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Topic-1: Work

MCQs with One Correct Answer

A particle of mass m moves on a straight line with its
velocity increasing with distance according to the
equation v= a~/x , where o is a constant. The total work
done by all the forces applied on the particle during its
displacement from x =0tox =d, will be: [April 9, 2024 (1)]
ma.2d

md
b -2 (© (d) 2maZd

20
A block of mass 1 kg is pushed up a surface inclined to
horizontal at an angle of 60° by a force of 10 N parallel to
the inclined surface as shown in figure. When the block
is pushed up by 10 m along inclined surface, the work
done against frictional force is: [Jan. 30, 2024 (11)]
[9=10m/s?] 10N

_m
@) 20.2d

pug=0.1

60°

—
@ 5433 (b 53 (© 5x10%J (d) 10
A block of mass 100 kg slides over a distance of 10 m on
a horizontal surface. If the co-efficient of friction between
the surfaces is 0.4, then the work done against friction
(inJ)is: [Jan. 29,2024 (1)]
(@) 4000 (b) 3900 (c) 4200 (d) 4500
A body of mass 0.5 kg travels on straight line path with
velocity v = (3x? + 4) m/s. The net workdone by the force
during its displacement fromx=0tox=2mis:

[Jan. 29, 2023 (11)]
(@) 64J (b) 60J (c) 120J (d) 128J
A particle of mass 500 gm is moving in a straight line with
velocity v =bx52, The work done by the net force during
itsdisplacement fromx=0tox=4mis:
(Take b=0.25m=32571),
[June 29, 2022 (1), Similar July 25, 2022 (1)]

(b) 4J (c) 8J (d) 169

(@ 2J

6.

10.

A porter lifts a heavy suitcase of mass 80 kg and at the
destination lowers it down by a distance of 80 cm with a
constant velocity. Calculate the work done by the porter in
lowering the suitcase. (take g =9.8 ms?) [July 22,2021 (I1)]

@ -62720.0] (b) —627.2]
€ +627.2J (d) 784.0J

A person pushes a box on a rough horizontal platform
surface. He applies a force of 200 N over a distance of
15 m. Thereafter, he gets progressively tired and his applied
force reduces linearly with distance to 100 N. The total
distance through which the box has been moved is 30 m.
What is the work done by the person during the total
movement of the box ? [4 Sep. 2020 (11)]

(@) 3280J (b) 2780J (c) 5690J (d)5250J
A block of mass m is kept on a platform which starts

from rest with constant acceleration g/2 upward, as
shown in fig. work done by normal reaction on block in

time t is: [10 Jan. 2019 I]
m Ta:%
[~ |
242 242
mg-t mg-t
Q) —— b
@ -—3 0) —5
3m g%t?
© 0 @ —
The work done on a particle of mass m by a force,

X ~ Yy 2
K
(Xz + yz)a/z T+ (Xz + yz)a/z J}
(K being a constant of appropriate dimensions), when the
particle is taken from the point (a, 0) to the point (0, a)
along a circular path of radius a about the origin in the x —

y plane is [Adv. 2013]
Kn o Kn Kr
@ —F/ O® — © 5 @ o

If W,, W, and W, represent the work done in moving a
particle from A to B along three different paths 1,2 and 3
respectively (as shown) in the gravitational field of a point
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mass m, find the correct relation between W, W, and W, N. The value of work done will be J.
B [20039] [Main Feb. 1, 2023 (1]
@ W>W,>W, 16. Aforce F = (5 + 3y?) acts on a particle in the y-direction,
(b) W,=W,=W, . where F is Newton and y is in meter. The work done by the
force during a displacement from y = 2m to y = 5m is
€ W<W,<W, : J. [Main Feb. 1,2023 (11)]

d) W>W,>W, 17. Two persons A and B perform same amount of work in
A moving a body through a certain distance d with

11.  Aforce F= —K (yi +xj) (where K is a positive constant)

acts on a particle moving in the xy plane. Starting from the
origin, the particle is taken along the positive x axis to the

application of forces acting at angle 45° and 60° with the
direction of displacement respectively. The ratio of force
applied by person A to the force applied by person B is

point (a, 0), and then parallel to the y axis to the point (a, a),
The total work done by the force F on the particle is
[1998S - 2 Marks]
(@ -2Ka? (b)2Ka? (c) - Ka? (d) Ka? R
12. A uniform chain of length L and mass M is lyingon a  18. A force of F = (5y + 20) jN acts on a particle. The work

smooth table and one third of its length is hanging done by this force when the particle is moved fromy = 0
vertically down over the edge of the table. If g is mtoy=10m is J

acceleration due to gravity, the work required to pull the [Main 2014 (S) July 25, 2021 (1), Similar April 15, 2023 (I)]

hanging part on to the table is [1985 - 2 Marks] " 5
A 0

@ MgL (b) MgL/3 (c) MgL/9 (d) MgL/18
A small block starts slipping down from a point B on an
inclined plane AB, which is making an angle 6 with the
horizontal section BC is smooth and the remaining section
CA isrough with a coefficient of friction p. It is found that
the black comes to rest as it reaches the bottom (point A)
ofthe inclined plane. If BC = 2AC, the coefficient of friction
is given by p = k tan®. The value of k is .
[Main 2 Sep. 2020 (1)]
20. A particle is moved along a path AB-BC-CD-DE-EF-FA,
as shown in figure, in presence of a

forced F = (ayi+2axj)N ,

1 :
NS The value of x is
[Main Aug. 27,2021 (1), Similar April 9, 2024 (11)]

2 Integer Value Answer

13. Alight inextensible string that goes over
asmooth fixed pulley as shown in the figure
connects two blocks of masses 0.36 kg
and 0.72 kg. Taking g = 10 m/s?, find the
work done (in joules) by the string on the
block of mass 0.36 kg during the first
second after the system is released from

rest. [2009]

3 Numeric Answer/ New Stem Based Questions
y

14.  Tomaintain a speed of 80 km/h by a bus of mass 500 kg on . B
| h road for 4 km diist " K done by th where xandy are in meter and 1.0 »
aplane rough road for 4 km distance, the work done by the o= —INm-L The work done on : !
engine of the bus will be KJ. [The coefficient of i icle by this = will D;
friction between tyre of bus and road is 0.04]. eparticiebythistorce g will - 5 ;.....- <+—C
[Main April 12,2023 (1)] be ___Joule. \
15.  Asmall particle moves to position 5i — 2] + k fromitsinitial [Adv. 2019] 0 F o 05 15X
position 2i + 3] — 4k under theaction of force 5i + 2j + 7k '
ﬁ Topic-2: Energy
=l
I MCQs with One Correct Answer The ratio of their kinetic energies (Kg : K,) is
1. Threebodies A, B and C have equal kinetic energies and [April 8, 2024 (1]
their masses are 400 g, 1.2 kg and 1.6 kg respectively. The @) Vg:iva (b) mgimy
ratio of their linear momenta is : [April 8, 2024 (1] (©) mgVgimuVy d 1:1

3. Anbullet of mass 50 g is fired with a speed 100 m/s on a
plywood and emerges with 40 m/s. The percentage loss
of kinetic energy is: [April 6, 2024 (1)]
(@ 32% (b) 44% () 16% (d) 84%

@ 1:4/3:2 (b) 1:~/3:42
© 2:43:1 d 3:42:1

2. Astationary particle breaks into two parts of masses m ,
and mg which move with velocities v, and v respectively.
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10.

11.

. m
Four particles A, B, C, D of mass EL m, 2m, 4m, have same

momentum, respectively. The particle with maximum
kineticenergyis: [April 6, 2024 ()]
@ D b) C © A (d) B
When kinetic energy of a body becomes 36 times of its
original value, the percentage increase in the momentum
of the body will be : [April 6, 2024 (11)]
(@ 500% (b) 600% (c) 6% (d) 60%

A body of m kg slides from rest along the curve of vertical
circle from point Ato B in friction less path. The velocity
of the body at B is : [April 4,2024 (11)]

A

4A (Vertical Circle)

B
(given,R=14m, g=10m/s2and +/2 =1.4)
(@ 198m/s (b) 219m/s (c) 16.7m/s (d) 10.6m/s
A simple pendulum of length 1 m has a wooden bob of
mass 1Kg. It is struck by a bullet of mass 102 kg moving
with a speed of 2x 102 ms™L. The bullet gets embedded
into the bob. The height to which the bob rises before
swinging back is. (use g = 10m/s?) [Feb. 1,2024 (1)]
@ 0.30m (b) 0.20m (c) 0.35m (d) 0.40m
An artillery piece of mass M, fires a shell of mass M,
horizontally. Instantaneously after the firing, the ratio of
kinetic energy of the artillery and that of the shell is:
[Jan. 31, 2024 (1)]

M, M,

(a) (M1+M2) (b) (M1+M2)
M M
© W, ol kit

A particle is placed at the point A of a frictionless track
ABC as shown in figure. It is gently pushed towards right.
The speed of the particle when it reaches the point B is:
(Take g = 10 m/s?). [Jan. 30, 2024 ()]

A, c
T \g
Im ok
-
@ 20ms ©) Jiom/s© 24i0om/s (@ 10mis

The potential energy function (inJ) of a particle in aregion
of space is given as U = (2x2 + 3y3 + 2z). Here x, yand z are
in meter. The magnitude of x - component of force (in N)
acting on the particle at point P (1,2,3) mis:

[Jan. 29, 2024 ()]
(@ 6 (b) 2 (c 8 (d 4
Two bodies of mass 4 g and 25 g are moving with equal
kinetic energies. The ratio of magnitude of their linear
momentumis : [Jan. 27, 2024 (1)]

@ 3:5 () 5:4 () 2:5 (d)y 4:5

12.

13.

14.

15.

16.

7]

18.

19.

20.

AB3

A ball suspended by a thread swings in a vertical plane
so that its magnitude of acceleration in the extreme position
and lowest position are equal. The angle (0) of thread
deflection in the extreme position will be :

[Jan. 27,2024 (11)]

@ wn(y3) b 2ant(})
(©) tan (%j (d) 2tan~t (%}

Two bodies are having kinetic energies in the ratio 16 : 9. If
they have same linear momentum, the ratio of their masses
respectively is: [April 13,2023 ()]
@ 4:3 (b) 3:4 () 16:9 (d) 9:16
A small block of mass 100 g is tied to a spring of spring
constant 7.5 N/m and length 20 cm. The other end of spring
is fixed at a particular point A. If the block moves in a
circular path on a smooth horizontal surface with constant
angular velocity 5 rad/s about point A, then tension in
the spring is [April 6, 2023 ()]
(@ 15N (b) 075N (c) 025N (d) 050N
A body of mass 200 g is tied to a spring of spring constant
12.5 N/m, while the other end of spring is fixed at point O.
If the body moves about O in a circular path on a smooth
horizontal surface with constant angular speed 5 rad/s,
then the ratio of extension in the spring to its natural length
will be : [Jan. 24, 2023 (11)]
@ 1:2 (b) 1:1 () 2:3 (d) 2:5
Aball is projected with kinetic energy E, atan angle of 60°
to the horizontal. The kinetic energy of this ball at the
highest point of its flight will become : [July 29, 2022 (I)]

E E
(@ Zero (b) > (c) 2 (d) E

If momentum of a body is increased by 20%, then its kinetic
energy increases by :

[July 29, 2022 (1), Similar Main April 8, 2023 (1)]
(@ 36% (b) 40% () 44% (d) 48%
As per the given figure, two blocks each of mass 250 g are
connected to a spring of spring constant 2 Nm-~2. If both
are given velocity v in opposite directions, then maximum
elongation of the spring is : [July 26, 2022 (1)]

VY v o -
@55 ®5; ©7 @ 7
A body of mass 8 kg and another of mass 2 kg are moving

with equal Kkinetic energy. The ratio of their respective
momenta will be: [July 26, 2022 (11)]

@ 1:1 b 2:1 (c) 1:4 (dy 4:1

Two bodies A and B of masses 5 kg and 8 kg are moving

such that the momentum of body B is twice that of the

body A. The ratio of their kinetic energies will be:

[June 30, 2022 (1)]
(d) 5:2

@ 4:5 (b 2:5 (c) 5:4
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21.

22.

23.

24.

25.

26.

217.

28.

An abject is thrown vertically upwards. At its maximum
height, which of the following quantity becomes zero ?
[June 26, 2022 (1)]
(@ Momentum (b) Potential energy
(c) Acceleration (d) Force
A particle experiences a variable force F = (4xi +3y?])
in a horizontal x-y plane. Assume distance in meters and
force is newton. If the particle moves from point (1, 2) to
point (2, 3) in the x-y plane, the kinetic energy changes by
[June 24, 2022 (1)]
(@ 500J (b) 125 (c) 25.0J (d) 0J
A body of mass ‘m’ dropped from a height ‘h’ reaches the

ground with a speed of 0.8\/97h. The value of workdone
bythe air-friction is: [Sep. 1, 2021 (11)]
(@ -0.68mgh (b) mgh

() 1.64mgh (d) 0.64mgh

If the Kinetic energy of a moving body becomes four
times its initial Kinetic energy, then the percentage change
in its momentum will be : [July 20, 2021 (11)]
(@ 100% (b) 200% (c) 300% (d) 400%

A particle moves in one dimension from rest under the
influence of a force that varies with the distance travelled
by the particle as shown in the figure. The Kinetic energy
of the particle after it has travelled 3miis:

[8 April 2019 1,7 Jan. 2020 11]

A

3.
ForceTZ-
(inN) 14
T By 2gb
Distance (in m) —»
(@ 4J (b) 2517 (c) 6517 (d) 5J

A spring whose unstretched length is / has a force
constant k. The spring is cut into two pieces of unstretched
lengths /1, and [, where, [, = nl, and n is an integer. The
ratio k /k, of the corresponding force constants, k, and k,
will be: [12 April 2019 11]

1 1

@n ©®7 ©T @

A body of mass 1 kg falls freely from a height of 200m, on
a platform of mass 3 kg which is mounted on a spring
having spring constant k = 1.25 x 10% N/m. The body sticks
to the platform and the spring’s maximum compression is
found to be x. Given that g = 10 ms~2, the value of x will be
closeto: [11 April 2019 1]
(@ 40cm (b) 4cm (c) 80cm  (d) 8cm

A uniform cable of mass ‘M’ and length ‘L’ is placed on a

th
horizontal surface such that its (Fj part is hanging

below the edge of the surface. To lift the hanging part of
the cable upto the surface, the work done should be:
[9 April 2019 1]

29.

30.

31.

32.

g6}

34.

35.

36.

37.

Physics

MgL MgL 2MgL

@ 7 ® -5 © 7 (@ nMgL
A wedge of mass M = 4m lies on a frictionless plane. A
particle of mass m approaches the wedge with speed v. There
is no friction between the particle and the plane or between
the particle and the wedge. The maximum height climbed by
the particle on the wedge is given by:  [9 April 2019 I1]

VZ 2 2V2 VZ
@) g (b)_ 79 (C_) 59 (d) 29
A particle which is experiencing a force, given by
F=3i-12], undergoes a displacement of d=4i. If
the particle had a kinetic energy of 3 J at the beginning
of the displacement, what is its kinetic energy at the end
of the displacement? [10 Jan. 2019 11]
@ 9J (b) 127 (c) 10J (d) 15J
A force acts on a 2 kg object so that its position is given
as a function of time as x = 3t + 5. What is the work
done by this force in first 5 seconds? [9 Jan. 2019 II]

(@ 850J (b) 9500  (c) 875J  (d) 90017
A particle is moving in a circular path of radiusa under the

action of an attractive potential U = _Lz' Its total energy
2r
is: [2018]
k k 3k
a) — (b)) — C) zero d ———
@ 5z ® 57 © @ 5

Two particles of the same mass m are moving in circular
] . -16
orbits because of force, given by F(r) =——=- re,
Thefirst particle is ata distance r = 1, and the second, at
r = 4. The best estimate for the ratio of kinetic energies of
the first and the second particle is closest to
[Online April 16, 2018]
(@ 101 (b) 6x102 (c) 6x102 (d) 3x10°3
A body of mass m = 102 kg is moving in a medium and
experiences a frictional force F = —kv2. Itsintial speed is

Vv, =10 ms~L. If, after 10, its energy is %mvg , thevalue
of k will be: [2017]
(@ 10%kgm! (b) 101kgmst
(c) 103kgm (d) 103kgst
An object is dropped from a height h from the ground.
Every time it hits the ground it looses 50% of its kinetic
energy. The total distance covered ast — o is

[Online April 8, 2017]

5 8
@3 O © © 3" @ 3h

A time dependent force F = 6t acts on a particle of mass
1 kg. If the particle starts from rest, the work done by the
force during the first 1 second will be [2017]
@ 9J (b) 18J (c) 45 (d) 22J

A point particle of mass m, moves long the uniformly rough
track PQR as shown in the figure. The coefficient of friction,
between the particle and the rough track equals p. The particle
is released, from rest from the point P and it comestorest ata
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38.

39.

40.

41.

42,

point R. The energies, lost by the ball, over the parts, PQ and
QR, ofthe track, are equal to each other, and no energyis lost
when particle changes direction from PQ to QR.

The value of the coefficient of friction p and the distance

X (= QR), are, respectivelyclose to [2016]
() 0.29and35m T P

(b) 0.29and 6.5m hTm

() 0.zand6.5m Horizont:)o—) Q -

(d) 0.2and3.5m Surface

A person trying to lose weight by burning fat lifts a mass of
10 kg upto a height of 1 m, 1000 times. Assume that the
potential energy lost each time he lowers the mass is
dissipated. How much fat will he use up considering the work
done onlywhen the weight is lifted up? Fat supplies 3.8 x 107 J
of energy per kg which is converted to mechanical energy
with a 20% efficiency rate. Takeg =9.8 ms2: [2016]
(a) 9.89x103kg (b) 12.89x 10-3kg

(c) 2.45%103kg (d) 6.45%103kg

A particle is moving in a circle of radius r under the
action of a force F = ar? which is directed towards
centre of the circle. Total mechanical energy (kinetic
energy + potential energy) of the particle is (take
potential energy = 0 for r = 0) : [Online April 11, 2015]

3 S 3

1 4 3 5
@ o0 ® g © 3 @ w

th
A bullet looses [Hj of its velocity passing through

one plank. The number of such planks that are required to
stop the bullet can be: [Online April 19, 2014]

2 2
n 2n
a by — c) infinite (d) n
@5 O -— © (@
Two springs of force constants 300 N/m

(Spring A) and 400 N/m (Spring B) are joined together in
series. The combination is compressed by 8.75 cm. The

ratio of energy stored in A and B is EA Then Ea s
Eg Eg
[Online April 9, 2013]

4 16 3 9
@3 ®3 ©7 @ 5
Ablock (B) is attached to two unstretched springs S, and
S, with spring constants k and 4k, respectively (see fig. I).
The other ends are attached to identical supports M, and
M, not attached to the walls. The springs and supports
have negligible mass. There is no friction anywhere. The
block B is displaced towards wall 1 by a small distance x
(figure I1) and released. The block returns and moves a
maximum distance y towards wall 2. Displacementsx andy
are measured with respect to the equilibrium position of
the block B. The ratio y/x is — [2008]

equal to:

43.

44,

45,

46.

47.

48.
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a) 4 2 1
@ ve S My
b) 2 | Bl i '
iX
172 2 T
(C) Ma 52 .. S Ml
, '8 4 I
(dy 14

X
A particle is acted by a force F = kx, where k is a +ve
constant. Its potential energy at x = 0 is zero. Which curve
correctly represents the variation of potential energy of

the block with respect to x [2004S]
u
u
@) LLX (b) 7T>x
u u
() ——F——«x (d) ————x

An ideal spring with spring-constant k is hung from the
ceiling and a block of mass M is attached to its lower end.
The mass is released with the spring initially unstretched.

Then the maximum extension in the springis  [2002S]
4Mg 2Mg Mg Mg
@ = O = © - @

A particle, which is constrained to move along the x-axis,
is subjected to a force in the same direction which
varies with the distance x of the particle from the origin as
F(x) = —kx + ax®. Herek and a are positive constants. For
x > 0, the functional form of the potential energy U(x) of
the particle is [2002S]

U(x) U(x)

(@) (b) X

: X
U(x) Ux)
(© 37 X (d) X

A spring of force-constant k is cut into two pieces such
that one piece is double the length of the other. Then the
long piece will have a force-constant of [1999S - 2 Marks]
@ @3k (b B2k (c) 3k (d 6k

Two masses of 1 gm and 4 gm are moving with equal Kinetic
energies. The ratio of the magnitudes of their linear
momenta is [1980]

®) 2:1

@ 4:1 d) 1:16
2 Integer Value Answer

() 1:2

Consider an elliptical shaped rail PQ in the vertical plane
with OP =3 mand OQ =4 m. Ablock of mass 1 kg is pulled
along the rail from P to Q with a force of 18 N, which is
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53.

54.

55.

56.

57.

always parallel to line PQ (see the figure
given). Assuming no frictionless
losses, the kinetic energy of the block
when it reaches Q is (n x 10) joules. The
value of n is (take acceleration due to
gravity =10 ms) [Adv. 2014]

A block of mass 0.18 kg is attached to a spring of force-
constant 2 N/m. The 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. Theinitial velocity of
the block in m/s isVV = N/10. Then N is [2011]

=L

3 Numeric Answer

A body of mass 5 kg is moving with a momentum of 10 kg
ms~L. Now a force of 2 N acts on the body in the direction
of its motion for 5 s. The increase in the kinetic energy of
the body is J. [Main April 8,2023 (11)]
A particle of mass 10 g moves in a straight line with
retardation 2x, where x is the displacement in Sl unts. Its

n
loss of kinetic energy for above displacement is (;)

J. The value of n will be . [Main April 6, 2023 (1)]
A body is dropped on ground from a height ‘h, ” and after
hitting the ground, it rebounds to a height ‘h,,’. Ifthe ratio
of velacities of the body just before and after hitting ground
is 4, then percentage loss in Kinetic energy of the body is

[Main April 6,2023 (11)]

A block is fastened to a horizontal spring. The block is
pulled to a distance x = 10 cm from its equilibrium position
(at x=0) on a frictionless surface from rest. The energy of
the block at x =5 ¢cm is 0.25 J. The spring constant of the
spring is Nm=L, [Main Feb. 1, 2023 (11)]
A lift of mass M = 500 kg is descending with speed of 2
ms~L. Its supporting cable begins to slip thus allowing it
to fall with a constant acceleration of 2 ms=2. The kinetic
energy of the lift at the end of fall through to a distance of
6mwillbe__ kJ. [Main Jan. 31,2023 (1)]
A 0.4 kg mass takes 8s to reach ground when dropped
from a certain height ‘P’ above surface of earth. The loss
of potential energy in the last second of fall is ____ J.
[Take g =10 m/s?] [Main Jan. 29, 2023 (1)]
A spherical body of mass 2 kg starting from rest acquires a
kinetic energy of 10000 J at the end of 5t second. The force
acted onthebodyis ___ N. [Main Jan. 24,2023 ()]
A block of mass ‘m’ (as shown in figure) moving with
kinetic energy E compresses a spring through a distance
25 cm when, its speed is halved. The value of spring
constant of used spring will be nE Nm~! for n =

[Main July 28, 2022 (I)]

X
Z' Thevalue of X is
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Smooth surface

An engine is attached to a wagon through a shock absorber
of length 1.5 m. The system with a total mass of 40,000 kg
is moving with a speed of 72 kmh-* when the brakes are
applied to bring it to rest. In the process of the system
being brought to rest, the spring of the shock absorber
gets compressed by 1.0 m. If 90% of energy of the wagon
is lost due to friction, the spring constant is
x 105 N/m. [Main Sep. 1, 2021 (11)]
A block moving horizontally on a smooth surface with a
speed of 40 ms splits into two equal parts. If one of the
parts moves at 60 ms in the same direction, then the
fractional change in the kinetic energy will be x : 4 where x
= . [NA, Aug. 31,2021 (1)]
A uniform chain of length 3 meter and mass 3 kg overhangs
a smooth table with 2 meter laying on the table. Ifk is the
kinetic energy of the chain in joule as it completely slips off
the table, then the value of k is .
(Take g =10 m/s?) [Main Aug. 26, 2021 (1)]
A ball of mass 4 kg, moving with a velocity of 10ms1,
collides with a spring of length 8 m and force constant 100
Nm-L. The length of the compressed spring is x m. The
value of x, to the nearest integer, is .
[Main March 18, 2021 (11)]
Two particles having masses 4 g and 16 g respectively are
moving with equal kinetic energies. The ratio of the
magnitudes of their momentum s n : 2. The value of n will
[Feb. 25,2021 (11)]
Two solids A and B of mass 1 kg and 2 kg respectively are
moving with equal linear momentum. The ratio of their

A
kinetic energies (K.E.), : (K.E.), will be 1 sothe value of

Awillbe [Feb. 24,2021 (11)]
A cricket ball of mass 0.15 kg is thrown vertically up by a
bowling machine so that it rises to a maximum height of 20
m after leaving the machine. If the part pushing the ball
applies a constant force F on the ball and moves
horizontally a distance of 0.2 m while launching the ball,
the value of F (in N) is (g = 10 ms™) .
[Main 3 Sep. 2020 (I)]

6 MCQs with One or More than One Correct Answer

65.

