift. The other end of the spring is attached to a block of
mass m. The mass is in equilibrium. Now the lift accelerates downwards with an acceleration. Now the lift
accelerates downwards with an acceleration 2g :

(A) The block will not perform SHM and it will stick to the ceiling.
B) The block will perform SHM with time period 2nvm/ K .

© The amplitude of the block will be 2 mg/K if it perform SHM.
D) The min. potential energy of the spring during the motion of the block will be 0.
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22, Simple pendulum is kept suspended vertically in a stationary bus. (L

The bus starts moving with an acceleration a towards left. As a

observed inside the bus : (Neglect frictional forces on pendulum

CDNAT,

and assume size of the ball to the very small.) :

N Sl
7 77 T77.
(A) Time period of oscillation of the pendulum will be 2w ! for any value of a
a’ +g°
B) Time period of oscillation of the pendulum will be 2w ! only when a << g
a’ +g°
© Angular amplitude of oscillation will be tan”™! (EJ for any value of a
g
D) Angular amplitude of oscillation will be tan~! (EJ only whena << g
g
23. A coin is placed on a horizontal platform, which undergoes vertical simple harmonic motion of angular frequency
o . The amplitude of oscillation is gradually increased. The coin will lave contact with the platform the first time
(A) At the mean position of the platform (B) At the mean position of the platform
© For an amplitude of % D) For an amplitude of \/g
® ®
24, A simple pendulum consists of a bob of mass m and a light string of length / as shown in the given figure. Another

identical ball moving with the small velocity v, collides with the pendulum’s bob and sticks to it. For this new

pendulum of mass 2m, mark out the correct statement(s)

A) Time period of the pendulum is 2n \/Z .
g

B) The equation of motion for this pendulum is 6 = "0 in |: %t:' .

2Ja

© The equation of motion for this pendulum is 6 = Y0 cos[ 5,:' . l

N

<—O
T m
D) Time period of the pendulum is 2n /—
g
25. A simple pendulum is oscillating between extreme position P and Q about the mean position O. Which of the

following statements are true about the motion of pendulum?
(A) At point O, the acceleration of the bob is different from zero.

(B) The acceleration of the bob is constant throughout the oscillation.
© The tension in the string is constant throughout the oscillation.
D) The tension is maximum at O and minimum at P or Q

26. A horizontal spring-block system of mass 1 kg executes SHM of amplitude 10 cm. When the block is passing
through its equilibrium position another mass of 1 kg is put on it and the two move together

(A) amplitude will remain unchanged

B) amplitude will become 5 V2 em

© the frequency of oscillations will remain same
D) the frequency of oscillations will decrease
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27. A constant force F is applied on a spring block system as shown in the figure. The mass of the block is m and spring
constant is k. The block is placed over a smooth surface. Initially the spring was unstretched. Choose the correct
alternative(s).

(A) The block will execute SHM (B) Amplitude of oscillation is F/2k

F
mk

© Time period of oscillation is 27 \/% D) Maximum speed of block

Paragraph for Q.28 - 29
A 2 kg block hangs without vibrating at the bottom end of a spring with a force constant of 800 N/m. The top end of the

spring is attached to the ceiling of an elevator car. The car is rising with an upward acceleration of 10 m/s>. When the
acceleration suddenly ceases at time = 0. (g = 10 m/s?)

28. The amplitude of the oscillations is :

A) 7.5 cm B) Scm © 2.5cm D) 1 cm
29. The initial phase angle observed by a rider in the elevator, taking downward direction to be positive extreme
position, is equal to (after the elevator ceases)
(A) Zero B) n/2 rad © 7 rad D) 3n/2 rad
Paragraph for Q. 30 - 31 ¢
A particle is performing SHM along x-axis. The graph a=2mls?
between the acceleration of particle and its x-coordinate is
shown. Using the graph answer the following question: 5
X = 2m
30. The time period of SHM will be : | \ X
(A) 27 sec (B) 1 sec © 7 sec D) None of these
31. What will be change in kinetic energy of the particle when it moves from x = 0 to x = 2 and mass of particle is 2kg.
A 2J B) 4 o d) -2J

32. Two particles A and B are performing SHM along x-and y-axis respectively with equal amplitude and frequency of
2cm and 1 Hz respectively. Equilibrium positions of the particles 4 and B are at the coordinates (3cm, 0) (0, 4cm)
respectively. At =0, B is at its equilibrium position and moving towards the origin, while 4 is nearest to the origin
and moving away from the origin. Equation of motion of particle B can be written as:

(A) y=(2cm) cos 2mt B) y = (4cm) — (2cm) cos 2wt
© v = (2cm) sin 27t D) y = (4cm) —(2cm) sin 2nt
MATRIX MATCH TYPE

Each of the following question contains statements given in two columns, which have to be matched. Statements in
Column 1 are labelled as (A), (B), (C) & (D) whereas statements in Column 2 are labeled as p, q, r, s & t. More than one
choice from Column 2 can be matched with Column 1.
33. Figure (A) shows potential energy as a function of x for a particle that is moving in the x-direction under a
conservative force.
Figure (B) shows potential energy as a function of x for another particle that is moving in the x-direction under a
conservative force.
Figure (C) shows interaction potential energy as a function of x for a system of two particles that could move in the.
x-direction under the mutual conservative force.
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Positively
direction — ¢

O X X1 X3

(0] X2 X1 X3 X

—>Positive x direction

(A

(B)

©

()

(B)
Column 1

For the system in figure (A)

For the system in figure (B)

For the system in figure (C), let one of the
particles be at x = 0 and consider different
positions of the other particle, say, xi, X and xs.
Keeping in view the force acting on the other
particle at X1, X2 and x3

consider a particle that performs S.H.M. along
the x-direction with x = x; as the mean position.
X, and x3 are two other values of x such that x, <
x; and X3 > x;; then

X

— Positive x direction

(p)

(@

(r)

)

Positively
o _direction <

|
) X
[

Positive x

Xz X,1 X,3_) direction

\/
(€)

Column 2
equilibrium position will be x = x; and
equilibrium is unstable
equilibrium position will be x = x; and
equilibrium is stable
force on the particle for x < x; is in the
negative x-direction and fro x> x, it is in the
positive x-direction.

Force on the particle for x > x; will be the
negative x-direction

SUBJECTIVE INTEGER TYPE

A pendulum has time period T in air. When it is made to oscillate in water, it acquired a time period T' = \2T .

The specific gravity of the pendulum bob is equal to

An object of mass 0.2 kg executes simple harmonic motion along X-axis with frequency of 25/1 Hz. At the position
x = 0.04 m, the object has kinetic energy of 0.5 J and potential energy of 0.4 J. if The amplitude of oscillation in meter
is equal to A then the value of 100A will be .

A block of mass m attached with a spring and held by a person such that the spring is in natural
length 7, . Now the man releases the block, if the ratio of maximum compression in the spring in

the given situation, to that of the compression at equilibrium position is K then find K.

A solid uniform cylinder of mass M performs small oscillations due to

the action of two springs, each having stiffness 4. If time period of ; M
L . S aM k
these oscillations in absence of any sliding is 7 =2n Tok’ then find M

the value of a. (Springs have their neutral length initially)

A particle executes SHM along a straight line with means position at x = 0, period 20 sec and amplitude 5 ¢m . Find
the shortest time taken by the particle to go from x =4 ¢m to x =—3 cm in seconds.
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A cylindrical block of height 1 m is in equilibrium in a breaker as
shown. Cross-sectional area of cylindrical block is one fourth of
cross-sectional area of breaker. Density of cylindrical block is one
third of liquid. Determine the time period of small oscillation (in

seconds). (Given: g =7t2m/S2)

A solid cylinder is kept over a rough plane which is oscillating along 4
x-axis according to equation x = A cos (10) ¢, where x-axis according
to equation x = A cos (10)t, where x is in metre and ¢ is in second. If
coefficient friction between cylinder and plank is 0.3, then find
maximum amplitude of plank (in c¢m) possible, so that cylinder

never slips on plank.

g=10 m/s”

Plank

[P—

Two identical metal balls connected at the ends of a light spring of foe
constant k£ form a dumbbell like spring of force constant £ form a dumbbell
like structure. The dumbbell rests on a frictionless horizontal floor and
third identical ball is placed at distance / from the right ball of the
dumbbell. All the three balls are in a line. A fourth identical ball moving
with velocity u collides with left ball of the dumbbell. If all collisions are
elastic and rightmost ball aquries a velocity u. the minimum value of / is

T }ﬂ . Find x.
xk

A block of mass m is tied to one end of a string which passes over a
smooth fixed pulley A and under a light smooth movable pulley B as
shown in figure. The other end of the string is attached to the lower end of
a spring of spring constant k,. Find the period of small oscillations of

mass m about its equilibrium position.

A pipe in the form of a half ring of radius r is placed on a horizontal
surface as shown in figure. If is rotated through, a small angle, and
then released. Assuming that it rolls without sliding determine the
period of oscillation

u

A pendulum with a length of 1.00 m is released form an initial angle of 15.0°. After 1100s, its amplitude is reduced

by friction to 5°. What is the value of % (In3=1.1)?

Damping is negligible for 0.32 kg mass hanging from a light 6.30 N/m spring. The system is driven by a force

oscillating with an amplitude of 1.70 N. At what angular frequency will the force make the mass vibrate with an

amplitude of 1 m?
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JEE Advanced Revision Booklet Wave Motion

SINGLE CORRECT ANSWER TYPE

Each of the following Question has 4 choices A, B, C & D, out of which ONLY ONE Choice is Correct.

1. In a sonometer wire the fundamental frequency of the wire is 260Hz. In a sonometer the tension is maintained by
suspending a 50.7 kg mass. When the suspended mass is completely submerged in water fundamental frequency
becomes 240 Hz. The suspended mass has a volume
A) 0.002 m? B) 0.0075 m? ©) 0.004 m* D) 0.006 m*

2. A closed organ pipe resonates in its fundamental mode at a frequency of 200 Hz in O, at a certain temperature.
If the pipe contains 2 moles of O, and, 3 moles of Ozone is now added to it, then what will be the fundamental
frequency of same pipe at same temperature?

A) 268.23 (B) 172.7 © 149.45 D) None of these
Ei
3. What will be the ratio of amplitudes of the reflected wave to the incident wave ——
in case a sinusoidal wave produced in a stretched string gets reflected and NN Y E
loses 36% of its energy in getting reflected from the fixed end of the string? KJ‘ -/ \/E
E: :
(A) 6:10 B) 8:10 © 1:1 D) None of these.
4. A sinusoidal wave (longitudinal or transverse) is propagating through a medium in the direction of —ve x-axis.

The parameters of the waves are 4, @ and k. The particle at x = A/4 executes the motion y(f) = 4 sinwt. Possible
equation of the wave is :

A) V(x, ) = A sin[ot — kx + (1/2)] B) V(x, ) = A sin[ot + kx + (1/2)]
© y(x, t) = 4 sin[ot — kx — (1/2)] D) y(x, £) = 4 sin[ot + kx — (1/2)]
S. A railway engine whistling at a constant frequency moves with a constant speed. It goes past a stationary observer

standing beside a railway track. The frequency (n) of the sound heard by the observer is plotted against time (%).
Which of the following best represents the resulting curve?

z

=
C

=
e
S

t > >
t t t

6. A stationary observer receives sound waves from two tuning forks, one of which approaches and the other recedes
with the same velocity. As this takes place, the observer hears beats with frequency 2 Hz. What is velocity of each
tuning fork if their oscillation frequency is v, = 680 Hz and the velocity of sound in air is vs = 340 m/s
(A) Sm/s B) 0.5 m/s © 15 m/s D) 50 m/s

7. A man holding a sound source at the top of a tower emitting frequency of sound as
v = 1000Hz. Suddenly it slips from his hand and falls down with ‘g’ acceleration. The sources of frequency of
sound heard by the man at ¢ = 4 sec. (Velocity of sound = 320 m/s, g = 10 m/s?)
A) 889Hz (B) 890Hz © 894Hz (D) 892Hz
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8. A train moves towards a stationary observer with 34 m/s. The train sounds a whistle and its frequency registered by
the observer is fi. If the train’s speed is reduced to 17 m/s. The frequency registered is f>. If speed of sound in air is
340 m/s, then the ratio A is:
e
A) 18/19 (B) 1/2 © 2 D) 19/18
9. In the given arrangement a source is placed at the fixed end of the spring with spring constant 100 N/m and the

receiver is attached to the moving end of the spring, which in turn is connected to a box of mass 4kg, which is
oscillating horizontally with an amplitude of oscillation 2m. If the source emits a frequency of 990 Hz then : (Speed
of sound = 330m/s)

A) Maximum frequency received by the receiver is 90Hz ° " receiver
B) Minimum frequency received by the receiver is 90Hz %
© Frequency band width received by the receiver is 960Hz — 1020Hz. 7 I ,I\f, .
D) Maximum and minimum frequencies are received at the extreme positions
10. L; and L; are two small loud speakers which emit sound waves of the same amplitude but with a phase difference of 7.

A small receiver M moves along the perpendicular bisector of L;L, in the direction as shown in the figure.
The intensity of the sound recorded in the receiver is :

(a) continuously decreasing tending to zero at a very large distance y Ly W

(b) alternates between a constant maximum and zero minimum ~ seesesseceees —_—
(©) alternates between a diminishing maximum and increasing minimum °L.

(d) remains constant equal to zero

MULTIPLE CORRECT ANSWERS TYPE
Each of the following Question has 4 choices A, B, C & D, out of which ONE or MORE Choices may be Correct:

11. Displacement of particles in a string in x-direction and is represented by y. Account the following expression for y,
those describing wave motion are

(A)  coskesinot  (B) k2 -0’2 (€)  cos®(ke+ot) (D) cos(kxz - coztz)

12. Two sound waves of equal intensity 7, generates beats. The intensity of sound /, produced in beats will be
A) 1 (B) 41 © 21 D) 0<L<d4l

2mx
13. The equation of transverse displacement of a string clamped at both ends is y = 0.06 sin (Tj cos(lZOm) , where

x, y are in meters and ¢ is in second. The length of the string is 1.5 m and its mass is 3 x 1072 kg . Then
(A) wavelength, frequency and speed of progressive waves are 3 m, 60 Hz and 180 m/s, respectively.
(B) tension in the string is 648 N

© amplitude at a distance x = 0.375 m is 4.2 cm at any time ¢.

D) wavelength, frequency and speed of progressive wave are 3 m, 80 Hz and 240 m/s
14. A wave pulse moving in the positive x-direction along the x-axis is represented by the wave function
2.0
y (x, 4 ) = 3 , where x and y are in centimeters and t is in seconds. Then :
(x=3.00)" +1

A) The speed of particle at time =1 sec. and x = 3 cm is zero
B) The speed of particle at time =1 sec. and x =3 cm is 2 cm/s
© The speed of the pulse is 3.0 cm/s

D) The speed of the pulse is 0.33 cm/s
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15. Two whistles A & B each have a frequency of 500 Hz. A is stationary and B is moving towards the right (away
from A) at a speed of 50 m/s. An observer is between the two whistles moving towards the right with a speed of 25
m/s. The velocity of sound in air is 350 m/s. Assume that there is no wind. Which of the following is/are true ?
A) the apparent frequency of whistle B as heard by A is 437 Hz approximately
B) the apparent frequency of whistle B as heard by observer is 469 Hz approximately
© the difference in the apparent frequencies of A and B as heard by the observer is 4.5 Hz
D) the apparent frequencies of the whistles as observed by each other are the same

16. The equation of motion of a longitudinal wave is y = 0.15 sin[4nt-nx] Where x & y are measured in meters an t in
second.
(A) The distance between two successive points having phase difference © is Im
B) The wave travels along negative x-axis
© The frequency of the wave is 2Hz
D) At 20 cm. Displacement of the particle, kinetic energy of the latter is zero. Att=4 sec.

17. Along the straight line joining two consecutive displacement-nodes in a pure stationary sound wave, at different points.
A) the S.H.M.’s will be in different phases B) the velocities are in phase
© the accelerations are in phase D) the frequencies are equal

18. Mark out the correct statement(s) w.r.t. wave speed and particle velocity for a transverse travelling mechanical

wave on a string.

A) The wave speed is same for the entire wave, while particle velocity is different for different points at a
particular instant.

B) Wave speed depends upon property of the medium but not on the wave properties.

© Wave speed depends upon both the properties of the medium and on the medium and on the properties of

wave.
D) Particle velocity depends upon properties of the wave and not on medium properties.
19. Three simple harmonic waves, identical in frequency »n and amplitude A moving in the same direction are

superimposed in air in such a way, that the first, second and the third wave have the phase angle ¢,¢+ (n/2) and

(¢ + m), respectively at a given point P in the superposition. Then as the waves progress, the superposition will

result in .
(A) A periodic, non-simple harmonic wave of amplitude 3A
B) A stationary simple harmonic wave of amplitude 3A
© A simple harmonic progressive wave of amplitude A
D) The velocity of the superposed resultant wave will be the same as the velocity of each wave
20. Two speakers are placed as shown in figure.
5, e Sl s rmmrr £
A |1 A
C D

B
Mark out the correct statement(s)
(A) If a person is moving along AB, he will hear the sound as loud, faint, loud and so on
B) If a person moves along CD, he will hear loud, faint, loud and so on
© If a person moves along 4B, he will hear uniform intense sound
D) If a person moves along CD, he will hear uniform intense sound
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21. A radio transmitter at position A operates at a wavelength of 20 m. A second, identical transmitter is located at a
distance x from the first transmitter, at position B. the transmitters are phase locked together such that the second
transmitter is lagging ©/2 out of phase with the first. For which of the following values of BC — C4 will the
intensity at C be maximum.

A) BC—-CA=60m OB
B) BC-CA=65m

(C) BC-CA=55m x .
D) BC-CA=T75m AQO«—80m _ ~
22. A source S of sound wave of fixed frequency N and an observer O are located in air initially at the space points 4

and B, a fixed distance apart. State in which of the following cases, the observer will NOT see any Doppler effect
and will receive the same frequency N as produced by the source.
(A)  Both the source S and observer O remain stationary but a wind blows with a constant speed in an arbitrary
direction.
B) The observer remains stationary but the source S moves parallel to and in the same direction and with the
same speed as the wind.
(C)  The source remains stationary but the observer and the wind have the same speed away from the source.
D) The source and the observer move directly against the wind but both with the same speed.

23. A sonic source, located in a uniform medium, emits waves of frequency ». If intensity, energy density (energy per
unit volume of the medium) and maximum speed of oscillations of medium particle are, respectively, I, E and uo at
a point, then which of the following graphs are correct?

(A) (B)

oy —»
oy —>

o | o1
E

[— [ — U™ n—

Paragraph for Q. 24- 26

A long string having a cross-sectional area 0.80 mm? and density 12.5 g/ em® s subjected to a tension of 64 N along the x-

axis. One end (at x = 0) of this string is attached to a vibrator moving in transverse direction at a frequency of 20 Hz. Att =
0, the source is at a maximum displacement y =1.0cm .

24, Find the speed of the wave travelling on the string.
(A) 20m/s B) 10m/s © 80 m/s D) 40m/s
25. Write the equation for the wave.

(A) y =(1.0 cm)cos[(40ms i —{n/2 m™Hx}] (B) y =(1.0 cm)cos[(40ms )t +{m/2 m™H)x}]

(©) y =(1.0 cm)cos[(40ms i —{n/4 m™Hx}] (D) y =(1.0 cm)cos[(40ms ™)t +{n/ 4m " )x}]
26. What is the displacement of the particle of the string at x =50 cm at time ¢ =0.055 ?

cm

(A) Loem (B) J2 em (©) gcm (D)

1
V2 N
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MATRIX MATCH TYPE

Each of the following question contains statements given in two columns, which have to be matched. Statements in

Column 1 are labelled as (A), (B), (C) & (D) whereas statements in Column 2 are labeled as p, q, r, s & t. More than one

choice from Column 2 can be matched with Column 1.

27. Consider a situation (i) that two sound waves, yi = (0.2m) sin 504 n(t —x/300) and y, = (0.6m) sin 4967 (t — x/300),
are superimposed. Consider another situation (ii) that two sound waves, y'i = (0.4m)sin 5047n(#—x/300) and
y'2 = (0.4m) sin 504n(¢ + x/300), are superimposed.

Column 1 Column 2
(A) In situation (i) (p) Stationary waves are formed
(B) Insituation (ii) (@) There will be the phenomenon of ‘Beats’

(C) When two waves of same frequency and amplitude (r) Amplitude of the resultant wave will
and travelling in opposite directions superimpose vary periodically with position

(D) If the intensity of sound alternately increases and (s) Amplitude of the resultant wave will
decreases periodically as a result of superposition of vary periodically
waves of slightly different frequency

28. Referring to the above question, match Column-I and II:
Column 1 Column 2
(A) Frequency of resultant wave in situation(i) in Hz will be P 08m
(B) Maximum amplitude of the resultant wave in situation (ii) will be (@ 250

(C) In situation (i), in a time of 1 sec, intensity of sound at a point will (r) 4
become maximum on how many occasions?