A student skates up a ramp that makes an angle 30° with the
horizontal. He/she starts (as shown in the figure) at the
bottom of the ramp with speed v, and wants to turn around
over a semicircular path xyz of radius R during which he/
she reaches a maximum height h (at point y) from the ground
as shown in the figure. Assume that the energy loss is
negligible and the force required for this turn at the highest
point is provided by his/her weight only. Then (g is the
acceleration due to gravity) [Adv. 2020]
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30°

(@) v —2gh =%gR
(b) V& —2gh :?gR

(c) the centripetal force required at points x and z is zero

(d) the centripetal force required is maximum at points x
and z

A particle of mass m is initially at rest at the origin. It is

subjected to a force and starts moving along the x-axis. Its

kinetic energy K changes with time as dK/dt = yt, where y

is a positive constant of appropriate dimensions. Which

of the following statements is (are) true? [Adv. 2018]

(@ The force applied on the particle is constant

(b) The speed of the particle is proportional to time

(c) Thedistance of the particle from the origin increases

linearly with time

(d) The force is conservative

Asmall ball starts moving from A over a fixed track as shown

in the figure. Surface AB has friction. From A to B the ball

rolls without slipping. Surface BC is frictionless. K,, K

and K, are kinetic energies of the ball at A, B and C,

respectively. Then [2006 - 5M, 1]

C

A
| .
1

B
(a) hA>hC;KB>KC (b) hA>hC;KC>KA
© ha=h;Kg=Kc  (d) ha<he;Kg>Kc
A stone tied to a string of length L is whirled in a vertical
circle with the other end of the string at the centre. At a
certain instant of time, the stone is at its lowest position,
and has a speed u. The magnitude of the change in its

velocity as it reaches a position where the string is
horizontal is [1998S - 2 Marks]

@ u?-2gL (b) +/2gL
© u?-gL @ 2u?-gL)

A particle is acted upon by a force of constant magnitude
which is always perpendicular to the velocity of the
particle. The motion of the particle takes place in a plane. It
follows that : [1987 - 2 Marks]
(@ its velocity is constant

(b) its acceleration is constant

>

AB7

(c) its kinetic energy is constant.
(d) itmovesinacircular path.

7 Match the Following

70. Aparticle of unit mass is moving along the x-axis under the
influence of a force and its total energy is conserved. Four
possible forms of the potential energy of the particle are
given in column I (aand U, constants). Match the potential
energies in column | to the corresponding statement(s) in
column I1.

Columnl Columnll

(p) The force acting on the

particleis zeroatx =a

(9) The force acting on the

particle is zeroat x =0

UO X 2 X 2 .
(C)Us(XFTEEJ exp _[gj (r) The force acting on the

particleiszeroatx=—a

Ug | X 1(x)

(D) U4(x)=7 B R (S) The particle experiences
an attractive force towards
x=0intheregion |x|<a

(t) The particle with total

energy =0 can oscillate
about the pointx =-a

8 Comprehension/Passage Based Questions

Passage

A small block of mass 1 kg is released from rest at the top of a
rough track. The track is a circular arc of radius 40 m. The block
slides along the track without toppling and a frictional force
actson itin the direction opposite to the instantaneous velocity.
The work done in overcoming the friction up to the point Q, as
shown in the figure below, is 150 J.

(Take the acceleration due to gravity, g = 10 ms=2) [Adv. 2013]
Ay

y X
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The magnitude of the normal reaction that acts on the
block at the point Q is

@ 75N (b) 86N (0 115N (d) 225N
The speed of the block when it reaches the point Q is

@ 5ms? (b) 10ms? (c) 1043 mst (d)20ms

9 Statement/Assertion and Reason Type Questions

STATEMENT-1 : Ablock of mass m starts moving on a
rough horizontal surface with a velocity v. It stops due to
friction between the block and the surface after moving
through a certain distance. The surface is now tilted to an
angle of 30° with the horizontal and the same block is
made to go up on the surface with the same initial velocity
v. The decrease in the mechanical energy in the second
situation is smaller than that in the first situation.
STATEMENT-2 : The coefficient of friction between the
block and the surface decreases with the increase in the
angle of inclination. [2007]
(@ Statement-1is True, Statement-2 is True; Statement—
2 is a correct explanation for Statement-1
(b) Statement—1is True, Statement-2 is True; Statement—
21is NOT a correct explanation for Statement-1
(c) Statement-1is True, Statement-2 is False
(d) Statement-1is False, Statement-2 is True

10 Subjective Problems

A string, with one end fixed on a rigid wall, passing over
a fixed frictionless pulleyat a distance of 2m from the wall,
has a point mass M = 2kg attached to it at a distance of
1m from the wall. Amass m = 0.5 kg attached at the free
end is held at rest so that the M

string is horizontal between the wall

and the pulley and vertical beyond

the pulley. What will be the speed

with which the mass M will hit the ™
wall when the mass misreleased?  [1985 - 6 Marks]
A 0.5 kg block slides from the point A (see Fig) on a
horizontal track with an initial speed of 3 m/s towards a
weightless horizontal spring of length 1 m and force
constant 2 Newton/m. The part AB of the track is
frictionless and the part BC has the coefficients of static
and kinetic friction as 0.22 and 0 2 respectively. If the
distances AB and BD are 2 m and 2.14 m respectively, find

76.

77.

78.

79.

80.

Physics

the total distance through which the block moves before
it comes to rest completely.

(Takeg=10m/s? [1983 - 7 Marks]

—>
Q
\\\ L §
A B D C
Two blocks A and B are
connected to each other by a
string and aspring ; the string
passes over a frictionless
pulley as shown in the figure.
Block B l
slides over the horizontal top 4
surface of a stationary block
C and the block A slides along the vertical side of C, both
with the same uniform speed. The coefficient of friction
between the surfaces of blocks is 0.2. Force constant of
the spring is 1960 newtons/m. If mass of block A is 2 Kg.,
calculate the mass of block B and the energy stored in the
spring. [1982 - 5 Marks]
In the figures (a) and (b) AC, DG and GF are fixed inclined
planes, BC = EF =xand AB = DE =y. Asmall block of mass
M is released from the point A. It slides down AC and
reaches C with a speed V_. The same block is released
from rest from the point D. It slides down DGF and reaches
the point F with speed
V. The coefficients of

E b A D
kinetic frictions
between the block and G
both the surface AC
and DGF are p.
[1980]
Calculate V. and V... B (@ c E (b) F

When a ball is thrown up, the magnitude of its momentum
decreases and then increases. Does this violate the
conservation of momentum principle? [1979]
A spring of force constant k is cut into three equal parts.
What is force constant of each part? [1978]
Abulletis fired fromarifle. Ifthe rifle recoils freely, determine
whether the kinetic energy of the rifle is greater than, equal
or less than that of the bullet. [1978]

Topic-3: Power

MCQs with One Correct Answer

A body is moving unidirectionally under the influence of
a constant power source. Its displacement in time t is
proportional to : [April 5,2024 (11)]
(@ t ® * @ 7 @t
A body of mass 2 kg begins to move under the action of a
time dependent force given by F= 6ti + 6t2] N . The
power developed by the force at the time t is given by:
[Jan. 31, 2024 (11)]

(@) (6t*+9t )W
(©) (9t +6t3W

(b) (3t3+6t5)W
(d) (9t +6t5)W
3Wx

The ratio of powers of two motors is X1 that are

capable of raising 300 kg water in 5 minutes and 50 kg
water in 2 minutes respectively from a well of 100 m deep.
The value of x will be [April 13,2023 (1]
@ 2 (b) 4
(c 24 (d 16
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Sand is being dropped from a stationary dropper at a rate
of 0.5 kgs~! on a conveyor belt moving with a velocity of
5 ms~L. The power needed to keep belt moving with the
same velocity will be : [July 27,2022 (1]
(@ 1.25W (b) 25W  (c) 6.25W (d) 125W
A particle of mass m is moving in a circular path of constant
radius r such that its centripetal acceleration (a) is varying
with time t as a = k2rt2 where k is a constant. The
power delivered to the particle by the force acting
on it is given as [June 28, 2022 ()]
(@) zero (b) mk2r2t2  (c) mk2r2t (d) mk2rt
A 60 HP electric motor lifts an elevator having a maximum
total load capacity of 2000 kg. Ifthe frictional force on the
elevator is 4000 N, the speed of the elevator at full load is
closeto: (LHP=746 W,g=10ms>)

[7 Jan. 2020 (1), Similar Main April 10, 2023 (11)]
@ 17mst() 19ms? (c) 1.5ms? (d) 20ms?
A particle of mass M is moving in a circle of fixed radius R
in such a way that its centripetal acceleration at time t is
given by n2R t2 where n is a constant. The power delivered
to the particle by the force acting on it, is:

[Online April 10, 2016]

1
(@) oM n2 R2t2 (b) M n2R?t

(c) MnR2t? (d) MnR%
A wind-powered generator converts wind energy into
electrical energy. Assume that the generator converts a
fixed fraction of the wind energy intercepted by its blades
into electrical energy. For wind speed v, the electrical power
output will be most likely proportional to

[Online April 25, 2013]
@@ v* (b) v2 © v° d) v
A particle of mass mismoving in a circular path of constant
radius r such that its centripetal acceleration a_ is varying
with timetas a_ = k’rt? where k is aconstant. The power
delivered to the particles by the force acting on it is:

[1994 - 1 Mark]

10.

11.

12.

13.
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@ 2 mk’r?t
© (mk#r?t®)

A body is moved along a straight line by a machine
delivering constant power. The distance moved by the
body in time t is proportional to

[Main 1984- 2 Marks; June 28, 2022 (1)]
(a) t1/2 (b) t3/4 (C) t3/2 (d) t2
Ifa machine is lubricated with oil [1980]
(@ the mechanical advantage of the machine increases.
(b) the mechanical efficiency of the machine increases.
(c) bothits mechanical advantage and efficiency increase.
(d) itsefficiency increases, but its mechanical advantage

decreases.

(b) mk?ret

(d) zero

2 Integer Value Answer

A particle of mass 0.2 kg is moving in one dimension under
a force that delivers a constant power 0.5 W to the particle.
If the initial speed (in ms™) of the particle is zero, the
speed (in ms™) after 5 s is [Adv. 2013]

)

3 Numeric Answer

A block of mass 5 kg starting from rest pulled up on a
smooth incline plane making an angle of 30° with horizontal
with an affective acceleration of 1 ms=2. The power delivered
by the pulling force at t = 10 s from the start is W.
[Use g =10ms~] [Main April 10, 2023 (1)]
(calculate the nearest integer value)

A body of mass 1 kg begins to move under the action of a

time dependent force F = (ti +3t> j)N where | and ]

are the unit vectors along x and y axis. The power developed
by above force, at the time t = 2s. will be W,
[Main Jan. 24,2023 (11)]
A body of mass 2 kg is driven by an engine delivering a
constant power of 1 J/s. The body starts from rest and
moves in a straight line. After 9 seconds, the body has
moved a distance (in m) .
[Main 5 Sep. 2020 (11)]

Topic-4: Collisions

I MCQs with One Correct Answer

If a rubber ball falls from a height h and rebounds upto
the height of h/2. The percentage loss of total energy of
the initial system as well as velocity ball before it strikes
the ground, respectively, are : [April 4,2024 (1)]

@) 50%,\/% (b) 50%, \/gh
(€) 40%,\/2gh (d) 50%,2gh

A particle of mass m moving with velocity v collides with
a stationary particle of mass 2m. After collision, they stick
together and continue to move together with velocity
[April 10, 2023 (1)]
g %
@ 7

\' \'
@ v ® 5 © 3

As per the given figure, a small ball P slides down the
quadrant of a circle and hits the other ball Q of equal
mass which is initially at rest.

Neglecting the effect of p
friction and assume the
collision to be elastic, the
velocity of ball Q after
collision will be: (g=10m/s?)
[Jan. 30, 2023 (1)]

(b) 025m/s (c) 2m/s

@ 0

(d) 4m/s

A ball of mass 200 g rests on a vertical post of height 20 m.
A bullet of mass 10 g, travelling in horizontal direction,
hits the centre of the ball. After collision both travels
independently. The ball hits the ground at a distance 30 m
and the bullet at a distance of 120 m from the foot of the
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10.

11.

12.

post. The value of initial velocity of the bullet will be
(ifg=10m/s?): [Jan. 30, 2023 (1)]
@ 120m/s (b) 60m/s (c) 400m/s (d) 360mi/s
A bag of sand of mass 9.8 kg is suspended by a rope. A
bullet of 200 g travelling with speed 10 ms™ gets embedded
in it, then loss of kinetic energy will be [July 25,2022 (11)]
(@ 49J (b) 9.8J () 147 (d) 19.6J
Two billiard balls of mass 0.05 kg each moving in opposite
directions with 10 ms collide and rebound with the same
speed. If the time duration of contact is t = 0.005 s, then
what is the force exerted on the ball due to each other?
[July 25, 2022 (11)]
(@ 100N (b) 200N  (c) 300N  (d) 4000N
A body of mass M at rest explodes into three pieces, in the
ratio of masses 1 : 1 : 2. Two smaller pieces fly off
perpendicular to each other with velocities of 30 ms~ and
40 ms~1 respectively. The velocity of the third piece
will be : [June 29, 2022 (1)]
@@ 15ms1(b) 25ms? (c) 35ms? (d) 50mst
What percentage of kinetic energy of a moving particle is
transferred to a stationary particle when it strikes the
stationary particle of 5 times its mass? (Assume the collision
to be head-on elastic collision) [June 27, 2022 ()]
(@ 500% (b) 666% (c) 555% (d) 33.3%
A block moving horizontally on a smooth surface with a
speed of 40 m/s splits into two parts with masses in the
ratio of 1:2. If the smaller part moves at 60 m/s in the same
direction, then the fractional change in kinetic energy is :
[Aug. 31, 2021 (11)]

1 2 1 1
@3 O3 ©F @
A object of mass m, collides with another object of mass
m,, which is at rest. After the collision the objects move
with equal speeds in opposite direction. The ratio of the
masses m, : m, is: [March 18, 2021 (11)]
@ 2:1 (b) 3:1 () 1:2 d 1:1
Blocks of massesm, 2m, 4mand 8mare arranged in alineon
a frictionless floor. Another block of mass m, moving with
speed v along the same line (see figure) collides with mass
m in perfectly inelastic manner. All the subsequent collisions
are also perfectly inelastic. By the time the last block of
mass 8m starts moving the total energy loss is p% of the
original energy. Value of ‘p’iscloseto: [4 Sep. 2020 (I)]

VA VA V70 V7 172

m m 2m 4m 8m

(@ 77 b)) %4 (c) 37 (d 87
A block of mass 1.9 kg is at rest at the edge of a table, of
height 1 m. Abullet of mass 0.1 kg collides with the block
and sticks to it. If the velocity of the bullet is 20 m/s in the
horizontal direction just before the collision then the kinetic
energy just before the combined system strikes the floor,
is [Take g = 10 m/s2. Assume there is no rotational motion
and losss of energy after the collision is negligiable.]
[3Sep. 2020 (11)]

(d) 23J

@ 203  (b) 213  (c) 19J
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A particle of mass m with an initial velocity u i collides
perfectly elastically with a mass 3 m at rest. It moves with

a velocity v ] after collision, then, vis given by :
[2 Sep. 2020 ()]

2 u u 1
V= [=U V=—1ro V=—r v=—xu
@ V= OV=F © V=5 @ V=
Two particles of equal mass m have respective initial

~ ~

. (T+])
velocities ui and UL%J . They collide completely

inelastically. The energy lost in the process is:
[9 Jan. 2020 I, Similar Sep. 12, 2020 (1)]

Lo o tme © Sme \ﬁ :
@ 3 mu? (b) 3 muz  (c) 4 mu?  (d) 3 mu
A man (mass = 50 kg) and his son (mass = 20 kg) are
standing on a frictionless surface facing each other. The
man pushes his son so that he starts moving at a speed of
0.70 ms with respect to the man. The speed of the man
with respect to the surface is : [12 April 2019 1]
(@ 0.28ms? (b) 0.20ms*
() 0.47ms? (d) 0.14ms?
A body of mass 2 kg makes an elastic collision with a
second body at rest and continues to move in the original
direction but with one fourth of its original speed. What
is the mass of the second body? [9 April 2019 1]
(@ 1.0kg (b) 1.5kg
(c) 1.8kg (d) 1.2kg
A particle of mass ‘m’ is moving with speed ‘2v’ and
collides with a mass ‘2m’ moving with speed ‘v’ in the
same direction. After collision, the first mass is stopped
completely while the second one splits into two particles
each of mass ‘m’, which move at angle 45° with respect to
the original direction. [9 April 2019 1]
The speed of each of the moving particle will be:

@ V2v ) 22v © vi2) @2
An alpha-particle of mass m suffers 1-dimensional elastic
collision with a nucleus at rest of unknown mass. It is
scattered directly backwards losing, 64% of its initial Kinetic
energy. The mass of the nucleus is [12 Jan. 2019 1]
@ 2m (b) 35m () 15m (d) 4m

Ina collinear collision, a particle with an initial speed v

strikes a stationary particle of the same mass. If the final
total kineticenergyis50% greater than the original kinetic
energy, the magnitude of the relative velocity between the
two particles, after collision, is: [2018]
\% \% M

@ OV, ©5 O

The mass of a hydrogen molecule is 3.32x1072 kg. If 1023
hydrogen molecules strike, per second, a fixed wall of area
2 cm? at an angle of 45° to the normal, and rebound
elastically with a speed of 102 m/s, then the pressure on
the wall is nearly: [2018]
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() 2.35%103N/m?2 (b) 4.70x 103 N/m?
(c) 2.35x102N/m? (d) 4.70x 102N/m?
Two particles A and B of equal mass M are moving with
the same speed v as shown in the figure. They collide
completely inelastically and move as a single particle C.
The angle 0 that the path of C makes with the X-axis is

given by: [Online April 9, 2017]
(@ tand= V3+v2 Y

1_\/5 .."'.'

Ac

(b) tano= 32

1-2 30 “

1-2 A/ a5

(C) tane = — 30°

V2(1++3) B
@ tano= 1°Y3

1+2

A bullet of mass 49 is fired horizontally with a speed of
300 m/s into 0.8 kg block of wood at rest on a table. If the
coefficient of friction between the block and the table is
0.3, how far will the block slide approximately?

[Online April 12, 2014]
(@ 019m (b) 0.379m (c) 0569m (d) 0.758m
Actennis ball is dropped on a horizontal smooth surface. It
bounces back to its original position after hitting the
surface. The force on the ball during the collision is
proportional to the length of compression of the ball.
Which one of the following sketches describes the
variation of its kinetic energy K with time t most
appropriately? The figure are only illustrative and not to

the scale. [Adv. 2014]
K K
@ ) l//ﬂﬁ\\\
1 t —> T t >
K K
(© /_\ (d)
' T > ' t >

A particle of mass m is projected from the ground with an
initial speed u, at an angle o with the horizontal. At the
highest point of its trajectory, it makes a completely inelastic
collision with another identical particle, which was thrown
vertically upward from the ground with the same initial
speed u,. The angle that the composite system makes with
the horizontal immediately after the collision is [Adv. 2013]

@ 5 @ 5

Aball of mass 0.2 kg rests on a vertical post of height5 m. A
bullet of mass 0.01 kg, traveling with a velocity V m/s in a

0 5o © 5o

26.

217.

28.

29.

AB1

horizontal direction, hits the centre of the ball. After the
collision, the ball and bullet travel independently. The ball
hits the ground at a distance of 20 m and the bullet at a
distance of 100 m from the foot of the post. The velocity V

of the bullet is V mis [2011]
(@ 250m/s R e RN

(b) 25072 mis Voo

(c) 400m/s H |

(d) 500m/s 0 20 100

Two small particles of equal masses start moving in
opposite directions from a point A in a horizontal circular
orbit. Their tangential velocities are v and 2v, respectively,
as shown in the figure. Between collisions, the particles
move with constant speeds. After making how manyelastic
collisions, other than that at A, these two particles will
again reach the point A? [2009]

v A 2v

@ 4 (b 3 © 2 d 1
Two particles of masses m, and m, in projectile motion

have velocities v; and V, respectively attime t = 0. They

collide at time t,. Their velocities become V; ' and Vv, ' at
time 2t while still moving in air. The value of

(¥, + MgV ) = (mydy + my¥, )| s [20018]
(@) zero (b) (m+my)gty

© Fmemla, @ 2m+m,

2 Integer Value Answer

Three objects A, B and C are kept in a straight line on a
frictionless horizontal surface. These have masses m, 2m
and m, respectively. The object A moves towards B with a
speed 9 m/s and makes an elastic collision with it. There
after, B makes completely inelastic collision with C. All
motions occur on the same straight line. Find the final
speed (in m/s) of the object C. [2009]

2m —>| m

\4

m

A B c
A bob of mass m, suspended by a string of length I, is
given aminimum velocity required to complete a full circlein
the vertical plane. At the highest point, it collides elastically
with another bob of mass m suspended by a string of length
I, which is initially at rest. Both the strings are mass-less
and inextensible. If the second bob, after collision acquires
the minimum speed required to complete a full circle in the

vertical plane, the ratio L is [Adv. 2013]

I
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3 Numeric Answer

A body starts falling freely from height H hits an inclined
plane in its path at height h. As a result of this perfectly
elastic impact, the direction of the velocity of the body

becomes horizontal. The value of % for which the body

will take the maximum time to reach thegroundis ___

[Jan. 31, 2024 ()]
Aball is dropped from a height of 20 m. If the coefficient
of restitution for the collision between ball and floor is
0.5, after hitting the floor, the ball rebounds to a height
of m. [Main Jan. 31, 2023 (11)]
A body of mass 1 kg collides head on elastically with a
stationary body of mass 3 kg. After collision, the smaller
body reverses its direction of motion and moves with a
speed of 2m/s. The initial speed of the smaller body before
collision is ms~t.  [Main Jan. 25, 2023 (11)]
A ball with a speed of 9 m/s collides with another identical
ball at rest. After the collision, the direction of each ball
makes an angle of 30° with the original direction. The ratio
of velocities of the balls after collision is x : y, where x is

[Feb. 24,2021 (1)]
Two bodies of the same mass are moving with the same
speed, but in different directions in a plane. They have a
completely inelastic collision and move together thereafter
with a final speed which is half of their initial speed. The
angle between the initial velocities of the two bodies
(in degree) is [Main 6 Sep. 2020 (1)]

Abody A, of massm=0.1 kg hasan initial velocity of 3 { ms™.
It collides elastically with another body, B of the same
mass which has an initial velocity of 5 j ms=. After

collision, A moves with a velocity V= 4( + J) The

X
energy of B after collision iswritten as 0 J. The value of

X is [Main 8 Jan. 2020 I]
Ahballis prolected from the ground at an angle of 45° with
the horizontal surface. It reaches a maximum height of 120
m and returns to the ground. Upon hitting the ground for
the first time, it loses half of its kinetic energy. Immediately
after the bounce, the velocity of the ball makes an angle
of 30° with the horizontal surface. The maximum height it
reaches after the bounce, in metres, is

[Adv. 2018]

6 MCQs with One or More than One Correct Answer

37.

Aslide with a frictionless curved surface, which becomes
horizontal at its lower end, is fixed on the terrace of a
building of height 3h from the ground, as shown in the
figure. A spherical ball of mass m is released on the slide
from rest at a height h from the top of the terrace. The ball

leaves the slide with a velocity ug = u0§< and falls on the
ground at a distance d from the building making an angle

38.

39.

Physics

0 with the horizontal. It bounces off with a velocity\7 and
reaches a maximum height h,. The acceleration due to
gravity is g and the coefficient of restitution of the ground

is1/+/3. Which of the following statement(s) is(are)

correct? [Adv. 2023]
z
L.

3h
;,“‘
9(‘,'/‘ ]\hl
d
(@) Uo =+2ghx (b) v=«/29h(x—z)
© 0=60° @ d/h; =23

Asmall particle of mass m moving inside a heavy, hollow
and straight tube along the tube axis undergoes elastic
collision at two ends. The tube has no friction and it is
closed at one end by a flat surface while the other end is
fitted with a heavy movable flat piston as shown in figure.
When the distance of the piston from closed end is L= L,
the particle speed is v = v, . The piston is moved inward at

dL
avery low speed V such that V << TVO , where dL isthe

infinitesimal displacement of the piston. Which of the
following statement(s) is/are correct ? [Adv. 2019]

I —1

1l

|1‘ -

L
(@ The particle’s kinetic energy increases by a factor of

1
4 when the piston is moved inward from L, to E LO

(b) Ifthe piston moves inward by dL, the particle speed

. dL
increases by ZVT

(c) Therate at which the particle strikes the piston is v/L

(d) After each collision with the piston, the particle
speed increases by 2 V.