(D) Ratio of maximum and minimum intensities situation (i) will be (s) zero

SUBJECTIVE INTEGER TYPE

29. The amplitude of a wave disturbance propagating in the positive x-direction is given by y = — at =0 and
1+ x

1 . .
by y= — at t = ls, where x and y are in metres. The shape of the wave disturbance does not change
V2 -2x+x

during propagation. Find the velocity (in m/s) of the wave propagation.
30. A band playing music at a frequency f'is moving towards a wall at a speed v;. A motorist is following the band with

a speed v,,. If v is the speed of sound, find the beat frequency heard by the motorist. (vs = viy = 20 m/s , Speed of
sound in air 320 m/s, f =30 Hz)

31. A block having mass 8 kg, is suspended from a support through a string having linear mass density
20x 107 kg /m . Find the speed (with respect to the string) with which speed (in cm/s) a wave pulse can proceed
at the bottom of the string if the point of support moves with an acceleration 8/ — 4. Take g = 10 m/s>

32. A string fixed at both ends is vibrating in its lowest mode of vibration for which midpoint has maximum
displacement. Frequency of vibration in this mode is 1 Hz. What will be the frequency (in HZ) of vibration, when
it vibrates in the next mode such that this point again has maximum displacement?

33. In a stationary wave pattern which is formed after reflection of a wave from an obstacle. The ratio of the amplitude
at an antinodes to the amplitude at node is 4. If X percentage of energy is reflected, then find the value of X79.
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Two waves given by following equation travels in a same string
i (x, 1) =24 sin(kx — ot + ¢)
ya(x, 1) = A cos ot sin kx

if the maximum displacement in the string is K4 then find K.

A string of length 20 cm and linear mass density 0.40 g/cm is fixed both ends and is kept under a tension of 16N. A
wave pulse is produced at t = 0 near an end as shown figure which travels towards the other end.

—

<«—20 cm——¢
When will the string have the shape shown in the figure again? (in x 10725 )
A 4.0 kg block is suspended from the ceiling of an elevator through a string having a linear mass density

19.2x1073 kg /m . The speed (with respect to the string) with which a wave pulse can proceed on the string if the
elevator accelerates up at the rate of 2.0 m/ s* is 12.n. What is the value of n? Take = g=10m/ s

A plane progressive wave is given by x = (40 cm) cos (50n/¢ —0.02my) where y is in cm and ¢ in s. The particle

velocity at y =25 m in time ¢ = %s will be 10my/n m /s . What is the value of 7.

An ant with mass m is standing peacefully on top of a horizontal, stretched rope. The rope has mass per unit length
p and is under tension F. Without warning, a student starts a sinusoidal transverse wave of wavelength A

propagating along the rope. The motion of the rope is in a vertical plane. What minimum wave amplitude (in mm)
will make the ant feel weightless momentarily? Assume that m is so small that the presence of the ant has no effect
on the propagation of the wave.

[Given: A= 0.5m,u=0.1kg /m,F =3.125 N,take g=n2]
A tuning fork of frequency 200 Hz is in unison with a sonometer wire. How many beats are heard in 30 s if the
tension is increased by 1% (in terms of x 10)

A closed and an open organ pipe of same length are set into vibrations simultaneously in their fundamental mode to
produce 2 beats. The length of open organ pipe is now halved and of closed organ pipe is doubled. Now find the
number of beats produced.

The average power transmitted across a cross-section by two sound waves moving in the same direction are equal.
The wavelengths of two sound waves are in the ratio of 1:2, then find the ratio their pressure amplitudes.

Loudness of sound from an isotropic point source at a distance of 70 cm is 20 dB. What is the distance (in m) at
which it is not heard.

An ambulance sounding a horn of frequency 264 Hz is moving towards a vertical wall with a velocity of 5 ms' . If
the speed of the sound is 330 ms~!, how many beats per second will be heard by an observer standing a few meters
behind the ambulance?

The intensity of sound from a point source is 1.0 x 1078 W /m? at a distance of 5.0 m from the source. What will be

the intensity at a distance of 25 m from the source? (in x10710 W/ mz)

A string 120 cm in length sustains a standing wave, with the points of the string at which the displacement
amplitude is equal to 3.5 mm being separated by 15.0 cm. Find the maximum displacement amplitude. To which
overtone do these oscillations correspond?
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JEE Advanced Revision Booklet Electrostatics

SINGLE CORRECT ANSWER TYPE
Each of the following Question has 4 choices A, B, C & D, out of which ONLY ONE Choice is Correct.

1. Consider a uniformly charged hemispherical shell shown below. Indicate the directions (not magnitude) of the
electric field at the central point P; and an off-centre point Py on the drumhead of the shell.

T; \ (B) T; / © T; T D) T;%

2. On an imaginary planet the acceleration due to gravity is same as that on Earth but there is also a downward electric
field that is uniform close to the planet’s surface. A ball of mass m carrying a charge q is thrown upward at a speed v
and hits the ground after an interval t. What is the magnitude of potential difference between the starting point and the
top point of the trajectory?

my gt my gt my 2mvy
A —|v—== B —|v—= C —(v- D -
) 2q (V 2) ®) q (V 2) © 2¢q (v=s1) ® q (v=g1)

3. A system consists of a uniformly charged sphere of radius R and a surrounding medium filled by a charge with the

volume density p = o/r, where a is a positive constant and r is the distance from the centre of the sphere. Find the
charge of the sphere for which the electric field intensity E outside the sphere is independent of 7.

(A) a2€ (B) 2/aE © 2noR? D) None of these
4. Between two infinitely long wires having linear charge densities A and —A there are two points A and B as shown in
the figure. The amount of work done by the electric field in moving a point charge q() from A to B is equal to :
A -\
A 2\
@ o ® -0
2}
© o, D) %1 2 RO e
5. Figure shows two conducting thin concentric shells of radii r
and 3r. The outer shell carries charge q and inner shell is
neutral. The amount of charge which flows from inner shell to /7\ 3r
the earth after the key K is closed, is equal to: U
@A 3 (B) q/3
© 3q ® 3 =
6. A circular disk of radius ‘a’ has uniform surface charge density ¢ on one side. The potential at a point P on the
circumference is:
ca 2ca ca 4ca
A) — (B) © (D)
TE TE( 27g TE(
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Four point charges, +¢, +g and —¢q, —q are placed on the vertices of a regular tetrahedron of edge length a. Each vertex
has one point charge. The magnitude of equivalent dipole moment of the tetrahedron is:

(A)  Zero ®  qa\?2 © 2qa (D)  Not Defined

Positive charge Q is distributed uniformly over a circular ring of radius R. A particle having a mass m and a negative
charge —g, is placed on its axis at distance X (x << R) from the centre. The particle is now released from rest. Then
the time period of oscillation of the particle will be. (Neglect gravity)

1/2 1/2 1/2 1/2
A) 473 gOmR3 (B) 87 gOmR3 ©) 07 gomR3 D) 167> gomR3
Qq 7 Qq

Three concentric metallic spherical shells of radii R, 2R, 3R, are given the charges Qi, Q», Qs respectively. It is found
that the surface charge densities on the outer surface of the shells are equal. Then, the ratio of the charges given to the
shells, Qi : Q2 : Qsis:

A) 1:2:3 B) 1:3:5 © 1:4:9 D) 1:8:18

A conducting shell having inner radius R; and outer radius R, contains a
charge +¢ which is placed at a distance x from its centre. Field at an exterior
point P which is situated at a distance » from centre of shell (» > R, )

(A) Depends on x (B) Depends on R; and R>

© Depends only on r D) None of these

A solid conducting sphere of radius 2R, carrying charge Q is surrounded by two 0

point charges Q and 20 as shown in the figure. The electric field at point P due to

the induced charges on conducting sphere is : (2 - - Z.Q
7 KQ ) 1 KQ .

(A) — towards right (B) - towards right
16 R 8 R “3R 3R—>
KQ .

© — towards right D) Zero
R

Two small electric dipoles of dipole moment p}' and — p; are situated at (0, 0, 0) and (r, 0, 0) respectively. The

r \/gr .
,00 1s:
2

electric potential at a point {—,
2

p V3+1 p p
o) 2) ® 0 © — O ——
dqreyr 2reyr dqmeyr

(A)

The centres of two identical small spheres are 1 m apart. They carry charges of opposite kind and attract each other
with a force f. When they are connected by a conducting wire of negligible capacitance they repel each other with a
force /3. Find the ratio of charges carried by the spheres initially.

A) 4:1 (B) 3:1 © 2:1 D) 1:1

MULTIPLE CORRECT ANSWERS TYPE

Each of the following Question has 4 choices A, B, C & D, out of which ONE or MORE Choices may be Correct:

14.

A particle of mass m and charge q is thrown in a region where uniform gravitational field and electric field are
present. The path of particle (Neglect relativistic effects)

(A) may be a straight line (B) may be a circle

© may be a parabola D) may be a hyperbola
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. . . . . R .
A spherical conductor of radius 2R has a spherical cavity of radluSE . The cavity does not enclose the centre of

sphere. Charges Q; and Q, are placed as shown in figure. Q is at the center of cavity. An additional charge Q3 is

given to the sphere.

Qs

=

=

KO N K(O) +(O3)
3R 2R

Q<—3R

o Vi

\
\

(A)  The potential of the sphere is

(B) The potential inside the cavity at a distance r(r<§) from the center of cavity is

kO, 2kQ, N kQ, N kQs kO
3R R r 2R 2R

. . : . k(Oy + kQ
© The value of potential outside the sphere at a distance r from the center of sphere 1SM -i——'1 where
r r
r’ is the distance from Oy
: . : : 20,
(D)  The charge that will flow into ground if the sphere is grounded O, + Qs + 3
Two large conducting plates having surface charge densities +¢ and —o, () (-0)
respectively, are fixed ‘d’ distance apart. A small test charge q of mass m is
attached to two identical springs as shown in the adjacent figure. The charge q is
now released from rest with springs in natural length. Then q will [neglect gravity]
(A) perform SHM with angular frequency f%
m
(B) perform SHM with amplitude o4 © not perform SHM, but will have a periodic motion

2k €
D) remain stationary
Imagine a dipole is at the centre of an imaginary spherical surface. If magnitude of electric field at a certain point on
the surface of sphere is 10 N/C, then which of the following cannot be the magnitude of electric field anywhere on
the surface of sphere
A) 4 N/C B) 8 N/C © 16 N/C D) 32N/C

Which of the following aspects is correct, when an uncharged metal sphere is placed
in a uniform electric field & electrostatic condition has been achieved

(A) The metal sphere will become charged now.

B) The induced charges appearing on the surface of the sphere produce an electric field, at each point within the
sphere & outside sphere.

© The electric field lines, just outside the sphere are normal to the spherical surface.

D) The electric field lines in the spherical region decrease, as soon as the sphere is placed.

Three equal point charges (Q) are kept at the three corners of an equilateral triangle ABC of side a. P is a point
having equal distance a from A, B and C. IfE is the magnitude of electric field and V is the potential at point P, then

3 6 3,6
(A) E= —Qz (B) E :\/_—QZ (@) v=_9 (D) E= Q2
4neqa 4neqa 4neya 4meqa
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Figure shows three spherical shells in separate situations, with each

.l .
shell having the same uniform positive net charge. Points 1, 4 and 7 o2 !
are at the same radial distances from the centre of the their
respective shells; so are points 2, 5 and 8 ; and so are points 3, 6 and @

9. With the electric potential taken equals to zero at an infinite

distance, choose correct statement.
(A) Point 3 has highest potential (B) Point 1, 4 and 7 are at same potential
© Point 9 has lowest potential D) Point 5 and 8 are at same potential
Figure shows an arrangement of four identical rectangular plates A, B, C and D each of <o b 2els
area S.Ignoring the separation between the plates in comparison to the plate dimensions,

. +
the correct option(s) are : 91 92
(A) Potential difference between plates A & B is independent of Q.
B) Potential difference between plates C & D is independent of Q.
© Potential difference between plates A & B is independent of Q,.

D) Potential difference between plates C & D is independent of Q,.

Al B Cl D

Choose the correct statement(s)

(A) Electrons in a conductor have no motion in the absence of a potential difference across it.

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

(C) A line of force in an electric field is the path traced by a unit positive charge, free to move in that field.

(D) The energy of a charged conductor is stored partly inside the conductor and partly outside the conductor.

In a uniform electric field, when we move from origin to x = lm, the potential changes by 10V. Which of the
following can be a possible magnitude of the electric field.
A) 10 V/m B) 15 V/m © 5V/m D) 20 V/m

Figure shows a neutral metallic sphere with a point charge +Q placed near its surface. Electrostatic equilibrium
conditions exist on metallic sphere. Mark the correct statements:
Plane that divides

Gausian surface
in two halves

Neutral metallic sphere

(A)  Net flux through Gaussian surface due to charge Q is zero

B) Net flux through Gaussian surface due to charges appearing on the outer surface of metallic sphere must be
Zero

(C)  If point charge Q is displaced towards metallic sphere, magnitude of net flux through right hemispherical
closed Gaussian surface increases.

(D)  If point charge Q is displaced towards metallic sphere, charge distribution on outer surface of sphere will
change

Physics

91 Electrostatics



25.

26.

27.

28.

29.

30.

Vidyamandir Classes

There is a fixed positive charge Q at O and A and B are points equidistant from O. A positive charge
+ q is taken slowly by an external agent from A to B along the line AC and then along the line CB.

(A) The total work done on the charge is zero C
(B) The work done by the electrostatic force from A to C is negative 0
© The work done by the electrostatic force from C to B is positive
D) The work done by electrostatic force in taking the charge from A
to B is dependent on the actual path followed. o B
An electron is placed just in the middle between two long fixed line charges of charge density +A each. The wires are
in the xy plane (Do not consider gravity) A A
(A) The equilibrium of the electron will be unstable along x-direction
(B) The equilibrium of the electron will be neutral along y-direction YL
© The equilibrium of the electron will be stable along z-direction e X

D) The equilibrium of the electron will be stable along y-direction

A wire having a uniform linear charge densityA, is bent in the form of a ring of 3,
radius R. Point A as shown in the figure, is in the plane of the ring but not at the
centre. Two elements of the ring of lengths aj and a5 subtend very small same angle

at the point A. They are at distances r| and ry from the point A respectively.
(A) The ratio of charge of elements a| and ap isry/rp.
B) The element a; produced greater magnitude of electric field at A than

clementa,.
© The elements a and ay produce same potential at A.
D) The direction of net electric field at A is towards element a,. a

The figure shows, two point charges q; =2Q (>0) and q = -Q. The charges divide the line joining them in three
parts I, IT and III

(A) Region III has a local maxima of electric field I 11 I

(B) Region I has a local minima of electric field +2Q -Q

(C) Equilibrium position for a test charge lies in region (II)

(D) The equilibrium for constrained motion along the line joining the charges is stable for a negative test charge in
region (III).

The given charged particle of charge ¢ and mass m is in circular motion T . E

in vertical plane. String is massless and it’s one end is fixed at point O.
Velocity of projection is minimum so that it just completes vertical circle. 3
Electrical field is uniform, horizontal and in the plane of vertical circle OT

(qEO = mg) : 2

(A) Minimum velocity during the circular motion is /2g{

(B) Difference between minimum and maximum tension is 6\/5mg m,q

v

© At the position of maximum tension angle made by the string with the vertical is 45°

D) Maximum velocity during this circular motion is \/@

Small identical balls with equal charges are fixed at the vertices of a regular polygon of N sides, each of length d. Ata
certain instant, one of the ball is released. After a long time interval, the adjacent ball to the previous one is released.
The difference in kinetic energies of the two released balls is K at a sufficiently long distance from the polygon.

(A) Final kinetic energy of the first ball is greater than that of the second ball

B) Final kinetic energy of the second ball is greater than that of the first ball

© Charge on each ball is /2me dK D) Charge on each ball is ,/4ne,dK

Physics

92 Electrostatics



Vidyamandir Classes

31. A point charge q is placed at the mid point on the axis of the given cylinderical surface which is open at it's end
points. (Length of the cylinder is 8R and diameter is 6R) ~ ,
(A) Flux through two circular surfaces is 4
) '“""}""“;“““{"'ﬁﬁ
(B) Flux through curved surface is 8 times more than that through one \J L.
circular surface. &R

©) If q is at shifted to center of one circular end then flux through cylinder will be q/2¢o

D) All the above statements are correct
32. A ring has charge Q and radius R. If a charge q is placed at its centre then the increase in tension in the ring is
A) Directly proportional to O x g B) Inversely proportional to R?
© Inversely proportional to R? D) Independent of R
33. A conducting disc of radius R is rotating with an angular velocity ® . Assuming mass of electrons is m and charge is
e, the potential difference between the centre of the disc and the edge will be:
(A) Directly proportional to o? (B) Inversely proportional to R?
© Directly proportional to  R? D) Inversely proportional to e

Paragraph for Q.34.-35.
A cylindrical cavity runs inside a uniformly positively charged solid cylinder of radius R @

such that the axis of cavity is parallel to axis of cylinder. Radius of cavity is » and

separation between the axis of cylinder and cavity is a. The figure shows cross-section
view such that plane of cross-sectional area is perpendicular to the axis of cylinder. The

volume charge density for the system is p . Now answer the following question :

34. Consider any point P inside the cavity in a cross-sectional plane as shown in figure given in the above passage.
Direction of field at point P is :
(A) From point C; to Cs (B) From point C; to C;
© From point C; to P D) From point C,to P

3s. Magnitude of electric field intensity inside the cavity is :
pr PR

pa PR
—_— B — C D
e (B) 2 e © = (D) 2

(A)

Paragraph for Q. 36.—39.
A rigid insulated wire frame in the form of a right-angled triangle ABC, is set in a

vertical plane as shown figure. Two beads of equal masses m each and carrying
charges ¢y andg, are connected by a cord of length ¢ and can slide without

friction on the wires. The beads are stationary.

36. The value of angle o is:
A) 30° (B) 45° © 60° D) 75°

37. The tension in the chord is :

(A) mg ® A2 ©  me+3L2 . D)y zero
4meyl 4megl
38. The normal reaction on bead Q is:
A  mg B)  V2mg ©  2mg ®  mg
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39. If the cord is cut, the magnitude of the product | g; ¢, | of the charges for which the beads continue to remain
stationary is:
0 3mg(*
@ = ® sl © B (4mney)mg® D) (4nzq)mgl’
47'580 47'580
MATRIX MATCH TYPE

Each of the following question contains statements given in two columns, which have to be matched. Statements in
Column 1 are labelled as (A), (B), (C) & (D) whereas statements in Column 2 are labeled as p, q, r, s & t. More than one

choice from Column 2 can be matched with Column 1.

40. In the following diagrams, all the charges have equal magnitude
Column 1 Column 2
(A) a (P)  The potential is zero at the centre ‘X’

Equilateral triangle
© (Q) The electric field is zero at the centre ‘x’

(B)

Square

(R) The electric field at a point on the axis

© ©®

passing through the centre ‘x’ perpendicular
x to the plane of the figure is parallel to the axis

(S)  The electric field at a point on the axis
passing through the centre ‘x’ perpendicular
to the plane of the figure is perpendicular to
the axis.

Rectangle

(T) The potential energy of the system is
negative.

41. In the figure shown two identical small charged balls having mass m and charge 'q' are suspended with the help of
two light inextensible silk strings each of length '/'. At equilibrium the angular separation between the strings is '0'

Column 1 Column 2
(A)  If 0 is very small then charge 'q' is proportional to P) 32
(B) Tension T in string is proportional to «Q ! T : T
(C) If system is taken in a satellite. Then tension T is (R) =« méq g

proportional to

(D)  Angular separation between the charges (at equalibrium) (S) /2
in the satellite is
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42, A thin uncharged spherical conducting shell of radius 'R' is shown in figure.

Two point charges +q and —2q are fixed at point A (inside shell) & point B
outside shell as shown in figure : +q 0 B
Column 1 Column 2 A oh 22
«——> IR—>
K. q R2
(A) Electric potential at 'O’ @P) — ?
. . Kq
B) Electric potential at 'O' due to charge Q) + ?
induced on inner surface of shell
© Electric field strength at 'O’ (R) Zero
D) Electric field strength at 'O’ due to (S) cannot be calculated easily

charge on outer surface of shell

SUBJECTIVE INTEGER TYPE

43. The figure shows a conducting sphere 'A' of radius 'a' which is surrounded by a
neutral conducting spherical shell B of radius 'b' (>a). Initially switches S{, S5 and

Sy are open and sphere 'A" carries a charge Q. First the switch 'S" is closed to
connect the shell B with the ground and then opened. Now the switch 'Sy' is closed
so that the sphere 'A' is grounded and then S, is opened. Finally, the switch 'S3' is

closed to connect the spheres together. Find 5Q if Q is the heat (in Joule) which is
produced after closing the switch S3. [Consider b=4 c¢m, a=2 cm and Q = 8 uC]

44. Three balls of equal mass m are connected by light insulating inextensible threads

of length/each and kept on a level smooth non conducting ground. The balls A

and B are given charge Q each. The strings are all taut. The string connecting A
and B suddenly snaps. What is the maximum speed (in m/s) of C during the

resulting motion? Q = 1uC, /= 1.5 m, mass m = 1 gm.

m
45. The electric field strength depends only on the X, y and z coordinates according to the law
a(xi+ ] +zk
= % ,where a = 280 NmZ/c is a constant. Find V/4if Vy is the potential difference between (3, 2,
()C2 +y2 + Zz)

6) and (0, 3, 4) (in volts).

46. If a charge q (1 mc) is moving towards the centre of an earthed conducting sphere of radius 1m with a velocity 2mm

s~1. Find 4i if  is the current (in pA) flowing in the ammeter shown in figure, when q is at a distance 2m from centre
of sphere. Ammeter is ideal ?

q (A)
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E
47. Two mutually perpendicular infinite wires along x-axis and y-axis carry
charge densities A and 2,. The electric line of force at P is along the Yk
2
. 1 . . . . /P
line y = —=x, where P is also a point lying on the same line then find ol

B

hy I A

48. A particle is uncharged and is thrown vertically upward from ground level with a speed of 5\/§ m/ s . As aresult, it

attains a maximum height h. The particle is then given a positive charge +q and reaches the same maximum height h
when thrown vertically upward with a speed of 13 m/s. Finally, the particle is given a negative charge -q. Ignoring air
resistance, determine the speed (in m/s) with which the negatively charged particle must be thrown vertically upward,
so that it attains exactly the same maximum height h. Consider a uniform electric field in downward direction.

49. The potential inside a charged ball depends only on the distance from its centre asd):arz-i-b, where a and b are
constants. Find n if the space charge densityp(r) inside the ball is -nega.

50. A charge Q is located some where inside a hemisphere such that depth of charge from base of hemisphere is d. it is

found that flux associated with the hemisphere is . If the charge is raised vertically through a height 2d, then

360

. aQ .
flux is ——, what is value of o
3 €0

51. A rod AB of mass m and ( is positively charged with linear charge density A coulm. It is pivoted at end 4 and is
hanging freely. If a horizontal electric field £ is switched on in the region, the initial angular acceleration of the rod

1s X times of E—k then X is
2M

52. A solid sphere of radius ‘R’ is uniformly charged with charge density p in its

. . . R . . .
volume. A spherical cavity of radius 2 is made in the sphere as shown in the figure.

2
. . . R .
The electric potential at the centre of the sphere is PR Find the value of n.
EO 2
53. The volume charge density as a function of distance X from one face inside a unit cube is varying as shown in the

figure. Then the total flux (in S.I. units) through the cube if p, =8.85x 1072 C/m? is
4 density

Po

: E > X
1/4 3/4 l(inm)
54. A ring of radius (R = 65y )m having a linear charge density (A = 2/ 1) C/m moves
towards a solid imaginary sphere of radius g, so that the centre of ring of ring R/y

passes through the centre of sphere. The axis of the ring is perpendicular to the line \ /|

joining the centres of the ring and the sphere. The maximum flux through the sphere
in this process is:
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55 A non-conducting spherical ball of radius R contains a spherically symmetric charge with volume charge density
p=/kr", where r is the distance from the center of the ball and » is a constant. What should be » such that the

electric field inside the ball is directly proportional to square of distance from the centre.

56. A uniform surface charge of density ¢ = 20 gy SI units, is given to a quarter
of a disc extending upto infinity in the first quadrant of x-y plane. The centre
of the disc is at the origin O. Find the potential difference between the points

0,0, 1) & (0,0,2) %//

57. Eight point charges are placed at eight corners of a cube as shown in 2q q
figure. If maximum value of flux passing through one of the surface g G 2p
S & 4
of cube is ———. Find the value of n. £ PN
480 q i i q'." i
e — {E |
OBl e
#q , ' S dq
A b s i 3
—q i 4
58. In a certain region of space a uniform and constant electric field is present. A proton is fired from a point 'A' in the

field with speed v =4x 10* m/s at an angle of o with the field direction. The proton reaches a point B in the field

sin o

sim

where its velocity makes an angle  with the field direction. If = \/g . The electric potential difference between

the points A and B is X times of 4V. Find X, taking m, (mass of proton) =1.6x107%’ kg and e (magnitude of

electronic charge) =1.6x 107°cC.

59. A thin rigid insulating ring of mass m = 0.1 kg and radius R = 1 m is free to rotate about a fixed vertical axis O,
perpendicular to the plane of the ring (see Figure). Ring uniformly charged in length and its charge is Q = 100 C . A
very small piece of the ring in the area of point A cut so that you will get a gap of length / =0./ m. A uniform electric
field E =4 N/C is applied parallel to 'I' and the ring is released from rest.

The maximum angular velocity o of the ring in the subsequent motion will be :

60. A point dipole of dipole moment pi is placed on x-axis at (4m, 0, 0). The region is having an electric field intensity

given by E = 3x% + 6xy) + 3z%k the force experienced by the dipole is X times of 6 pi , where X is :
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JEE Advanced Revision Booklet DC Circuits and Capacitors

SINGLE CORRECT ANSWER TYPE

Each of the following Question has 4 choices A, B, C & D, out of which ONLY ONE Choice is Correct.

1.

Two scales on a voltmeter measure voltages up to 20.0 V and 30.0 V. The resistance connected in series with the
galvanometer is 16802 for the 20.0 V scale and 2930 Q for the 30.0 V scale. The resistance of the galvanometer and
the full scale current are respectively

(A) 320Q and 8 mA (B) 70 and 10 Ma

© 820Q2 and 10 mA (D) 820Q2 and 8 mA

The equivalent resistance between A and B in the \NrW\'
arrangement of resistance, as shown, is : r

(A) 4r 2r r r

(B) 3r A B
© 2.5r .

®m r

" r

WA y
A conductor of resistivity p and resistance R, as shown in the figure, is connected across a battery of emf V. Its radius
varies from 'a’ at left end to 'b' at right end. The electric field at a point P at distance x from left end of it is:

45 2

(A) P (B) P

TR (la +(b—a)x) 7R (la +(b—a)x)

72

(©) e . (D)  none of these

27R (la +(b- a)x)
A milli ammeter of range 5 mA and resistance 0.5€) is joined in a circuit as shown. 0.5Q @ >MA
Find the value of current for which meter gives full scale deflection when A and B are
used as terminals : 010 02Q 030
(A)  S0mA B)  SmA
© 100 mA (D) 1A Al Bl Cl Dl

In the circuit segment shown, the potential difference Vg — V4 =11 V at an instant when the O = 16 uC. What can be

said about the capacitor at this instant?

A) it is absorbing power at the rate of 20 mW Q 3.0 kO
(B) it is delivering power at the rate of 9.3 mW A = '\/\/\/\,—é
© it is delivering power at the rate of 20 mW 4.0 puF

D) it is absorbing power at the rate of 9.3 mW

In the given circuit, the capacitor of capacitance C is charged by closing key K at t = 0. Find the time required to charge
the capacitor upto maximum charge for the given circuit, if it were to be charged with the constant initial charging rate
at t =0 in the given circuit.

IC R
Tk
RC 2RC 2RC 5RC
A — B — C — D -
(A) 3 (B) S © 3 (D) 3
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A metal sphere of radius ‘a’ is surrounded by a concentric metal sphere of radius ‘b’ (b > a). The space between the
spheres is filled with a material whose electrical conductivity ¢ varies with the electric field strength E according to
relation o = kE, where k is a constant. A potential difference V is maintained between two spheres. The current between
the spheres is:

@) 4nky? ®) 2k © nkV? D) 8mkl’
{tn(b/a))’ {tn(b/a))’ 4{tn(b/a))’ {tn(b/a))’
Charge on capacitor in steady state :
A) crv
(B) cr2
(1)
C cVil—-—
© L 2R
(D) Zero

From a supply of identical capacitors rated 8 pF, 250 V, the minimum number of capacitors required to form a
composite 16 puF, 1000 V capacitor is :
A) 2 B) 4 © 16 D) 32

Five identical capacitor plates are arranged such that they make four 10V

The charge on plate C is
(A) 420 uC (B)  +40uC
(C)  +60uC (D)  +80uC D

capacitors each of 2uF. The plates are connected to a source of emf. 10 V. b A
B
C

The plates of a parallel plate capacitor are given surface charge densities +o, —c. A dielectric slab of dielectric constant
‘e’ is introduced between the plates. If the area of plates is A, then the force by a capacitor plate on the facing dielectric

surface is :
2(_ 2(._ 2(e_ 2(_
) o (821)A ®) c”(e-1)4 © c”(e-1)4 o) o (e 21),4
€5 2gp€ 2g 2g;)

MULTIPLE CORRECT ANSWERS TYPE

Each of the following Question has 4 choices A, B, C & D, out of which ONE or MORE Choices may be Correct:

12.

13.

A source of constant potential difference is connected across a B A
conductor having irregular cross-section as shown in figure. Then:
(A) Electric field intensity at P is greater than that at Q

(B) Rate of electrons crossing per unit area of cross-section at P is less than that at Q
© The rate of generation of heat per unit length at P is greater than that at Q
D) Mean kinetic energy of free electron at P is greater than that at Q

In the potentiometer circuit of given figure, the galvanometer reveals a current in the P, E; r

direction shown wherever the sliding contact touches the wire. This could be caused by I I : : : :
. . . Q

(A) Eq being too low (B) r being too high L |

© a break in PQ D) E5 being too low Ey <
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14. The galvanometer shown in the figure has resistance 10Q2 .It is shunted by a series combination of a resistance S = 1Q
and an ideal cell of emf 2V. A current 2A passes as shown. Then:
A) The reading of the galvanometer is 1A

2A G=10Q
B) The reading of the galvanometer iszero ~ eees > @ ......
© The potential difference across the resistance Sis 1.5V
D) The potential difference across the resistance Sis 2 V
15. In the circuit shown in figure, E| and E, are two ideal sources of unknown $=1Q v
emfs. Some currents are shown. Potential difference appearing across 6Q 2.00A R
resistance is V4 — Vg = 10V. WW
(A) The current in the 4.00 Q resistor is SA. E, E

| A

(B) The unknown emf E| is 36 V.
© The unknown emf E5 is 54 V. %4-009 3.00Q% 3.00Q 6.009%
D) The resistance R is equal to 9 Q. 3.00A B

AWV
4.00Q

16. In the circuit shown, R{ = Ry = 10 Q and resistance per unit length of wire PO = 1€Y/cm and length PO =10 cm. If R, is

made 20 Q then to get zero deflection in galvanometer: (S is midpoint of wire PQ).

(A) The jockey at P can be moved towards right 2 cm.

(B) The jockey at Q can be moved towards right 2 cm.

© The jockey at S can be moved towards left a distance 5/3 cm.
D) The jockey at all positions fixed and R{ should be made 20 Q.

R R1 R2
17. The diagram shows a modified meter bridge, which is used for measuring two — /M M MVW—
unknown resistance at the same time. When only the first galvanometer is
used, for obtaining the balance point, it is found at point C. Now the first
galvanometer is removed and the second galvanometer is used, which gives A B
balance point at D. Using the details given in the diagram, find out the value c D I
of Ry and Ro. I2ﬂ
(A) Ry =5R/3 (B) R, =4R/3 AB=L; AC=L/4and AD =?
© R;=4R/3 (D) R, =5R/3
18. Choose the correct statement(s) :
10i svl
3Q 20 454
(A) The 10V battery is getting discharged (B) The 5V battery is getting charged
© The 5V battery is getting discharged D) The 10V battery is getting charged
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A battery of emf ¢, = 5V and internal resistance 5 is connected across a long uniform wire AB of length 1 m and

resistance per unit length 5Q m™. Two cells of &, =1V ande, =2V are connected as shown in the figure. Then:

5V 50 :
— | AA—
P
A % B
v 1Q
2V 2Q
(A) The null point is at A
B) If the jockey is touched to point B the current in the galvanometer will be flowing towards B

© When Jockey is connected to point A no current is flowing through 1 V battery
D) The null point is at distance of 8/15 m from A

All bulbs consume same power. The resistance of bulb 1 is 36Q).

@ @
8

4@1} 1

(A) Resistance of bulb 3 is 9 €2

(B) resistance of bulb 4 is 4 Q2

© Voltage output of the battery if the power of each bulb is 4W is 16 V
(D) None of these

In the figure shown, C = 11pF and Cy = 5 pF, then at steady state : C V20 C

1 - b
(A) the potential difference across Cy is 5V = |' |
(B) the potential difference across C; is 2V 3 &NV\.

© the potential difference between points a and b is -4V |
D) the potential difference between the terminals of 15 V battery is 9V

Two identical capacitors are connected in series as shown in the figure. A dielectric slab (k > 1) is placed between the
plates of the capacitor B and the battery remains connected. Which of the following statement(s) is/are correct following

the insertion of the dielectric?

) ) Before After
(A) The charge supplied by the battery increases. —A‘L C —_|_C
(B) The capacitance of the system increases. v :I: vL I
© The electric field in the capacitor B increases. B=C C
D) The electrostatic potential energy decreases. T T
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23.

24,

25.

26.

27.

A capacitor of capacitance C is connected to two voltmeters 4 and B. A is an ideal voltmeter having infinite resistance,

while B has resistance R. The capacitor is uncharged and then the switch S is closed at # = 0.Then: r@-l
(A) Readings of B and A will be € and zero att =0 ® I
B) During time interval (0 <t < o) readings of B and A are changing c

© Reading of A and B will be equal at t =RC In 2

I./\
D) None of these — S

€

Figure shows a network of capacitors and resistances in steady state. Potentials of some of the points are given. Then :

6V
20 uE
10 M| 20 |H| .
3V [ il
l 30 40 J;*
T N =
240
:l[lov
(A) Potential at M =2.6 V (B) Potential at N=-1.6 V
© Charge across 2uf capacitor is 8.4 pC D) Charge across 2uf capacitor is 4.2uC
Consider the circuit shown, where C,=6ufF, C,=3uF and V = 20V
Capacitor C; is first charged by closing the switch S;. Switch S; is then opened,
and the charged capacitor is connected to the uncharged capacitor C, by closing S,. Vv -—C g
Then:
A) Total charge that has flown through the battery is 120 uC - /
B) Final charge on C; after opening switch S; & closing switch S, is 80 uC S1 S2

© Final charge on C; after opening switch S & closing switch S, is 40uC
D) Total heat produced after closing switch S, is 1.8 mJ

Three uncharged parallel plate capacitors are connected in the given figure. Now charge Q is given to point A with the

help of some external source. Then choose the correct statements:

Q
A | B |
| ¢=c c=C C=C
(A) Charge on capacitor C; is 2Q/3 (B) Charge on capacitor C,is 2Q/3
© Charge on capacitor Csis 2Q/3 D) Potential at point A is 2Q/3C. "
. E
The capacitor 'C' is initially uncharged. Switch S; is closed for a long time _‘ |—/_1
while S, remains open. Now at t= 0, S, is closed while S; is opened. All
the batteries are ideal and connecting wires are resistance less. P
E R, 2
(A) At time t = 0 (just after S, is closed), reading of ammeter is —— s
(B) At time t = 0 (just after S; is closed), reading of ammeter is zero 2R
9
© Heat developed till time t = 5 RC /n2 in resistance 3R is 4—0 CE? C
(D) After time t > 0 charge on the capacitor follows the equation CEe™"/**¢ 3R AN S

@
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28.

29.

30.

31.

In the given circuit diagram, initial charge on capacitor is zero.
10

36 Volt

§ 60
Lc

30E
1 i

Choose correct option(s):

A) Current through battery just after closing of switch is 12 Amp.

B) Current through capacitor just after closing of switch is 8 Amp.

© Switch is closed and when steady state of current is achieved the current through battery is 9 Amp
D) Switch is closed and when steady state of current is achieved the current through 6Qis 4.5 Amp.

An uncharged capacitor is connected in circuit as shown in figure. Power ratings Vo
of bulbs are given. At ¢ =0, switch is closed: |
. ) £ |
(A) At ¢t =0, power consumption in circuit is Ty B
1
. .. ... B C

B) After a long time power consumption in circuit is B3 — R,

L )
©) Brightness of B decreases with time

B,
D) Initially brightness of B, is less than B, but later B, will be brighter @ @
P‘)‘ VU PU‘ VU

A parallel plate capacitor is dipped in a dielectric liquid vertically, so that half of capacitor is in liquid. Plates of
capacitor are joined to an ideal battery of emf €.4, B, A and B’ are four points on plate at facing surface as shown.
Which of the following is/are correct?

- m

II]IHHIIIIIl

(I

A) V=V =V,=Vy

(B) V=V =Vg=Vy

© Electric field around A4 in air = Electric field around B’ in liquid.
D) Electric field around B in liquid = Electric field around B’ in liquid.

The instantaneous charge on a capacitors in two discharging RC circuits is plotted with respect to time in figure. Choose
the correct statement(s) (where E; and E, are emf of two DC sources in two different charging circuits).

(A)  E =2E, ifC = % 14
R _C
B 508
( ) R2 Cl qmnx 1
(C) R >R,ifE, =E, 5 3 t
(D) £ - E
Cl 2
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32. An uncharged capacitor C is charged upto steady state by using a battery of emf E connected through a resistor R. If Pr
= rate of heat being dissipated in resistor and Pc = rate of energy being stored in the capacitor and P, is rate of work

done by battery, then.
(A) P. = P.+ P, atevery instant (B) P, has maxima at t =0

o) o) o) 1
© Pe= P.> B, just before steady state D) J.Pcdt = J.PRdt = J.EPEdt
0 0 0

33. A parallel plate capacitor of capacitance 10 pF is connected to a cell of emf 10 Volt and fully charged. Now a dielectric

slab (k = 3) of thickness equal to the gap between the plates, is completely filled in the gap, keeping the cell connected.

During the filling process:

(A) The increase in charge on the capacitor is 200 pC.

B) The heat produced is zero.

© Energy supplied by the cell = increase in stored potential energy + work done on the person who is filling the
dielectric slab.

D) Energy supplied by the cell = increase in stored potential energy + work done on the person who is filling the
dielectric slab + heat produced.

Paragraph for Q. 34. to 35.
| |
I_'\/\N\/ L B |

A circuit is shown below.
R wﬁ“‘|
I~ 1

34. If 4 is an ideal ammeter, B an ideal Battery of voltage V, and C an ideal voltmeter, what will be the

reading of C |
reading of 4

R

A) R (B) 2R © 5 (D) 0

3s. If A is a capacitor, B is an ideal ammeter and C is an ideal battery of voltage ¥, what is the voltage across the capacitor?
14

A) A (B) B © 2V D) 0

Paragraph for Q. 36 - 38 E, ﬁ/.'——_LE2
A - B
In the circuit shown initially capacitor is charged through E, R C— R
1 2
36. Just after the switch K is closed, the magnitude of current in amperes through resistance R is :
Ey - Ey Ey E E E B
A) T (B) — © —t— (D) —t—
Ry Ry R B Ry, R

37. V4 and Vp are potential of points 4 and B respectively. After the switch K is closed the potential difference Vz — V4

(A) Remains constant (B) Decreases

© Increases and then becomes constant after long time

D) Decreases and then becomes constant after long time
38. Long after the switch K is closed, the magnitude of charge on the capacitor in steady state is :

g € g R +& R R +&eR
I e ® |x|C © | cm) |
R R, R +R R +R
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K1

Paragraph for Q.39. — 40.
In the circuit shown, AB is a 1002 uniform 50cm long slide wire. E; is 2 V E =2V
accumulator of negligible internal resistance. R; and R, are 150 and 5Q ———T—— A
respectively. When k; and k are both open, the galvanometer shows no deflection Ri=15Q
when AJ =31.25. When £ and k; are both closed the balance length AJ =5 cm
39. The internal resistance of the cell Es is: A J B

A  75Q B)  8Q _|EZ

© 10Q2 D) 2Q

K

40. The balance length AJ when £ is open and 4; is closed is: L AwA—" :

(A) 12.5 cm B) 13.5cm R, = 5Q

© 14.5 cm D) 15.5¢cm
Paragraph for Q.41.- 43.
Three identical large metal plates a, b and ¢ each of area 4 are placed at a separation as . L C
shown. Plate C is initially uncharged, while plate a and b are given initial charge g § 1 2d
—Q and +Q respectively. A resistance R is also connected with a switch S. Initially switch | [ Y 1b
S is open. Switch S is closed at time ¢ = 0. At any time ¢, charge on upper face of plate b is S\ . v ,
¢ and charge on lower face of plate b is g». a

3 € A

(Given Q = 60uC, T =6uF, R =1000Q2)
41. Before closing switch S, the energy stored between the plates a and ¢ are :

A) 100uJ (B) 2000 © 300uJ (D) 450uJ

42. Value of ¢ is (in pC):
A) 20(1 - e‘SOO’) (B) 30(1 - e‘SOO’) (€ 404207 (@) 20750

43. Long time after the switch S is closed the value of ¢ is :
A) 10uC (B) 20uC © 30uC D) 40uC
MATRIX MATCH TYPE

Each of the following question contains statements given in two columns, which have to be matched. Statements
in Column 1 are labelled as (A), (B), (C) & (D) whereas statements in Column 2 are labeled as p, q, r, s & t. More
than one choice from Column 2 can be matched with Column 1.