A flat plate is moving normal to its plane through a gas

under the action of a constant force F. The gas is kept at a

very low pressure. The speed of the plate v is much less

than the average speed u of the gas molecules.
Which of the following options is/are true? [Adv. 2017]
(@ The pressure difference between the leading and
trailing faces of the plate is proportional to uv
(b) The resistive force experienced by the plate is
proportional to v

(c) The plate will continue to move with constant non-
zeroacceleration, at all times

(d) At a later time the external force F balances the
resistive force
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A point mass of 1 kg collides elastically with a stationary
point mass of 5 kg. After their collision, the 1 kg mass
reverses its direction and moves with a speed of 2 ms.
Which of the following statement(s) is (are) correct for the
system of these two masses? [2010]
(@) Total momentum of the system is 3 kg ms~!

(b) Momentum of 5 kg mass after collision is 4 kg ms™
(c) Kinetic energy of the centre of mass is 0.75J

(d) Total kinetic energy of the system is 4J

The balls, having linear momenta p; = pi and p, =—pi,
undergoa collision in free space. There is no external force
acting on the balls. Let p; and p5 betheir final momenta.
The following option (s) is (are) NOT ALLOWED for any

non-zero value of p, a;, a,, b, b,, ¢, and c,,. [2008]
@ Pi= alij bl] hy Cl'2 (b) E’i = Cl@
P2 =azi+byj P2 =Cok

(d) E)i = ali?+ blAjA'
P2 =25l +Dyj

© Pr=aji+bj+ck

P2 = asi +byj—cpk
Two blocks A and B, each of mass m, are connected by a
massless spring of natural length L and spring constant
K. The blocks are initially resting on a smooth horizontal
floor with the spring at its natural length, as shown in fig..
A third identical block C, also of mass m, moves on the
floor with a speed v along the line joining A and B, and
collides elastically with A. Then [1993-2 Marks]

= L
C A oo B | O

(@ the kinetic energy of the A-B system, at maximum
compression of the spring, is zero.

(b) the kinetic energy of the A-B system, at maximum
compression of the spring, is mv%/4.

(c) themaximum compression of the springis v,/(m/ K)

(d) themaximum compression ofthe spring is v,/(m/2K)

A shell is fired from a cannon with a velocity v (m/sec.) at
an angle ¢ with the horizontal direction. At the highest
pointin its path it explodes into two pieces of equal mass.
One of the pieces retraces its path to the cannon and the
speed (in m/sec.) of the other piece immediately after the
explosion is [1986 - 2 Marks]
(@ 3vcoso (b) 2v cos 6
3 3
c) = d) . [=
(© 2vcose (d) 2vcose
Aball hits the floor and rebounds after an inelastic collision.
In this case [1986 - 2 Marks]
(@ the momentum of the ball just after the collision is the
same as that just before the collision.
(b) themechanical energy of the ball remains the samein
the collision
(c) thetotal momentum ofthe ball and the earth is conserved
(d) thetotal energy of the ball and the earth is conserved

AB3

8 Comprehension/Passage Based Questions

Passage

A small block of mass M moves on a frictionless surface of an
inclined plane, as shown in figure. The angle of the incline
suddenly changes from 60° to 30° at point B. The block is initially
at rest at A. Assume that collisions between the block and the

incline are totally inelastic (g = 10 m/s?).

45,

46.

47,

[2008]

A, M
\J
60°\B

302 ¢

—
J3m 3/3m

The speed of the block at point B immediately after it strikes
the second incline is —

@ /60 mis

(b) /45 mis

© 30 mis | .
(@) V15 ms “Am adm

The speed of the block at point C, immediately before it
leaves the second incline is

(a) /120 m/s (b) ~105m/s(c) ~/90 m/s (d) /75 m/s
If collision between the block and the incline is completely
elastic, then the vertical (upward) component of the
velacity of the block at point B, immediately after it strikes
the second incline is —

@ /30 mis(b) V15 m/s (¢) 0 (d) —/15m/s

9 Statement/Assertion and Reason Type Questions

48.

49.

Given below are two statements : one is labelled as
Assertion A and the other is labelled as Reason R.
Assertion A : Body ‘P’ having mass M moving with speed
‘U’ has head-on collision elastically with another body ‘Q’
having mass 'm' initially at rest. If m << M, body 'Q" will
have a maximum speed equal to ‘2u’ after collision.
Reason R : During elastic collision, the momentum and
kinetic energy are both conserved. [Feb. 24,2021 (11)]
In the light of the above statements, choose the most
appropriate answer from the options given below :

(@ Both Aand Rare correct and Risthe correct explanation

of A

(b) A'isnot correct but R is correct

(c) Aiscorrect but R is not correct

(d) Both Aand R are correct but R is NOT the correct

explanation of A

This question has statement | and statement I1. Of the four
choices given after the statements, choose the one that
best describes the two statements. [2013]
Statement - I: Apoint particle of mass m moving with speed
v collides with stationary point particle of mass M. If the
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maximum energy loss possible is given as f (% mvzj

m
+m)

Statement - 11: Maximum energy loss occurs when the

particles get stuck together as a result of the

collision.

(@) Statement- I istrue, Statment - 1l is true, Statement - 11
is the correct explanation of Statement - I.

(b) Statement-lis true, Statment - Il is true, Statement - 11
is not the correct explanation of Statement - 11.

(c) Statement- I istrue, Statment - I1is false.

(d) Statement- I is false, Statment - Il is true.

STATEMENT-1 : In an elastic collision between two bod-

ies, the relative speed of the bodies after collision is equal

to the relative speed before the collision. [2007]

STATEMENT-2 : Inan elastic collision, the linear

momentum of the system is conserved.

(@ Statement-1is True, Statement—2 is True; Statement—
2 is acorrect explanation for Statement-1.

(b) Statement—1is True, Statement-2 is True; Statement—
21is NOT a correct explanation for Statement-1

(c) Statement-1is True, Statement-2 is False.

(d) Statement-1is False, Statement-2 is True.

thenfz[M

10 Subjective Problems

Two blocks of mass 2 kg and M are at rest on an inclined
plane and are separated by a distance of 6.0 m as shown
in Figure. The coefficient of friction between each of the
blocks and the inclined plane is 0.25. The 2 kg block is
given a velocity of 10.0 m/s up the inclined plane. It
collides with M, comes back and has a velocity of 1.0 m/
swhen it reaches its initial position. The other block M
after the collision moves 0.5 m up and comes to rest.
Calculate the coefficient of restitution between the blocks
and the mass of the block M. [1999 - 10 Marks]

[Take sin @ ~ tan® = 0.05and g =10m/s?.]

A cart is moving along + x direction with a velocity of 4 m/
s. Aperson on the cart throws a stone with a velocity of 6 m/
s relative to himself. In the frame of reference of the cart
the stone is thrown in y-z plane making an angle of 30°
with vertical z-axis. At the highest point of its trajectory,
the stone hits an object of equal mass hung vertically
from the branch of a tree by means of a string of length L.
A completely inelastic collision occurs, in which the stone
gets embedded in the object. Determine : [1997 - 5 Marks]
() The speed of the combined mass immediately after the
collision with respect to an observer on the ground,
(i) The length L of the string such that the tension in
the string becomes zero when the string becomes

53.

54.

55.

56.

Physics

horizontal during the subsequent motion of the

combined mass.
Ablock ‘A’ of mass 2m is placed on another block ‘B’ of
mass 4m which in turn is placed on a fixed table. The two
blocks have a same length 4d and they are placed as shown
in fig. The coefficient of friction (both static and kinetic)
between the block ‘B’ and table is p. There is no friction
between the two blocks. A small object of mass m moving
horizontally along a line passing through the centre of
mass (cm.) of the block B and perpendicular to its face
with a speed v collides elastically with the block B at a
height d above the table. [1991 -4+ 4 Marks]

. f
(@ T R Lam o | 24
J J

AT

4d >

(@ Whatis the minimum value of v (call it v,) required to
make the block A topple ?

(b) Ifv =2y, find the distance (from the point P in the
figure) at which the mass m falls on the table after
collision. (Ignore the role of friction during the collision).

A simple pendulum is suspended from a peg on a vertical

wall. The pendulum is pulled away from the wall to a

horizontal position (see fig.) and released. The ball hits

the wall, the coefficient of restitution being % :
5

[1987 - 7 Marks]

What is the minimum number of collisions after which the
amplitude of oscillations becomes less than 60 degrees ?
Astring, with one end fixed on a rigid wall, passing over
a fixed frictionless pulley at a distance of 2m from the wall,
has a point mass M = 2kg attached to it at a distance of
1m from the wall. Amass m = 0.5 kg attached at the free
end is held at rest so that the
string is horizontal between the wall M
and the pulley and vertical beyond
the pulley. What will be the speed
with which the mass M will hit the
wall when the mass m is released ?

[1985 - 6 Marks] m
A ball of mass 100 gm is projected vertically upwards
from the ground with a velocity of 49 m/sec. At the same
time another identical ball is dropped from a height of 98
m to fall freely along the same path as that followed by
the first ball. After some time the two balls collide and
stick together and finally fall to the ground. Find the time
of flight of the masses. [1985 - 8 Marks]
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Two bodies A and B of masses m and 2 m respectively are
placed on a smooth floor. They are connected by a spring.
Athird body C of mass m moves with velocity v, along the
line joining A and B and collides elastically with A as shown
in Fig.

C A B

V,
— — 000000

Ata certain instant of time t, after collision, it is found that
the instantaneous velocities of A and B are the same. Further
at this instant the compression of the spring is found to be
X, Determine (i) the common velocity of Aand B at time t,,
and (ii) the spring constant. [1984- 6 Marks]
A bullet of mass M is fired with a velocity 50 m/s at an
angle with the horizontal. At the highest point of its
trajectory, it collides head-on with a bob of mass 3M
suspended by a massless string of length 10/3 metres and
gets embedded in the bob. After the collision, the string
moves through an angle of 120°. Find
(i) theangle 9;
(i) the vertical and horizontal coordinates of the initial

position of the bob with respect to the point of firing

of the bullet. Take g =10 m /s?
Three particles A, B and C of equal mass move with equal
speed V along the medians of an equilateral triangle as
shown in figure. They collide at the centroid G of the
triangle. After the collision, A comes to rest, B retraces its
path with the speed V. What is the velocity of C ?

[1982 - 2 Marks]

60.

61.
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A 20 gm bullet pierces through a plate of mass M, = 1 kg
and then comes to rest inside a second plate of mass M, =
2.98 kg. asshown. It is found that the two plates initially at rest,
now move with equal velocities. Find
the percentage loss in the initial

velocity of the bullet when it is
between M, _and M,. Neglect any __ | [ . .., o>
loss of material of the plates due to
the action of the bullet. [1979]
1 MZ

A body of mass m moving with velocity V in the X-direction

collides with another body of mass M moving in Y-direction

with velocity v. They coalesce into one body during

collision. Calculate : [1978]

() thedirection and magnitude of the momentum of the
final body.

(i) thefraction of initial kinetic energy transformed into
heat during the collision in terms of the two masses.

Topic-5: Miscellaneous (Mixed Concepts) Problems

[}

3 Numeric Answer

A solid horizontal surface is covered with a thin layer of
oil. Arectangular block of mass m =0.4 kg is at rest on this
surface. An impulse of 1.0 Ns is applied to the block at
time t = 0 so that it starts moving along the x -axis with a
velocity v(t) = v,e", where v, is a constant and t = 4s.
The displacement of the block, in metres, at t = 1 is

. Take e 1=0.37. [Adv. 2017]

10 Subjective Problems

A particle of mass m, moving in a circular path of radius R
with a constant speed v, is located at point (2R, 0) at time t
=0 and a man starts moving with a velocity v, along the
+ve y-axis from origin at time t = 0. Calculate the linear
momentum of the particle w.r.t. the man as a function of
time. [2003 - 2 Marks]

—><

Vi

X
(0,0 -

A spherical ball of mass m is kept at the highest point in
the space between two fixed, concentric spheres Aand B
(see figure). The smaller sphere A has a radius R and the
space between the two spheres has a width d. The ball
has a diameter very slightly less than d. All surfaces are
frictionless. The ball is given a gentle push (towards the
right in the figure). The angle made by the radius vector
of the ball with the upward vertical is denoted by © (shown
in the figure). [2002 - 5 Marks]

Sphere B

/

Sphere A

(@ Express the total normal reaction force exerted by
the sphere on the ball as a function of angle 0.
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(b) Let N,and Ng denote the magnitudes of the normal
reaction forces on the ball exerted by the sphere A
and B, respectively. Sketch the variations of N, and
Ny as functions of cos 0 in the range 0<p<n by
drawing two separate graphs in your answer book,
taking cos 6 on the horizontal axes.

Physics

The first cannon ball hits the stationary carriage after a
time t, and sticks to it. Determine t.  [2001 - 10 Marks]

:C

L e

A B

4. A car P is moving with a uniform speed of 5v3 m/s Att,, the second cannon ball is fired. Assume that the resistive
towards a carriage of mass 9 kg at rest kept on the rails force between the rails and the carriage is constant and ignore
at a point B as shown in figure. The height AC is 120 the vertical motion of the carriage throughout. If the second
m. Cannon balls of 1 kg are fired from the car with an ball also hits and sticks to the carriage, what will be the
initial velocity 100 m/s at an angle 30° with the horizontal. horizontal velocity of the carriage just after the second impact?
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Topic-5 : Miscellaneous (Mixed Concepts) Problems

1. (630)




(6’/

ﬁ Topic-1: Work

=)
1. (c) Given,v= o/x
atx=0;v=0
atx=d;v= o~/d

Using work energy theorem
Work done = Change in kinetic energy

= Zm(ovd)’ -Zm(o)’

_ ma%d

2
2. (b) Mass of black, m=1kg
Force of parallel inclined surface, F =10 N
Work done against frictional force
=uNx10=pMgx10=0.1x5x10=5]
W
3. (8 Usingv?-u2=2as= 2 =8

u2=2xpugs[-- v=0&a=pg]
u2=2x(.4)x10x10= u2=80

1
:O—EXIOOXSO

- W ¢=40001J
4.  (b) Bywork-energy thorem
W=AK

W= m (v V) = W= x05x (167 - 4)

2W=%><240:>W:60\]

5.  (d) Bywork—-energytheorem

1
W= AK = Tmv? — L2 = >x05x(b?.4%)
2 2 2

11 1 5

=—x=x—x4"=16]

2 2 42

6. (b) Fromwork-energy theorem,
Woogrter + Wing = AK.E. =0 (- velocity constant)
o, Woorter = _ng =-mgh

80

Wogrier = ~80%9.8x = ~627.2)

7. (d) The given situation can be drawn graphically as
shown in figure.
Work done = Area under F-x graph
= Area of rectangle ABCD + Area of trapezium BCFE

Work, Energy and Power iﬁ%

8.

10.

11.

y/
F
A B
200N
100N E
D C F
15m 30m

W = (200 x15) +%(100 +200) x15 = 3000 + 2250
—W =5250 ]

mg 3mg

(d) Here, N-mg=ma= —=>N=—+—

2 2
N = normal reaction
Now, work done by normal reaction *‘N’ on
block intime t, W:Néz(?) (%g/ztzj

(d) Radius of circular path = a
The equation of circle is x2 + y2 = a2
Given : force

. Xi Vi
F=K +
sz+y2)3/2 (x2+y2)3/2}
" N y
E Xi Vi
F=K ©.2)

= Kpas =
F=—|Xxi+

a3[ ) X @0
The force acts radially outwards as shown in the figure
and the displacement is tangential to the circular path.
Here the angle between the force which acts radially
outwards and displacement which is tangential to the
circular path is 90°

Work done, W=FScos 6=0
(b) In a conservative field work done does not depend
on the path i.e., path independent. The gravitational field
is a conservative field.
S W =W, =W,
() dw= F.dS and F=-K(yi+X) given

dS=dxi+dy j+dzk

dW=- K(yi+xj).(@dxi+dy j+dzk)

= — K(ydx + xdy)

for (0, 0) to (a, 0)
x=0->a
y=0anddy=0
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12.

13.

14.

15.

16.

17.

A255

So,dW=0=>W=0
for (a,0) to (a, @)
y=0toa
x=a,dx=0

So, dW = - Ka dy

_[ — _K3a?
W—J'O—Kady— Ka

Hence total work done by the force on the particle,

W = - Ka?

(d) The work done in bringing the mass up will be equal
to the change in potential energy of the mass.

h=L/6
C% M
Mass = 39

C = Centre of mass

i.e., W = Change in potential energy

- mah = M . L MgL
=moh= X9 E T g
(8) When the system is released,
T-mg=ma (i)
Mg -T = Ma (i)
From eqg. (i) & (ii)
a= M =g /3
M +m
and T= 4mg/3
For block m =0.36 kg
u=0,a=g9/3, t=1,s=7

9

1 il 2
=ut+ -at?=0+ =x=x1=g/6 (m=0.72k
s u+2a +2><3>< g (m=0 9)

Work done by the string on m
mg g L 4x0.36x10x10

= 8J
6 3x6

Tscos0° =

(784) Given,
Mass of bus, m = 500 kg.
Distance Travelled, x =4 km

Coefficient of friction u=0.04
Work done by engine = —Work done by friction

==[-umgx]

=0.04 x500 x 9.8 x 4 x 103="784kJ

(40) W =F.(F; —7;)
=(5i‘+2j+712).((5?—2j+|2)—(2f+3j—4|2))
W=401]

(132) We know that

W = [Fdy = [ (5+3y*)dy

=[5y +Yy°’]; =[(25+125) - (10+8)] =150-18=132]
(2) Work done by A = Work done by B
F, dcos 45° = Fg dcos 60°

1 Fa V2 1

1
= Fax—= X— = = = X=2
NETIT R T

18.

19.

(450) Given,
Force, F=(5y+20)]

Work done, Wz.[F.dy

10 5 2 10
= W= [(5y+20)dy {%ﬂoy}

0 0
:gx100+20><10=450\]

(3) If AC =1 then according to question, BC = 2l and
AB =3l

A
Here, work done by all the forces is zero.
Wfriction + ng =0
mg(31)sin® —pumg coso(l) =0
= umg cosOl =3mglsin®6 = p=3tan6=ktano
k=3

20. (0.75) Given : Force, F = (ayi +20j)

and o=-1Nm?® R R R A
We know that dW =F-dr = (ocyi+20cxj)-(dx i+dy j)
- dW = aydx + 2axdy

Work done

FromA— Bdy=0,asy=1

1 1

oWy =_[aydx=a_[dx=0c
0 0

FromB > Cdx=0,asx=1

0.5 05
Wy = [ 2andy= [ 20dy = 20.(-05)=a
1 1
FromC —»>Ddy=0,asy=0.5
05 o
oWy = _[(xxO.SdX:——
1 4
FromD > Edx=0,asx=0.5
¢ o
LW, = _[ 200x 0.5dy = ——
2
0.5
FromE > Fdy=0,asy=0
s Wi :IaxOXdXZO
FromF—>Adx=0asx=0
~ We = [200x0dx =0
-. Total work donewW =W +W +W +W +W +W
1 2 3 4 5 6
3o

_ 30 BCY g4

_ a o
- Q-0 - ———=
4 2 4 4
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6. From work energy theorem
ﬁ Topic-2: Energy © W _ 9y

1. (@ Relation between kinetic energy and linear
momentum is

P=.2mKE

5. Pacm (.. KE issame)

<~ PaiPgPo=/400:~/1200 :4/1600 =1:~/3:2
2. (@ Fromthe conservation of momentum

IPal=Pgl|
MpVA = MgV

_Ke _Vvs 10x14x2(2.4)
Ka  Vva = a4 =Vg
~vg =21.9m/s

o . =
3. () Kineticenergyis KE =—-mv 7. (b) Using conservation of linear momentum:

mu=(M +m)v

Initial kinetic energy KE = 1(0_05)(100)2 mu 0.01x 200
2 V= = =1.98m/s.
1 ) M+m 1.01
Kf = 5(0-05)(40) Using law of conservation of energy
Percentage loss of Kinetic energy is V2 (1.98)2
==—=="——[0120m
_Mxloo 29 2x9.8
- KE; 8. (d) Byconservation of linear momentum
L 0.05 (40)? - L 0.05 (100)2 | Pu|=|Pe|
=2 2 x100 p?
10105 (100)? Kinetic energy, KE =m (- Pissame)
2
1600 —100x100| JKE _PlaM, M,
= =84% KE, P2M, M,
4 Ki 1(_)0 . 9. (b) From the conservation of energy
. (c) Kineticenergyis KEa + U =KEg +Ug
K= P = ke 0+ mg(D) = = mv? 05
om Im +mg()—5mv +mg x 0.
: m. . : A V= \/6 =10 m/s
Particle of mass — will have maximum kinetic energy. -
! 2 WITHhave maximurm Kinet 24 10. (d) Potential Energy, U= 2x?+3y3+2z
o o p2 The x-component of force is
5. (@ Kineticenergyisgivenas, KE = om oU
Given ... KE,= 36 KE; F= o T
2 2 Atx=1,|F |=|-4x1=4N
PP 36y =p =6p, o
2m  2m 11. (c) Using, p =/2mE
P —P;
Percentage increase in momentum = 1 % 100% 2 2
Pi Pl P2 Pl my 4 2
HereE,=E,=> —=—"~= == | ==, [—=—

6P, —P,
=170 % 100% = 500%
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12.

13.

14.

15.

16.

(b) Here,
loss in kinetic energy = gain in potential energy

= %mv2 =mg/(1—-coso)

V2

= i 29(1-cos0)

at extreme point=gsin 6
V2
Hence, i =gsin 0 .. sin 6 =2(1 - cos 0)

0 1 _1(1)
tan—=—=0=2tan | —
= 2 2 2

2
@ KE ="
2m

K _pt 2my _m, 16

Ky 2mp pd o omp 9
M _9

“— x> —02—>
Given,

Mass of block, m=100g=0.1kg

Spring constant, k = 7.5 N/m

Let x be the extension in length of spring.
Radius of circler =0.2 + x

Tension, T =kx = ma?r
=7.5x=0.1(25)(0.2+x)

15 5( 1) 5x +1
=>—X=—|X+— =
5 5 5 = 3X S

=X = S =0.1
.10 - -
.. Tension in spring =kx=7.5x0.1=0.75N
© Q)
0O
4_
F, m

k

Natural length =L,
Extension = x
F F

spring = centripetal

1
= kx=m(Ly+X)e? =125x= 2 (Lo+X)25

_ X 2
= 15=Ly= L_O_E
(C) ,,,,, == _>ucos 60°

~

u .
-
-
. .
;
’
60°

N
N
N

D 17.
v2 b
Acceleration at lowest point = v and v

18.

19.

20.

21

22.

At maximum height, we only have horizontal component

u
of velocity. So, Velocity v = u cos60° = —

2
. 1 (u)Y E
K.E at top most point = Em 7 ZZ

(c) Momentum of a body is increased by

P = P+£P =12P
100
K'-K
Percentage change in KE = %100

(p2 p2)
=|-2M_2M | 300 = [(1.2)2- 1] x 100 =44%
P

2m
(o) Given, spring constant of spring, K = 2Nm=
250 1
= = — :—k
Mass of block, m=250g 10009 2 g

Using energy conservation

1 5 1 5
—mv* x 2 ==Kkx
B

15

\% =1><2><X2
4 2

v
X=—
2

2
. P
(b) K.E.and momentum P relation, K.E = m

R . P;
Ky=— i Ky =—=2-
2(8) 2(2)
Given, K =K,
so, P P2 P2 - 4p? =12
0, —=—4-=P{= —==
16 4 27 p,

2

— p
Kineticenergy, K.E=—
() Kineticenergy, KE=-

2 2
K& {ﬂ} (&J _ [1) y
KE, | P my 2
(@ Atmaximum height,v=0
= mv=0=P=0
(c) Bywork-energy theorem,
-
Ak=W =[F.d7

all forces

2 3
= J‘(4xiA+3y2 D).(dxi +dyj) = I4xdx +I3y2dy
1 2

272 3P

X

= 4{7} +3{y?} =2[22-17] + [33-27]
1 2

=6+19=251,

A257
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23.

24.

25.

26.

27.

28.
29.