44. Column 1 has some conductor across which battery is connected as shown. Variation of resistivity p is also indicated.
Which of the quantities in column 2 remain constant throughout the volume of conductor.

Column 1 Column 2
A) (p) Magnitude of electric field
=
AN
(B) " - (q@) Magnitude of current density
© ‘ (r) Electric power dissipated per unit volume
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p = constant

D) (s) Drift speed of free electron
(t) None of these
45. On a parallel plate air capacitor of capacitance C) having plate separation d, following steps are performed in the order

as given in column 1.
A) Capacitor is charged by connecting it across a battery of EMF V.

B) Dielectric of dielectric constant k and thickness d is inserted
© Capacitor is disconnected from battery
D) Separation between plates is doubled

Columnl Column 2
(Steps performed in order) Final value of Quantity (Symbols have usual meaning)

CV,

(A) (a)—>(d)—>(c)—>(b) ) Q= %

kCyV,

(B) (d)—>(a)—>(c)—>(b) (@) Q=—-—
k+1
kC,

© (b)=>(a)—>(c)—>(d) (r) C=—-
k+1

Vo(k+1

®) (@) d)(0) © v-hsD
46. In the given circuit, initially capacitor has some charge. The switch is closed at t = 0.

R
Column 1 : Variables
(A) Charge v/s time ()]
(B) Current v/s time ()]
(C) Charge v/s current (r)
-
(D) Energy stored in capacitor v/s time (s) \
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In the circuit shown in each situation of column-I, all cells are ideal, resistance of ammeter is 1ohm and resistance of
voltmeter is 600 ohm. Match each situation in column-I with corresponding voltmeter and ammeter reading given in

column-II.
Column I Column II
200 Q
1
(A) () Ammeter reading 5 4
199 Q
(B) 100V 3000 @ Voltmeter reading is 50 V'
L 3000
100V T 199 Q 600
© (9] Voltmeter reading is ETH Vv
— 3009
100V T 30 299 Q 1
(D) ) Ammeter reading is ZA

SUBJECTIVE INTEGER TYPE

The circuit consists of resistors and ideal cells. [; and I, are current through branches indicated in the figure.

. . o I .
V4 and V' are the potential at points 4 and B on the circuit. The value of 2 is:

2002

A resistance R of thermal coefficient of resistivity = a is connected in parallel with a resistance = 3R, having thermal

coefficient of resistivity =2o.. The value of a g is %. Calculate x? (o is very small)

A beam of fast moving electrons having cross-sectional area A = 1 cm? falls normally on a flat surface. The electrons
are absorbed by the surface and the average pressure exerted by the electrons on this surface is found to be P =9.1 Pa. If

the electrons are moving with a speed v = 8x 107 m/ s, then find the effective current (in A) through any cross-section of

the electron beam. (Mass of electron = 9.1 x 1031 kg)
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51. In the circuit shown in the figure, the electromotive force of the battery is 9 V and : :
its internal resistance is 15 €2. The two identical voltmeters can be considered

ideal. Let V] and V7' be the reading of 1st voltmeter when switch is open and 100 200

closed respectively. Similarly, V5 and V5" be the reading of 2nd voltmeter when
switch is open and closed respectively. Find —=———. 150
i
52. In the circuit shown below, all the three voltmeters are identical and have very high resistance. Each resistor has the

same resistance. The voltage of the ideal battery shown is 9V. Find the reading of voltmeter V5 (in volts).

R R R

V=9 Volt
53. In the given circuit, find the value of R so that thermal power generated in R will be maximum.
— 40V JT 60V
10Q 4Q 12 Q 30Q
54. The figure shows a portion of an electric circuit. Resistors are known and are indicated on the diagram and the

voltmeters are identical. If the voltmeters /| and ¥, read 7.5V and 5.0V respectively. Find the reading of voltmeter V;

(in volts)?

AAAAA

5S. Calculate the energy stored in the capacitor of capacitance 2 uF , at the instant when the voltmeter 'V' gives a reading of

15V and the ammeter A reads 15 mA. Resistance of voltmeter is unknown and ammeter is 999C2.

0.5

R 50y
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56.

57.

58.

59.

60.

Figure shows a part of circuit at ¢ = 0, change on capacitor as a function of time is given by ¢ =3(1—e¢™") coulombs. If
the value of R is 17/x then the value of x is

20V

+AL
1Lc

= IH

Grounding 5
Five identical large conducting plates each of area A are placed parallel to each s 1d
other at separation d. Plates 1 and 3 are connected by thin conducting wire and plate 3 3 d Ly
2 and 5 are connected by another thin conducting wire. The junction of plate 1 and 2 3{ d > ‘:|_
3 and plate 4 are connected by a battery having emf V as shown. ! 4 d

The system is in steady state. Now, Plate 4 is moved upward slowly so, that it comes in contact with plate 5. The amount

A
of work done by battery during motion of plate 4 is x mJ (Here 07 30uF , V=10 volts). Find the value of x.

Switch

ABCD is a square frame made from different wires of same length and each

having different uniform resistance per unit length. Resistances of wires forming A B Initial position
sides AB, BC, CD and DA are 100Q2, 400 Q, 500 Q2 and 200 Q respectively. An }
ideal cell is connected across B and D. A straight conducting wire containing a m\

resistance and a galvanometer in series starts rotating about pivoted point A

T .
from initial position as shown with uniform angular velocity @ = g rad/sec. D C

One end of the straight wire (rotating) is pivoted at A and other end always in sliding contact with a side of the square.
The time after starting when galvanometer shows zero deflection is X times 37 sec. X is

The equivalent resistance of network between terminals 1 & 2 is X times R. X is
. (All resistances are equal to R.)

AAA AAA
VYV vvvv1

The capacitor is charged by closing the switch.S'. The switch is then

time constant of the circuit during the charging and discharging of the

1
opened and the capacitor is allowed to discharge. Let 1y and 1, be the f.g\
capacitor respectively. Take Ry =R, = R; =R (Battery is ideal and E T

. . . . . .2 .
connecting wire has negligible resistance). Ratio of —L isZ. Find the
%) n

value of n.
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JEE Advanced Revision Booklet Magnetic Effect of Current

SINGLE CORRECT ANSWER TYPE
Each of the following Question has 4 choices A, B, C & D, out of which ONLY ONE Choice is Correct.

1. A conductor of mass m and length / is placed perpendicular to a horizontal uniform magnetic field B.
Suddenly a certain amount of charge is passed through it, and it is found to jump to a height 4. The
amount of charge that passes through the conductor is :

h h \J2gh
(A) % (B) mygh © =2 (D)

None of these

2Bl BI

2. The segment AB of wire carrying current I; is placed perpendicular to a long straight
wire carrying current I, as shown in figure. The magnitude of force experienced by the
straight wire AB is :

L1
a)  Hhlg, ®) A I, L
2r 2r A———8B
LI — 3
(©) 2p01i 1, (D) Hol11o 2a
2r 2r
3. A tightly-wound long solenoid has n turns per unit length, radius r and carries a current i. A particle

having charge q and mass m is projected from a point on the axis in the direction perpendicular to the
axis. The maximum speed for which particle does not strike the solenoid will be :

. . ) .
(a) (o @) © -t (D)  None of these
2m m 3m
4. If the acceleration and velocity of a charged particle moving in a constant magnetic region is given by

a= alf + a212, V= blf + b212 . [a1, a2, b1 and by are constants], then choose the wrong statement :

A) Magnetic field may be along y-axis B) a,b +a,b, =0

(&) Magnetic field is along x-axis D) Kinetic energy of particle is always constant
5. A uniform solid non conducting sphere of radius R and total charge q rotates about its diametric axis with
constant angular speed @ . The magnetic moment of the sphere is :
2 1 2
(A) lqua) (B) ZgR*w (C) —qR*0 (D) ZgR*w
3 3 5 5
6. The magnetic field at the origin due to the current flowing in t y
the wire as shown in figure below is :
Mol (> 7
A ———\i+k
) 8ﬂa( )
I/~ =~ I up tooo
® L) > %
2ra X
/ :
Hol (= 7
C —i+k
© (i) yd a I
I N ~ lﬁ/ ‘.2 .
D) Ho (i _ k) z Parallel to ‘y” axis
4ra2 :

E up tooo
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Two infinitely long linear conductors are arranged perpendicular to each other
as shown in figure. If I, =2A along the y-axis and I,=3A along negative z-

axis and AP = AB = | cm, the value of magnetic field strength B at P is : L
A (3x107T)j+(-4x107°T)k P A] 2B
®)  (3x107°7)+(4x1077)k y
(©) (4x10'5T)}+(3x10-5T)12 ;
Z

(D) (—3x10'5r)}+ (4x10'5T)/2

There exists a uniform magnetic and electric field each of magnitude 1 T and 1 V/m respectively along
positive y-axis. A charged particle of mass 1 kg and of charge 1 C is having velocity 1 m/sec along x-axis
and is at origin at t = 0. Then the co-ordinate of particle at time 7 seconds will be:

A (0,1,2) B) (0, -72/2,-2)(C) (2, '’ /2,2) (D) (0, 72/ 2,2)
A current carrying loop is placed in a uniform magnetic field pointing in negative z direction. P Y
Branch PQRS is a three quarter circle, while branch PS is straight. If force on branch PS is F, //— \
force on branch POR is : 3 X
@) V2F ® © = ®)  2xF N
— — b/
V2 V2 R
A particle of mass m and positive charge ¢ enters a region of magnetic field with D x x|
speed v. There is a region in which the magnetic field is absent, as shown. The X X X
X X X1
particle after entering the region collides elastically with a rigid wall. Time after IX X X !
which the velocity of particle becomes anti-parallel to its initial velocity is : -—> :x >><< >><< X,
Vo i
m m 1 X X X
(A) — (7 +4) (B) —(7+2) X X
2¢B qB my mv_ Wall
m m 2gB 2¢B
© —(r+4) ®) —(27+3) ?
49B 4¢B
A particle (mass m and charge ¢) is at rest at origin. An electric field E =10k units and magnetic field
B=-8i + 6} units is switched on in the region. Speed of the particle as function of its z-coordinate is :
10gz 20gz 30gz 40¢gz
A) (B) © (D)
m m m m

A metallic rod PQ is hinged at point P and it can rotate about point P in vertical plane as shown in g o
the figure. If mass of rod is m and length (, then the current in PQ, such that it remains in i

equilibrium as shown is : (Separation between P and current currying conductor AB is very small) P m( Q
2mgmn mgm mgm mgm Al-o
@ =2 ® 5 © = o =
Hoiy 2104 4uoh Hoiy

Figure shows a spiral path of a particle which has entered a resistive medium where a uniform magnetic field acts
perpendicular to the plane and into the plane of the spiral. Then the particle is :
A) positively charged and entering at P

B) positively charged and entering at Q Q ®
© negatively charged and entering at P B
D) negatively charged and entering at Q P
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14. A battery is connected between two points A and B on the circumference of a uniform conducting ring of radius r
and resistance R. One of the arcs AB of the ring subtends an angle 0 at the centre. The value of the magnetic
induction at the centre due to the current in the ring is :

(A) zero, only if 6 = 180° (B) zero for all values of 6
© proportional to 2 (180°-0) D) inversely proportional to r

15. The magnetic induction in vacuum at the centre of any square coil (of one turn) of side ' a ' and carrying a current I is
kI /a where k is independent. The magnitude of the induction at X, Y, Z are By, B, and B3 respectively. Then :

OY i X A

a A a
(A) B;>B;>B; (B) B, >B;>B; (C) B, >B;>B;j (D) Bi>B,;>B;

B,

MULTIPLE CORRECT ANSWERS TYPE
Each of the following Question has 4 choices A, B, C & D, out of which ONE or MORE Choices may be Correct:

16. When a current carrying coil is placed in a uniform magnetic field with its magnetic moment anti-parallel to the
field, then :
(A) torque on it is maximum (B) torque on it is zero
© potential energy is maximum D) dipole is in unstable equilibrium
17. If a long cylindrical conductor caries a steady current parallel to its length, then :
(A) the electric field along the axis is zero (B) the magnetic field along the axis is zero
© the magnetic field outside the conductor is zero
D) the electric field outside the conductor is zero
18. An infinitely long straight wire is carrying a current I;. Adjacent to it there is b
another equilateral triangular wire having current I,. Choose the wrong
options. L
(A) Net force on loop is leftwards (B) Net force on loop is rightwards a c
© net force on loop is upwards D) net force on loop is downwards
19. A charged particle revolves in circular path in uniform magnetic field after accelerating by a potential difference of
V volts. Choose the correct options if V is doubled.
(A) kinetic energy of particle will become two times
(B) radius in circular path will become two times
©) radius in circular path will become \/5 times
D) angular velocity will remain unchanged
20. A long thick conducting cylinder of radius R carries a current uniformly distributed over its cross section. Choose
correct options.
A) The magnetic field strength is maximum on the surface
B) The magnetic field strength is zero on the surface
© The strength of the magnetic field inside the cylinder will vary as inversely proportional to r, where r is the

distance from the axis.
D) The energy density of the magnetic field outside the conductor varies as inversely proportional to 12, where
‘r’ is the distance from the axis.
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21. A nonconducting disc having uniform positive charge Q, is rotating about its axis in anticlock wise direction with
uniform angular velocity @ . The magnetic field at the centre of the disc is :
0]
(A) directed outward B) having magnitude HoQ
4R Q
Qv ;
© directed inwards D) having magnitude 'lg)—R
V4
22, A charged particle of charge q, mass m is moving with y /
initial velocity ‘v’ as shown in figure in a uniform magnetic 4
field B k . Select the correct alternative/alternatives.
X X
(A) velocity of particle when it comes out from magnetic X x o x
- 0 . ~ B S
field is v =vcos60° + vsin 60°; X X X d
(B) time for which the particle was in magnetic field is X X X X fl?tf)na large distance
—ﬂ:m 30° X X x X
qm v ) o
398 O % x x x x Tx
TmV
© distance travelled in magnetic field is 3B X x x X X X
q
D) the particle will never come out of magnetic field
23. A particle of charge ‘q” & mass ‘m’ enters normally (at point P) in a region of magnetic field
with speed v. It comes out normally from Q after time T as shown in figure. The magnetic
field B is present only in the region of radius R and is constant and uniform. Initial and final
velocities are along radial direction and they are perpendicular to each other. For this to
happen, which of the following expression(s) is(are) correct ?
mv 7R
(A) == ® 1=
qR 2v
m
© T=—- D) None of these
2¢B
24, From a cylinder of radius R, a cylinder of radius R/2 is removed, as shown. 1
Current flowing in the remaining cylinder is I. Magnetic field strength is:
(A) zero at point A
B) zero at point B ¥ i
I
© Hol at point A R Aé ;];)’)
37R <«—— RN
7 i
D) Hol at point B /—
3zR
25. Consider three quantities x = E, v=y1/ g, and z= a . Here, [is length of a wire, C is a capacitance and R
is a resistance. All other symbols have standard meanings.
(A) X, y have the same dimensions
B) y, z have the same dimensions
©) z, X have the same dimensions
D) none of the three pairs have the same dimensions
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26. A conductor ABCDE, shaped as shown, carries current I. It is placed in y
the x-y plane with the ends A and E on the x-axis. A uniform magnetic
field of magnitude B exists in the region. The force acting on it will be :
A) zero, if B is in the x-direction A id _ E
(B) ABI in the z-direction, if B is in the y-direction C a

\ 4

© ABI in the negative y-direction, if B is in the z-direction
(D) AaBI , if B is in the x-direction

A
>
A4

Zz

27. A horizontal rod of mass 2 kg is kept touching two vertical parallel rough rails, carrying Im

current. There is a magnetic field B = 27T present vertically downward. The rails are
connected to battery of 100 Vat = 0. 4

The resistance of the circuit is 50 and starts to increase at constant rate 0.5Q/s. ¢ g

The coefficient of friction between the rails and rod is = 3/4 and separation between

the rails in 1m. Then : (g = 10 m/s?)

(A) The friction force acting on the rod at =0 is 20 N
(B) The friction force acting on the rod at 1= 0is 30 N
©) Acceleration of rod at £ = 0 is 5m/s W
(D) At t =5 sec, rod is about to start sliding 100Volt

28. Consider a solid cylinder of radius R and very large length, with volume charge density p (charge/volume).

Cylinder is rotated with constant angular velocity @ about its axis. Choose correct alternative(s).
A) Magnetic field at the axis of cylinder is zero

B) Magnetic field at the axis of cylinder is non zero

© Magnetic field at a point outside the cylinder is zero

D) Magnetic field at a point outside the cylinder is non-zero

29. Consider two rings of copper wire. One ring is scaled up version of the other, twice large in all regards (radius,
cross sectional radius). If current around the rings are driven by equal voltage source then choose the CORRECT
alternative(s). Assume that cross-sectional radius is very small as compared to radius of rings.

A) Resistance of larger ring is half of the smaller ring

B) Current in the larger ring is two times that in the smaller ring

©) Magnetic field at their centres are same

D) Magnetic field at centre of larger ring is twice as that at the centre of smaller ring
30. The figure contains an infinite slab having current per unit area of

Ji =Jk between the infinite planes at x=-b and x=b.
Slightly to the right of x=5, an infinite thin sheet is kept. It b
carries a current per unit length 122 =2bJ(—l€). Choose the

correct option(s):
(A) The field due to sheet at any point is L,Jb X

(B) The field due to sheet at any point is

Hosb
2 L
© The magnetic field due to slab at a point inside the slab must be independent of y co-ordinate and y

component of field must be odd function of x.

D) Magnetic field at a point (X, y) inside slab, due to slab is p,Jx
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31. A uniform square wire frame of mass 4M and side ‘a’ is placed on horizontal frictionless surface (assumed to be
X —Y plane). The square contains a anticlockwise current /, as seen from positive Z axis. A uniform magnetic
field B= Bof exists in the entire region. Initially system is held stationary by some external agent and system is

released from rest at time =0.

— -
4 Y B=RB
_

a
IDA
g a S > X
4
.. . . . 3IOB0
(A) Initial angular acceleration of wire frame is
(B) Centre of mass of wire frame will do circular motion
©) Centre of mass of wire frame will move on a straight-line
D) The loop will start rotating due to magnetic torque. Torque due to gravity and normal force by horizontal

surface on wire frame about its centre of mass is zero.
32. In a region having an electric field and a magnetic field, a positive point charge is released with the below given
parameters
E=ai
B=bi+c+dk
V=xi+y)
(A) For a =0 speed of particle remains constant
(B) For ¢=0,d =0, y =0 charged particle may move along straight line with increasing speed

© For ¢=0,d =0, y# 0 charged particle moves along helix of varying pitch
D) For a=0,v-B=0 charged particle may moves along circle

33. A particle having charge 1C and mass 1 kg enters a region having magnetic field of strength 27" with a speed of 12
m/s, as shown in figure. Then the correct statement(s) is/are:

6m 6m 12m
X X|@® ® X X X X
=2Tx 8*2% 2T % %
x Xlg @] x x x X
% X X oK WX
PORE" LA O T
X, X ® Oy x x x
x¥ 0% @® ® ¥ W O X
(A) The time for which the charge particle remains in magnetic field is 4—;s
B) The velocity of charged particle becomes parallel to x-axis 6 times during its motion
© The distance between the point where the charge particle enters the uniform magnetic field and the point
where it emerges out is 6 m
D) The deviation of the charge particle when it emerges out of the magnetic field is grad
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34, A particle of specific charge ‘o' is projected from origin at £ =0 with a velocity V= Vo ({ +l€) in a magnetic field
B= —Bolé. Then : (Mass of particle = 1 unit)

A) at t = %, velocity of the particle is —V; (i —k)

by
B) at t = , speed of the particle is ¥}
40(BO
2 . . Lo 2V,
© at = —— , magnitude of displacement of the particle is more than =0
(XBO OLBO
2 . Lo 2427V,
D) at t = —T[, distance travelled by the particle is less than h
(XBO GBO
35s. We can definitely cange the voltage senstivity of galvanometer by changing
(A) Number of turns of coil (B) The dimensions of coil
© Material of coil D) The magnetic field

Paragraph for Q.36 - 38
In a certain region of space, there exists a uniform and constant electric field of magnitude £ along the positive y-axis of a

coordinate system. A charged particle of mass m and charge —¢g(q > 0)is projected from the origin with speed 2v at an

angle of 60° with the positive x-axis in x-y plane. When the x-coordinate of particle becomes \/gmvz /qE , a uniform and

constant magnetic field of strength B is also switched on along positive y-axis.

36. Velocity of the particle just before the magnetic field is switched on is :

» 3v 4 3v 4 3v 4
A) v ® v+ o v o -
2 2 2
37. x-coordinate of the particle as a function of time after the magnetic field is switched on is :
2 2
(A) J3my -V sin (ﬂt) (B) J3my —sin( 95 )
qE qB m qE qB m
2 2
© P —ﬂcos(ﬁt) @ +ﬂcos(£t)
qE qB m qE qB m
38. z-coordinate of the particle as a function of time after the magnetic field is switched on is :
(A) ﬂ[l —cos(ﬁtﬂ (B) _—’"V[l +cos(£tﬂ
qB m qB m
© -h —cos(ﬁr) o 2 +cos(£t)
qB m qB m
Paragraph for Q.39 — 40 c

A small particle of mass m = lkg and charge of 1C enter
perpendicularly in a triangular region of uniform magnetic field

. 4m Sm
of strength 27 as shown in figure. ®
B
m= lkg A 3m B
=1C

39. Calculate maximum velocity of the particle with which it should enter so that it complete a half-circle in magnetic

region:

(A) 2m/s B) 2.5m/s © 3m/s D) 4mls
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40. In previous question, if particle enters perpendicular with velocity 48 m/s in magnetic region. Then, how much time
will it spend in magnetic region.
I1m n 137 17m
A ——sec B —— sec C ——sec D ——sec
) 360 ®) 360 © 360 ®) 360

Paragraph for Q.41 - 43

An infinitely long wire lying along z-axis carries a current ‘I’, 4

flowing towards positive z-direction. There is no other current,

consider a circle in x-y plane with centre at (2 meter, 0,0) and e T
radius 1 meter. Divide the circle in small segments and let di ‘,"' Im x
denote the length of a small segment in anticlockwise direction, . : 2.0,0) ' X
as shown. 5

......

41. The path integral Cﬁf)’ -d (0 of the total magnetic field B along the perimeter of the given circle is :

3 5 ©  nl ® 0

B
42, Consider two points 4(3,0,0) and B(2, 1, 0) on the given circle. The path integral J B-d{ of the total magnetic field

4
B along the perimeter of the given circle from A to B is:
Hol . 11 Hol . 11 Hol . 11
A ——tan " — B ——tan~ — C ——sin~ — D 0
@) T 2 ®) 2n 2 © 2n 2 ®)

43. The maximum value of path integral J. B-d{ of the total magnetic field B along the perimeter of the given circle

between any two points on the circle is:

! ! 2l
(A) 1 (B) g © 6 (D) 0
MATRIX MATCH TYPE

Each of the following question contains statements given in two columns, which have to be matched. Statements in
Column 1 are labelled as (A), (B), (C) & (D) whereas statements in Column 2 are labeled as p, q, r, s & t. More than one
choice from Column 2 can be matched with Column 1.

44. A beam consisting of four types of ions A, B, C and D enters a region that contains a uniform magnetic field as
shown. The field is perpendicular to the plane of the paper, but its precise direction is not given. All ions in the
beam travel with the same speed. The table below gives the mass and charge of the ions.

Region containing ION| Mass Charge

Magnetic field A % +e

B 4m —€

C 2m -

1/2 3 4 D m +e

T, AT 1
I, I,
ion beam

I, >1;= r,>1
The ions fall at different positions 1,2,3 and 4, as shown. Correctly match the ions with respective falling positions.
Column 1 Column 2

() A (p) 1
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(B) B (@
© C (r) 3
(D) D ) 4

45. A particle with change Q is moving in fields of combination given below. Match for the possible path(s).

Column 1 Column 2
(A) Uniform E ()] Straight line
(B) Uniform B @ Parabola
©) Uniform FE || uniform B (r) Non uniform right circular cylindrical helix
D) Uniform E L uniform B (s) Uniform right circular cylindrical helix
(® None

SUBJECTIVE INTEGER TYPE

46. A uniformly charged ring of radius 10 cm rotates at a frequency of 10* rps about its axis. The ratio of energy density
of electric field to the energy density of the magnetic field at a point on the axis at distance 20 cm from the centre is
9.1x10% Find a. :

47. Assume linear parts to be very long and the curved part :

has radius R. Current in wire is i. If i = 10 A and R = 10
cm, then magnitude of the z component of magnetic field
strength at O in tesla is 107 Find a.

......................... >
v
X
1
48. The magnetic field at a distance x on the axis of a circular coil of radius R is g th of that at the centre. If x equals
RJK | find K.
49. A square loop of side 6 cm carries a current of 30 A. The magnitude of magnetic field at a point P lying on the axis

of the loop and a distance \/7 cmis 2.7<10°% T. Find K.

[nitial position

50. In the figure a charged small sphere of mass m and

charge q starts sliding from rest on a vertical fixed
smooth circular non-conducting track of radius R from
the position shown. There exists a uniform perpendicular
Magnetic Field. Then the maximum force exerted by

track on the sphere is Xmg + qBJ(YgR) The Value of
X+Y is.

S

51. Three rings, each having equal radius R, are placed mutually perpendicular to each other and each having its centre
at the origin of co-ordinate system. If current T' is flowing through each ring then the magnitude of the magnetic

I
Fol  then X+Y will be

(X))
field at the common centre is L 7} times of
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54.

55.

56.

57.
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The magnetic field shown in the figure consists of two uniform regions. The width of the first part is 5 cm and the
magnetic induction here is 0.001 T. The width of the other part is also 5 cm, with the direction of the induction
being opposite in direction and 0.002 T in magnitude. The minimum speed of the electron arriving from the
direction indicated in the figure so that it can come out through the magnetic field II into region III is X times

gx 107 m/s then X will be (Mass of electron =9x 107! kg)

| I 111
e ® o X X X
g0c|e e OXXXXX No
X X | Magnetic
e o o g
Yg' o o 5K e
n XK X
e @ o X X
X X X
e @ @ X X
—p A
d d

Figure shown a square current carrying loop ABCD of side 10 cm and current i =10 A

The magnetic moment M ofthe loop is (0.05)(f —\/;lg)A —m?. Calculate x?

y
B
C
i=10
A ‘ ,
30° =
D

7
Semicircular loop of mass per unit length % kg/m can rotate freely about fixed axis XY is placed on a horizontal

surface with its plane parallel to the surface in a uniform magnetic field of magnitude 1 tesla as shown in figure.

Find the minimum amount of current (in Amp) that should be passed in the loop can be rotated about side XY.
I

b e ™

T
: \
I
: B
I
I
Y ’r/

To increase the current sensitivity of a moving coil galvanometer by 50%, its resistance is increased so that the new

resistance becomes twice its initial resistance. By what percentage does its voltage sensitivity change?

The current density inside a long solid cylindrical wire of radius « is in the direction of the central axis and varies

linearly with radial distance r from the axis according of J =J, L . If the magnetic field inside wire is given by
a

oJor”
yCl

then find value of x + y.

A long thick wire has an inner radius a, an outer radius b. The total current circulating inside the wire is /. this
current is uniformly distributed over the cross-section. Find the magnetic field (in pu7") at a distance » from the axis

of wire,(@a=1cm,b=2cm,/=55A,r=1.1 cm)
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58. Two coaxial long solenoids of equal lengths have currents i, i, , number of turns per unit length #;, n, and radius 3

m, 5 m respectively. If nji =nyi, =250 (in SI unit) and the two solenoids carry current in opposite sense, find the

magnetic energy stored per unit length (in SI unit). (Take n° =10 )

59. A particle of charge ¢ and mass m starts moving from the origin under the action of an electric field E =FEi and
magnetic field B =Bi witha velocity v :voj' . The speed of the particle will become 2v,, after a time = \/;nEWO .
q
Find the value of x.
60. A neutral atom of atomic mass number 100 which is stationary at the origin in gravity free space emits an o -

particle (A) in z-direction. The product ion is P. A uniform magnetic field exists in the x — direction. Disregard the
electromagnetic interaction between A and P. If the angle of rotation of A after which A and P will meet for the first

.. 12nm
time 18

radians, what is the value of n?
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JEE Advanced Revision Booklet Electromagnetic Induction

SINGLE CORRECT ANSWER TYPE
Each of the following Question has 4 choices A, B, C & D, out of which ONLY ONE Choice is Correct.

1. Two ends of an inductor of inductance L are connected to two parallel

conducting wires. A rod of length / and mass m is given velocity vy as ®B
shown. The whole system is placed in perpendicular magnetic field B.

Find the maximum current in the inductor. (Neglect gravity and friction)

Yo
A) %?— (B) ,f?% l

2

-
—

my,
(O TO (D)  None of these
2. In the figure magnetic field points into the plane of paper and the
conducting rod of length / is moving in this field such that the lowest point X X X
has a velocity v and the top most point has the velocity va(v2 > vi). The ¥ % % V2
emf induced is given by :
(A) Byl X | X X
(B) Bv,l X |x X
1 Vv,
©  ZB(nw) X X X
1
®  —B(v,—w)!
2
3. A metallic ring of mass m and radius r with a uniform metallic spoke of same mass m and X X ¥ X
length r is rotated about its axis with angular velocity @ in a perpendicular uniform
magnetic field B as shown. The central end of he spoke is connected to the rim of the wheel X /X /\é} X
through a resistor R as shown. The resistor does not rotate, its one end is always at the X \
centre of the ring and other end is always in contact with the ring. A force F as shown is R B
needed to maintain constant angular velocity of the wheel. F is equal to (the ring and the X \XR: X v
spoke has zero resistance) : F
P L X X X X
Bor? Bor? B*or’ B*or’
A) (B) © (D)
8R 2R 2R 4R
4. A square loop of side a and a straight long wire are placed in the same plane as shown
in figure. The loop has a resistance R and inductance L. The frame is turned through
180° about the axis OO’ . What is the electric charge that flows through the loop ?
1 2a+b la b
(A) th( a ) ® ln( . 2)
2R b 2R \b"—a
la +2b
© 4 (D)  None of these
2R b
S. A flat coil of area A and n turns is placed at the centre of ring of radius » (r2 >> A) and resistance R. The two are
coplanar. When current in the coil is increased from zero to i, the total charge circulating in the ring is :
nAi y7) n*Ai LonAi y7) n*Ai
w B ® A © B m BT
2rR 2rR 2nr 4rrR
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6. PQ is an infinite current carrying conductor. AB and CD are smooth P
conducting rods on which a conductor EF moves with constant velocity V as A —'vvl%/\,— c
shown. The force needed to maintain constant speed of EF is :
2 [ |
1 IV. (b IV, (b)]|1 1 E F
@& — ety (—j (B) BV iy (—j — ! |
VR| 2= a 2m a)|R 3y
a
2
IV. (b v IV_ (b 5
(©) Hol¥ 1y (—j — (D) Bol¥y, (—j b >
2 a) |R 2 a Q B D
7. Figure shows a square loop of side 1 m and resistance 1€2. The magnetic P
field on left side of line PQ has a magnitude B = 1.0 T. The work done in X XXX B=0
pulling the loop out of the field uniformly in 1 s is : X X X X
(A) 17 X X X E_:
(B) 10J X X X A
© 0.17 X X X X
(D) 1007 Q
8. An inductor L and a resistor R are connected in series with a direct current source of emf E. The maximum rate at
which energy is stored in the magnetic field is :
E’ E’ 4E? 2E?
A — B) — © — (D) —
. 4R ( R R R
9. Consider a pair of smooth metallic rails joined at one of the ends. Rails are parallel and are inclined at 30° with

horizontal. A jumper of mass m, length ¢ and resistance R slides down the rails with constant speed v. Magnetic
field in the region is vertical. Strength of magnetic field is :

mgR 2mgR
@ |75 (®) g

vl 3vl

3mgR 3mgR
© £ DI

74 2
10. For the circuit shown here, keys k1 and k3 are closed for 1 second. Now keys 4 and k3 are opened and key 4> is

closed at the same instant. Maximum charge on the capacitor after key 4 is closed is : 2V /' ka

(A) 4{1—3 C  0.5Q

AAAA

(1) >
(B) 4J§L1—ZJC . )k

( 1\ k3
© SLI - ZJ C D) Zero

11. A rectangular loop with a sliding connector CD of length ¢ =1.0m is situated in 4V

uniform and constant magnetic field B = 27 perpendicular to the plane of loop. Cq

Resistance of connector CD is » = 2 ohm. Two resistances of 6 ohm and 3 ohm are

connected as shown in figure. The external force required to keep the connector — 6Q 3 - 330

moving with constant velocity v = 2 m/s perpendicular to CD and in the plane of the v =2m/s

loopis: &

A) 6N (B) 4N oD ©8
Uniform and constant magnetic

© 2N D) IN field (Normal to plane of paper)
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12. A conducting wire of length L fixed at both ends is vibrating in its fundamental mode with angular frequency ® and
maximum amplitude A4. there exists a uniform and constant magnetic field of induction B perpendicular to the plane
of oscillations of the wire. The maximum emf induced in the wire is:

BAwL BAwL 2BAoL BAwLr
A) (B) © (D) —
T 27 T 2
13. The adjacent diagram shows a circular non-conducting track kept concentric to a magnetic field of magnitude B

which exists in a cylindrical region of radiusr(r > R). If the magnetic field is switched off then the specific

charge of the particle if it just completes a vertical circle is :

2 |3g 1 |2g
A —"— B —,’—
) BV R ®) B R

2 |5¢ 2 |3
C —.— D —.|—
© B’/R (D) 2\

MULTIPLE CORRECT ANSWERS TYPE

Each of the following Question has 4 choices A, B, C & D, out of which ONE or MORE Choices may be Correct:

14. A conducting rod of length / is moved at constant velocity ‘Vy’ on
two parallel, conducting, smooth, fixed rails, that are placed in a
uniform constant magnetic field B perpendicular to the plane of the

B
rails as shown in figure. A resistance R is connected between the R & >V,
two ends of the rail. Then which of the following is/are correct:
(A) The thermal power dissipated in the reélstor is equal to -
rate of work done by external agent pulling the rod X
B) If applied external force is doubled then a part of external power increases the velocity of rod
©) Lenz’s law is not satisfied if the rod is accelerated by external force
D) If resistance R is doubled then power required to maintain the constant velocity Vo becomes half
15. In the figure shown, ‘A’ is a fixed conducting ring of negligible resistance and radius ‘a’. PQ is a uniform rod of

resistance r. It is hinged at the centre of the ring and rotated about this point in clockwise direction with a uniform
angular velocity @. There is a uniform magnetic field of strength ‘B’ pointing inwards, ‘r’ is a stationary
resistance. Choose correct options.

(A) Current through ‘r’ is zero.
. 2Bwa’
B) Current through ‘r’ is 5
r
© Direction of current in external ‘r’ is from centre to circumference
D) Direction of current in external ‘r’ is from circumference to centre
A
16. A series circuit consisting of a constant e.m.f. ‘E’, a self inductance ‘L’ and a
resistance ‘R’ is closed at t = 0. The relation between the current I in the circuit LA
and time t is as shown by curve ‘a’ in the figure. When one or more of parameters
E, R and L are changed, the curve ‘b’ is obtained. The steady state current is same
in both the cases. Then it is possible that: (a)
(A) E and R are kept constant and L is increased. ’
B) E and R are kept constant and L is decreased ®)
© E and R are both halved and L is kept constant -
D) E and L are kept constant and R is decreased t
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17. In the circuit diagram shown :
(A) time constant is L/R
(B) time constant is 2L/R R
.. . 2¢ R
©) steady state current in inductor is —
R 4 L
.. . & g
D) steady state current in inductor is E
18. An infinitely long wire is placed near a square loop as shown in figure. Choose the correct option(s).
a
(A) The mutual inductance between the two is ';L ln(2) a
/4 |
Hoa’
B) the mutual inductance between the two is ; ln(2) a
/4
© If a constant current is passed in the straight wire in upward direction and
loop is brought close to the wire then induced current in the loop is clockwise
D) In the above condition, induced current in the loop is anticlockwise €«——>
a

19. In the circuit shown in figure, switch is closed at time t = 0. At time t = In(2) second,

A) Rate of energy supplied by the battery is 16 J/s ——— T TT T

B) Rate of heat dissipated across resistance is 8 J/s
© Rate of heat dissipated across resistance is 16 J/s |
L ~
(D) V.-V, =4V | S
@b 8V

20. A coil of arca 2m” and resistance 4Q) is placed perpendicular to a uniform magnetic field of 4T. The loop is

rotated by 90° in 0.1 second. Choose the correct option(s).
(A) Average induced emf in the coil is § V

(B) Average induced current in the circuit is 20 A
© 2C charge will flow in the coil in above period
D) Heat produced in the coil in the above period can’t be determined from the given data
21. Magnetic field in a cylindrical region of radius R in inward direction is as shown in figure. Choose correct options.

v

A) An electron will experience no force kept at (2R, 0, 0) if magnetic field increases with time
(B) in the above situation, electron will experience the force in negative y-direction

R
© If a proton is kept at (0,5,0) and magnetic field is decreasing, then it will experience the force in
positive x-direction

D) If a proton is kept at (—R, 0, 0) and magnetic field is increasing, then it will experience force in negative
y- direction

22. In the figure shown, q is in coulomb and t in second. Attime t=1s, . 1H ZFC 10
(A) V,=-V, =4V (B) V,=V, =1 O_Umb_%ﬂw%
() V.-V,=16V (D) V.-V,=20V q=2t
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An equilateral triangular conducting frame is rotated with angular velocity @ in a
uniform magnetic field B as shown. Side of triangle is /. Choose the correct option(s).

Bwl? B

A ¥V, -V.=0 ® V,-V.=

2 2
Bwl D) vy, = Bwl

c

©  V,~V,=

a

AB is a resistanceless conducting rod which forms a diameter of a conducting o
ring of radius 7 rotating in a uniform magnetic field B as shown. The resistor X X ¥ X
R; and R> do not rotate. Then current through the resistor R is:

A) Bor? ®) Bor?
2R, 2R,
2 2
(€) f;); (R +R,) ) 2(?0:13 )
) 1 2
The ideal inductor is connected in circuit as shown:- R 7
(A) Just after switch is closed, potential difference across L is V/2 p
(B) Long time after switch is closed, potential difference across A (a
particular resistance see figure) is V7/3. AN AAM
© After a long time, switch is opened again, just after switch is l o
opened, potential difference across L is 2V /3. III/
D) Potential difference across A (a particular resistance see figure) just after switch is opened (as in option C)

is V/2.

Two identical solenoids each of self inductance L are joined and placed
coaxially and overlapping in such a way that they carry equal and opposite
current. This arrangement is joined to a resistance R and battery of emf «.

Switch is closed at ¢ = 0. Identify the correct statement(s):
(A) Energy stored in the magnetic field increases with time.

(B) Time constant of the circuit is %

© Time constant of the circuit is zero. _| [ S
D) Power delivered by battery remains constant.

An infinite solenoid has radius R and # turns per unit length. The current grows linearly with time, according to
1, = Ct, in the solenoid. Here C is some constant. Let the induced electric field at distance r from axis of solenoid is

E. Choose correct alternative(s).

A) Eocr for r <R (B) Eocl/r for r>R

© If an infinite line charge having uniform linear charge density A is placed along the axis, then electrostatic
field produced by line charge and induced electric field are perpendicular to each other

D) The induced field and electrostatic field produced by line charge placed along axis of solenoid can be
added vectorically to get net electric field at a point.

In the given circuit initially capacitor is uncharged and no current through inductor: 19
(A) Current through battery just after closing of switchis 12 A

B) Current through capacitor just after closing of switch 8A 36 volt =

©) Switch is closed and when steady state of current is achieved the

current through battery 9A

D) After steady state switch is re-opened just after reopening of )

{
switch the ratio of current through inductor and capacitor 1A s
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29. Initially key was placed on (1) till the capacitor got fully charged. Key is placed on

(2) at t = 0. The this system will be similar to spring mass system where (1) 2)
A) Time when the energy in both capacitor and inductor will be same
i
4JLC eT % L
(B) Inductor play the role of mass and Capacitor plays the role of 1/K
(C) g issame as displacement and i is same as v. T C
(D) None
Paragraph for Q. 30 - 32
A uniform but time varying magnetic field B = (2t3 + 241‘) T is
present in a cylindrical region of radius R = 2.5 cm as shown in
figure.
30. The force on an electron at Patt=2.0s is :
(A) 96x102' N B) 48x102' N © 24x102' N D) Zero
31. The variation of electric field at any instant as a function of distance measured from the centre of cylinder in first
problem is :
E4 E E E
B \
E—
r r
(A) (B) (€) (D)
32. In the previous problem, the direction of circular electric lines att=1 s is :
(A) clockwise B) anticlockwise
© no current is induced D) cannot be predicted

MATRIX MATCH TYPE

Each of the following question contains statements given in two columns, which have to be matched. Statements in
Column 1 are labelled as (A), (B), (C) & (D) whereas statements in Column 2 are labeled as p, q, r, s & t. More than one

choice from Column 2 can be matched with Column 1.

1
33. In an L-C oscillation circuit, L = 1H, C =ZF and maximum charge in capacitor is 4C. Match the following two

columns. Note that in column 2 all values are in SI units.