(@ Work done by air friction = Final kinetic energy -

1 5
. =—MV
air-friction 2

Initial potential energy W —mgh

=—m(8\/7) —mgh
64
Wair_friction = ?mgh —mgh =-0.68 mgh

(@) Relation between kinetic energyand linear momentum
is given as

pz
KE=K=— =Po/K

f - -

PPy, _ P 1|x100 = (2—1)x100 =100
Pl P]_

= AP—P% =100%

1
() We know area under F-x graph gives the work done
by the body

. W=%><(3+2)><(3—2)+2><2:2_5+4:6_5J

Using work energy theorem,

A K.E =work done S AKE=6.51]
(C) Il + Iz = I and Il = nlz
nl |
lf=——andl, =—
! n+1 2 n+1
1 k _ H(+1) 1
Askoe 10 3 T ) /(ned) 0

(None) Velocity of 1 kg block just before it collides with 3

kg block = /2gh =+/2000 m/s

Using principle of conservation of linear momentum just
before and just after collision, we get

1% /2000 = 4v = v = “2200 m/s [4ka]|v

Initial compression of spring
1.25%10%%,=30=>X, ~ 0

using work energy theorem,

Wy + W, = AlKE

= 40x X+§><1.25><106(02 -x?)

000000

%

:O—%><4><V2
solvingx = 2cm
MgL

(a) W=uf—ui = 2n2

mg 3
{-a)-
() mv=(m+ MV
mv mv v

m+ M m+4m - 5
Using conservation of ME, we have

orv=

2 2
L :1(m+4m)[x) +mgh or ho 2V
2 2 5 5

30.

31.

32.

33.

34.

35.

@ Workdone= F.d=(3(-12J).(4i)=12J
From work energy theorem,

Wt = AK.E. = K¢ =K =12 =K;—3

. K¢=15]
(d) Position, x = 3t2+5

. L dx d(3t*+5)
.. Velocity, v= a =V ST
=v=6t+0

Att=0 v=0
And, att =5 sec v=30m/s

According to work-energy theorem, w = AKE

or, W=% mv? —0=%(2) (30)? =900J

Fo_Mp Ky
(C) or r3
Since particle is moving in circular path

2
1 K

F=—— mv =53 >mil=2 - K.E. = =mv? =—

r r r 2 2r
Total energy = P.E. + K.E.
:_L+L2_Zero (- P.E.:—L2 given)

2r>  2r 2r

(b) Asthe particles moving in circular orbits, So
mv? 16 2
—=—+r

r r

Kineticenergy, KEg = %mv [16 +r ]
For first particle, r=1, Ky = 3 m(16 +1)

1
Similarly, for second particle, r=4, K, = Em (16 + 256)

16 +1
Kl_ 2 _ 17 N 2
K, 16+256 272 1
2

(@ Let V;is the final speed of the body.
From questions,

Y
Emvf ==mvV, =V =7°=5m/s

dv
-2\ —— — _|\/2
(102) - =—kv
Idv

10
— =-100K j dt
10 0

1 1
== —100K (10 = 104 kgm-!
o (10)  or, K=10"%kgm
2
@ ho 't hoe KE.
29

As K.E. becomes half after every collision. So height will
also become half.
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36.

37.

38.

39.

40.

A259

h h
So, total distance=h + 2 (§+Z+"")

1
=h+2h| —2_ |=3h
1
1-=
2
i = =Mn—-
(c) Using, F=ma at
dv
6t=1.W [~ m=1kggiven]

v 2Tt
t —
IdV:Itht V=6|:?:| =3mst [~ t=1secgiven]
0 0
From work-energy theorem,

W= AKE = %m(v2 -u’)= %x1x9= 451
(@ Work done by friction at QR = umgx
Intriangle, sin 30° = %zp—ZQ =PQ=4m
Work done by friction at PQ = pmg x Cos 30° x 4
= pmg x gxk 2+/3 umg
Since work done by friction on parts PQ and QR are equal,
pmg x = 2,./3umg=x= 2,/3=3.5m
Usingwork energy theoremmgsin 30° x4 = 2./3 umg +pmgx
=2=43u=>pn=0.29
0 n= W mghx1000 10x9.8x1x1000
input input input

| t-M-49><104J
put="95"=

49 x10* 3
38x107 =12.89 x 10~°kg.

b) Aswe know, du = F.dr

Fat used =

r 3
—(or2dr =2 .
U= gar dr = 3 (I)

sz 2

As, — = ar’= m?2 = mar3
r

or, 2m(KE) = %ara ..(ii)

Total energy = Potential energy + kinetic energy
Now, from eqn (i) and (ii)
Total energy = K.E. + P.E.
0Lf3 0Lf3 5 3

= —+——==ar

3 2 6
(@ Letubetheinitial velocity of the bullet of mass m.
After passing through a plank of width x, its velocity
decreases to V.

u u u(n-1

u-v= n or, VZU_H:T
If F be the retarding force applied by each plank, then
using work — energy theorem,

41.

42.

43.

44.

2
1 1-(n-1 -
=—mu2 —( ) Fx=1mu2 2n -1
2 n2 2 n2

Let P be the number of planks required to stop the bullet.
Total distance travelled by the bullet before coming to rest =Px
Using work-energy theorem again,

F(Px) =%mu2 -0

2
2n-1 n
or, P(Fx)=P L2112 . p
2 n? 2 2n-1
(@ Given: ky =300N/m, kg =400N/m
Let when the combination of springs is compressed by
force F. Spring Aiis compressed by x. Therefore compression
in spring B
Xg =(8.75—x) cm. Inseries force is sameacross both spring
So, F=300xx =400(8.75-x)
Solving we get,x=5cm

Xg =8.75-5=3.75¢cm
1 2
En 2/2%a)"  g00x(e? 4

ZA _ - =
Eg %kB(XB)Z 400x(3.75)° 3

(c) Heres when the block B is displaced towards wall 1,
only spring S, is compressed and S, is in its natural state
as the other end of S, is free.

1
Therefore the energy stored in the system = —klxz.

When the block is released, it will come back to the
equilibrium position, gain momentum, overshoot to
equilibrium position and move towards wall 2. As this
happens, the spring S; comes to its natural length and S,
gets compressed. The P.E. stored in the spring S, gets
stored as the P.E. of spring S, when the block B reaches its
extreme position after compressing S, by y.

It is because no friction anywhere.

So, energy is conserved

1 1 1 1
5 ky XZ:EkaZ: 5% kx2:§><4ky2
y 1
2-402 - L_=
= X°=4y -

(b) For conservative forces AU = - W

AU = —I;( Fdx or AU = —I:k xdx

= U(X) - U(O) - = 2 ('.' U(O) - O)
kx? -2U
Uy=-— = ¥=—~

It represents a parabola below x — axis symmetrical

(b) Let x be the maximum extension of the string. Here
mechanical energy is conserved, so decrease in the
gravitational potential energy of spring mass system (Mgx)

= gain in spring elastic potential energy [%kxzj

|\/|g)(=%k)(2 = X:%
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45. (d)
46. (b) When spring is cut into pieces then the length of

. . 2L
longer piece of spring = —

Here the original length of spring be L and spring constant
is K (given)

For a spring, K x L = constant [ K= YA/I]

Let K' be the spring cosntant of longer piece of spring

2L 3
KXL:?XK' =>K'=-K

2
pz
47. (¢) KE.= 2—; [K.E. = Kinetic energy; P = momentum]
m
2 2
Pl pz
KE,=KE, -
2
o / \f
2 " m, m
P2 2 2
48. (5) Work done = Increase in P.E. + gain in K.E.

F x d = mgh + gain in K.E.
18x5=1x10x%x4+gainin K.E.
GaininK.E.=50J=10n .. n=5

Here, loss in K.E. of the block

=gain in P.E. of the spring + work done against friction

2
2

4. ()

2 umgx + kx?

= lsz +uUmMg.X = v=
2 m

B \/2><O.l><0.18><10><0.6+2><O.6><O.6
V= 0.18

N . =i
E . N=4

4
SOV B
50. (30) Given,

Mass of body M = 5 kg

initial momentum P; =10 kg m/s
Impulse = FAt= AP= Rf P

2x5=P.-10
final momentum P; =20 kg m/s
( p2)
Increase in KE = KE, - KE, k KE :ﬂ)
_PE PP 400 100 oo oo
2m 2m 2x5 2x5
51. (2) Given,

Mass of particle, m=10g
Retardation, a = 2x

Loss of K.E = work done against retarding force.
X X

. AKE = J' madx = J'm2xdx = mx?
0 0

-2
10
= 10 x X2 = (_) J
1000 X
n=2

52. (375) LetV, be the velocity before hitting the floor and
V, be the velocity just after hitting the floor.

v 1 2
Vs, =4= Vl = 4V2 KEpefore = E mV;
1 1im. Vl
KE —mVZ =
after = 2 2= 2 16

53.

54.

55.

56.

57.

58.

59.

2

_ 1 mVl 1 2

AKE= KEaﬁer_ KEbefore = E 16 _E mVj

AKE = 1 mv2 (i— ) ey

2 16 32

The percentage loss in kinetic energy is given by
A—KE><1OO% = __15>< 100 = _37500
KEpefore 16 4

The value of x is 375.
(50) We have M.E = M.E,

— K, +P, = ME, :>0+%kA2 =0.25

:1><k><0.l2 =0.25 = kx0.01=0.5

:k—OSO—SON/m
0.01

(7) V2=u2+2as=22+2x2x6=28
1 1
So, K.Ezzmvz = 2 %500 x 28 =70000=7kJ

(300) Given, mass of the body, m = 0.4 kg
Displacement in n" sec.

1
D,=u +Eg(2n -1

= Dg= 0+%><10><(2><8—1) =D,=5x15
AU=mgDg=0.4x10x5x15=AU=20x15=300

1
(40) We have, - mv; =10000

1
Exev —10000-] %V =10000J = v, =100 m/s

g0, 2=V 10020 o0 2

t 5
F=ma=20x2=40N

(24) Using work-energy theorem, W, = (K; - K}
2
= 1Kx2 =lm(xj —lmv2 =E—E
2 2 \2 2 4
1 3E 3E
= K=ToK= o k=—E
2 4 2X

So, value of spring constant of used spring is 24 times of
Kinetic energy

. n=24

(16) Given,

Mass of engine - wagon system, m = 40,000 kg

Velocity, v =72 x 5/18 = 20m/s

KE = % mv? = % x (40,000) x (20)° = 8000000 J

As 90% of K.E of system lost in friction, only 10% is
transfered to spring.

1 Kx? = 10 x 8000000 = % x K x1x1=2800000

2
= K =16x10°N/m
(1) From conservation of linear momentum
P. = Pjing (@nd P =mv)

initial —
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60.

61.

62.

63.

64.

65.

A261

Mx40="" xv+ 0 x60 = 40=—~+30
2 2 2
sv=20
1
Initial Kinetic energy, E; =>m x(40)* = 800m

Final kinetic energy, E,

20)% +=.22(60)? =1000m
22 7 2 (

AE = E, - E; =1000m -800m = 200m
AE 200m 1 x

E, soom 4 4 =X71
(40) 2m, 2kg

im
1kg

Loss in potential energy = gain in Kinetic energy
Take zero potential energy at table, initial potential energy

= —1><10><1= -5J
2 3
Final potential energy =—3x10x == —45J

Change in potential energy = -5—(-45)J = 40J
s k=40
(6) Here Kinetic energy of ball is equal to P.E. stored in

1
spring i.e., Emv k(AX)
1 , 1
= 2 x4x(10) =E><100><(AX) = Ax=2m

Therefore length of the compressed spring
X=8-2=6m

(1) From p=./2mk = P oc/m s k is equal for two
particles.

P ﬂ_JE__
Pz mz 16
2

P
(2) Kinetic energy of a body, K = om

sn=1.

K m 2
Now, —A-_B_=

.'.Koci .
m Kg mp 1

(Pa=Pg)

(150) From work energy theorem,
W = F s = AKE = ~my? Here V2 = 2gh

2 1° 15
AFeseFx2 ot 0010%20 -
10~ 2 100 < 10* 20~ F=130N.

(a, d) At point Y the centripetal force provided by the
component of weight mg

..mg sin 30°=——
R
VP =g7 . (i)

66.

67.

68.

y

Now by the energy conservation

between bottom point and point Y

1 2 1 2 .

Emvo =mgh +Emv myg sin 30°
V2= v —2gh ..(0)

*. From eq. (i)

grR >
= =v5—-2gh
> 049

Hence option (a) is correct.
At point x and z of circula path, the points are at same height
but less then h. So the velocity more than at point y.

. . mv< . . .
So required centripetal force = —— is maximum at points x and y.
r

dk 1 2 d[l 2)
— = == = =mV*© =
(abd)G =+t and k_2mV St 2 1t

m dV dv
—xN — = - mV— =
= > at yt c at yt
\ t 2 2
mdev yjtdt mv L

{2
.'.V—\/:Xhe VoctV—— \/7 S =

So V is proportional to ‘t’ and distance cannot be
proportional to 't'.

dav
= = _ = t =/ym
Now ma= m dt l |: —X :| =constant

Since force applied is constant and dlsplacement between any
two points on x-axis will also be constant, thus work done will
be independent of path. Hence force is conservative in nature.
(a, b, d) From figure given in question,

Potential energy of the ball at point A = mgh,

Potential energy of the ball at point B =0

Potential energy of the ball at point C = mgh

Total energy at point A, E5 = K, + mghy,

Total energy at point B, Eg = Kg

Total energy at point C, E = K + mghe

As body rolls between A and B and between B and C there
is no friction. So energy should be conserved here

By law of conservation of energy.

Epn=Eg=E¢ AsE,=E.

Kp + mghy = K +mghe

So, If hy > he = K, < K. So option (b) is correct
Ifhy <hc= K> K

Doesn't matter if hy > hs or hy < he, we will always have
Kg > K because E, = Eg = E(. So option (a) and (d) is also correct.

(d) From principle of conservation of energy
(KE)g+ (PE)g=(KE)y+(P.E),,
1 2 1 2
—mv°+mgL =—mu® +0

or, > g >

— V:\/uz—ZgL .. (i)

VI
Change in velocity |AV | i 5

= |[V—u|= V2 +u? Sy

u
Putting the value of v from eq. (i)

|AV =22 -g)
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69. (c, d) As particle is acted upon by a force of constant
magnitude and is perpendicular to the velocity of the
particle so it is a case of uniform C|rculat motion.

The force is constant in
magnitude, this show the speed
is not changing and hence kinetic
energy will remain constant.
The velocity and acceleration
changes continuously due to
change in the direction.

70. A->p,q,r,t; B—>q,s C—op,q,rs; Dop,r,t

For A
U -du 2Py
—d% X —<Y%
== 1—(—) = x—a)x(x+a
Fx=-"3 dxz{a} 7 (x—a)x(x+a)
F=0 at x=0,x=a,x=-a
and U=0 at x=-a,x=a
For attractive force, Fo. — X. So (s) does not apply.
2
At x = — g, d—LZJ is +ve, which implies curve is having
dx

minima at this point and will oscillate about this point as it

]
is minimum P.E. and total energy (Toj of particle is less

than maximum P.E. (—O)

]
U 2 U
1 1 | 1
1 ﬁl | 1
\17 ‘er T
1 1 | 1
1 1 | 1
1 1 | 1
—aI I+a X I : X
U U

—du —x2/a?
ForC Fo=—~ —er x(x—a)(x+a)
du U
ForD F, = =4
o 248 [(X a)(x+a)]
1
71. (b) Aswa“fomes:AK:wmg+Wﬁ:Em\ﬂ—o

= mgh—lSO:%va = mgR sin 30°—150:%mv
1 v2
= 1x 10 x40 x 5—150=7:v:10m/s

N — mg cos & will provide
required centripetal force
2
m
N - mg cos 6 = mv
R

2
mv
N:mgcose+T

mg cos 60° mg
1 1><(10)

=1x10x 40

=75N

72.
73.

74.

75.

(b) As discussed earlier, we get v =10 m/s.
(c) In the first case the mechanical energy is completely
converted into heat becuase of friction. i.e., Decrease in

. 1,
mechanical energy = > mv-<-

While is second case, a part of mechanical energy is converted
into heat due to fiction but another part of mechanical energy
is retained in the form of potential energy of the block. i.e.,

. . 1
Decrease in mechanical energy = > mv2 — mgh

Therefore statement 1 is correct.

Statement 2 is wrong. The coefficient of friction between
the block and the surface does not depend on the angle of
inclination.

Let point mass hit the wall with the speed v.

Then, velocity of mass m at this instant = v cos 6 = E V.

Further M will fall a distance of 1 m while m will rise up by

(\/g -1)m. ¢ 1m .

From energy 2m 5
conservation, o !

Decrease in P.E. = S

of M = increase im | h g g % o

in PE. of m + A Bm T'TT
increase in K.E. St el

of both the ,.,.& h-Iu%—l)m
blocks.

Mgh = mgh' + lmvz +1m(v cos 0)°
or, (2)(9.8)(1)=(0. 5) (9.8) (f l)+—><2><v

1 2V
+ —x0.5x%
2 (JEJ

Solving we get, v = 3.29 m/s.
K.E. of block = work against friction + P.E. of spring

%mv2 =umg (BD + x)+%kx2

1 2 1 2
Emv = mg(2.14+x) + Ekx

1 1
2 X05x3=02x05x08(214+x)+ 5 2%
214+ x+x2=225 - x2+x-0.11=0

. 1
On solving, we get x = 0° 0.1

The spring gets compressed by 0.1 m

Restoring forceat Y =kx=2x0.1=0.2 N

Frictional forceat Y =p,mg=0.22x0.5x9.8=1.078 N

Since frictional force > restoring force, the body will stop here

i.e., after compressing the spring by x

. The total distance travelled
=AB+BD+x=2+2.14+0.1=4.24m.
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76.

77.

78.

79.

80.
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Here the net force acting on A

and B is zero. Since the blocks

A and B are moving with

constant velocity. c

Let the extension of the

spring be x.

There will be no friction force

between block A and C

- f=uN. Here there is no normal reaction on A because A

is not pushing C so frictional force between block A and C,
f=pN=0

Applying F,=maonA, myg—-T=m, x0

oo T=mug . (i)
Applying F; = ma on B,
T-f=mgx0
T=f=uN
= Hmgg .. (i)

From (i) and (ii)

my 2
= = —=—=10k
UMgg =m,g = mg L 02 g

Here the force acting on the spring is the tension equal to
restoring force

m 19.6
T:kx:x:F oX= Iig:T
Energy stored in spring

U - lkxz =1X K x 19.6 . 19.6 3 19.6 x19.6

2 2 k k 2 x1960
Here, K.E. at C = Loss in P.E. — work done by friction
In both cases work done by friction = umgx

1 - 4
or, —MVg =mMg y —pumgx

=0.098J

=gy —HoX

Vo= v29 (Y —px) 5 c

Now, K.E. at F = loss in P.E. — work done by friétion 5

1
5 mvf = mgy - (1 mg cos o) DG — (. mg cos B)GF

1
:Emvlg:mgy—umg (DG cos o + GF cos B)

1 2 D
= E MVE = mgy — umgx

12
= SVF =0y - hgX

| B
VF: \IZQ(y_HX) E N F

e, Vo= Ve= /20y —2n0X .
No. when a ball is thrown up the gravitational pull of
earth, is acting on the ball which is responsible for the
change in momentum. As F ., # 0, so momentum will not
be conserved.

X

For a spring, (spring constant) k x (length) I = Constant

If length is made one third, i.e., ‘I;) the spring constant

becomes three times i.e., 3K.
Using Kinetic energy (K.E.) and momentum relation,
2 1
KE =2 For equal value of p, K.E. c ——
2m mass

ﬁ Topic-3: Power
=)

1. (c) Given,P =costant = FV =constant=K

= m(ij—\t/v =constant =K

Vv t 2
:IVde(K)Idt D(VTJzkt = Vo tV2
0 0

s t
:>Eoct1/2 :Ids:CItllzdt :>szcxgt3’2

oosoct¥?
2. (d) Given,
Mass of the body, m = 2 kg

Force, F=ma = (6ti+6t%j)N

i= :Sti+3t2]:>((jj—\tlz3ti+3t2j

S|

2,
:v:%iﬂ‘?j

~ 2 ~
P=Fv=(6ti+ etzj).(%i +13j) = (9t + 6t5)W

W  mgh
3. Power,P=T=Tg

mgh
BC L O
P, mgh t m,

th
R 300x2 12 3x
P, 5x50 5 x+1
S0, 124/x +12 =15Vx = 3/x =12
S.X=16

dm

4 @ Firust = Vrel E
So, Power =Force x \elocity =2.5x 5=12.5 watt.

=5x05=25N

a

2.2 V2
5. (c) a,=Kk-°rt :T:>v=krt

dv
8 =—-=
dt
-> o> -
Now, P=(F, +R).v
=0+ Fyv=may = mkr (krt) = mk?rt
6. (b) Total force required to lift maximum load capacity
against frictional force =400 N
Fiotal = Mg + friction
=2000 x 10+ 4000 = 20,000 + 4000 = 24000 N
Using power, P=F x v
60 x 746 =24000 x v=>v=1.86 m/s~1.9m/s
Hence speed of the elevator at full load is close to 1.9 ms™1

kr
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7.

10.

11.

12.

13.

i i = n2Rt2
(o) Centripetel acceleration a, = n“Rt

V2

o =—= n2Rt?
R

v2 — n?R2¢2 v=nRt

Here power is delivered by tangential force only because

power by centripetal force is zero. [Since I—:c 1 V}

dv
8y =—=nR
dt
Power = ma,y = mnRnRt = Mn?R?t.
. dv. dm
(c) Forceexerted bywind, F= mE+ VE
as, v = cons.
dm d d
F=v— =v—(vyxp), Vo =Vvolume =vp— (Al
m dt(o P): Vo pdt( )
dl
= VpAa So, power = Fv
=VpAv = pAv3
= pAv2 i.e. power oc v3
(b) The centripetal acceleration a, = k? r t?
2
o, L k22 V = krt
r
o a2,
ow, a= =kr
Power, P =Fyv=mayv
Power = mk2r2t
1 -
ﬂ E Emv

= constt

(c) Power, P= P = constt

t
From work-energy theorem, not work done = change in

Kinetic energy.
V2
= —=constt(k) ..

or, ds=kt/2dt

v = kt2 and d—iz ktl/2

3/2

By integrating, we get = s = +C = soc 32

i.e., Distance moved S oc t3/2
(b) If machine is lubricated with oil friction is reduced.
Output work

Mechanical efficiency = Inputenergy

Due to less friction output work will increase. Thus the

mechanical efficiency increases.

load
effort

Mechanical advantage, M.A. =

(5) Using, work — energy theorem, A KE. =W =P x t

1 / /
_mV2=P><t_'.V: E: wZSms_l
2 m 0.2

(300) Given, acceleration of block, a = 1ms=2
Mass of block, m =5 kg

~ v=u+at=0+1(10)=10m/s

F-mg sin6=ma—= F-5gsin 30° = 5a
=F=5+25=30N

Power P = Fv =300 W

We have
mdv
dt

14. (100) F=ti+3t

= =1i+3t%] = 1.dv=(ti +3t%])at

t R t R 2 R
= [dv=tdti+ [3t2f = v=17 %]
0 0 2
Power = l‘:.\—/:3+3t5

O <

And,

Att=2, power = §+3X32=100W

15. (18) Given, Mass of the body, m = 2 kg
Power delivered by engine, P =1 J/s
Time, t = 9 seconds

Power, P = Fv

= P =mav [ F=ma]
dv ( dvj
= ca=—

=m o v="P m

=V dv=£dt
m

Integrating both sides we get

v t Z
_P v Pt 2pt) ¢
:IVdV_HJ.dt:>7:FDV:(?)
0 0

o dx /2_Pt1/z (.,V:%j
dt m dt
X t
= [dx= Iz—Pjtl’zdt
m
0 0
. 2P 2 [P 2 4,
= —— = [—x—t
Distance, x T o ><3

= Xx= /ﬁxgxgm _2,97-18m
2 '3 3

Topic-4: Collisions

1. () UsingVv2-u2=2gh
Velocity just before collision =./2gh

Velocity just after collision = zg(gj

1 1 1
.. AKE ==m(2gh) —=mgh ==mgh
> (2gh) > g > g
.. % Loss in energy
1
=mgh
_AKE 100=-2 " %100=50%
KE; Engh

v, =0

" o=ee—

Applying conservation of linear momentum
= Pi =Pf (- P=mv)
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mv; +2mv, =(m+2m) V' 8. (c) Letthe velocity of striking particle be u,
v Then, mu,=mv, +5mv,
mv+2mx0=@Bm)v'=mv=3mv =vV'= 3 Uy =V, + 5V, N0)
3. (c) Thevelocities will be interchanged after collision. as, collision is elastic
O'=v2-2gh So,e=1
V= Zgh :>V2_V1:1
. .. u
Speed of P just before collision = ,/2gh 0 N
P ] g =V,-V, = U, (i)
= 2x10x 0.2 =2m/s (*-~h=20cm=0.2m) Adding (i) and (ii), we get
. o 1 2 _ _Up
4, (d) Fromequation of motionh= ut+ Egt 2u,=6v, = Vv, = 3
1 2 ! 2
h=—qgt ! 1 U
2" L 2(5'“)(3?] -0 500
S0, % AK.Ey =————————x100 = — =55.6%
2h 30 }muz 9
t= E TV = on 20
27 20 m 40 mvs vV 60 m/s
g 9. () »——> e o
- 3m 2m ] m
120 Using momentum conservation
== [PE— 3mx40=2mv+m60=v=30m/s
2 : . o
2h o m ; Fractional charge in K.E is given by
g =i L 602 + L 2mx302 - L am 402
apply the conservation of momentum Mu = m,v, + m,v. =AW LS e L SN PRl el i
PRl = MyVy MYz KE  hitaKE Lo 102
2

3049 120,/g
0.01)u= (0.2)—+ (0.0]) —
(0.01)u=(02) 7on (0.09) J2h
u=300+60=360ms™*
5. (b) Asno external force is acting on system so, P, = P,
0.2x10=10xv=Vv=0.2m/sec
1 1
Lossin K.E. = 2 (0.2)x10? —§x10(0.2)2

L 10x(02)[10-02]=9.8
6. (b)z m=0.05kg m=0.05 kg

@ - HUSQ
10 m/s
10 m/s E : : ; 10 m/s

Chnage in momentum of any one ball
|AP|]=2x0.05x10=1

“—:av|:|AP|: 1 :1000:200N
At 0005 5
7. (o) By law of conservation of momentum
- -
| Pi|=| P | 0 ms
~ ~ Ed
0=m(30i +40j)+2mv
m

V=-151 —20] 2m

S0, |V [= /-1 + (~20)° v
=./625 =25m/s.