Column 1 Column 2

(A) Maximum current in the circuit p- 16

Maximum rate of change of current in
the circuit

(B)

©) Potential difference across inductor , )
when q = 2C )
Potential difference across capacitor

(D)  when rate of change of current is half S. 8

1ts maximum value
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34. In the circuit shown in figure, switch S remains closed for a long time. It is opened at time t = 0. Match the

following two columns for ¢ = (/n2) second.

Sa b
- 9H
9V 60 §
30
d [+
Column 1 Column 2
(A) Potential difference across inductor p- 9V
(B)  Potential difference across 3€2 resistance q. 45V
(C) Potential difference across 6 resistance r. 6V
(D)  Potential difference between points b and ¢ s. None of these

SUBJECTIVE INTEGER TYPE

3s. The magnetic flux through a metal ring varies with time ¢ according to ¢y = 3(at3 —bt? )Tm2 with a = 2.00 s7°

and b = 6.00 s2. The resistance of the ring is3.00) . Find the maximum current (in ampere) induced in the ring
during the interval fromt=0tot=2.0s.
36. In the circuit diagram shown, initially there is no energy in the

inductor and the capacitor. The switch is closed at t = 0. If

kt

L
R= \/; and current I is given as [ =%e JIC Find k.

37. A rectangular loop with a sliding connector of length 0.5 m is locate: ®B
a uniform magnetic field perpendicular to loop plane. The magnetic a N a
induction is equal to B. The connector has an electric resistance R, the \Y4 R,
sides ab and cd have resistance R; and R». Neglect the self inductance of S
the loop. The connector is moving with a uniform velocity V. Given R, R

R=01Q, R =R,=02Q,B=20T, V=1 m/s. Find the current

flowing in the connector in ampere.

T

b c

38. In the figure shown, i =10e™ where i is in ampere and t is in seconds. Find the magnitude of the potential
1
difference across the inductor at ¢ = 2 In10s.

=% L-2H
—WWYV > SU00000
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39. Figure shows the top view of a rod of length 1.2 m that can slide without friction. The resistance R =6.0Q2 and a
2.5 T magnetic field is directed perpendicularly downward into the paper.

Find the force F in newton required to move the rod to the right at a constant speed of 2.0 m/s.

®§’

R§ F
L

40. A uniform but time varying magnetic field B =C —K¢, where K and C are positive constants and ¢ is time

(in seconds), is applied perpendicular to the plane of a circular loop of radius ‘a’ and resistance R. Find the total
charge (in coulomb) that will pass through any point of the loop by the time B becomes zero. [Given a = 2m,
R =7Q,C=2T]

41. A rod of mass m =2kg slides without friction along two parallel rails (at distance

d=12m from each other); see figure. The rails are joined by a resistor to a
resistance R=0.16QQ and placed in a vertical magnetic field of induction —>V,

B =0.4T. The rod is pushed with velocity vy =2.88 m/s. Find the distance (in m)

covered by the rod until it stops. (frame is kept in horizontal plane)

42 A resistance less rod of length 3m is being pulled in a uniform vertical

magnetic field of magnitude 0.8 7 with constant speed of 5 m/s. The

X
resistance of circuit is 4Q and capacitance is 6uF. Initially there is no s
3m

charge on the capacitor. What is the current (in A) in circuit when charge v =35m/s

on capacitor becomes 24uC? T X X X

43. A ring made of a superconductor is placed into a homogeneous magnetic field whose intensity grows from zero to
By =2T. The plane of the ring is perpendicular to the force lines of the field. The induced current appearing in the

ring is 1/x (amp). The radius of the ring » =—=cm and its inductance L =1mH. Find x.

Jn

44, A loop is formed by two parallel conductors connected by a solenoid with

inductance L=10° H and a conducting rod of mass m =1gm which can freely

slide (without friction) over a pair of conductors. The conductors are located in a

o

horizontal plane in a uniform magnetic field B =47 in the direction soon. The

distance between conductors is equal to ¢ =1m. At the moment 7 =0, the rod is

imparted an initial velocity V;, to the right. Determine angular frequency (in rad/s)

of oscillation of rod.

45. A homogeneous field of magnetic induction B is
perpendicular to a track of gauge ¢ which is inclined at
an angle o =30° to the horizontal. A frictionless
conducting rod of mass m straddles the two rails of the

track as shown in the figure. If maximum speed of the

conductor is = %Rz Then find »n
nB“(
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JEE Advanced Revision Booklet AC Circuits and EM Waves

SINGLE CORRECT ANSWER TYPE

Each of the following Question has 4 choices A, B, C & D, out of which ONLY ONE Choice is Correct.

1.

If the reading of v, and v; are 100 volt each then reading of v, is: L ¢

[
(A) 0 Volt 00 YVVVVVY 11
(B) 100 volt V) ) Vs

© 200 volt

D) cannot be determined by given information @
What is the amount of power delivered by the ac source 200V, 50 Hz
in the circuit shown (in watts) ? X=1202 R=5Q
A) 500 watt
(B) 1014 watt X, =80 R,=6Q
T WWW—
© 1514 watt
()
D) 2013 watt N
E,,=130V

In the circuit shown, the reading of ammeter is 10 4 and that
of Ve=200 V. The reading of V7 is :

A B
A) 200 V L 1000 c
(B) 20082V

®
(©) (—200 1100072 ) y

D)  Zero —@—

1000+/2 sin ot
In the given AC circuit, if amplitude of current is V, sin ot
independent of R then which of the following is correct ? @
1 1
(A) wzﬁ B) a)=m C{}R
1 1
© o Fe N7 0990
L

For an electromagnetic wave described by B =8x107° sin(500mx -3 x10! 1Ttt) , where B is in tesla, x is in metre and
t is in second the incorrect parameter is:
(A)  Frequency =1.5x10'" /2 (B)  Wavelength =4.0x10"*m

© Speed =6.0x107 ms~! D) Maximum electric field is 320Vm !

A 0.70 m radius cylindrical region contains a uniform electric field that is parallel to the axis and increasing at the
rate 5.0x10'2
(A) 0 B) 7.0x107°T © 11.1x107°T (D) 2.3><10_6T]

V'/ ms . The magnetic field at a point 1.2 m from the axis has a magnitude of
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MULTIPLE CORRECT ANSWERS TYPE

Each of the following Question has 4 choices A, B, C & D, out of which ONE or MORE Choices may be Correct:

7.

10.

11.

In a R-L-C series circuit shown, the reading of voltmeters V; and V, are 100 V and 120 V. Choose the correct

statement(s).
{2
p
V=130V
(A) Voltage across resistor, inductor and capacitor are 50 V, 86.6 V and 206.6 V
respectively

B) Voltage across resistor, inductor and capacitor are 10 V, 90 V and 30 V respectively
5
© Power factor of the circuit is E

D) Circuit is capacitive in nature

In the circuit shown in figure,
40 Q X, =20Q
100V
2A

e V =V, sinot
(A) Vi = 80V (B) Xc=50Q ©) V=40V (D) V,=100V

In the given circuit, the AC source has @ =100rad /s . Considering 100 uF  100Q

the inductor and capacitor to be ideal, the correct choice(s) is(are) :

(A) The current through the circuit, [ is 0.3A

B) The current through the circuit, I is 0.3v24 0.5H 50Q2
© The voltage across 100Q resistor = 10421V | 20V

D) The voltage across 50Q resistor = 10V @

In an AC series circuit it is given that R =10Q), X; =20Q and X =10 . Then choose the correct options.
(A) voltage function will lead the current function
(B) Total impedance of the circuit is 10\/5 Q

© phase angle between voltage function and current function is 45°

1
(D) power factor of circuit is E

In the circuit shown the value of L is SH and power factor of circuit is 0.8. It is also given that voltage drop across

o2 .
the capacitor is 3 time the voltage drop across inductor : R L C

—wn—aRi—] —

(A) Impedance of circuit is 1570 Q.
B) Impedance of circuit is 1256 Q.
(C)  Value of R is 1256 Q. ~

D) Value of R is 502 Q. V=220sin 314 ¢
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12. In LCR series circuit, the value of L:LH, C=

25n 1007
frequency of source is shown in figure. The difference of angular frequency at which current amplitude is

F and variation of current amplitude with angular

% 18250 rad/s. Then : (where : I, = maximum current amplitude)

'ramplimde
h

0 «=250n—> 92 y(rad/s)
A) The value of resonating frequency is 25Hz (B) The value of R is 5Q

© The value of R is 10Q2 D) The value of ®; +®, is 107650

Paragraph for Q.13 - 15

A steady current 4A flows in an inductor coil when connected to a 12 V dc source as shown in figure 1. If the same coil is
connected to an ac source of 12 V, 50 rad/s, a current of 2.4 A flows in the circuit as shown in figure 2. Now after these
observations, a capacitor of capacitance 1/50 F is connected in series with the coil and with the same AC source as shown

in figure 3:
T T T F‘
I () ()
! \Z/ \Z/
12V 12V, 50 rad/sec 12V, 50 rad/sec
(figure 1) (figure 2) (figure 3)
13. The inductance of the coil is nearly equal to :
(A) 0.01 H B) 0.02H © 0.04 H D) 0.08 H
14. The resistance of the coil is:
A) 1Q (B) 2Q © 30 D) 4Q
15. The average power supplied to the circuit after connecting capacitance in series is approximately equal to:
(A) 24 W B) 72 W © 144 W D) None of these

Paragraph for Q.16 - 18

A plane- polarized electromagnetic wave of frequency 6x108 Hz is propagating through a region of space. Electric field is

along positive z-direction and magnetic field is along positive y-direction at some instant. The peak value of electric field is
3 milli-volt/m.

16. The direction of propagation of wave is
(A) Positive x — direction B) Negative x-direction
© Positive y-direction D) Negative y-direction
17. The electromagnetic wave could be represented by :
(A) B=(10"%)sin 2n[2x—(6x10%)¢] (B) B=(10""")sin 2n2x - (6x10%)7]
(€) B=(10""")sin 2n[2x + (6x10%)¢] (D) B=(10"%)sin 2n2x +(6x10%)¢]
18. Average energy density in the electromagnetic wave is :

(A) 4x107%7/m®  (B) 2x10747/m®  (©) 2x10°77/m® (D) 4x10717 g / m?
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MATRIX MATCH TYPE

Each of the following question contains statements given in two columns, which have to be matched. Statements in
Column 1 are labelled as (A), (B), (C) & (D) whereas statements in Column 2 are labeled as p, q, r, s & t. More than one

choice from Column 2 can be matched with Column 1.

19. Match the following columns.

Column 1 (Physical quantity) Column 2 (expression)
(A) Total average energy density, U, p. %csoEg
(B) Intensity of electromagnetic wave q. Bg /1y

Radiation pressure (for a perfectly

2
reflecting surface) r. By /200

VErky

©

(D)  Index of refraction (n)

w2
b

SUBJECTIVE INTEGER TYPE

20. An LCR series circuit with 100€) resistance is connected to an ac source of voltage 200 V and angular frequency
300 rad/s. When only the capacitance is removed, the current lags behind the voltage by 60°. When only the
inductance is removed, the current leads the voltage by 60°. Calculate the rms current in ampere in the circuit.

21. In the figure shown, the reading of voltmeters are V; = 20V, R= 40
V> =20V, and V; = 5V. Find the rms current in amperes. e OW C
()
N
22, In the given A.C. circuit the voltage leads the current. The instantaneous
ARHH L]
voltage is % times the maximum value and increasing, when current is omiT 3Q
zero. The value of angular frequency of the A.C. is X times 100 rad/sec. &)
Where X is:
23. A DC ammeter and an AC thermal ammeter are connected to a circuit in series. When a DC is passed through

the circuit, the DC ammeter shows /; =6A. When an AC flows through the circuit, the AC ammeter shows
I, =8A. What will the difference in final readings (in amp) of ammeters, if the DC and the AC flow

simultaneously through the circuit?

24, An ideal efficient transformer has primary power input of 10 kW. The secondary current when the transformer is on
load is 25 A. If the primary : secondary turns ratio is 8 : 1, then the potential difference applied to the primary coil is
X times 800 V where X is

25. A 50 Hz, 20 volt source is connected to a resistance of 100 ohm, an inductor and a capacitor, all in series. The time
in sec when the resistance (thermal capacity) = 2 joule/°C) will get heated by 10°C is:
[Power factor for circuit is 1]

Physics 132 AC Circuits and EM Waves



Vidyamandir Classes

26. A coil with inductance L and resistance R is connected to an alternating source. The capacity of a capacitor
connected in series with the coil such that active power of circuit does not change is given by € =———. Find
no°L
value of n.
27. A current of 1 A is used to charge a parallel plate capacitor with square plates. If the area of each plate is 0.6 m? the

. 1 .
displacement current through a 0.3m” area fully between the capacitor plates and parallel to them is — 4 . Find n.
P 2 y p »

28. A parallel plate capacitor consists of two circular plates of area 100 em? each. The separation between the plates is
1 mm. If the displacement current is 17.7 A, then the rate of change of electric field between the plates is

2x10" NC~'s7! | the value of n is

29. The amplitude of magnetic field at a distance r from a point source of power P (considering 100% efficiency) is

HoP
knr’C

, the value of k is

30. A pallet plate capacitor made of circular plate each of radius R = 6.0 cm has a capacitance C = 100 pF. The
capacitor is connected to a 230 V AC supply with angular frequency of 300 rad/s.

The rms value of magnetic field at a point 3.0 cm from the axis between the plate is nx10713 (in Tesla). Then find

the value of n
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JEE Advanced Revision Booklet

Ray Optics and Wave Optics

SINGLE CORRECT ANSWER TYPE
Each of the following Question has 4 choices A, B, C & D, out of which ONLY ONE Choice is Correct.

1. A uniform horizontal light beam is incident upon a prism (quarter cylindrical
shape) as shown in the figure. The radius of the prism is R and the cylinder

2
material has a refractive index T . A patch on the table for a distance d from the

surface of the cylinder is unilluminated. Find the value of d in terms of R. -

(A) R2 ® R e
© B3R D) 2R R
2. In the figure shown, the focal length of the two thin convex lenses is the same f.

They are separated by a horizontal distance 3/ and their optical axis are displaced
by a vertical separation ‘d’ (d << f"), as shown. Taking the origin of coordinates
O at the centre of the first lens, the x and y coordinates of the point where a
parallel beam of rays coming from the left finally get focused, are given by :

A (57,2d) ®) (6/.,d/2) © (41, 2d)

3. A convex lens of focal length 15 cm is placed at the origin with its optical axis _ X

)
X
coinciding with the x-axis. A ray of light given by y = —E +1 is incident on \\f\

the lens. The equation of refracted ray is (x and y are in cm) 0 =x
(A) y=—02x+3 (B) y=—03x+2 \/
©) y=—04x+1 D) y=-0.1x+4

5. A double slit, S, =S, is illuminated by a light source S emitting light of wavelength A. The

slits are separated by a distance d. A plane mirror is placed at a distance D in front of the slits
and a screen is placed at a distance 2D behind the slits. The screen receives light reflected
only by the plane mirror. The fringe-width of the interference pattern on the screen is

w 2 ® 2
d d
© 2t o 2
d d
5. A light ray is reflected by a mirror. If unit vectors along the incident and normal direction are

I~ 1

. 1 .
I =—i——=j+——=k and N =1, then unit vector, R along reflected direction is.
N AN

A

1/ —n s . A

@& (21 +2j -k B) ——i-——e)——=k
7 (V227 3%) 53R

(©) BN N D) Lz’+ij+i/€
3 B3 3 3 B3 3
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6. The plane of polarization of a plane polarized light (intensity I )is to be rotated by ¢° using » identical polaroid
sheets having equal angle between transmission axis of successive sheets. If the percentage intensity loss in this
process is 57.8125% then the value of ¢ is:

A) 45° B) 90° © 30° D) 60°

7. A ray of light / is incident on a thin film. Two reflected rays R and R, and two transmitted rays 7 and 7> for the
incident ray / are shown in the figure. If the rays R, and 7> undergoes a phase change of m due to difference in
refractive index of the mediums, then select the correct order of refractive indeces.

@A) W>H>H B W <p<p; (©) > H, <py (D) My <Hy > My

8. In a young’s double slit experiment, 11 interference fringes are obtained within central diffraction maximum of a
slit. If the distance between 1% diffraction minimum on either sides is 5.20 mm, distance between slits and screen is
208 cm,, and the wavelength of light is 500 nm then separation between the slits is:
(A) 8.8 mm (B) 4 mm © 8 mm D) 4.4 mm

9. A ray beam of width 1 cm is incident from air to air-water boundary at an angle of 45°. What is the width of the

refracted beam in water? (Refractive index of water = V2 )

1 1 NE)

(A) 3 cm (B) ﬁ cm © 1 cm D) E cm
10. Two coherent narrow slits emitting wavelength A in the same phase are placed at Screen (S)
(0, 0, 0) and (32, 0, 0) in an x-y-z space as shown in the figure. The light from Ya
the two slits interfere on a screen S which is parallel to y-z plane and is placed at , )I R
a distance D(D >> k) from the origin. Find the distance y of the nearest point T X

]

on the screen from the centre of the screen P, where intensity is equal to that at P

n

2

«—D—»

A D B) 3D (©) M 5D

11. A light ray incident along vector 2i +4 ] + J5k strikes on the x-z plane from medium I of refractive index V3 and

enters into medium II of refractive index is . The value of p, for which the value of angle of refraction becomes

90°, is :
43 33 23 V3
A) — (B) — © — (D) -
5 5 5 5
12. A point source of light ‘O’ is kept on the principal axis of a thin plano-convex lens of radius X .
of curvature 20 c¢m as shown. The refractive index of material of lens is 3/2, then medium 0 ‘ny, =4/3%
towards right of plane surface is water of refractive index 4/3 and the medium on the left side Air Water
of curved surface of lens is air. Considering only paraxial rays, the distance ‘x’ of the point 0 =3/ 2/' e
source ‘O’ from the lens such that the rays become parallel on entering the water will be: e
(A) 10 cm B) 20 cm © 40 cm D) None of these
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13. In the figure shown in a YDSE, a parallel beam of light is incident on the slits from a medium of refractive index #;.
The wavelength of light in this medium is ;. A transparent slab of thickness ‘#* and refractive index n3 is put

infront of one slit. The medium between the screen and the plane of the slits is 7o. The phase difference between the

light waves reaching point ‘O’ (symmetrical, relative to the slits) is : ny s
n2

2r 27 i
(A) (ny = m3)t B)  —(n3-m)t !

mh A ( ) : 0
©) 271'1’[1 (I’l3 l\t D) 271'1’[1 ( )t /

22 /Il L I’l2 J ﬂ’l

14. In a Young’s double slit experiment D equals the distance of screen and d is the separation between the slits. The

distance of the nearest point to the central maximum where the intensity is same as that due to a single slit, is equal
to

DA DA D)\
A —_— B — C — D 2DA
A) = (B) d © 4 (D)

MULTIPLE CORRECT ANSWERS TYPE

Each of the following Question has 4 choices A, B, C & D, out of which ONE or MORE Choices may be Correct:

15. The gap between the slit plane and the screen is filled with water and a
parallel beam of monochromatic light of wavelength, A = 0.25 mm and the
intensity lo is incident at an angle 30° with the horizontal. A slab of
thickness 0.5 mm and refractive index p, = 1.5 is placed before Si. Choose
the correct option(s).

(A) central maxima is observed above O

(B) central maxima observed below O
(C) intensity at O is 41y
(D) 3 order maxima is at O

16. If white light is used in a Young’s double-slit experiment,
(A) bright white fringe is formed at the centre of the screen
(B) fringes of different colours are observed clearly only in the first order
(C) the first-order violet fringe is closer to the centre of the screen than the first-order red fringe
(D) the first-order red fringe is closer to the centre of the screen than the first-order violet fringe

17. A particle moves towards a concave mirror of focal length 30 cm along its axis and with a constant speed of 4
cm/sec. At the instant the particle is 90 cm from the pole
(A) velocity of image is 1 cm/sec B) velocity of image w.r.t. particle is 5 cm/sec
(C) particle and image move towards each other
(D) as the particle approaches pole, velocity of image increases

18. The minimum value of d so that there is a dark fringe at O is dmin. B| F
For the value of dyix, the distance at which the next bright fringe is — X
. d
formed is x. Then : 0]
A @)

(A dpin=vAD  B)  dpp =,/)‘7D

(©) x=dm7i“ D)  x=dpyy —— D —sfe—D —
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19. Two point monochromatic and coherent sources of light of wavelength A are each placed as shown in the figure
below. The initial phase difference between the sources is zero O. (D >> d). Select the correct statement(s) :

(A) Ifd= %, O will be minima

B) If d = A, only one maxima can be observed on screen §1 ________ _.S _________________ 0
© If d = 4.8, then a total 10 minimas would be there on screen «—d—>
54 . . -
(D) Ifd= - then intensity at O would be minimum Qovoan
20. The slit 1 of a Young’s double slit experiment is wider than slit 2, so that the light from slits are given as

Ay =Aysinwt and A4, =34, sin(wt+gj. Then resultant amplitude and intensity at a point where the path

difference between them is zero, is 4 and ¢ respectively, then :

(A) A=4134, (B) A=44, (©) T oc1643 (D) Toc1343
21. Two transparent parallel plates are stacked face to face. The plate whose thickness #; =4.5 cm has a refractive

. . . o 4 .
index n; :% while the other plate whose thickness #, =2 cm has a refractive index n, = 3 A narrow light beam

is incident on the first plate at an angle i =37° to the normal. The lateral shifts of the beam emerging from the
second plate into air space due to I plate only, due to II plate only, and due to both the plates are d,, d, and d

respectively, then :
A) d; =0.5cm B) dy =1129cm (C) d=15cm D) d=2cm

22. A ray of light is incident normally on one face of 30° — 60° — 90°
prism of refractive index 5/3 immersed in water of refractive index
4/3 as shown in figure.