30 m/s

60?2 +2x30% —3x40% 1

3x 402 8

10. (b) After the collision the objects move in opposite

1.

direction letwith velocity v, then from law of conservation
of momentum P, = P;
myv=(m,-m,) v,
m

Betore collision

my my
Vi Vi
After collision
myv .
Vv =——"— ()]
(my—my)
If collision is elastic then, e =1 = w
v-0
Vv .
also, 2v, =v= V1=§ . (i)
From equation (i) & (ii)
1 m my _3
2 mp-m m 1

() According to the question, all collisions are perfectly
inelastic, so after the final collision, all blocks are moving together.

T 71 17 ¥
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12.

13.

Let the final velocity be v', using momentum conservation ~ 14.

mv=16mv':v'=l
16

Now initial energy E; = %mv2

) _ 1 v 1mv?
Finalenergy: E; =—x16mx| — | ==——
2 16 2 16

1 1 V2

Energyloss: E; —E =-mv?-m—

o 7 2 16

1, 1 1 15
=mv|1-— | = =mv?
2 16 2 16

The total energy loss is P% of the original energy.
Energy loss

Original energy
1 15
Emv 16
== "2 %100 =93.75%
~mv?
2
Hence, value of P is close to 94.
(b) Given,

Mass of block, m; = 1.9 kg

Mass of bullet, m, = 0.1 kg

\elocity of bullet, v, =20 m/s

Let v be the velocity of the combined system. It is an

inelastic collision. 16

Using conservation of linear momentum
my x0+m, x Vv, = (M +m,)V
= 0.1x20=(0.1+1.9)xv =y =1m/s

Using work energy theorem

Work done = Change in Kinetic energy

Let K be the Kinetic energy of combined system.
(m;+m,)gh

1
= K—E (m1+ m, )VZ 17.
18.

= 2xgxl= K—%xelZ =K =21]
(c) From conservation of linear momentum

mui + 0 = mvj + 3mv’

— Usr Va2
3' 73
y V
m 3m T
— ° m 3m
u o\
X V
Before After
collision collision

From kinetic energy conservation,

1 -, 1 5, 1 uY (v
Emu —Emv +—(3m){[§j +(§j ] 19.

or, mU =mv +mu +mv 'V——u
3 3 V2

15.

@@L

x-direction
mu+—=2mv =V, =
2 XTI Ty
u
y-direction 0+—=2mvy, = v, 2
2 2
K.Ej=—m u2+lm (Ej +(Ej
2 2 2 2
1 5 mu?  3mu?

6
. Loss in KE = KE; - KE; = mu? [g__
0) Vg = Vg~ V= 0.7=vg— vy
P|:Pf

or 0=20(0.7-v)=50v
or v=0.2m/s
(d) By law of conservation of momentum

2u=2£+mv :>3—u:mv
4 2

u
V_Z u 5u
Now, e = Su=V—— [ve=1]=>—=V
u 4 4
Smu _ 3u :>m=§=1.2kg
4 2 5

M) m(2v)+2mv=0+2mv’ cos45°or v’ = 2./7y
(d) Using conservation of momentum,
mv, = mv,, — mv .

0 2 1 a v @

1 1
5 mv? =0.36 ory mv; After collision

oL
=v,=0.6v, —o WD——v,
The collision is elastic. So, Vi
1

= Mv§ =0.64 levg [.. M =mass of nucleus]

=V, = /% x0.8v,

mv,=vmM x0.8v, —m x0.6v,

=1.6m=0.8VmM =4m*=mM - M=4m
(b) Before Collision After Collision

@ @-0 " @

Stationary
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1 5, 1 5, 3(1 5, j
—mv; +=mv5, =—|=my,
2 1 T2 2[2 0

2 .2 32 ,

= V] V5 _EVO ()

From momentum conservation

vy =m(vy +Vy)

Squarring both sides,

(V; + V)2 =Vp2 = v, 2 + V2 + 2V, v, = V2
17 V2 0 1 2 12~ Vo

...(ii)
22,

\
2V1V2 =— TO

2 _ 2 2 3.2 Vo
(Vl_VZ) =Vl +V2 —2V1V2 =§VO + 5

Solving we get relative velocity between the two particles
Vi —Vy = «/§v0

20. (@ Changein momentum

A

J

Nio

<>
Ro]
—

f 23.

=>

© NN

LA

20 2 2
J=1, molecule = 1 ij
=1H wall :_T
2

L
V2
AP =

2
NG

)
2
2

[Sp)

AP =

Pressure, P

F_J2p

=—=——-n (. n=no.of particles
A ( p )
J2x3.32x107% x10° x10% "
= " =2.35x 103N/m
2x10

(@ Forparticle C,

According to law of conservation of linear momentum,
verticle component,

2mv'sin @ =mv sin 60° + mv sin 45°

2mv'sing =T 4 mys (i)
2o 2

Horizontal component,

2mv' cos 6 = mv sin 60° —mv cos 45°

2mv'coso = m+m
2 2

21.

25.

v sin 45°

. 459
—V cos 45°
For particle B

Vv cos 60°
For particle A

24.

Dividing eq" (i) by eq" (ii),

1.3
) L2 2 2443
ano = =
111
2 2

(b) Given, m; =4g, u; =300m/s

m, =0.8kg=800g, u,=0m/s

From law of conservation of momentum,
MyUp +Malp =MyVy +MyV;

Let the velocity of combined system = v m/s

then,

4><300+800><O:(800+4)><v:>v=%=1.49m/s

Now, u=0.3 (given)

a=pug =a=03x10

=3m/s?

then, from v2 = u? + 2as

(149)2=0+2x3xs
(149 _ 2.22

S=——"— S=——=0.379m

6 6

(b) As tennis ball is dropped, so initial velocity u = 0
1

KE.= —mv
2

(take g = 10 m/s?)

1
Z - Em[u +at]2 = %m[0+ gt]2

|
. K.E =§mgzt2 5 KEoct? ()

i.e., The relation between k and t is parabolic.

First the kinetic energy will increase as per eq (i). As the
balls touches the ground it starts deforming and loses its
K.E., when the deformation is maximum, K.E. = 0. As the
ball moves up it loses K.E. and gain gravitational potential
energy in the same time interval. These characteristics are
best illustrated by kt graph shown in (b).

: uasin?o
(@ Height, h = —2g 2mysing o 2mv
y
ing v2 — 2 =
using v4 — uc = 2gh |_X Fomy cosd
| 2.in2
2 ain? | o Yosin“a
2 2 Ug SIN™ o T
Vi —uy =2(-9)| ——— Y
1 —Up =2(-9) { 29 U,
m mu, cosa. m
= v12 = ug(l—sin2 o) = ug cos® o
= V{=UyCosa ) _ o
Applying conservation of linear momentum in Y-direction
2mv sin O = mv; = muycosa (i)

Applying conservation of linear momentum in X-direction
2mv cos0 = mu,, coso (i)

Dividing (i) and (ii) we get

tan 0 =1 .-.9:45°:%

(d) Let after 't' time both ball and bullet hit the ground.

Then, {_ @: }2X5=15ec.
g 10

After collision let V., be velocity of ball and V. be
velocity of bullet.

S0,20 =V X 1=V, ;=20 m/s

100 =Vpet X 1= Vet = 100 m/s
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26.

217.

28.

29.

30.

By law of conservation of
momentum
0.01V=0.01x100+0.2% 20
=001VvV=1+4

V=2 =500mbs.
0.01

Bullet
Ball

20m 100 m

(c) According to question, between collision, the particles
move with constant speed.

At first collision one particle having speed 2v will rotate
2 x 120° = 240° while other particle having speed v will
rotate 120°. Hence, first collision takes place at B. At first
collision, they will exchange their velocities as the collision
is elastic and the particles have equal masses. Again second
collision takes place at C.

o | 120° m 120°
A

B 120°
1st collision

¥ C
2nd collision

2v
Now, as shown in figure, after two collisions they will again
reach at point A.
(d) Fyq=(my+m,)gand At = 2t,
_Ap
Fext = E
. Ap = Fext At = (m1\71 '+ m2\72 I) —(m1\71 et m2V2)
=(my +m,) g x 2ty
(4) Hence, Just after collision with A velocity of B
(mg —mp)ug  2mpus  0+2mx9

Vg = + = =6m/s
Mg + My Mmp + Mg m+2m

2m m

A B C
The collision between B and C is completely inelastic
mg Vg = (Mg +m)Vv

= V=

2m
(5) Due to elastic head on collision of equal mass m of
bob, velocity at the highest point of bob tied to string ¢, is
acquwed by the bob tied to string /5.

ol =59/, = 5—1:5
,,2
o)

T =Total time of flight

)

For maximumtime=——=

dh
“Vgl\2JH-h

=0

m)

31.

32.

33.

34.

35.

=2Jh=2H-h =JH-h=+h =H-h=h
AL
=N 7
(5) e= Vseparation — Vsep :ﬁ:>05= ﬁ
Vipproach ~ ¥2x10x20 20 20
= Vsepz 10m/s
Let ‘h’ be the maximum height reached
A\ 2
Then, h=—"2_ 10° _
2g  2x10
Before Collision After Collision
2 m/s
@ ( E—mQ =) ( 9—>
1 kg 3 ke 1 kg 3 ki
Ixu; +3x0=-2+3v = ul——2+3v (1)
1_v+2
Uy => v+2=u;

Using equation (1)

V+2=-2+3v

2v=4

v=2

Put this in equation (1)

= U3 =-2+3v=-2+3x2=4m/s

) Before Collision After Collision

From conservation of momentum along y-axis.
P = Pfy

0+0=mv,sin30° j+mv,sin30°(-j)

Vi
H O H o — —_—

mv, sin 30° =mv, sin 30° v,=v, or v, 1
(120) m

Vo

0 2m

0 ~ Vo2

Vo

m

Momentum conservation along x direction,

2mv, cos 0 = Zm%0 = c0s0 =%or 0 = 60°

Hence angle between the initial velocities of the two bodies

=0+0=60°+60°=120°.
(1) For elastic collision KE; = KE;

1mx25+1xmx9=1mx32+1mv§
2 2 2 2

34=32+VZ = Vg =2

1 1 1

KEg =2mvg =2 x0.1x2=010 =12 x=1
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36. (30.00) Maximum height, 1
“[3)
2

u’sin? 0 5
H= 29 =120= 29 uc=480g
Upon hitting the ground, it loses half of its kinetic energy
1 2
K Einitia = 5 MU~ =240mg

1
K Einal = 5 (240mg) =120 mg

12 _ 2 -
Smv? =120mg ~\2=240g

After the bounce, the maximum height the ball reaches

1
vt 200(3)

29 29

=30m
37. (ac,d)

Before collision After collision

From v2 — u2 = 2gh
02-u3=2gh . uy=+/2gh .. Up=+/2ghx
andv, =4/2g(3h)

J2g(3h
.'.tane:V—Z:L:\@ -0=60°
J2gh

Ug

Distance d = ugt = /2gh x nggh = 24/3h

After collision only velocity along z—direction will
change

1
V] = ev, :Exq/29(3h) =/2gh
5 V=viK+Ugi =2ghk+/2ghi = 2gh [i+|2]

2
2 (yagh 24/3h
Heighthl=‘i=—( ) hodiny =28 o
29 29 h
Therefore options (a, ¢, d) are correct.
38. (ad) N N
Before collision After collision
Vo + 2V
-V, Ve <« V<—¢ Piston

ALLLRLNRRNY
ALLLLLNNRNY

E E
When the small particle moving with velocity v,
undergoes an elastic collision with the heavy movable piston
moving with velocity v, it acquires a new velocity v, + 2v. So,
the increase in velocity after every collision is 2v.

39.

40.

Time period of collision when the piston is at a distance
‘L’ from the closed end

distance 2L

speed v
Where V' is the speed of the particle at that time.
.. Frequency or rate at which the particle strikes the piston
V'

T=

2L
The rate of change of speed of the particle

dv V'
at (frequency) x 2v ... oL
dv' wvdt -dL

v L L
Where dL is the distance travelled by the piston in time dt.
The minus sign indicates decrease in ‘L’ with time.

fav__
,€nVL:—,€nLL or |V'|:%
0 0
L VoL
when L:TO we have |V'|:ﬁ:2v0
0
. 1 2
AN K-ELO/2 fEm(ZVO) ‘e
: _1my2 loe _y
L KE, = 2mv0 KEL,
(a, b, d)
s v Flat plate ) Flat plate
— — v
~—> <o <—e ~—>
u u \Z Vv,

Just after collision
For right gaseous particle

Before collision
For left gaseous particle

1:vl—v l:v+v2
V+u u-v
SV EU+2v SV =U=2v
SoAVp=2u+2v and Av, = 2u - 2v

Now F = % = pA(U +V)(2u + 2v)

d
and F, = % =pAU-V)(2u-2v)

. F =2pAu+Vv)? and F, = 2pA(u - v)?
AF is the net force due to the air molecules on the plate.

AF
= AF = Fl - FZ = 8pAUV P=—2= 8pUV
1 A

The net force F ., = F — AF = ma

.. F—8pAuv = ma

Due to viscosity, plate will eventually reach terminal
velocity. So now plate will move with constant velocity.
(a, ¢) According to law of conservation of linear momentum
my Uy + MyUy = MV, + MoV,

1xu;+5x0=1(=2)+5(v,)

=>Uu;=-2+5v, (i)
The coefficient of restituition
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41.

42.

43.

e= V2~ % =1=
U —U;

From eq (i) & (ii) u; = 3 m/s and v, =1 m/s

Hence total momentum of the system = 3 kg m/s and

K.E.cm=0.75]

(a, d) From law of conservation of linear momentum

(2)

o DUp=Vvpt2 (1))

The initial linear momentum of the system, pi — pi =

. Final linear momentum should also be zero i.e., pj+p;=0
Optiona:

Py + Py = (ag+ap)i + (b +by) j+ ¢k = Final
momentum.

Itis given that a,, by, ¢, a,, b, and ¢, have non-zero values.
Ifa; = x and a, = —x. Also if by = y and b, = -y then the

iand ] components become zero. But the third term having

k component is non-zero. This gives a definite final
momentum to the system which violates conservation of
linear momentum, so this is a wrong option.

Optiond:

P+ Py = (a +ay)i+2b | = 0 because by =0
Following the same reasoning as above the option d is
also wrong.

(b, d) Just after the collision of C with A, C stops and

A acquires a velocity v because of head-on elastic collision
between identical masses.

Velz0 —»
7 777 77777

When A starts moving towards right, the spring suffer a
compression due to which B also starts moving towards right.
The compression of the spring continues till there is relative
velocity between A and B. When this relative velocity
becomes zero, both A and B move with the same velocity v'
and the spring is in a state of maximum compressmn say X.

Vel=0 _> _>
S /M/ 7 IEI/ W/

Max compression
From principle of conservation of linear momentum
v
mv=mv'+mv' =v'= 3

K.E. of A — B system at maximum compression,

1 1 2 .V
2mv'2+2mv'2 2 v (v :_j

4 2
Applying energy conservation
%mv2 :lmv'erlmv'zﬁthx2
= —myv? =lmv2 +1Kx2
k2= tmy? = v, |
= > KXx® =—mv X= 2K

(@ LetV bethe speed of other piece of shell after the collision.
As one piece retraces its path, the speed of this piece just
after explosion should be v cos 6

- +

<“— >
p VCOSO
VCOS

(==}
NBT
N\Bl

<-

44.

45.

46.

47.

Applying conservation of Iinearm momentum at the highest point
m(vcosQ) = EXV'—?XVCOSG

S v'=3vcos O

(c, d) Ininelastic collision only momentum of the system
may remain conserved.

(a) is incorrect because the momentum of ball changes
in magnitude as well as direction.

(b) is incorrect because on collision, some mechanical
energy is converted into heat, sound energy.

(c) s correct because for earth + ball system the impact
force is an internal force.

(d) s correct. Total energy of the ball and the earth is conserved.
(b) As the inclined plane is frictionless,

The K.E.atB=PE.atA ,

lmv2 =mgh

h

v=y2gh l'D

h
In A ADB, tan 60° = —=

3
~h=3m
~v=.[6g=/60m/s

This is the velocity of the block just before collision. This
velocity makes an angle of 30° with the vertical. Also in
right angled triangle BEC, ZEBC= 60°. Therefore v makes
an angle of 30° with the second inclined plane BC. The
component of v along BC is v cos 30°.

It is given that the collision at B is perfectly inelastic
therefore the impact forces act normal to the plane such
that the vertical component of velocity becomes zero. The
component of velocity along the incline BC remains
unchanged and is equal to v cos 30°

3\/§III

= /60 x J— 18 =/45m/s
BE 1 BE
(b) InABCE,tan30°—— \/_ 3\/_:>BE 3m

From mechanical energy conservatlon principle,
Mechanical energy at B = mechanical energy at C

2
%M(JE) +M x10x3:%Mv§
45+460=v,2 v =~/105m/s

(¢) The velocity of
the block along BC just
before collision is v cos
30°. The impact forces
act perpendicular to the
surface SO the
component of velocity
along the incline
remains unchanged. Just after collision

Also since the collision is elastic, the vertical component of
velocity (v sin 30°) before collision changes in direction, the
magnitude remaining the same as shown in the figure. So the
rectangular components of velocity after collision are as shown
in the figure. This means that the final velocity of the block
should be horizontal making an angle 30° with BC. Therefore
the vertical component of the final velocity of the block is zero.
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@ AsthebodyQ wasat restand the collision is perfectly elastic. 1 1 5
v M M m —mvi +mgh=—=mv*“+0+pmgs
_ Vsep _ 1 —>U o — > o—> 2 2
e= = m u vV 1, 1,5
Vapp - o =v{ +10x(6x0.05) ==(1)“ +0.25x10x 6
Vsep_ u Vnpp_ V,—u 2 2
So,—% =1=v, =2y vp=-5Sms
Vo — U Coefficient of restitution
During elastic collision, the momentum and kinetic energy _ | relative velocity of separation | _ ‘ -5-1.73 ‘ 084
both are conserved. relative velocity of approach | ~ | 8-0 '

49,

50.

51.

(d) Maximum energy loss = om —m
2
KE.= P_ = irnv2
2m 2

|5
=—|———|==mv
2m| (m+M) | 2 m+M

Statement Il is a case of perfectly inelastic collision.
By comparing the equation given in statement | with above
equation, we get

(o) "
“UmaM instead of M+m

Hence statement | is wrong and statement 11 is correct.

(d) Statement 1 : For an elastic collision, the coefficient
of restitution = 1

_ o v
[up—up |
=> Relative velocity after collision is equal to relative velocity
before collision. But in the statement relative speed is given.
Statement 2 : Linear momentum remains conserved in an
elastic collision. This statement is true.
FromPtoQ. ~
Given: u=10m/s and p=0.25;s=6m

_ _[mgsine+ f }
- m

= |V =Vy|=|uy —uy]

__[mgsineﬂlmg cose}
m

=—[gsin® +pgcos@]=-g[sin® +pucosO]
=—-10[0.05+ 0.25 x 0.99] = — 2.99 m/s?
Using, v2—u2=2as =Vv2=100+2(-2.99) X6 =Vv=8m/s
Hence velocity of mass m just before collision = 8 m/s.
The velocity of mass M just before collision = 0 m/s (given).
Let v, be the velocity of mass m after collision and v, be
the velocity of mass M after collision. Body of mass M
moving from Q to R and coming to rest. After collision,
u=v, =>v=0
a=-2.99m/s?2 = s=0.5

V- 2= 2as = (0)2— V3 =2 (~2.99) x 0.5 = v, = 1.73m/s
Body of mass m moving from Q to P after collision

sine=D
6

h=6sin 6 =6sin60°=6x 0.05
u=v,
v=+1m/s

(KEE. +PE)jjitiat = (K.E. + PE.)gina + Wiiction

52.

53.

Applying conservation of linear momentum before and after collision,
mv+Mx0=mxv,+mxv,
2x8+Mx0=2x(-5)+M(1.73)

M=% _1502 kg
1.73

When the stone reaches the point B, the component of

velocity in the +Z direction (v cos 6) becomes zero due to

the gravitational force in the —Z direction.

The stone has two velocities at B

v, in the +X direction (4 m/s)

v sin @ in the +Y direction (6 sin 30° = 3 m/s)
Resultant velocity of the stone

V' = \/(vx)2 +(vsin0)? = \/42 +3% =5m/s
(i) Applying conservation of linear momentum at B for
collision with a mass of equal magnitude.
Since, the collision is completely inelastic the two masses will stick
together. v is the velocity of the two masses just after collision.]

mx5=2mxvy

v=25m/s

(i) When the string is undergoing circular motion, at
2

any arbitrary position, T — 2mg cos a =
According to question, T = 0 when o = 90°

2
0-0= 2mv
i.e., in the horizontal position,
v=0
Applying energy
conservation from B to C,

=v=0

e wC

1, -
—2mv“© =2mg/ ;
2 g 2mg sina N2Mg Cosol
2 2 2mg
SR S C20 B PP YOO
20 2x938

Object of mass m collides with block B of mass 4m.
Since the collision is elastic in nature applying
conservation of linear momentum

mv = (4m) u+ mv’
where u is the velocity of mass 4m after collision and V' is
the velocity of mass m

= V' =v-4u .. (i)

Applying conservation of Kinetic energy >
A

Also,%mv2 =%(4m)u2 +%mv'2 moyl .5 M|

= v2=4u?+v2 .. (i)

—d4d——>
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54.

From eg. (i) & (ii)

2V
vZ=4u2+ (v-4u)? = u= 3

block B starts moving but the block A remains at rest.

As there is no friction between A and B 55

For block A to topple, block B should move a distance 2d.
Let the retardation produced in B due to friction force
between B and the table be a

F=pN = (@ m)a=p(6mg) =>a=15ug
For the motion of B,

2v
u= ?,V:O,S:Zd,a:—l.Sug
)2
Now, v2 — u2 = 2as = (0)? - (?j = 2(-1.5ug) 2d

= v feugd
For elastic collision between two bodies
_(m-my)y  2myu,

my +m, my +m,
Here m; =m, m, = 4m, u; = 5,/6ugd, u, =0

The negative sign shows that the mass m rebounds. It
then follows a projectile motion and its path’s parabolic.

= = = =2
Uy 0, Sy d, ay_ 9,1, ="
For vertical motion,

Vi

=V =

1 - 1 - de
= ut+—at = —qt =i
S > =d 29 =t g

The horizontal distance travelled by mass m during this gg

time t from P leftwards

2d
x = 3./6pgd x\/%zﬁ 3ud® = 6d./3u

Initially when the bob of pendulum is at A, its P.E. = mgl
When the bob released from A and strikes to the wall at B,
P.E. changes to K.E. and when it is at position ‘C’ the
angular amplitude is 60°.
In AOCM

cosGO°:m:>OM:E

The velocity'of bob at B,

1
mg£=§mvé = vg=+/20/

B
Let after n collisions, the angular amplitude is 60° when
the bob again moves towards the wall from C, the velocity
V'g before collision

¢ 1
ngZEmVIZB = vg=4g/
This means that the velocity of the bob should reduce

from /29 to \/& due to collisions with walls.

The final velocity after n collisions is /g 57.

e"(\/29¢) = Jg!

where e is coefficient of restitution.