(A) The exit angle 6, of the ray is sin™'

o | L
W

(B) The exit angle 0, of the ray is sin”! ——

43

5
(C) Total internal reflection at point P ceases if the refractive index of water is increased to T by dissolving
243

some substance
(D) Total internal reflection at point P ceases if the refractive index of water is increased to g by dissolving

some substance

o
23. The figure shows a ray incident at an angle izg. If the plot drawn shown in the variation of |r—i| versus

Mo k, (r=angle of refraction)

W,

k k

A) the value of k; is (B) the value of 0, Z%

w |3 §||N

© the value of 0, = D) the value of &> is 1
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A reflecting surface is represented by the equation P

2L . .
Y =—sin (%), 0<x< L. A ray travelling horizontally becomes

T

vertical after reflection. The coordination of the point (s) where this
ray is incident are

4 x 3 x 4 1

> X
2L 3L
(D) L—,LJ

3 o

A convex lens forms an image of an object on a screen. The height of the image is 9 cm. The lens is now displaced

until an image is again obtained on the screen. The height of this image is 4 cm. The distance between the object

and the screen is 90 cm.

(A) The distance between the two position of the lens is 30 cm

(B) The distance of the object from the lens in its first position is 36 cm.
© The height of the object is 6 cm.

D) The focal length of the lens is 21.6 cm.

In displacement method, the distance between object and screen is 96 cm. The ratio of length of two images formed

by a convex lens placed between them is 4.

A) Ratio of the length of object to the length of shorter image is 2
B) Distance between the two positions of the lens is 32 cm

© Focal length of the lens is 64/3 cm

D) When the shorter image is formed, distance of the lens from the shorter image is 32 cm

In the figure light is incident at an angle 6 which is slightly greater than the critical angle. Now, keeping the

incident fixed a parallel slab of refractive index #3 is placed on surface 4B. Which of the following statements are

correct :
A) Total internal reflection occurs at AB for n3 < n; A
B) Total internal reflection occurs at AB for n3 > n; ng o

©) The ray will return back to the same medium for all
values of 7

D) Total internal reflection occurs at CD for n3 < ny

C D

Fig. (B)

A convex lens made of glass (u, =3/2) has focal length f in air. The image of an object placed infront of it is

inverted” real and magnified. Now the whole arrangement is immersed in water (u,, =4/3) without changing the

distance between object and lens. Then:

(A) The new focal length will become 4f (B) The new focal length will become %

© New image will be virtual and magnified (D) New image will be real inverted and smaller in size

In an interference arrangement similar to Young’s double-slit experiment, the slits
S; and S, are illuminated with coherent microwave sources, each of frequency
10® Hz. The sources are synchronized to have zero phase difference. The slits are
separated by a distance d = 150.0 m The intensity /(0) is measured as a function
of 6, where 6 is defined as shown, If /; is the maximum intensity, then 7(8)
for 0 <6 <90° is given by:

A) 10)=1,/2 for 6=30° B) 10)=1,/4 for 6=90°
© 1©)=1, for 6=0°

D) 1(0) is constant for all values of 6

S,

dn2

dn2

L 4 52
I
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30. A point object is placed at 30 ¢m from a convex glass lens (p < =%) of focal length 20 ¢m. The final image of

object will be formed at infinity if:

(A) Another concave lens of focal length 60 cm is placed in contact with the previous lens

B) Another convex lens of focal length 60 cm is placed at a distance of 30 cm from the first lens
© The whole system is immersed in a liquid of refractive index 4/3

D) The whole system is immersed in a liquid of refractive index 9/8

31. A thin film of thickness ¢ and index of refraction 1.33 coats a glass with index of refraction 1.50. Which ~ of the
following thickness ¢ will not reflect normally incident light with wavelength 640 nm in air?

A) 120 nm (B) 240 nm © 360 nm D) 480 nm
32. Imagine a Young’s double slit interference experiment performed with electron waves associated with fast moving
electrons coming from the electron gun. The distance between successive maximum will decrease if the:
(A) Accelerating voltage in electron gun is decreased
B) Accelerating voltage is increased © Distance between screen and slits is increased
D) Distance between the slits is increased

Paragraph for Questions 33 - 35

In the sitution shown parallel rays of monochromatic light (wavelength =) are
incident normaly on a narrow slit of width b. There is a screen opposite to the slit at
distance D(d >>> d) . The intensity obtained at the point opposity to the centre of

slitis 1

If the equation of distuburance on slit due to the incident wave is y=sin(w¢). The slit

width b can be divided into large number of elemental slits of width 'd¢'. If
amplitude is directly proporational to slit width then the amplitude of disturbance

from such element will be %d .
So, the disturbances from ray P reaching on screen will be

sin w¢

Adl
yp=

Similarly for any arbitrary ray Q the distribent on screen will be

_Adl 2n(sin O
Yo = 5 sin wt+T

Now the resultant disturbance at any point at angle 6 can be obtained using principle of superposition for all such elemental

slits and using that, intensity can be obtained at the point.

33. The intensity at a paint on screen lying at angle 6 with respect to central ine is:
I Sinz(anilnGJ I Sinz(nb;lnﬁj
(A) 5 (B) 2
2nhsin® nbsin O
A A
. [ 2mbsin® . [ mbsin®
I sin R Iy sin N
© . ® —
2nbsin® nbsin O
A A
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34. The intensity at 2™ maxima is:
(A) 0.0451, (B) 0.0081, © 0.0221, D) 0.01611,
35. Distance of 2™ maximum from central maximum is:
3\D SAD T\D 2AD
A — B — C —_— D —_—
A) b (B) b © b D) b

Paragraph for Questions 36 - 38

The flat surface of a plano-convex lens is silvered and cut to give the shape of a cross-section as ABCD. The optical centre
of the silvered lens is attached to a rigid support through a spring of force constant k. The radius of curvature of BC is 10 cm
and the refractive index of the material of the lens is 1.5. The lens is initially at rest so that the elongation of the spring is xo.

kx, . . . 1
A particle of mass m =20 hits the lens elastically with velocity 10 m/s as shown in the figure. Taking x =O—2 m and
g pia

g =10 m/s>.

B : (6
3 v,.=10 m/s
36. The equivalent focal length of the silvered lens is :
(A) —Scm (B) -10cm (C) —-15cm D) 20cm

37. If = 0 be the time of collision, then at time ¢ = T[\/%, the speed of the image of the particle relative to the lens is :

(A) 40m/s B) 36m/s (C) 32m/s (D) none of these
38. If the lens were complete as MBCNM, then

(A) the image velocity will be more (B) the image velocity will be less

(C) the image will be more intense (D) can’t be predicted

Paragraph for Questions 39 - 41

A container contains liquid upto a height of 30 ¢m and there is a point source at the centre of the bottom of the container.
A rubber ring of radius » floats centrally on the liquid surface. The ceiling of the room is 3.0 m above the liquid surface.

(Refractive index of liquid = 3 )
39. The radius of disc on surface of water through which rays from point source are refracted into air is :
(A) 1072 em (B) 152 cm (€) 1043 em (D) 153 em
40. The radius of the shadow of the ring formed on the ceiling if » = 103 em s :
(A) 27033 cm B)  290\3 cm € 3103 em (D) 35033 em

41. Find the maximum value of r for which the shadow of the ring is formed on the ceiling.

(A) 1072 em (B) 15v2 em (©) 1073 cm (D) 1543 cm
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MATRIX MATCH TYPE

Each of the following question contains statements given in two columns, which have to be matched. Statements in
Column 1 are labelled as (A), (B), (C) & (D) whereas statements in Column 2 are labeled as p, q, r, s & t. More than one
choice from Column 2 can be matched with Column 1.

42. A spherical interface whose radius is R divides the space in two Medium I/ Medium 11
parts such that the x-axis behaves as principal axis and origin O & (1) / (1) , Positive
behaves as pole as shown in the figure. The refractive index of X 0 C(R,0) X X-axis
medium / is p; and that of medium II is p,. Now match the \

Spherical
column 1 with column 2 [Assume concept of paraxial rays] interference

Column 1 Column 2
(A)  Object is kept at point (—a, 0) and p; < 2 (p) Image may be real
(B)  Object is kept at point (—a, 0) and p; > po (@) Image may be virtual

(C)  Object is kept at point (+a, 0) and p; < (r) The position of image may be in between the position
of object and origin.

(D) Object is kept at point (+a, 0) and p; > s (s) The position of image may be in between the position
of object and centre of curvature of interface.

43. Column shows O object and O, image. The optical system responsible can be a spherical mirror, plane mirror or a
thin lens. In the case of the lens and spherical mirror, straight line shows the principal axis. Match column-1 and
column-2.

Column 1 Column 2

(A) 0O, (p) Concave mirror between O; and O,
(B) 0, (q) Diverging lens between O; and O,

© 0O, (r) Convex mirror between O; and O,

D) +(, (s) Converging lens between O; and O,

0,
(t)  Inclined plane mirror somewhere between O; and O;

44. In a young’s double slit experiment, a parallel beam of
monochromatic light of wavelength 500 nm (in vacuum) is while S
the screen is placed at a fixed distance of 1 m from the plane of dl 21

v

the slits. Different experimental setups are described and some dn I 0 X
physical quantities are measured in each setup as given in
column 1 the corresponding results are given in column 2, in a

different order. Match each case in column 1 with the appropriate Double slit < » Screen
result in column 2. Consider the figure. Double slit
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Column I Column II

(A) Light falls normally on the plane of slits and (p) Ratio of maximum to minimum intensity on screen is
d=1mm 81

(B) In the situation given in part (A), the upper slit (q) The central maximum may be obtained at O
is covered by a transparent film of refractive
index 1.5 and of thickness 2.5 um. The film
absorbs 36% of the light incident on it.

(C) In situation (B), the direction of incident light (r) The central maximum may be obtained 1.25 mm
is changed so that it makes an angle of
1.25 x 1073 radian with the x-axis

(D) In the setup in (B), the separation between the (s) y-coordinate of central maximum may 2.5 mm
slits is decreased to 0.5 mm and the space
between the slits and the screen is filled with a
non absorbing liquid of refractive index 1.2.

(t)  The fringe width is 0.5 mm

45. A parallel beam of light consisting of two wavelength A; = 4000 A and

A2 = 8000 A is incident perpendicular to plane of both slits in a typical %_| S, Pe

Young’s double slit experiment. The separation between both slits is | ‘ ]
d = 2mm and the distance between slits and screen is D = 1 meter. In —1 ] ~ Central line
each situation of column-I a point P on screen is specified by its distance %—' S

‘0> from centre bright On screen. Match each situation of column-I with

the corresponding statement in column-IIL.

Column | Column II
(A) At Psuchthat £ =0 ()] Intensity is maximum for 4; = 4000 A
(B) At Psuch that ¢ =0.1 mm @ Intensity is minimum for 4; = 4000 A
© At P such that £ = 0.2 mm (r) Intensity is maximum for 2, = 8000 A
D) At P such that ( = 0.4 mm (s) Intensity is minimum for 1, = 8000 A

SUBJECTIVE INTEGER TYPE

46. A ray of light falling on a glass sphere of refractive index u = V3 such that the directions of the incident ray and

emergent ray when produced meet the surface at the same point. The value of angle of incident is 6. Calculate the

value of i
30°

47. A point source of light is placed inside water and a thin converging lens of focal length f'is placed just outside the
surface of water. The image of source is formed at a distance of 50 cm from the surface of water. When the lens is
placed just inside the water surface and the image is formed at a distance of 40 cm from the surface of water, if

100k

focal length of the lens in air is f = cm, then find the value of k. (Given refractive index of lens is 3/2 and

that of water is 4/3 and in both cases image is formed inside water for the viewer in air).
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48. A plano-convex lens has a thickness of 4 cm. When placed on a horizontal table, with the curved surface in contact
with it, the apparent depth of the bottom most point of the lens is found to be 3 cm. If the lens is inverted such that

. 2
the plane face is in contact with the table, the apparent depth of the centre of the plane face is found to be ?5 cm.

The radius of curvature of the convex surface of the lens is (l) m. Find the value of x?
X

49. Light is incident normally on face AB of a prism as shown in the figure. A liquid of refractive index p is placed on
face AC of the prism. The prism is made of glass of refractive index 3/2. The maximum value of p for which total

internal takes reflection place on face AC is 3 . Find n.

50. Figure shows two spherical surfaces of radii R and 2R separating three transparent media of refractive index p = 4,

p=2and p= 1. A ray of light travelling in medium p = 1 is incident on outer sphere tangentially. The net deviation
suffered by light ray will be £ 60°. Find the value of &.

p=1

51. Two objects are placed on the principal axis of a thin converging lens. One is 10 cm from the lens and the other is
one the other side of the lens at a distance of 40 cm from the lens. The images of both objects are in the same plane.
What is the focal length of the lens (in cm)?

52. In the figure shown below the transmission axes of the polarizing discs 1 and 3 are perpendicular to each other. The
polarizing disc 2 is rotating on the common axis with angular speed ©. If an unpolarized light beam is incident on

1 .
disc 1 with an intensity [, then intensity of emergent beam from disc 3 is given by [/ :—0(1 cosbwt) Find %.
a

53. Two converging lens have focal length f= 10 cm and f'=20cm. The optical axes of the lenses coincide. This lens

system is used to form an image of an object kept at a certain distance from the first lens. In the situation, the size of
the final image does not depend on the distance of the object from the first lens. What is the distance (in c¢m) between
the two lens.

54. A thin equiconvex lens (u=3/2) is placed on a horizontal plane mirror. The space between the lens and mirror is
filled with water (u=4/3). Now when a pin is be placed at a distance of 12 ¢m form the lens its image coincide
with itself. Find the radius of curvature (in cm) of lens.

55. A lens forms the image of sun on a screen 30 cm away. How far (in decimeter) from the lens should a second lens of
focal length 30  ¢m placed so that the screen has to be moved 8 cm towards the first lens for the new image to be in
focus?

Physics 143 Ray Optics and Wave Optics



Vidyamandir Classes

56. A narrow light beam is incident on a plane-parallel plate having a refractive index of n = %at an angle of 30° to

normal. As a result it is partially reflected and refracted. The refracted beam is reflected by the rear surface of the
plate and then undergoes refraction again, emerging from the plate with a displacement of 43em parallel to the

primary reflected beam. The thickness of the plate is given as o m. Find the value of 40a.

57. A bright line in Young’s double-slit experiment is 1.5 cm from the center of the pattern. The slit separation is 0.4
mm. The light has a wavelength of 750 nm and falls on a screen 1 m away. How many dark lines are there between
the centre and the bright line at 1.5 cm?

58. Light of wavelength 627 nm illuminates two slits. What is the minimum path difference (in nm) between the waves
from the slits for the resultant intensity to fall to 25% of the central maximum?

59. A glass plate 12x107 mm thick is placed in the path of one of the interfering beam in a Young’s double slit

interference arrangement using monochromatic light of wavelength 6000 A. If the central band shifts a distance
equal to width of 10 bands. What is the thickness (in pm) of the plate of diamond of refractive index 2.5 that has to
be introduced in the path of second beam to bring the central band to original position?

60. The intensity received at the focus of the lens is / when no glass
slab has been placed in front of the slit. Both the slits are of the
same dimension and the plane wavefront incident
perpendicularly on them, has wavelength A. On placing the glass
slab, the intensity reduces to 3//4 at the focus. The minimum
thickness of the glass slab (in pum) if its refractive index is 3/2 is
given by ¢. Find 15z Given A = 6000 A

TV VVVVYV VY
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JEE Advanced Revision Booklet Modern Physics

SINGLE CORRECT ANSWER TYPE

Each of the following Question has 4 choices A, B, C & D, out of which ONLY ONE Choice is Correct.

1. A heavy nucleus having mass number 200 gets disintegrated into two small fragments of mass number 80 and 120.
If binding energy per nucleon for parent atom is 6.5 M eV and for daughter nuclei is 7 Mel and 8 MeV respectively,
then the energy released in the decay will be :

A) 200 eV B) —-220eV © 220 MeV D) 180 MeV

2. A hydrogen like atom is in a higher energy level of quantum number 6. The excited atom makes a transition to first
excited state by emitting photons of total energy 27.2 eV. The atom from the same excited state make a transition to the
second excited state by successively emitting two photons. If the energy of one photon is 4.25 eV, find the energy of

other photon.
(A) 595eV B) 625eV (C) 695eV D) 7.80eV
3. The helium gas in an excited state makes transition from excited state of principal quantum number » =5 to ground
state. The most energetic photons have energy 52.224 eV, find the energy of least energetic photons :
(A) 1.224eV B) 242eV (©) 322eV (D) 3.82eV
4. The potential difference applied to an X-ray tube is SKV and the current through it is 3.2 mA. Then number of electrons
striking the target per second is:
(A) 2x10'° B) 5x10° (©) 1x10"7 D) 4x107
S. Electrons with de-Broglic wavelength A fall on the target in an X-ray tube. The cut-off wavelength of the emitted
X-rays is:
2mek? 2h 2m*c*®
A A= B) ryj=— © r=—7F5— D) A=A
h mc h
6. Electrons in a sample of gas containing hydrogen like atom (Z = 3) are in fourth excited state. When photons emitted

only due to transition from third excited state to second excited state are incident on a metal plate photoelectrons are
ejected. The stopping potential for these photoelectrons is 4 eV. Now, if only photons emitted due to transition from
fourth excited state to third excited state are incident on the same metal plate, the stopping potential for the emitted
photoelectrons will be approximately equal to :

A) 0.80 eV B) 0.75 eV © 0.65 eV D) 0.55eV

7. Nuclei of radioactive element A are product at a rate ‘2’ at any time ¢. The element 4 has decay constant A. Let N be
the number of nuclei of element 4 at any time ¢. At time ¢ = f, dN/dt is minimum. Then the number of nuclei of element
Aattimet=1is:

ty — Afg A — 21 219 — M3 ty — Afg
(A) 0—20 (B) % (©) Z0 0 (D) 0 70
y) y) A A
8. The photon radiated from hydrogen corresponding to 2™ line of Lyman series is absorbed by a hydrogen like atom ‘X’

in 27 excited state. As a result the hydrogen like atom ‘X> makes a transition to ™ orbit. Then :
(A) X=He".n=4 (B) X=L"n=6 (C) X=He".n=6 (D) X=Li""n=9

9. The thermal power of a uranium reactor is 100 MW. Energy released in each fission is 3.2 x 107! J and the average
number of neutrons released per fission is 2.5. The number of neutrons generated in unit time is :
(A) 7.8 x 108 B) 1.28 x 10 © 3.2 x 10" D) 2.5x10'%
10. The de Broglie wavelength of an electron in the first excited state of a Hydrogen atom is:
1
[4 is Planck’s constant, m is the mass of the electron, e is the charge on the electron, K = ]
e,
h? h* mh* mh*
(A) . ® (©) . (D) .
nKme 2nKme nKe 2nKe
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MULTIPLE CORRECT ANSWERS TYPE

Each of the following Question has 4 choices A, B, C & D, out of which ONE or MORE Choices may be Correct:

11. A neutron have K.E. = 15eV suffers head on collision with hydrogen atom in ground state at rest then after collision
K.E. of : (Assume mass of neutron same as that of hydrogen).
(A) neutronis 1.4eV (B) hydrogenis 1.4eV (C) neutron is zero (D) hydrogenis 15 eV

12. Graph is drawn between photocurrent & accelerating potential, then 1
(A) A & B will have same intensity
(B) B & Cwill have same frequency
(C) B & Cwill have same intensity

»

(D) A & B will have same frequency T >

L

13. When protons of energy 4.25 eV strike the surface of a metal 4, the ejected photoelectrons have maximum kinetic
energy I, expressed in eV and de-Broglie wavelength A ,. The maximum kinetic energy of photoelectrons liberated
from another metal B by photons of energy 4.70 eV is T = (T, —1.50eV"). If the de-Broglie wavelength of these
photoelectrons is A =2 ,, then:

(A) The work function of 4 is 2.25 eV (B) The work function of B is 4.20 eV
©) T,=2.00eV D) T;=2.75V
2

14. Suppose the potential energy between electron and proton at a distance r is given by : — The application of Bohr’s

33
theory to hydrogen atom in this case will change as follows :
A) Energy in the nth orbit is proportional to n® (B) Energy is proportional to m (m : mass of electron)

C Energy the nth orbit is proportional ton> (D) Energy is proportional to m!' (m = mass of electron
gy prop g

15. In the Bohr’s model of the hydrogen atom:
(A) radius of the n™ orbit is proportional to n’
(B) the total energy of the electron in the n'" orbit is inversely proportional to
(C) the angular momentum of the electron in an orbit is an integral multiple of (/4 /2m)

(D) the magnitude of potential energy of the electron in any orbit is greater than its kinetic energy
16. From the following equations pick out the possible nuclear fusion reactions:

A C°+ H'— (" +43 MeV ®B) P+ H —> N°+2 Mev

© SN+ H —0"+73 Mev

D) 92U235 + On1 E— 54Xe140 + 36Srg“ + On1 + 0n1 +v+200 MeV
17. In an X-ray tube, the voltage applied is 20 KV. The energy required to remove an electron from L shell is 19.9 KeV.
In the X-rays emitted by the tube :
(A) minimum wavelength will be 62.1 pm
(B) energy of characterstic X-ray will be equal to or less than 19.9 KeV
(C) L, X-ray may be emitted
(D) L, X-ray will have energy 19.9 KeV

18. An electron in Hydrogen atom first jumps from second excited state to first excited state and then from first excited
state to ground state. Let ratio of wavelength, momentum AND energy of photons emitted in these two cases be a, b and
c respectively. Then,

A c=— (B) a=2 <©C b=— M c=—
a 4
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19. The radioactivity of a nucleus may be due to various reasons. An unstable nucleus emits radiations if it goes to form a
stable nucleus (or less unstable). Then the cause and result can be
(A) a nucleus of excess nucleons is o active
B) an excited nucleus of excess protons is f~ active
© an excited nucleus of excess protons is B* active
D) an nucleus of excess neutrons is 3~ active

20. The ground state and first excited state energies of hydrogen atom are —13.6 eV and —3.4 e} respectively. If potential
energy in ground state is taken to be zero. Then:
(A) Potential energy in the first excited state would be 20.4 eV
B) Total energy in the first excited state would be 23.8 eV’
© Kinetic energy in the first excited state would be 3.4 eV
D) Total energy in the ground state would be 13.6 e}

21. Which of the following statement(s) is/are correct ?
(A) The rest mass of a stable nucleus is less than the sum of the rest masses of its separated nucleons
(B)  The rest mass of a stable nucleus is greater than the sum of the rest masses of its separated nucleons
(C) In nuclear fission, energy is released by fusing two nuclei of medium mass (approximately 100 amu)
(D) In nuclear fission, energy is released by fragmentation of a heavy nucleus

. 4 . iy
22, An O' nucleus is spherical and has a charge radius R and a volume V:§nR3. According to the empirical

observations, the volume of the 5, X 128 nucleus (assume it to be spherical) is 7 and radius is R’, Then:
A) yr=8r 3B) y'=2rv © R'=2R D) R'=8R

23. 10 gm of a radioactive element is kept in a container. The element is B-active. Then after one half-life: (molar mass of
the substance is 100 gm, Avogadro’s number = 6 x 103 permole ).