= (3]

Taking log on both sides we get

2 1
n lo [—] =log—= = n=31
B R
Hence, number of collisions = 4.
Let point mass hit the wall with the speed v.

. . 2
Then, velocity of mass m at this instant = v cos 6 = E V.

Further M will fall a distance of 1 m while m will rise up by

(+5 -1m.
From energy conservation, Decrease in P.E. of M = increase
in P.E. of m + increase in K.E. of both the blocks.

25 h-I(ﬁ- Hm
vV =Vcos 0

2

Mgh = mgh' + %mv +%m(v cos 0)?

or, (2)(9.8) (1)=(0.5)(9.8) (\/5-1) +%>< 2% V2

2
+ lxo.sx[ﬂ]
2 J5

Solving we get, v = 3.29 m/s.
Initial position of C.M.

MXg +MyXo  100x0+100x 98
X1 = my +m, = — o0 =49m
100 g vel = 0 (dropped)
Initial velocity of C.M

MUy +Mply — 100x 49 +100x0

= -1
Ue= " my +m, 200 =24.5ms
Acceleration of C.M Uy
a,=-9.8ms2 T
: : C.M
Displacement of C.M is
s.=—49m
Applying 49 ms™t
s:ut+%at2 100glI
O (origin
—49=245t-4912 (origin)
t2-5t-10=0
5+/25+40 _ 5++/65
t= > = > =6.53s

The collision between C and A is elastic and their masses
are equal so they will exchange their velocities A was
initially at rest, therefore the result of collision will be that
C will come to rest and A will initially start moving with a
velocity v,. But since A is connected to B with a spring,
the spring will get compressed.

Let v’ be the common velocity of A and B.
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VeI:OA m Vv B 2m

my pMm B2m
Tk Tl ] _ [P T%

58.

59.

60.

At t = t,, the velocities of A and B become same.
Applying energy conservation;

lmvg =%mv'2+£2mv'2+%kxg

2
where X, is the compression in the spring at t = t,
k
v :3v'2+ax§ .. (i)
Applying momentum conservation,
Vo .
mvg =mv’ +2my’ Lov=E 3 (i)

From eq. (i) and (ii)
At the highest point P, the velocity of the bullet = u cos 6
In A AQR

(i) From figure,

. ._ QR _5
sin 30° = 10/3’QR_ 3
Now from, conservation

of linear momentum at the
highest point - P

M (ucos 6) + 3M x 0

=(M+3M)v ,
_ Mucos®  ucos® ¢
1Y 4 0 X

From energy conservation principle K.E. of the bullet-mass
system at P = P.E. of the bullet-mass system at R

%(41\4 W2 = (4M)gh
1 u? cos?0 10 5
—(4M)—:4ng(—+—j
2 16 343
9.8x5x%x2x16

5050 Ca o'

(v u =50 m/s given)

cos2p =

(i) Vertical component,
R u?sin20 _ 50x50sin2x37°

—= =122.6m
2 29 2x9.8
Horizontal component,
2in2 i a70Y2
H= u“sin“ 6 :50><50><(sm37 ) _46m
29 2x9.8
mv
A C
G
B
C .
8 Before collision mv After collision

Before collision by symmetry, the net momentum of the
system is zero.

After collision, momentum is also zero as no esternal force is
acting on the system. A comes to rest so B and C should have
equal and opposite momenta, so velocity of C should be same
in magnitude i.e., V but in opposite direction of velocity of B.
Applying conservation of linear momentum for the system
of bullet and plate A, mv = mv, + m,v,

or, 0.02v=0.02v;+1xv, (i)

61.

A273
T T T TR T T T T T T T T 1
i A . B
1 1
1 1
' m=[0.02kg i
1
D o tll
1 — Vit —Vy
v :
i i
| i
1
' T™V2 i
| m, =1 kg I m,=098kg

_________________

Again applying conservation of linear momentum for
collision at B, mv91 =(m+m,)V

2
or, 0.02v;=(2.98+0.02)v,=3v,
0.02v.

= V,= 31 .. (i)
From eq. (i) and (ii)
0.02v=0.02v, + 2024 y=dy o v 8
REVERIAN T T = VR U T
M3y M 3 g5 YT g5
v 4 Y 4 4

V-V

. . 1
% loss in velocity, x 100 = 1 x100 = 25%
(i) According to consevation of linear momentum

Pt = Bi = mVi+Mvj (Magnitude of the momentum of
final body)

Pr= mav2 + M2 v

Mv _1 Mv .
= tanoa=—" =oa=tan "— uJi
o—>—

mV mV
which gives the direction !
of the momentum. T s
Myj
o KE; 2K E; K.Eq p7 (m+M)
ii =1= =1-
KE; KEj mv 2 +1Mv2
2 mAVv2 + M 22
(m+M)(mV 2 +Mv?)
B mAV 2+ mMvZ + mMV 2 + M2 —m?v2 - M2
B (m+M)MV 2+ Mv?)
AKE. mM (v2 +V 2)

KE — (m+M)mV2+m?)
Topic-5: Miscellaneous (Mixed Concepts)
Problems

(6.30)  Given: mass m = 0.4 kg; impulse J = 1.0 Ns V(t)
=vye VT r=4sand el =0.37.
Impulse = Change in linear momentum

J 1
o, J=mVy= Vo=_=o,=25ms?!

ds
Also (V) =vpe T - i vee VT = ds=ve VTt

T
L S= Vg je‘”‘dt =vyt(l-e1)=25%x4x063=6.30m
0
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2.

Angular speed of particle about centre of the circular path
A

V2 V2
= —,e=(0t=—t
TR R
v, = (v, sin 0 +v, cos 6f)
or

( V, Sin 2.t} +v, cos—2 t]j
v = |- = =
pm U2 R T2TTR

and v, = v §

Linear momentum of particle w.r.t. man as a function
of time
Lom =M(Vp— Vi)

= m{(—v sinv—ztjh(v cos 2t v J]}
= 28IN2 20052tV

(@) For circular motion of the ball, the necessary
centripetal force is provided by (mg cos© — N).

sz

mgcose—N:@...(i)

N = normal reaction at angle 6
According to energy
conservation

—mv-=mg| R+—|(1—cos6
5 g 5 ( )

d
= VZZZQ(R+EJ(1—COS 0)

Putting this value of v in eq. (i)

N=mg (3 cos0 - 2)

(b) The ball will lose contact with the inner sphere when
N=0

or 3cos®-2=0 or 6 =cos! (gj

After this it makes contact with outer sphere and normal
reaction starts acting towards the centre.

2
So for ©<cost [gj Ng =0and N, =mg (3cos 6-2)

2
and for 6> cos—l(gj

Ny=0 and Ng=mg (2-3cos0)
The N, — cos 6 and Ng — cos 0 graphs are as follows.

Na Ng
5mg
mg
2mg
cos 0 cos 0
-1 273 +1 -1 2/13 +1

4,

Consider the vertical motion of the cannon ball
Uy = + 100 sin 30° (vertical component of velocity)

s,=—120m (vertical displacement)
a,=-10 m/s2

1+ Puyy

I- 30!

120m ¢ L
A- B Ll_l_: 0
t =t (Time of first impact on carriage)
Sy =Uytisat? < -120=50t-515
= t2-10t,-24=0
-10) ++/100 - 4(1) (24

ty=- (10) @( ):120r—2[NotvaIid]

2
ty = 12 sec.
Horizontal component of velocity of the cannon ball
remains the same

u, = 100 cos 30° + 5./3 = 55/3

Applying conservation of linear momentum to the
cannon ball-trolley system in horizontal direction.

mu, + M x 0= (m + M) v,

mu,

v, = (where m = mass of cannon

ball, M = mass of trolley, v, = velocity of the cannon ball-
trolley system)

_ 1x55V3
%~ 149
Horizontal distance covered by the car
P=12 x 5\/§=60\/§m (- Second ball was
projected after 12 second.)
Since the second ball also struck the trolley,

—5.5\3ms ™

. intime 12 seconds, the trolley covers a distance of 60~/3 m.
For trolley after 12 seconds;

u:5\/§m/s, v=?, t=12s

m
s= 60\/5 m, MW_’UX

1
s= ut+—at2
2

1
= 60/3= 5.5\/§><12+§xa><144
LV=u+at= 5\/§ m/s.

V=u+aty= 5.5@-(%}12

a= —«@/12 ms ™2

v= 453 ms~!
To find the final velocity v; of the carriage after the second impact.
Applying conservation of linear momentum in the
horizontal direction
mu, + (M +m) v,= (M +2m) v;

1x 55¢3 +(9+1) 45V3 = (9+2)v; . v; =15.75m/s
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e Thermodynamics
/A

Topic-1: Thermodynamics

I MCQs with One Correct Answer

Choose the correct option for free expansion of an ideal
gas under adiabatic condition from the following:
[Main Feb. 1,2024 (1)]

@ g=0,AT=#0,w=0 (b) g=0,AT<0,w=0
() q=#0,AT=0,w=0 (d) q=0,AT=0,w=0
Which of the following is not correct?

[Main Jan. 29, 2024 (1)]
(@ AGis zero for a reversible reaction
(b) AG is negative for a spontaneous reaction
() AG is positive for a spontaneous reaction
(d) AG is positive for a non-spontaneous reaction
What happens when methane undergoes combustion in
systems A and B respectively?[Main April 13,2023 (11)]

Adiabatic Diathermic
system container
System A System B
@) System A System B

Temperature rises | Temperature remains same

(b) System A
Temperature falls

System B
Temperature rises

() System A
Temperature falls

System B
Temperature remains same

(d) System A System B
Temperature remains same | Temperature rises

Which of the following relations are correct?
(A) AU=q +pAV (B) AG=AH-TAS

©) As=q% (D) AH=AU-ANRT

Choose the most appropriate answer from the options
given below : [Main Jan. 29, 2023 (11)]
(@ CandDonly (b) BandConly
(c) AandBonly (d) Band Donly

10.

Which of the following relation is not correct?

[Main July 28, 2022 (I)]
(@ AH=AU-PAV () AU=q+W
(c) ASyo=ASg, 20 (d AG=AH-TAS
Five moles of an ideal gas at 1 bar and 298 K is expanded
into vacuum to double the volume. The work done is :

[Main Sep. 04, 2020 (11)]
(@ C(T,-T) (b) -RT (V,-V))
() RTInV, /v, (d) zero
The true statement amongst the following is:

[Main Jan. 09, 2020 (11)]
(@ Both AS and S are functions of temperature.
(b) Both Sand AS are not functions of temperature.
(c) Sisnota function of temperature but AS isa function

of temperature.
(d) Sisafunction of temperature but AS is not a function
of temperature.

Among the following, the set of parameters that represents
path functions, is: [Main April 9, 2019 (1]
Ag+w B)q © w D) H-TsS
@ (B)and(C) (b) (B).(C)and (D)
(© (A)and(D) (d) (A).(B)and(C)
5 moles of an ideal gas at 100 K are allowed to undergo
reversible compression till its temperature becomes 200
K. If C,,= 28 J K™ mol-%, calculate AU and APV for this
process. (R=8.0JK-1mol) [MainApril 8,2019 (11)]
(@ AU=14KkJ; A(PV)=18kJ
(b) AU=14kJ; A(PV)=0.8kJ
() AU=14KJ; A(PV)=4KJ
(d) AU=14kJ; A(PV)=8.0k]
At 320K, agasA, is 20% dissociated to A(g). The standard

free energy change at 320 K and 1 atm in J mol-! is
approximately: [Main Online April 16, 2018]

(R=8.314JK* mol%; In 2=0.693; In 3=1.098)
@ 1844 (b) 2068 () 4281  (d) 4763
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11.

12.

13.

14.

15.

16.

17.

A gas undergoes change from state A to state B. In this
process, the heat absorbed and work done by the gas is 5
Jand 8 J, respectively. Now gas is brought back to A by
another process during which 3 J of heat is evolved. In this
reverse processof BtoA:  [Main Online April 9, 2017]
(@ 10J of the work will be done by the gas.

(b) 6J of the work will be done by the gas.

(c) 10J of the work will be done by the surrounding on gas.
(d) 6Jofthework will be done by the surrounding on gas.
The standard state Gibbs free energies of formation of
C(graphite) and C(diamond) at T =298 K are

A¢ G [C(graphite)] = 0k mol -1

A¢ GO [C(diamond)] = 2.9 k) mol~L

The standard state means that the pressure should be 1
bar, and substance should be pure at a given temperature.
The conversion of graphite [C(graphite)] to diamond
[C(diamond)] reduces its volume by 2 x 10~ m3 mol~L. If
C(graphite) is converted to C(diamond) isothermally at
T = 298 K, the pressure at which C(graphite) is in
equilibrium with C(diamond), is

[Useful information : 1J=1kgm2s~2; 1 Pa=1kgm—1s2;
1 bar = 10° Pa] [Adv. 2017]
(@ 14501 bar (b) 58001 bar

(c) 1450bar (d) 29001 bar

If 100 mole of H,0, decomposes at 1 bar and 300 K, the
work done (kJ) by one mole of O,(g) as it expands against
1 bar pressure is : [Main Online April 10, 2016]
2H,0,() = 2H,0() +O,@) (R=83JK*mol™)

(@ 12450 (b) 24900 (c) 49800 (d) 6225
Onemole of an ideal gas at 300 K in thermal contact with
surroundings expands isothermally from 1.0 L to 2.0 L
against a constant pressure of 3.0 atm. In this process, the

change in entropy of surroundings (AS,,) in JK is
(1Latm=101.3J) [Adv. 2016]
(@) 5763 (b) 1013

(¢ -1013 (d) -5.763

The (S°) of the following substances are:
CH, (9) 186.2 JK* mol; O, (g) 205.2 JK- mol~*

CO, (9) 213.6 JK*t mol™; H,O (I) 69.9.JK- mol
The entropy change (AS®) for the reaction
CH,(9) + 20,(g) = CO,(9) + 2H,0 () is:

[Main Online April 12,2014]

(b) —242.8J K mol™*

(d) -37.6 JKmol!
[Adv.2014]

@ -3125JKmol*
(©) -108.1JK ™ mol*
For the process

at T=100°C and 1 atmosphere pressure, the correct choice is
@) ASsystem >0and ASsurroundings >0

(b) ASsys’[em >0and ASsurroundings <0

© ASsys’[em <0and ASsurroundings >0

(@ ) ASsys’[em <0 an(;I ASsurroundings < 0_ o
Which of the following statements/relationships is not
correct in thermodynamic changes?

[Main Online April 23, 2013]

18.

19.

20.

21.

22.

23.

24.

A4T

(@ AU =0 (isothermal reversible expansion of a gas)

\Y
(b) w=—nRTIn V—2 (isothermal reversible expansion of
1

an ideal gas)

() w=nRTIn \\//—2 (isothermal reversible expansion of an

1
ideal gas)

(d) For a system of constant volume, heat involved
directly changes to internal energy.

For the process H,O(1) (1 bar, 373 K) — H,0O(g) (1 bar, 373 K),

the correct set of thermodynamic parametersis  [2007]

(@ AG=0,AS=+ve (b) AG=0,AS=-ve

() AG=+ve,AS=0 (d) AG=-ve, AS=+ve

The value of log, o K for a reaction A —= Bis

(Given : A;Hjggi = —54.07 kJ mol™, A SSegk
=10JK I mol~1and R = 8.314 JK~1 mol1;
2.303 x 8.314 x 298 =5705) [2007]
(@ 5 (b) 10 (c % (d) 100
A mono-atomic ideal gas undergoes a process in which
the ratio of P to V at any instant is constant and equals to
1. What is the molar heat capacity of the gas
[2006 - 3M; -1]

3R 5R
@ = (b) 2R (0 O @ =
When one mole of monoatomic ideal gas at T K undergoes
adiabatic change under a constant external pressure of
1 atm, volume changes from 1 litre to 2 litre. The final
temperature in Kelvin would be [2005S]

T 2
(a) ) (b) T+§><0.0821

2

© T (d) T_§x0.0821

The enthalpy of vapourization of liquid is 30 kJ mol~Land
entropy of vapourization is 75J mol~1 K. The boiling point

of the liquid at 1 atm is [2004S]
(@ 250K (b) 400K
(c) 450K (d) 600K

Two moles of an ideal gas is expanded isothermally and
reversibly from 1 litre to 10 litres at 300 K. The enthalpy

change (in kJ) for the process is [2004S]
@ 114k (b) -114KJ
(c) 0kJ (d) 4.8KkJ

One mole of a non-ideal gas undergoes a change of state
(2.0atm, 3.0L, 95 K) — (4.0 atm, 5.0 L, 245 K) with a change
in internal energy, AU = 30.0 L atm. The change in enthalpy
(AH) of the process in L atm is [2002S]
(@ 400

(b) 423

(c) 440

(d) not defined, because pressure is not constant
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25.  Which one of the following statements is false? [2001S]
(@ Work is a state function.
(b) Temperature is a state function.
(c) Change in the state is completely defined when the
initial and final states are specified.
(d) Work appears at the boundary of the system.
26. Inthermodynamics, a process is called reversible when
[2001S]
(@ surroundings and system change into each other.
(b) there is no boundary between system and
surroundings.
(c) thesurroundingsare always in equilibrium with the
system.
(d) the system changes into the surroundings
spontaneously.

2 Integer Value Answer
27. Consider the following volume—temperature (V-T) diagram

for the expansion of 5 moles of an ideal monoatomic gas.
N

20 > g

10---

335 9is. 1
T(K)—>

Considering only P-V work is involved, the total change in
enthalpy (in Joule) for the transformation of state in the
sequence X—>Y—Z is - [Adv. 2024]
[Use the given data: Molar heat capacity of the gas for the
given temperature range, C,, , = 12.J K=* mol~* and gas
constant, R=8.3J K- mol-1].

28. One mole of an ideal monoatomic gas undergoes two
reversible processes (A — B and B — C) as shown in the

given figure: [Adv. 2023]

A
600 [ V, T]

‘

b]

é‘ Vi, T Vi, Ty

5 60 ® )

£ B s

S
10

Volume (m’)

A — Bisan adiabatic process. If the total heat absorbed
in the entire process (A — Band B — C) is RT, In 10, the
value of 2 log V, is .
[Use, molar heat capacity of the gas at constant pressure,

C 2R
2

pm

29.

30.

31.

Chemistry

In a one-litre flask, 6 moles of A undergoes the reaction
A (g) =P (g). The progress of product formation at two
temperatures (in Kelvin), T, and T, is shown in the figure:

[P] (mol L)

Time (h)
If T,=2T,and (AGZ - AGi’) =RT, In x, then the value of
xis__ . [Adv. 2023]

[ AG] and AG$ are standard Gibb's free energy change for

the reaction at temperatures T, and T, respectively.]

One mole of an ideal gas at 900 K, undergoes two reversible
processes, | followed by 11, as shown below. If the work
done by the gas in the two processes are same, the value

ofin Bis [Adv. 2021]
\Z
N
225074 (P1,V1)
U '
—(K v
R ) L 1

L e e
PV (PaVa)

7
S (K mol™)
(U :internal energy, S : entropy, p: pressure, V : volume, R:
gas constant)
(Given: molar heat capacity at constant volume, C,, , of

the gas is gR)
One mole of an ideal gas is taken from a to b along two
paths denoted by the solid and the dashed lines as shown
in the graphs below. If the work done along the solid line
path w, and that along the dotted line path is wy, then the
integer closest to the ratio wy / w; is : [2010]
45—
40— g>
35—

p 3.0
(atm) 25—

2.0/
1.5

o5 RS

0.0

Y
<

— 3

[ ] I [T 1 1 I
00 05 1.0 1.5 2.0 25 3.0 3.5 4.0 45 5.0 55 6.0
V(L
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3 Numeric/New Stem Based Questions

32.

33.

34.

35.

36.

37.

38.

39.

When AH,,, =30 kJ/mol and AS ;=75 mol~ KL, then
the temperature of vapour, at one atmosphere is K.
[Main April 9, 2024 (11)]

% B
90L
ffffff A

10L

Consider the figure provided.

[Main April 8, 2024 (1)]
1 mol of an ideal gas is kept in a cylinder, fitted with a
piston, at the position A, at 18°C. Ifthe piston is moved to
position B, keeping the temperature unchanged, then 'x' L
atm work is done in this reversible process.
X = L atm. (nearest integer)
[Given : Absolute temperature =°C +273.15, R=0.08206 L
atm mol~! K1
A H® for water is +40.49 kJ mol~* at 1 bar and 100°C.
Change in internal energy for this vapourisation under
same condition is kJ mol-L. (Integer answer)
(Given R =8.3 JK~! mol) [Main April 8, 2024 (11)]

Anideal gas, Cv = g R , is expanded adiabatically against

a constant pressure of 1 atm untill it doubles in volume. If
the initial temperature and pressure is 298 K and 5 atm,
respectively then the final temperature is K
(nearest integer). [Main April 6,2024 (1)]

[ Cv is the molar heat capacity at constant volume]
For the reaction at 298 K, 2A + B — C. AH=400 kJmol
and AS = 0.2 kJ mol~* K-, The reaction will become
spontaneous above K. [Main April 6,2024 (11)]
Three moles of an ideal gas are compressed isothermally
from 60 L to 20 L using constant pressure of 5 atm. Heat
exchange Q for the compressionis ____ Lit. atm.
[Main April 4,2024 (11)]
If5 moles of an ideal gas expands from 10 L to a volume of
100 L at 300 K under isothermal and reversible condition
then work, w, is—x J. The value of x is
(GivenR=8.314 JK11mol™t) [Main Jan. 31,2024 (11)]
An ideal gas undergoes a cyclic transformation starting
from the point A and coming back to the same point by
tracing the path A— B — C — Aas shown in the diagram
above. The total work done in the process is J.
[Main Jan. 30, 2024 ()]

A49

T 0] -8

(dm*?20 +
10————— C
Al }
0 I i
10 20 30

P(kPa)

40. Ifthree moles of an ideal gas at 300 K expand isothermally
from 30 dm?® to 45 dm?® against a constant opposing
pressure of 80 kPa, then the amount of heat transferred
is J. [Main Jan. 27, 2024 ()]

Qusetion Stem for Question no. 41 & 42

The entropy versus temperature plot for phases o and § at 1

bar pressure is given. S; and S, are entropies of the phases at

temperatures T and 0 K, respectively.

1

1

S;=S,(Jmol K )

™
R ™

(W]

600
Temperature (K)
The transition temperature for o to 3 phase change is 600 K and
Cop—Cpa=1J mol-* K-1, Assume (C,3—C,.,) isindependent
of temperature in the range of 200 to 700 K. Cou and C,pare
heat capacities of o and B phases, respectively.
41. The value of entropy change, S; - S, (in Jmol- LKD), at
300 Kis [Adv. 2023]
[Use:In2=0.69

Given:S;-S_ =0at0K]
42, Thevalueofenthalpychange H,—H . (inJmol™?), at 300

Kis [Adv. 2023]
43. The total number of intensive properties from the
following is

Volume, Molar heat capacity, Molarity, E® cell, Gibbs free
energy change, Molar mass, Mole.

[Main April 11,2023 (11)]

44. The number of endothermic process/es from the following

is [Main April 10, 2023 (11)]

A 1,(9)—>21(9) B. HCI(g) - H(g) +Cl(9)
C. H,0(l) »H,0(g) D. C(s)+0,(9) —>CO,(9)
E  Dissolution of ammonium chloride in water

45.  When a 60 W electric heater is immersed in a gas for 100s
in a constant volume container with adiabatic walls, the
temperature of the gas rises by 5°C. The heat capacity of

J K1 (Nearest integer)

the given gas is
[Main April 08, 2023 (1)]




AB0
46.

47.

48.

49,

50.

51.

52.

53.

For complete combustion of ethene.