(A) The weight of the substance left in the container will be 5 gm.

(B) The weight of the active substance in the container will be nearly 10 gm.

© If all B-particles leave the container then the charge of the substance left is 4800 C
D) if all B-particles leave the container then the charge of the substance left is 9600 C.

24. A metallic sphere of radius r remote from all other bodies is irradiated with a radiation wavelength A which is capable
of causing photoelectric effect.
A) The maximum potential gained by the sphere will be independent of its radius
B) The net positive charge appearing on the sphere after a long time will depend on the radius of the sphere
© The kinetic energy of the most energetic electrons emanating from the sphere will keep of declining with time
D) The kinetic energy of the most energetic electrons emanating from the sphere initially will to independent of

the radius of the sphere

25. Monochromatic light of wavelength 207 nm and intensity is made to fall on a metal plate A fixed inside a vacuum tube,
leading to emission of photoelectrons. The incident light makes an angle 30° with plate A. The surface area of plate A is
20 cm? Another plate B is fixed inside the tube, directly facing plate A. If the potential of plate A is kept 4 V higher

than plate B, the photoemission stops completely. If the potential of plate B is made higher than plate A, the
photoelectric current rises, until it reaches a saturation value of 0.5 mA.

Choose the correct option(s):

[Ac=1242 eV-nm |

(A) The work function of plate A is 4.0 eV

B) The longest wavelength of light that can cause emission from plate A is 621 nm

© When the current is at its saturation value, one electron is emitted from plate A for every 20 photons incident
on it

D) Once the current reaches its saturation value, it can further be increased by decreasing the wavelength of the

incident light but not by increasing its intensity
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26. An electron moving in a circular path of radius r in a plane perpendicular to a uniform magnetic field of intensity B has
kinetic energy K and de Broglie wavelength A . Choose the correct option(s):
[4 is Planck’s constant, e is the charge on an electron]

h Brh 2mK
@ e ®)  r=—p © K== ® =3
2mK eB\ 2mh eB
27. An electron in the ground state in a Hydrogen atom absorbs a photon of wavelength A and transitions to a new energy

level such that the radius of its orbit becomes 16 times. The change of momentum of the Hydrogen atom due to the
absorption of the photon is Ap, . Choose the correct option(s):

(A) The ionization energy of the electron in the new orbit is 0.85¢V

(B) A=97.4 nm (©) Ap, = 6.78x107%" kg m/s

D) The electron can now transition to a lower energy level and emit a photon of wavelength 90 nm
28. Two radioactive decay processes are given below:

) §'Cs > Ba @  BMg > {iNa

The Q-value of these two processes, O, and Q, respectively, are given by:
[Here, m(X ) denotes the mass of an atom of the element X, m, denotes the mass of an electron, Q, denotes the amount

of energy liberated when 1 u of mass converts to energy]|

(A) ) :(m(Cs)—m(Ba)—me) O (B) ) :(m(Cs)—m(Ba)) O
© 0, =(m(Cs)-m(Ba)+2m,) Q ® 0, =(m(Mg)-m(Na)+m,) Q,
29. In an experiment on X-rays, high energy electrons, all of de Broglie wavelength ), , are made to collide with target plate

made of a material of atomic number Z. The minimum wavelength observed in the continuous X-ray spectrum is A, .

Choose the correct option(s):
(A) Wavelength of the observed K line is independent of A but not independent of Z

B) Wavelength of the observed K line is independent of neither X, nor Z

© The minimum wavelength observed in the continuous X-ray spectrum is independent of both A, and Z
D) The minimum wavelength observed in the continuous X-ray spectrum is independent of Z but not independent
of &,
30. Consider a Bohr orbit in the Hydrogen atom with principal quantum number #z (n > 1). If an electron in this orbit makes

a transition to the immediately lower orbit, it emits a photon of wavelength A; and the change in momentum
experienced by the Hydrogen atom due to this emission be Ap; . Let the largest wavelength of a photon that can ionise
this Hydrogen atom (with the electron now in an orbit with principal quantum number n — 1) be &y, . Choose the correct
option(s):

(n(n-1))
(Zn—l)
(@)
(n(n - 1))2

A) Ap is proportional to (B) Ap, is proportional to

(r-1)
© Ap, is proportional to (D) Ay, is proportional to (n - 1)2

Paragraph for Q. 31 - 33

A hydrogen like atom of atomic number Z is in excited state of quantum number 2x. It can emit a maximum energy photon of

204 eV. If it makes transition to quantum state #, a photon of energy 40.8 eV is emitted. Ground state energy of hydrogen atom is
—13.6 eV.

31. Find the value of n :
A 3 B 2 <o 4 M 6
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32. Find ground state energy (in eV) of this atom:

(A) -187.6eV B) -197.6eV (©) -217.6eV D) -167.6eV
33. Calculate minimum energy (eV) that can be emitted by this atom during de-excitation:
(A) 1246¢ev B) 10.58¢eV ©) 1197eV D) 1327eV

Paragraph for Q. 34 - 35
A radioactive nucleus A decays into two different stable nuclei X and Y. The half-life for the decay of A into X is 7; and the

half-life for the decay of Ainto Y is 7, .

34. If at = 0, there are Ny nuclei A present in a sample, the time instant when there are exactly % nuclei A present is:
21T TiT. T +T;
@ = ®B) 2= © L+ ® ==
L+1 L+1 2
35. If at 1 = 0, there were no nuclei X and Y present, the ratio of number of nuclei X to number of nuclei Y at any instant,
N
X s
Ny
T. T 2T 2T
@ > ®) © = ®
L T, L+T, L+T,

Paragraph for Q. 36 - 38
A radioisotope of potassium, K-40 decays into a stable isotope of calcium, Ca-40, and emits a beta particle. The binding energy

per nucleon of the K-40 nucleus is 8.5 keV, and the binding energy per nucleon of the Ca-40 nucleus is 44.0 keV.

36. The maximum energy liberated in the decay of a K-40 nucleus into a Ca-40 nucleus is:

(A) 2000 keV B) 1320 keV © 52.5 keV D) 35.5 keV
37. If the K-40 nucleus is at rest before the disintegration, the ratio of the kinetic energy of the beta particle to the kinetic

K
energy of the Ca-40 nucleus after the disintegration, , 1s:
Ca

[Assume that mass of Ca-40 nucleus, m(Ca—40) =40 u, mass of electron, m, = ﬁ u]

(A) 72x10° (B) 5.18x10% () 7.2x10* (D) 5.18x10°
38. If the mass of a K-40 atom is 39.9640 u, the mass of a Ca-40 atom is:

[1u=931.5MeV/c?]

(A) 39.9626 u B) 39.9622 u © 39.9654 u D) 39.9658 u

MATRIX MATCH TYPE

Each of the following question contains statements given in two columns, which have to be matched. Statements in Column
1 are labelled as (A), (B), (C) & (D) whereas statements in Column 2 are labeled as p, q, r, s & t. More than one choice from

Column 2 can be matched with Column 1.

39. Column-I lists some parameters in a photoelectric experiment that can be controlled. Column-II lists the possible

combinations of two quantities (Photoelectric current /p; and maximum kinetic energy of a photoelectron K, ,, ) that

can be affected by changing these parameters.

Column 1 Column 2
(A) Intensity of incident light (p) Ipgp only
(B) Wavelength of incident light (@) K. only
(C) Accelerating potential across the vacuum tube (r) Both/ppand K, ,,
(D) Work function of the metal plate (s) Neither/pznor K, ,,
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40. Column-I lists some quantities pertaining to an electron in the n'™ Bohr orbit in a Hydrogen atom. Match each quantity
in Column-I with the correct item in Column-II to which the quantity is proportional to.

Column 1 Column 2
(A) De Broglic wavelength P 1
n
(B) Time period of revolution @@ 1
n*
(C) Velocity ® B
(D) Centripetal acceleration (s) n

SUBJECTIVE INTEGER TYPE

41. The radius of an a- particle moving in a circle in a constant magnetic field is half the radius of an electron moving in
circular path in the same field. The de-Broglie wavelength of a-particle is n times that of the electron. Find n
(an integer).

42, Nuclei A and B convert into a stable nucleus C. Nucleus A is converted into C by emitting 2 a-particles and
3 P -particles. Nucleus B is converted into C by emitting one a- particle and 5 - particles. At time t = 0, nuclei of A are
4 N, and nuclei of B are N,. Initially number of nuclei of C are zero. Half-life of A (into conversion of C) is 1 minute
and that of B is 2 minute.

Find the time at which rate of disintegration of A and B are equal (in minute).

43. U 238 changes to gs A0 by a series of a and P decays. Find number of a- decays undergone (an integer).

44. Find recoil speed (approximately in m/sec) when a hydrogen atom emits a photon during the transition from n=35 to
n=1.

45. An atom of atomic number Z = 11 emits K, wavelength which is A. Find the atomic number for an atom that emits

K, radiation with wavelength 4\ (an integer).

46. An electron in nth excited state in a hydrogen atom comes down to first excited state by emitting ten different
wavelengths. Find value of n (an integer).

47. In ground state, find the ratio between acceleration of the electron in singly ionized helium atom and hydrogen atom.

48. The shortest wavelength of the Brackett series of a hydrogen like atom (atomic number Z) is the same as the shortest
wavelength of the Balmer series of hydrogen atom. Find value of Z.
49. A radioactive sample decays through two different decay process o decay and [ decay. Half life time for o decay is

3 hour and half life time for 3 decay is 6 hours. What will be ratio of number of radioactive nuclei initial to the

number of radio active nuclei present after 6 hours.

64---F-—=—4-=—-F-—=—q-=-1-=-—H+

1 1 1 1 1

50. To determine the half life of a radioactive element, a student plots a graph 54-- LI i ]
1 I 1 1 1

N (1) dn(r) . — . 0 b S SR

of (n|——=|versus . Here ———= is the rate of radioactive decay at time - !
dt t £ PN Y i~ S SO

1 1 1 1 1

¢. If the number of radioactive nuclei of this element decreases by a factor of 2 1-- —E— -- +: -- —i— -- *:r -- —i— -- 4:
p after 4.16 years, the value of p is ! SN S
2 3 4 5 6 7 8
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51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

An alpha particle with kinetic energy K has a head-on elastic collision with a deuterium nucleus at rest. After the
collision, the kinetic energy of the alpha particle is K '. Then, % =

An electron in the n” Bohr orbit in a Hydrogen atom transitions to the ground state. The minimum value of » such that
the emitted photon is able to eject an electron from a metal of work function 12.7 eV is

A fixed, perfectly reflecting plane mirror of surface area 0.2 m? is illuminated by monochromatic light of wavelength
600 nm and intensity 3 W/m? which falls at an angle of incidence 60° . The force on the mirror due to the incident light
is x10” N.

[Speed of light = 3x10° N ]
The ratio of the wavelength of the K-alpha X-ray of Chromium to the wavelength of the K-alpha X-ray of Iron is

(Atomic number of Chromium = 24, atomic number of Iron = 26)

The wavelength of the photon emitted by an electron in transitioning from the second excited state to the ground state in
an ionized Helium atom is nm.
[Ac=1242 eV-nm ]

Consider a nuclear fusion reaction 4+ B — C. Nucleus 4 is moving with KE = 5MeV and collides with nucleus B
moving with KE = 3MeV and forms nucleus C in excited state. Find the KE (in MeV) of C nucleus just after its formation
given that its excitation energy is 10.3 MeV. Take masses of nuclei of 4,8 and C as 25.0, 10.0, 34.99 amu respectively.
[Take : 1 amu = 930 MeV]

The peak emission from a black body at a certain temperature occurs at a wavelength of 6000 A. On increasing its
temperature, the total radiation emitted is increased 16 times. These radiations are allowed to fall on a metal surface.
Photoelectrons emitted by the peak radiation at higher temperature can be bought to rest by applying a potential
equivalent to the excitation potential corresponding to the transition for the level n =4 to n = 2 in the Bohr’s hydrogen

atom. The work function of the metal is given by %eV where o is the numerical constant. Find the value of o. [Take :

he = 12420eV A]

A neutron beam, in which each neutron has same kinetic energy is passed through a sample of hydrogen like gas (but not
hydrogen) in ground state. Due to collision of neutrons with the ions of the gas, ions are excited and then they emit
photons. Six spectral lines are obtained in which one of the lines is of wavelength (6200/51) nm. What is the minimum
possible value of kinetic energy of the neutrons for this to be possible. The mass of neutron and proton can be assumed

to be nearly same. Find the answer in the form 250x1072eV and fill value of a.

Electromagnetic radiation whose electric component varies with time as E = C(C, +C;cost)coswgyt, here

C,, C, &C; are constants, is incident on lithium and liberates photoelectrons. If the kinetic energy of most energetic
electrons be 2.6 eV, the work function of lithium is (in el). [Take : o, = 2.4mx 10" rad/sec and o = 8 x10"rad/sec,

planks constant 4 = 6.6x10>* MKS]

In a slow reaction heat is being evolved at a rate about 10 m# in a liquid. If the heat were being generated by the decay

of 3P, a radioactive isotope of phosphorus that has half-life of 14 days and emits only beta-particles with a mean

energy of 700 keV, estimate the number of 32p atoms in the liquid. Express your answer in form of A4 x 10" and fill A.
[Take : In 2 =0.675]
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Answer to JEE Advanced Revision Booklet

UNITS DIMENSIONS AND VECTORS

1 2 3 4 5 6 7 8 9 10
A A C D C C C D ABCD ACD
11 12 13 14 15 16 17 18 19 20
ABCD ABCD ACD AB ABCD ABCD ABD A B C
21 22 23 24 25 26 27 28
C (A—s;B—p;C—q;D-1) A 2.0 3.0 3 2.0 4.0
29 30
1.0 2.0
KINEMATICS OF A PARTICLE
1 2 3 4 5 6 7 8 9 10
A C B A B B B C C ABCD
11 12 13 14 15 16 17 18 19 20
AC BC BD BD ACD ABC ABCD ACD ABD ABC
21 22 23 24 25 26 27 28 29
ABCD ABC BC AC ACD ABC AC C D
30 31 32
(A-gs;B-r;C—p;D-qs) (A-gs;B—p; Cp;D—ar) (A-—qs;B-p;C—r;D-r)
33 34 35 36 37 38 39 40
[A-q;B-r;C-q;D-r) 20 1 5 1 8 4 3
41 42 43 44 45
3 6 15 2 5
DYNAMICS OF A PARTICLE
1 2 3 4 5 6 7 8 9 10
C B B C B B B B BD ACD
11 12 13 14 15 16 17 18 19 20
ABCD ABC BCD BC AD BD AD AC AD BC
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4 1 6.25 2 2 2 2 3 3
ENERGY AND MOMENTUM
D B C B D A c D A D

BC ABC AC ACD C AC ABC ACD AD BCD

B ABC ABCD ABC AC AC AC BCD ABC ACD

[A-s;B-r;C-q;D-p] [A-q;B-rs;C—qp;D-rp]
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LIQUIDS

0.29 10.50 11.11 10 3

PROPERTIES OF MATTER

| s | s | ¢ | ¢ | s | s | s | o | A
0 e | oo | s | oo | o | m | w | | o

3 8 3 3 4 9 4 3 0.18
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KTG AND & THERMODYNAMICS

e A | a | a8l s o |8 | s |
I S T T S B T A I

a0 | a | oac | ac | o w | 8 | c | c | c | c |
“ [A-q,r,s;B=r;C—r;D-s] [A-q;B-ps;C-s;D-qrl [A-=r;B-p;C-s;D-q]

2 7 1 6 100 2 22 0.25 545 3

SIMPLE HARMONIC MOTION

s | c | 8 | o | A | 8 | c | o | o | oo |
ac | e | e | gasc | e | A | > | 0 | A | as |
so | e | oac | s | m | e | A | c | 8 | A |
s | o | M-asi@-pnCoasipmas) | 2 | 6 | 2 | 3 | 5|

4 ! ’ e o MU+ k) [m [ = 2)1 200 >
kyky g

WAVE MOTION

o | s | s | o | o | s | & | o | c | o

| peespicoog |1 | e |2 | 3 | 4 | 2 ] 2

A A B AC ABD AB AD BCD BC AC
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[A-qr;B-pst; C-pat;D-pst] [A-pq;B-s;C-s;D-r] [A-q;B-p;C-s;D-r] —
2 | s | 2 | 3 | o | e | 1 | 3 | s | o

DC CIRCUIT AND CAPACITORS

o | o | s | s | c | o | | o | o | s
I T T R I B R A B
o | o | mc | s | o | A | s | € | A | A

MAGNETIC EFFECT OF CURRENT

| s | s | c ¢ | c [ o | o | A |
"~ . | o | c | 5 | | s | w | s | x | m |

s | pe | ac | o | A | 8 | c | c | 8 |
o | 8 | c |  [AsiB-pic-aid-] A9,805Cp 500 | 9 |
s | 03 | & | s | 7 | 2 | 3 | 4 | 2 | 5 |

7 2 3 4
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ELECTROMAGNETIC INDUCTION

o | ¢ | o | o | al sl a | al s | s
I N T S T T I B T

o | s | ac | a | sec | o | o | o | mc | b
|
n [A-s;B-p;C-5;D—5] [A-s;B-q;C-p; D—p] ——

AC AND EM WAVE

ac | o | o | c | A | 8 | c | o |WrB-ecoain-d
2 | s | s | o4 | 4 | s | o | 2 | 1 | 2 |

115

RAY OPTICS AND WAVE OPTICS

o | 4 | c | o | c | s | s [ o [ o | c |
o | ¢ | s | c | oa | x mo | w [ mo | m |
e | | o | o | s | o | s | | s | m |

e | o | & | o | & | & | & | c | & | c |
B | [Apal [BarslicparliDars [A-q,t] [Bp,r,t[Cp, g5, t][D-p, 1]

ko b feps pd | 2 | 4 | 4 | s | 4 | % | & |

30 8 1 3 8 209 4 3
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MODERN PHYSICS
N T S S S RS R N RS VN

s | c | s | 8 | A | 8 | o | a |BopiEncriod
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