[Main April 08,2023 (11)]
C,H,(g) + 30,(g) — 2C0O,(g) + 2H,0(l) the amount of
heat produced as measured in bomb calorimeter is 1406 kJ
mol~! at 300K. The minimum value of TAS needed to reach
equilibriumis (=) kJ. (Nearest integer)
Given : R=8.3JK mol
When 2 litre of ideal gas expands isothermally into vacuum
toatotal volume of 6 litre, the change in internal energy is

J. (Nearest integer) [Main Jan. 30, 2023 ()]

1 mole of ideal gas is allowed to expand reversibly and
adiabatically from a temperature of 27°C. The work done is
3 kJ mol~L. The final temperature of the gas is K
(Nearest integer). Given C,,= 20 Jmol-tK-L,

[Main Jan. 30, 2023 (11)]
Anathlete is given 100 g of glucose (C¢H,,O;) for energy.
This is equivalent to 1800 kJ of energy. The 50% of this
energy gained is utilized by the athlete for sports activities
atthe event. In order to avoid storage of energy, the weight
of extra water he would need to perspire is g
(Nearest integer) [Main Jan. 25, 2023 (1)]
Assume that there is no other way of consuming stored
energy.
Given : The enthalpy of evaporation of water is 45 kJ
mol~!
Molar mass of C, H& O are 12. 1 and 16 g molL.
One mole of an ideal monoatomic gas is subjected to
changes as shown in the graph. The magnitude of the
work done (by the system or on the system) is J
(nearest integer). [Main Jan. 24, 2023 (11)]

£ I 1 g
! |
1
) 1
5 :
~ 1
(] 1
;0.5 ————————— i~ ~ +3
4 : |
o 1 i
! .
1 I
! i

20 40
Volume (L)

Given:log2=0.3,In10=2.3
30.4 kJ of heat is required to melt one mole of sodium
chloride and the entropy change at the melting point is
28.4 J K- mol-! at 1 atm. The melting point of sodium
chloride is K (Nearest Integer)

[Main April 15, 2023 (1)]
One mole of an ideal gas at 350K is in a 2.0 L vessel of
thermally conducting walls, which are in contact with the
surroundings. It undergoes isothermal reversible
expansion from 2.0 L to 3.0 L against a constant pressure
of 4 atm. The change in entropy of the surroundings (AS)
is J K-! (Nearest integer)
Given:R=8.314JKMol.  [Main April 12,2023 (1)]
For independent process at 300 K.

[Main Jan. 24, 2023 (1)]

54.

55.

56.

57.

58.

59.

Chemistry

Process | AH/kJ mol™ | AS/JK™
A -25 -80
B -22 40
C 25 -50
D 22 20
The number of non-spontaneous process from the
following is

Consider the graph of Gibbs free energy G vs Extent of
reaction. The number of statement/s from the following
WhICh are true with respect to points (a), (b) and (c)
[Main April 06, 2023 (1)]

Gibbs energy —

Extent of reaction —
A. Reaction is spontaneous at (a) and (b)
B. Reaction is at equilibrium at point (b) and non-
spontaneous at point (c)
C. Reaction is spontaneous at (a) and non-
spontaneous at (c)

D. Reaction is non—spontaneous at (a) and (b)
Among the following the number of state variables is

[Main July 28, 2022 (11)]
Internal energy (U), Volume (V), Heat (g), Enthalpy (H)
The molar heat capacity for an ideal gas at constant
pressure is 20.785 J K-t mol-%. The change in internal energy
is 5000 J upon heating it from 300K to 500K. The number of
moles of the gas at constant volume is ___ [Nearest
integer]
(Given: R=8.314JK™mol™) [Main July 27, 2022 (1)]
17.0 g of NH, completely vapourises at — 33.42 °C and 1
bar pressure and the enthalpy change in the process is
23.4 kJ mol~2. The enthalpy change for the vapourisation
of 85 g of NH, under the same conditions is kJ.

[Main June 29, 2022 ()]
When 5 moles of He gas expand isothermally and
reversibly at 300 K from 10 litre to 20 litre, the magnitude
of the maximum work obtained is_____J. [nearest integer]
(Given: R=8.3JK~*mol and log 2 = 0.3010)

[Main June 27,2022 (11)]
Afish swimming in water body when taken out from the
water body is covered with a film of water of weight 36 g.
When it is subjected to cooking at 100 °C, then the internal
energy for vaporization in kJ molis
[nearest integer]

[Assume steam to be an ideal gas. Given A, . H® for water
at 373 Kand 1 bar is 41.1 kI mol ; R =8.31 JK-mol-]
[Main June 26,2022 (11)]
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60.

61.

62.

63.

64.

65.

For the reaction 2NO,(g) —— N,O, (g), when

AS=-176.0 JK-* and AH =-57.8 kJ mol-%, the magnitude of
AG at 298 K for the reaction is kJ mol-L. (Nearest
integer) [Main Sep. 1, 2021 (1]
Consider the following cell reaction :

Cd(s) + Hg,S0, (5) +% H,0(l) ——

CdSO4.%H20(S) +2Hg(l)

The value of EQ,, is 4.315 V at 25°C. If AH® = -825.2 k]

mol-1, the standard entropy change AS°® in J K is
(Nearest integer)
[Given : Faraday constant = 96487 C mol]
[Main Aug. 31, 2021 (1)]
At 25°C, 50 g of iron reacts with HCI to form FeCl,,. The
evolved hydrogen gas expands against a constant
pressure of 1 bar. The work done by the gas during this

expansion is J. (Round off to the Nearest
Integer).
[Given : R = 8.314 J mol! K-%. Assume, hydrogen is an
ideal gas]

[Atomic mass of Fe is 55.85 u] [Main March 16, 2021 (11)]
For the reaction A(g) — B(g), the value of the equilibrium
constant at 300 K and 1 atm is equal to 100.0. The value of
AG for the reaction at 300 K and 1 atm in Jmol-tis - xR,
where x is (Rounded off to the nearest integer)
(R=8.31Jmol*KtandIn10=2.3)

[Main February 24,2021 (1)]
Tin is obtained from cassiterite by reduction with coke.
Use the data given below to determine the minimum
temperature (in K) at which the reduction of cassiterite by
coke would take place. [Adv. 2020]

At298 K: A¢H (SN0, (s)) = -581.0 ki mol ™,
AsH?(CO,(g)) =—394.0 ki mol 2,
5%(Sn0,(s)) =56.0 J K mol ™,

s9(sn(s)) =52.0 J Kt mol ™,

s%(C(s)) =6.0 I Kt mol ™,

5%(C0,(9)) =210.0 I Kt mol™.

Assume that the enthalpies and the entropies are
temperature independent.

For a dimerization reaction, 2A(g) — A, (9),
at 298 K, AU° =-20 kI mol™, AS® =-30 JK-mol,

then the AG® will be J.
[Main Sep. 05, 2020 (11)]

66.

67.

68.

69.

AB1

The surface of copper gets tarnished by the formation of
copper oxide. N, gas was passed to prevent the oxide
formation during heating of copper at 1250 K. However,
the N, gas contains 1 mole % of water vapour as impurity.
The water vapour oxidises copper as per the reaction
given below: 2Cu(s) + H,0(g) — Cu,0(s) + H,(9)
P Is the minimum partial pressure of H, (in bar) needed
to prevent the oxidation at 1250 K. The value of In(py,)
is
(Given: total pressure = 1 bar, R (universal gas constant)
=8 J K1 molL, In (10) = 2.3. Cu (s) and Cu,O (s) are
mutually immiscible.
At1250 K: 2 Cu(s) + %20,(g) — Cu,0(s);
AG°=-78,000Jmol~1
H,(g) + %0,(g) — H,0(g); AG°® =-1,78,000d mol;
(G is the Gibbs energy)
[Adv. 2018]

For the reaction, 2CO+0, —— 2C0O,; AH = -560kJ.

Two moles of CO and one mole of O, are taken in a
container of volume 1 L. They completely form two moles
of CO,, the gases deviate appreciably from ideal behaviour.
If the pressure in the vessel changes from 70 to 40 atm,
find the magnitude (absolute value) of AU at 500 K.
(1Latm=0.1kJ) [2006 - 6M]
A sample of argon gas at 1 atm pressure and 27 °C expands
reversibly and adiabatically from 1.25 dm3 to 2.50 dm?,
Calculate the enthalpy change in this process. C,, , for
argon is 12.48 JK~t molL, [2000 - 4 Marks]
An athlete is given 100 g of glucose (C¢H,,0;) of energy
equivalent to 1560 kJ. He utilizes 50 percent of this gained
energy in the event. In order to avoids storage of energy
in the body, calculate the weight of water he would need
to perspire. The enthalpy of evaporation of water is 44 kJ/
mole. [1989 - 2 Marks]

1+ Fill in the Blanks

70.

71.
72.

When Fe(s) is dissolved in aqueous hydrochloric acid in a

closed vessel, the work done is............ . [1997 - 1 Mark]
Enthalpyisan ................ property. [1997 - 1 MarK]
Asystem issaidtobe................ if it can neither exchange

matter nor energy with the surroundings. [1993 - 1 Mark]

5  True / False

73.

74.

Heat capacity of a diatomic gas is higher than that of a
monoatomic gas. [1985 - Y2 Mark]
First law of thermodynamics is not adequate in predicting
the direction of a process. [1982 - 1 Mark]

6 MCQs with One or More than One Correct Answer

75.

An ideal gas undergoes a reversible isothermal expansion
from state | to state Il followed by a reversible adiabatic
expansion from state Il to state I1l. The correct plot(s)
representing the changes from state | to state I11 is (are)

(p : pressure, V : volume, T : temperature, H : enthalpy,
S : entropy) [Adv. 2021]
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77.
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In thermodynamics, the P — V work done is given by
w=—[dV Py

For a system undergoing a particular process, the work
done is,

W= —Idv [i—i].
V-b vy2

This equation is applicable to a [Adv. 2020]
(@) system that satisfies the van der Waals equation of

state.
(b) process that is reversible and isothermal.
(c) process that is reversible and adiabatic.
(d) process that is irreversible and at constant pressure.
Areversible cyclic process for an ideal gas is shown below.
Here, P, V, and T are pressure, volume and temperature,
respectively. The thermodynamic parameters g, w, H and
U are heat, work, enthalpy and internal energy,
respectively. [Adv. 2018]

A (P1, V1, T1) C (Pz, Vi, To)

Volume (V)

B (P2 Va Ty

Temperature (T)

The correct option(s) is (are)

@) guc=AUgcandw,g =P, (V,-V,)

(b) Wgo=P,(V,-V,) andqg.=AH,.

(€) AH.,<AU_,andq,.=AUg.

(d) Qggc=AH,candAH., > AU,

For a reaction taking place in a container in equilibrium

with its surroundings, the effect of temperature on its

equilibrium constant K in terms of change in entropy is

described by [Adv. 2017]

(@ With increase in temperature, the value of K for
exothermic reaction decreases because the entropy
change of the system is positive

79.

80.

81.

Chemistry

(b) With increase in temperature, the value of K for
endothermic reaction increases because unfavourable
change in entropy of the surroundings decreases

(c) With increase in temperature, the value of K for
endothermic reaction increases because the entropy
change of the system is negative

(d) With increase in temperature, the value of K for
exothermic reaction decreases because favourable
change in entropy of the surroundings decreases

An ideal gas is expanded from (P, V,, T,) to (P,, V,, T,)

under different conditions. The correct statement(s) among

the following is (are) [Adv. 2017]

(@ The work done on the gas is maximum when it is
compressed irreversibly from (P,, V,) to (P, V,)
against constant pressure P,

(b) If the expansion is carried out freely, it is
simultaneously both isothermal as well as adiabatic

() Thework done by the gas is less when it is expanded
reversibly from V, to V, under adiabatic conditions
as compared to that when expanded reversibly from
V, to V, under isothermal conditions

(d) Thechange in internal energy of the gas is (i) zero, if
itis expanded reversibly with T, =T, and (ii) positive,
ifit is expanded reversibly under adiabatic conditions
with T, = T,

An ideal gas in a thermally insulated vessel at internal

pressure = P;, volume =V, and absolute temperature =T,

expands irreversibly against zero external pressure, as
shown in the diagram. The final internal pressure, volume

and absolute temperature of the gas are P,, V, and T,,

respectively. For this expansion, [Adv. 2014]

o L Pext =0
Pyt =0 Irreversible
é - -
Py, V,, T,
P,V T,

N

Thermal insulation7|

@ q=0 (b) T,=T,

() PV,=P,V; (d) P,V,'=P,V,7

The reversible expansion of an ideal gas under adiabatic
and isothermal conditions is shown in the figure. Which
of the following statement(s) is (are) correct ? [2012 - 1]

(P, Vy, Ty)

isothermal

i diabati (Po V> T
adlapatic (ng Vz, T3)
Vv
@ T,=T,
(b) T3 > T1

(C) Wisothermal > Wadiabatic
(d) AUisothermal > A adiabatic
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82.

83.

84.

85.

86.

For an ideal gas, consider only P-V work in going from an
initial state X to the final state Z. The final state Z can be
reached by either of the two paths shown in the figure.
Which of the following choice(s) is (are) correct?

[Take AS as change in entropy and was work done]. [2012]

.
.
.~
.
.

P(atmosphere)
¥ v
A —

V(litre)

(@) ASy,z=ASy v+ ASy;

(b) Wy 7= Wy v+ Wy,7

© Wyyoz = Wy

(d) ASy v ,7=AS¢ ,y

Among the following, the intensive property is (properties

are) [2010]

(@ molar conductivity (b) electromotive force

(c) resistance (d) heat capacity

Among the following the state function(s) is (are)

(@) Internal energy

(b) Irreversible expansion work

(c) Reversible expansion work

(d) Molar enthalpy

The following is (are) endothermic reaction(s):

(@ Combustion of methane [1999 - 3 Marks]

(b) Decomposition of water

(c) Dehydrogenation of ethane to ethylene

(d) Conversion of graphite to diamond

Identify the intensive quantities from the following:
[1993 - 1 Mark]

(b) Temperature

(d) Refractive Index

[2009]

(@) Enthalpy
() Volume

7 Match the Following

87.

Match List-1 with List-11
List-1

(A) Spontaneous process

(B) Process with AP =0,
AT=0

© AH

[Main June 27, 2022 (1)]
List-11
() AH<O
(I AG,.<0

(111) Isothermal and
isobaric process

(IV) [Bond energies of
molecules in reactants] -
[Bond energies of
product molecules

Choose the correct answer from the options given below:

@ (A=), (B)-(1), (C)-(V),(D)-(1)

(b) (A)-(1), (B)-(II), (C)-(1V), (D) - (1)

© A=, (B)-(111), (C)-(1), (D) -(1V)

@ A-n, ® -0, €)-11), (D)-(1V)

reaction

(D) Exothermic process

AB3

88. Match the thermodynamic processes given under Column-
I with the expressions given under Column-I1. [Adv. 2015]

Column-I Column-11
(A) Freezing of water at (P q=0
273Kand 1atm
(B) Expansionoflmolof (q) w=0

an ideal gasintoa
vacuum under isolated
conditions
(C) Mixing of equal volumes (r) ASy <0
of two ideal gases at
constant temperature
and pressure in an
isolated container

(D) Reversible heatingof (s) AU=0
H,(g) at 1 atm from
300 K to 600 K, followed
by reversible cooling
to300 Kat1atm
() AG=0
89. Match the transformations in column I with appropriate
optionsin column 1 [2011]
Column-I Column-11
(A) CO,(s) > CO,(9) (p) phase transition

(B) CaCOg4(s) — CaO(s) + CO»(9) (q) allotropic change
©) 2H*—>H,(9) () AH is positive

D) Pewhite, solid) > Pred, solid)  (S) AS is positive
(t) ASis negative

8 Comprehension/Passage Based Questions

Passage-1

The amount of energy required to break a bond is same as the
amount of energy released when the same bond is formed. In
gaseous state, the energy required for homolytic cleavage of a
bond is called Bond Dissociation Energy (BDE) or Bond Strength.
BDE is affected by s-character of the bond and the stability of
the radicals formed. Shorter bonds are typically stronger bonds.
BDEs for some bonds are given below :

r~N
H3C- H(g)—— H3C®(g) + H(g)  AH°=105 kcal mol*

Cl-Cl(g)——>CI*(g) + CI*(g) AH° =58 kcal mol
H3C - CI(g) ——>H3C*(g) + CI°(g) AH°=85kcal mol

H-Cl(g)——H*(9)+CI°(9) AH° = 103 kcal mol-1

90. Correct match of the C—H bonds (shown in bold) in Column
Jwith their BDE in Column Kiis

ColumnJ Column K
(Molecule) (BDE (kcal mol1))
(P) H-CH(CH,), 0 132
(Q H-CH,Ph (i) 110
(R} H-CH=CH, (i) %
(S H-C=CH (iv) 88 [Adv. 2021]

(@) P—iii, Q—iv, R—ii,S—i
(b) P—i,Q—ii, R—iii, S—iv
(© P—iii, Q—ii, R—i, S—iv
(d) P—ii,Q—i, R—iv, S—iii
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91.

For the following reaction

CH,(g) + Cly(g) — 9™ CH,CI(g) + HCI (g)
the correct statement is

@)
(b)

©
(d)

[Adv. 2021]
Initiation step is exothermic with AH° =58 kcal mol—!

Propagation step involving *CH, formation is exother-
mic with AH® = —2 kcal molL,

Propagation step involving CH,CI formation is en-
dothermic with AH® = + 27 kcal mol1.

The reaction is exothermic with AH® = — 25 kcal mol2L.
Passage-I1

Afixed mass 'm' of a gas is subjected to transformation of states
from K to L to M to N and back to K as shown in the figure

92.

93.

[Adv. 2013]

Pressure

S

Volumc
The succeeding operations that enable this transforma-
tion of states are
(@ Heating, cooling, heating, cooling
(b) Cooling, heating, cooling, heating
() Heating, cooling, cooling, heating
(d) Cooling, heating, heating, cooling
The pair of isochoric processes among the transformation
of states is
(@ KtoLandLtoM
(0 LtoMandMtoN

(b) LtoMandN toK
(d MtoNandNtoK

9 Statement / Assertion and Reason Type Questions

Each question contains STATEMENT-1 and STATEMENT-11. Each
question has 4 choices (), (b), (c)and (d) out of which ONLY ONE
is correct. Mark your answer as

(2)
(b)
()
(d)
94,

If both Statement -1 and Statement -11 are correct.

If both Statement -1 and Statement -I1 are incorrect.

If Statement -1 is correct but Statement -11 isincorrect.

If Statement -1 is incorrect but Statement -11 is correct.
Statement - | : There is a natural asymmetry between
converting work to heat and converting heat to work.
Statement - Il : No process is possible in which the sole
result is the absorption of heat form a reservoir and its
complete conversion into work. [2008S]

Each Question contains Assertion and Reason statements. In
the light of the given statements in the question choose the
correct answer from the options given below.

(@)
(b)
©)

(d)
95.

If both Assetion and Reason are correct and Reason is
the correct explanation of the Assertion

If both Assertion and Reason are correct but Reaon is not
the correct explanation of the Assertion.

If the Assertion is correct but the Reason is incorrect
If the Assertion is incorrect but the Reason is correct

Assertion : The reduction of a metal oxide is easier if the
metal formed is in liquid state than solid state.

96.

Chemistry

Reason : The value of AG°® becomes more on negative
side as entropy is higher liquid state than solid state.
[Main July 28, 2022 (1]
Assertion : The heat absorbed during the isothermal
expansion of an ideal gas against vacuum is zero.
Reason : The volume occupied by the molecules of an
ideal gas is zero. [2000S]

10 Subjective Problems

97.

98.

99.

100.

101.

102.

103.

An insulated container contains 1 mol of a liquid, molar
volume 100 mL, at 1 bar. When liquid is steeply pressed to
100 bar, volume decreases to 99 mL. Find. AH and AU for
the process. [2004 - 2 Marks]
In the following equilibrium N,O, (g) = 2NO,(9)

[2004 - 2 Marks]
When 5 moles of each is taken and the temperature is kept
at 298 K, the total pressure was found to be 20 bar.

Given: AGf (N,0,) =100kJ; AGf (NO,) =50 kJ

() Find AG ofthereaction at 298 K.

(i) Find the direction of the reaction

C, value of He is always 3R/2 but C,, value of H, is 3R/2 at

low temperature and 5R/2 at moderate temperature and

more than 5R/2 at higher temperature. Explain in two to

three lines. [2003 - 2 Marks]

Two moles of a perfect gas undergo the following

processes: [2002 - 5 Marks]

(@ areversible isobaric expansion from (1.0 atm, 20.0 L)
to (1.0 atm, 40.0 L);

(b) areversible isochoric change of state from (1.0 atm,
40.0 L) to (0.5atm, 40.0 L);

(c) areversible isothermal compression from (0.5 atm,

40.0L)to (1.0 atm, 20.0L).

(i) Sketch with labels each of the processes on the
same P-V diagram.

(i) Calculate the total work (W) and the total heat
change (q) involved in the above processes.
(i) What will be the values of AU, AH and AS for

the overall process?

When 1-pentyne (A) istreated with 4 N alcoholic KOH at

175°C, itis converted slowly into an equilibrium mixture of

1.3% 1-pentyne (A), 95.2% 2-pentyne (B) and 3.5% of 1,

2-pentadiene (C). The equilibrium was maintained at 175

°C. Calculate AG® for the following equilibria:

_ ° _ _ ° _
BEA AG, =? BEC AG, =7

From the calculated value of AGlo and AGZ indicate the

order of stability of (A), (B) and (C). Write a reasonable
reaction mechanism showing all intermediates leading to
(A), (B) and (C). [2001 - 10 Marks]

Show that the reaction CO(g)+102(g)—>C02(g) at

300 K, is spontaneous and exothermlc when the standard
entropy change is—0.094 kJ mol~1 K=L. The standard Gibbs
free energies of formation for CO, and CO are-394.4 and
~137.2 kI mol™L, respectively. [2000 - 3 Marks]
“The heat energy g, absorbed by a gas is AH”, is true at
what condition(s). [1984 - 1 Mark]
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Topic-2: Thermochemistry

I MCQs with One Correct Answer

Combustion of glucose (C4H;,0;) produces CO, and
water. The amount of oxygen (in g) required for the
complete combustion of 900 g of glucose is: [Molar mass
of glucose in g mol =180] [Main April 8, 2024 (1)]
(@ 480 (b) 9%0 (c) 800 (d 32

Given [Main April 10, 2023 ()]

(A) 2CO(g) + O,(g) —>2CO,(g) AHY =-xkJmol

(B) C(graphite) + O,(g) — CO,(g) AHY =-ykImol-L
The AHO for the reaction

1
C(graphite) + 5 0,(9) > CO(g)is

X—2 X+2 2X —

@ S50 S5 © 5 @ 2y
At25°C and 1 atm pressure, the enthalpy of combustion of
benzene (1) and acetylene (g) are —3268 kJ mol~! and
—1300 kJ mol™2, respectively. The change in enthalpy for
the reaction 3 C,H,(g) — CeHg(l), is

[Main June 25, 2022 (11)]
() +324kImol™ (b) +632kJmol™
(c) -632kJmol™ (d) —732kImol™
At 25°C and 1 atm pressure, the enthalpies of combustion
are as given below:
Substance H, C (graphite) C,H(9)

A H°

kjmol™
The enthalpy of formation of ethane is
[Main June 24, 2022 (11)]

(@ +54.0kImol™? (b) —68.0kImol™
(¢) -86.0kJmolt (d) +97.0 kImol=t
Lattice enthalpy and enthalpy of solution of NaCl are
788 kJ mol~t and 4 kJ mol-1, respectively. The hydration
enthalpy of NaCl is : [Main Sep. 05, 2020 (11)]
(@) -780kJmol™ (b) 780 kJ mol-?
(¢) -784kImol™* (d) 784 kJmol-?
If enthalpy of atomisation for Br,(1) is x kJ/mol and bond
enthalpy for Br, is y kJ/mol, the relation between them:

[Main Jan. 09, 2020 ()]
(@ isx=y (b) does not exist
(c) isx>y (d) isx<y
The difference between AH and AU (AH — AU), when the
combustion of one mole of heptane (1) is carried out at a
temperature T, isequal to : [Main April 10, 2019 (11)]
@ —-4RT (b) -3RT (c) 4RT (d) 3RT
For silver,C_(JK-mol) =23 +0.01T. If the temperature (T)
of 3 moles of silver s raised from 300 K to 1000 K at 1 atm
pressure, the value of AH will be close to:

[MainApril 8, 2019 ()]
@ 62kl (b) 16kJ () 21KJ (d) 13kJ
The combustion of benzene (1) gives CO, (g) and H,O (I).
Given that heat of combustion of benzene at constant
volume is -3263.9 kJ mol~ at 25 °C; heat of combustion

-286.0 —394.0 —1560.0

10.

11.

12.

113,

14.

15.

16.

(in kJ mol-1) of benzene at constant pressure will be :

(R=8.314 JK-1 mol-Y) [Main 2018]
(@) 41526 (b) —452.46
(c) 3260 (d) -3267.6

For which of the following reactions, AH is equal to AU ?
[Main Online April 15, 2018 (1)]

(@ N2(9)+3H(9) > 2 NH;(9)

(b) 2HI(g) > Hz(9) +12(9)
(€) 250,(9) +0,(9) > 2503(9)

(d) 2NOy(g) > N204(9)
Given
C(graphite) + 0,(g) = CO,(g) ; AH°=-393.5kJmol*

1
Hz (g) + Eoz (g) - Hzo(l) , ArH °=-285.8 kJmol-!

CO,(9) +2H,0(l) = CH,(g) +20,(g); AH°=+890.3kmol™
Based on the above thermochemical equations, the value
of A;H® at 298 K for the reaction,
C(graphite) + 2H,(g) > CH,(g) willbe:  [Main 2017]
(@ +74.8kImol? (b) +144.0kJmol-?
() -74.8kImol™? (d) —144.0 kI mol-?
The heats of combustion of carbon and carbon monoxide
are—393.5 and—283.5 kI mol ™2, respectively. The heat of
formation (in kJ) of carbon monoxide per moleis:
[Main 2016; Similar 2004]

(@ -6765 (b) —1105 (c) 1105 (d) 6765
The heat of atomization of methane and ethane are 360 kJ/
mol and 620 kJ/mol, respectively. The longest wavelength
of light capable of breaking the C — C bond is (Avogadro
number =6.02 x 10%,h=6.62 x 10-34J5s)

[Main Online April 10, 2015]
(@ 2.48x10%*nm (b) 1.49x10°nm
(c) 2.48x10°nm (d) 1.49x10%*nm
For complete combustion of ethanol,
C2H50H (|)+302 (g)—)ZCOZ (g)+3H20(|),
the amount of heat produced as measured in bomb
calorimeter, is 1364.47 k] mol-tat 25 °C. Assuming ideality,
the enthalpy of combustion, A_H, for the reaction will be:
(R=8.314 kJmol?) [Main 2014]

(@) -1366.95kImol™ (b) —1361.95kJ mol™

() -1460.95kImol™ (d) —1350.50 kJ mol™

The standard enthalpy of formation of NH, is — 46.0 kJ/
mol. If the enthalpy of formation of H, from its atoms is —
436 kJ/mol and that of N,, is— 712 kJ/mol, the average bond
enthalpy of N - Hbond in NH; is:

[Main Online April 9, 2014]
(@ —1102kJ/mol (b) —964 kJ/mol
() +352kJ/moal (d) +1056 kJ/mol
The standard enthalpies of formation of CO,(g), H,O(l)
and glucose(s) at 25 °C are —400 kJ/mol, —300 kJ/mol and —
1300 kJ/mol, respectively. The standard enthalpy of
combustion per gram of glucose at 25 °C is [Adv. 2013-1]
(@ +2900kJ (b) —2900kJ
() -16.11kJ (d)y +16.11kJ



AB6
17.

18.

19.

20.

21.

22.

23.

=

24.

25.

Given that: [Main Online April 25, 2013]
@) AsH°of N,O is82kJmol
(i) Bondenergiesof N=N,N=N,O=0andN=0 are
946, 418, 498 and 607 kJ mol-! respectively,
The resonance energy of N,O is :
(@ -88kJ (b) 66k (c) 62kJ  (d) —44kJ
The species which by definition has ZERO standard molar
enthalpy of formation at 298 K is [2010]
(@) Bra@ (b) Cly@ (© HO0(@) (o) CHy(g)
In a constant volume calorimeter, 3.5 g of a gas with
molecular weight 28 was burnt in excess oxygen at 298.0
K. The temperature of the calorimeter was found to increase
from 298.0 K to 298.45 K due to the combustion process.
Given that the heat capacity of the calorimeter is 2.5 kJ K1,
the numerical value for the enthalpy of combustion of the
gas in kI mol~tis [2009 - 6M]
Which of the reaction defines AH$? [2003S]
(@ C(diamond) + O, (g)——CO,(g)

(b) EHz(g) +EF2(9)——>HF(9)
© N2(9)+31H2(9)—>2NH3(9)
(d) CO(g) +—Oz(g)—>C02(g)

The AHfO for COZ(g) CO(g) and H,0O(g) are —393.5, -110.5
and —241.8 kJ mol~L respectively. The standard enthalpy
change (in kJ) for the reaction

CO,(9) + Hy(9) — CO(g) + HyO(g) is [2000S]
(@ 5241 (b) 442  (c) -2625 (d)y 41.2
For which change AH = AE : [1995S]

(2) Hy(9) + 15(0) > 2Hl(g)

(b) HCIl+ NaOH — NaCl

(©) C(s)+0,(g) —CO,(a)

(@) Ny(g)+3H,(g) > 2NH;(0)

The difference between heats of reaction at constant

pressure and constant volume for the reaction :

2CgHg(I) + 150,(g) = 12C04(g) + 6H,0(l) at 25°Cin kJis
[1991 - 1 Mark]

@ -743 (b)) +372 (¢) 372  (d) +743

3 Numeric/New Stem Based Questions
The heat of combustion of solid benzoic acid at constant
volume is —321.30 kJ at 27°C. The heat of combustion at
constant pressure is (-321.30 — xR) kJ, the value of x is
[Main April 5, 2024 (1)]
Combustion of 1 mole of benzene is expressed at

15
CeHe(1) + B 0, (g9) — CO,(9) + 3H,0(1).

The standard enthalpy of combustion of 2 mol of benzene
X' kJ. x = [Main April 5, 2024 (11)]
(1) standard Enthalpy of formation of 1 mol of CH,(1),
for the reaction
6C(graphite) + 3H,(g) — CsHy(1) is 48.5 ki mol .
() Standard Enthalpy of formation of 1 mol of CO,(0),
for the reaction

C(graphite) + 0,(g) - CO,(g) is—393.5 kI mol.
(3) Standard and Enthalpy of formation of 1 mol of
H,0(1), for the reaction

Hy(9) + 5 O ,(9) = H,0(1) is —286 kJ mol.,

26.

217.

28.

29.

30.

Sis

32.

33.

34.

Chemistry

The enthalpy of formation of ethane (C,H,) from ethylene
by addition of hydrogen where the bond-energies of
C-H,C-C,C=C,H-Hare414kJ, 347 kJ, 615 kj and 435
kJ respectively is — kJ. [Main April 4,2024 (]
Two reactions are given below: [Main Jan. 30, 2024 (11)]

2|:e(s)+go2 (9) > Fe,03(s), DH® = - 822kJ / mol

C(S)+%Oz (g)— CO(g), DH® = - 110k / mol

Then enthalpy change for following reaction 3C(s) +
Fe,04(s) — 2Fe(s) + 3CO(g) is kJ/mol.
Standard enthalpy of vapourisation for CCl, is
30.5 kJ mol~L. Heat required for vapourisation of 284g of
CCl, at constant temperature is kJ.
(leen molar massin g mol;C=12, =12,Cl=35. 5)

[Main Jan. 29, 2024 (11)]

A,+B,—> 2AB.AH} =-200 kJmol

AB, A, and B, are diatomic molecule. Ifthe bond enthalpies
of A, B,and AB are in theratio 1 : 0.5 : 1, then the bond
enthalpy of A, is kJmol~" (Nearest integer)

[Main April 13,2023 (1)]
Solid fuel used in rocket is amixture of Fe,O, and Al (in

ratio1: 2). The heat evolved (kJ) per gram of the mixture is
(Nearest integer)

Given: AHY (Al,03) = -1700 kJ mol ™

AHY (Fe,03) = -840 kJ mol ™

Molar mass of Fe, Al and O are 56, 27 and 16 g mol!
respectively. [Main April 11, 2023 (1)]
Consider the following date  [Main April 06, 2023 (11)]
Heat of combustion of H,(g) =-241.8 kJ mol*

Heat of combustion of C(s) =-393.5 kJ mol!

Heat of combustion of C,H;OH(l) =-1234.7 k] mol~!

kJ mol-1 (Nearest integer)
At 25°C, the enthalpy of the following processes are given:

H, (9) + O,(9) — 20H(g) AH°=78kJmolt

H,(g) +1/20,(g) — H,0(g) AH=-242kImol
H,(9) - 2H(g) AH® =436 kI mol

1/2 0, (9) — 0O(g)  AH°=249 kImol?

What would be the value of X for the following reaction?
(Nearest integer)
H,0(g) — H(g) + OH(g) AH° =X kJ mol !

[Main Feb. Ol 2023 ()]

CI ,(9) to
kJmol~! (Nearest mteger)

= 240kJmol L. [Main Jan. 31, 2023 (1)]

The enthalpy change for the conversion of
Cl(aq)is(-)
Given: AdiSHOC|2(g)
HOC|( = ~350kJmol %, iy
Enthalpies of formation of CCl,(g), H,0(g), CO,(g) and
HCI(g) are—105, —242, -394 and —92 KJ mol‘l respectively.
The magnitude of enthalpy of the reaction given below is
kJ mol~! (nearest integer) CCl,(g) + 2H,0(g) —>

CO,(g) +4HCI(g) [Main Jan. 31, 2023 (11)]

AnygHe- = —380kimol ™!
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35.

36.

37.

38.

39.

40.

41.

42,

43.

28.0 L of CO, is produced on complete combustion of
16.8 L gaseous mixture of ethene and methane at 25°C
and 1 atm. Heat evolved during the combustion process
is ki.Given:  AH (CH,) =-900 kJmol!
AH (C,H,) =-1400 k] mol! [Mam Jan. 25,2023 (11)]
2 mol of Hg(g) is combusted in a fixed volume bomb
calorimeter with excess of O, at 298 K and 1 atm into
HgO(s). During the reaction, temperature increases from
298.0 Kt0312.8 K. If heat capacity of the bomb calorimeter
and enthalpy of formation of Hg(g) are 20.00 kJ K and
61.32 kJmol* at 298 K, respectively, the calculated standard
molar enthalpy of formation of HgO(s) at 298 K is X ki mol =,
The value of |X] is
[Given: Gas constant R = 8. 3JK-L mol-]  [Adv. 2022]
When 600 mL of 0.2 M HNO, is mixed with 400 mL of 0.1M
NaOH solution in a flask, the rise in temperature of the
flask is x 1072 °C.

(Enthalpy of neutralisation = 57 kJ mo1-* and Specific heat
of water = 4.2 JK-1g™)

(Neglect heat capacity of flask) [Main July 29, 2022 (1)]
While performing a thermodynamics experiment, a
student made the following observations,

HCI + NaOH — NaCl + H,0, AH=-57.3 kI mol-
CH,COOH + NaOH — CH COONa +H,0

AH——553kJ mol [Main July 25,2022 (11)]
The enthalpy of ionization of CH,COOH as calculated by
the student is kJ mol~! (nearest integer)

The Born-Haber cycle for KCI is evaluated with the
following data :

A¢H° for KCI=—436.7 kimol™; A, H° for K=89.2 kI mol;

ionization HO for K 419 O k‘] mOI_l A electron gam H for
Cl ) =-348.6 kI mol- 7 ApongH° for Cl, = = 243.0 K mol 1
The magnitude of lattice enthalpy of KCl in kJ molt is
(Nearest integer) [Main Aug. 26, 2021 (1)]
At 298 K, the enthalpy of fusion of a solid (X) is 2.8 kJ
mol~ and the enthalpy of vaporisation of the liquid (X) is
98.2 kJ mol-2. The enthalpy of sublimation of the substance
(X)inkImolis . (in nearest integer)

[Main July 25, 2021 (1)]
The average S-F bond energy in kJ mol= of SF; is
. (Rounded off to the nearest integer)

[Given : The values of standard enthalpy of formation of
SF4(9), S(g) and F(g) are — 1100, 275 and 80 kJ mol
respectively.] [Main Feb. 26,2021 (1]
The internal energy change (in J) when 90 g of water
undergoes complete evaporation at 100 °C is
(Given : AH pfor water at 373 K=41 kJ/ mol, R=8. 314
JK1 mol‘l) [Main Sep. 02, 2020 (1)]
Diborane is a potential rocket fuel which undergoes
combustion according to the reaction. [2000 - 2 Marks]
B,Hg (9) +3 0, (9) — ByO3(s) +3H,0(9)
From the following data, calculate the enthalpy change for
the combustion of diborane.

2B(9)+5 05 (g)—>B,05(9)

AH=-1273 kI molL

1
Hz(g)+502(g)—>H20(€) AH=-286 kImol~1
H,0(l)—> H,0(g) AH=44kImol1
2B(s)+3H,(g)—>ByHg(9)  AH=36kImol™L

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

AB7

Estimate the average S—F bond energy in SF.. The values
of standard enthalpy offormatlon of SF4(9), g(g) and F(g)
are:—1100, 275 and 80 kJ mol~1 respectively.

[1999 - 3 Marks]
From the following data, calculate the enthalpy change for
the combustion of cyclopropane at 298 K. The enthalpy of
formation of CO,(g), H O(Ii and propene(g) are —
393.5,—-285.8and 20.42 kJ mol‘ respectively. The enthalpy
of |somer|sat|on of cyclopropane to propene is
~33.0kImol1. [1998 - 5 Marks]
Compute the heat of formation of liquid methyl alcohol in
kilojoules per mole, using the following data. Heat of
vaporization of liquid methyl alcohol = 38 kJ/mol. Heat of
formation of gaseous atoms from the elements in their
standard states; H, 218 kd/mol; C, 715 kJ/mol; O, 249kJ /
mol. Average bond energies :
C—-H=415kJ/mol, C— O =365 kdJ/mol, O— H= 463 kd/mol

[1997 - 5 Marks]
The standard molar enthalpies of formation of cyclohexane
(I) and benzene (1) at 25° C are — 156 and + 49 kJ mol-1
respectively. The standard enthalpy of hydrogenatlon of
cyclohexene (I) at 25° Cis—119 kJ mol~L. Use these data to
estimate the magnitude of the resonance energy of
benzene. [1996 - 2 Marks]
The polymerisation of ethylene to linear polyethylene is
represented by the reaction [1994 - 2 Marks]
where n hasa large integral value. Given that the average
enthalpies of bond dissociation for C = C and C- C at 298
K are +590 and + 331 kJmol1, respectively, calculate the
enthalpy of polymerisation per mole of ethylene at 298 K.
Determine the enthalpy change of the reaction.
C3Hg(g) + Ha(g) — CoHg(9) + CH,(9), at 25 °C, using the
given heat of combustion values under standard

conditions:
Compound  Hy(g) CHu(@ C,Hg(@) C(graphite)
AH® (kJ/mol) -285.8 8900 -1560.0 —3935
The standard heat of formation of C3Hg(g) is —103.8 kJ/
mol. %1992 - 3 Marks]
A gas mixture of 3.67 litres of ethylene and methane on
complete combustion at 25 °C produces 6.11 litres of CO,,.
Find out the amount of heat evolved on burning one litre
of the gas mixture. The heats of combustlon of ethylene
and methane are ~1423 and —891 kJ mol~L at 25 °C.
[1991 - 5 Marks]
The standard enthalpy of combustion at 25 °C of hydrogen,
cyclohexene (CgH; ) and cyclohexane (CgH;») are —241,
—3800 and —3920 kJ/mole respectively. Calculate the heat
of hydrogenation of cyclohexene. [1989 - 2 Marks]
An intimate mixture of ferric oxide, Fe, O3, and aluminium,
Al is used in solid fuel rockets. Calculate the fuel value
per gram and fuel value per cc of the mixture. Heats of
formation and densities are as follows :[1988 - 2 Marks]
Hy (Al,O4) = 399 kcal/mole; Hg(Fe,03) = 199 kcal/mole;
Density of Fe,05 =5.2 g/cc; Density of Al = 2.7 g/cc.
The standard molar heats of formation of ethane, carbon
dioxide and liquid water are —21.1, -94.1 and —68.3 kcal
respectively. Calculate the standard molar heat of
combustion of ethane. [1986 - 2 Marks]
The bond dissociation energies of gaseous H,, Cl, and
HCl are 104, 58 and 103 kcal/mole respectively. Calculate
the enthalpy of formation of HCl gas. [1985 - 2 Marks]
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55.  Given the following standard heats of reactions : 3
@) heat of formation of water = —68.3 kcal; © 3 0,(9) = O5(9)
(i) heat of combustion of acetylene =-310.6 kcal;
(iii) heat of combustion of ethylene = -337.2 kcal; (@) 2C(g) +3H,(9) > CHs(9)
Calculate the heat of reaction for the hydrogenation of 10 Subjective Problems
56 §I_chetylen|ea;constafntvolgme_(25:%. H[1984(_:4 Mar:ks] 60. In order to get maximum calorific output, a burner should
' demo ar heats o con:( UIS'[IOHO k2 IZ(g)(’i (grapkltel) have an optimum fuel to oxygen ratio which corresponds
an H2_(g) are 310.62 kcal, 94.05 kcal an 68'32_ cal, to 3 times as much oxygen as is required theoretically for
respectively. Calculate the standard heat of formation of complete combustion of the fuel. Aburner which has been
CoHy(9). . . [1983-2 Marks] adjusted for methane as fuel (with x litre/hour of CH, and
57. Theenthalpy for the following reaction (AH°) at 25°C are . . .
given below : [1981 - 2 Marks] 6x litre/hour of O,) is to be readjusted for butane, C4Hyj.
In order to get the same calorific output, what should be
0] le(g)J,loz(g) ~» OH(g) 10.06kcal the rate of supply of butane and oxygen ? Assume that
2 2 losses due to incomplete combustion, etc, are the same for
(i) Hy(9) — 2H(9) 104.18 kcal both the fuels and the gases behave ideally.
(i) Oy(9) — 20(9) 118.32 kcal Heats of combustion :
Calculate the O-H bond energy in the hydroxyl radical. CH, =809 kJ/mol; C4H,o = 2878 ki/mol
{ Fill in the Blanks [1993 -3 Marks]
58. The heat content of the products is more than that of the ~ 61+ Using the data (all values are in kcal mol™" at 25 °C) given
reactantsin an ................ reaction. [1993-1 Mark] below; calculate the bond energy of C~C and C-H bonds.
. [1990 - 5 Marks]
6 MCQs with One or More than One Correct Answer AHocombustion(Ethane) = 3720
59. Choose the reaction(s) from the following options, for AH°ombustion(Propane) = -5300
which the standard enthalpy of reaction is equal to the Hc(s) - c(g = 1720
standard enthalpy of formation [Adv. 2019] Bond energy of H-H = 1040
1 AHosof HyO(1) = 680
@) gSS(s)+OZ(g)—>SOZ(g) AH%0f CO,(g) = -940
(b) 2H,(9) +0,(9) — 2H,0(1)
Answer Key
Topic-1 : Thermodynamics
1. (d) 2. (0 3 @ 4. (b) 5 @ 6. (d) 7. (@) 8 @ 9. (o 10. (c)
1. d) 12. (9 13. (@ 14. (¢ 15 (b) 16. (b) 17. (o) 18. (@) 19. (b) 20. (b)
21. (@ 22. () 23. (0 24. (c) 25. (@) 26. (c) 27. (8120) 28. (7) 29. (8)
30. (100 31. (2) 32. (400) 33. (55) 34. (38) 35. (274) 36. (2000) 37. (200) 38. (28721) 39. (200)
40. (1200) 41. (0.31) 42. (300) 43. (4) 44. (4) 45. (1200) 46. (1411) 47. (0) 48. (150) 49. (360)
50. (620) 51. (1070) 52. (3) 53. () 54. (20 55. (3 56. (2) 57. (117) 58. (8630)
59. (38) 60. (5) 61. (25)  62. (2218) 63. (1380) 64. (935.00) 65. (-13538)
66. (-14.6) 67. (557) 68. (115.87) 69. (319.1)70. (zero) 71. (extensive) 72. (isolated)
73. (True) 74. (True) 75. (a,b,d) 76. (ab,c)77. (bc) 78. (bd) 79. (abc) 80. (abc)8l. (acd) 82. (ac)
83. (ab) 84. (ad) 85. (bcd) 86. (bd) 87. (b) 88. A-(r,t);B-(p,q,s);C-(p,q,s);D-(p,q,s,t)
89. A-p,rns;B-rs;C-t;D-p,q,t 90. (@ 91. (d) 92. (¢ 93. () 9. (@ 95. (@)
96. (b)
Topic-2 : Thermochemistry
1. b 2 @ 3 (c 4 (¢ 5 (c 6 © T @ 8 @ 9 (d)
0. o 11. (¢ 12. () 13. (b 14 (@ 150 () 16. () 17. (@ 18. (b
9. (9 20. () 21. (o) 22 (d) 23. (a) 24 (150) 25. (6535) 26. (125) 27. (492)
28. (56) 29. (800) 30. (4 31. (278) 32. (499) 33. (610) 34. (173) 35. (925) 36. (90.39)
37. (34) 38. (2 39. (718) 40. (101) 41. (309) 42.  (189494) 43.  (-2035)
44.  (309.16) 45.  (-2091) 46.  (-266) 47. (-152) 48. (-72) 49. (-55.7)
50. (5090)51. (-121) 52. (394) 53. (=3720) 54. (-22) 55. (41.104) 56.  (54.20)
57. (101.19) 58.  (endothermic) 59. (ac)
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Thermodynamics ié}/'
. y/
=45, w=8J
@é Topic-1: Thermodynamics 11. @) ? . ||3
1. (@) AU=qg+w AUpg =q+W=+5+(-8)=-3J

10.

For a adiabatic process,

AU=w=-—p_ Av
For free expansion of ideal gas p,, =0

AsAU=CAT=0,

(c) AG=0 forreversiblereaction

AG = —ve for spontaneous reaction

AG = +ve for non-spontaneous reaction

Therefore option (c) is not correct.

(@ Adiabatic boundary does not allow heat exchange
thus heat generated in container can’t escape out thereby
increasing the temperature.

In case of Diathermic container, heat flow can occur to
maintain the constant temperature.

) (A) First law is given by

AU=Q+W

If we apply reversible work at constant P = AU = Q —PAV
(D) AH=AU + AnRT

(@ H=U+PV (Bydefinition)

AH = AU + A(PV) at constant pressure

AH= AU+ PAV

(d) Inexpansion against vacuum,

Pyt=0 = w=-P,,AV=0

(@ A system at higher temperature has greater entropy
(randomness). S and AS are related with T as:

TnC-dT

St _Io T

Thus, both S and AS are function of temperature.

(@ We know that heat and work are not state functions

but g +w= AU is a state function. H— TS = G isalso a state

function.

(¢ AU=nC,AT=5x28x100=14kJ
A(PV)=nR(T,-T;)=5x8x100=4k]

and AS = I%

(©) A, = 2A
initial 1 0
final (1-0.2) (2x0.2)
The equilibrium constant,
2
= ﬂ : K= w =0.2
[A2] [0.8]

AG° = —RT InK = -8.314 JK 1 mol ™t x320 K xIn0.2
=4281J/mol

12.

13.

14,

15.

16.

17.

18.

q=-3, AUgy =+3
AUgp =q+W
= 3=-3+w=w=+6 (work done on the system).
(@ C(graphite) - C(diamond) (Isothermally)
A G° = AG°(diamond) — AG°(graphite)
=2.9-0=2.9kJmol™*
Gibbs free energy is the maximum useful work, then
-AG°=w_, = APV
-2.9%103=-APx2x 10
3
_29A0 4 45x10° Pa =1.45x10° <10 bar
2x10
=1.45x 10 bar = 14500 bar
P=AP+ P, =14500 + 1= 14501 bar
@ 2H,0,(l) == 2H,0(l) + 0,(g)
ext (AV) = —No, RT
*.» 100 mole H,O, on decomposition give 50 mole O,
.. W=—(50) (8.3) (300) = 124500 J=-124.5 kJ.
() From 1% law of thermodynamics
Ogys =AU -W=0-[-P_ . AV]
=3.0atm x (2.0L-1.0L)=3.0 L-atm

AP

w=-P

(rey) Gsys
© ASgur = re\_/r surr _ Ty
__30x1013J — 1013 1K

300K
(b) ASO:SOCOZ +2>< SOHzO_(SOCH4 +2X882)
=(213.6 +2x69.9) - (186.2 + 2 x 205.2)
=-242.8JK I mol.
(b) Given conditions are boiling conditions for water due
towhich system is in equilibrium.
H,0()=—=H,0(9)
AS =

total —

AS + AS
System
AS = —

system
For process, AS

0

surroundings

surroundings
>

system

Ssurrounqings A .
(c) For isothermal reversible expansion.

w= —nRT Inv—2

1
Trick: Either of option (b) or (c) must be not correct.
(@ Since, liquid is passing into gaseous phase so
entropy will increase and at 373 K during the phase trans-
formation, it remainsat equilibrium. So, AG=0.
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19.

20.

21.

22.

23.
24.

25.

26.

217.

28.

) A——8B

AG°=AH°-TAS°, AG°=-2.303 |:\’T|Og10 K

~2.303RT log, K = AH ~ TAS®

= 2.303RTlog, K =TAS® — AH®

TAS°—-AH® _ 298x10+54.07x1000 ~10
2.303RT 2.303%x8.314%x 298

(b) Ingeneral, the molar heat capacity for any process is
given by

logyo K =

C=cC, +i , when PV" = constant
1-v

Here VE: 1,i.e.PVl=constant=y=-1

3
For monoatomic gas, C, = 3 R

30, R 3. R_4R_

—R+ = +
2 1-(-H 2 2 2
(@ TV =Constant (- change is adiabatic)

2R

TV = TV

5
For monoatomic gasy = —

3
-|-1V12/3 - -|-2V22/3 :>T(1)2/3 =T2(2)2/3
T
T,= S(213)
Al 3
o) AS=% ;7523010" 1400k

() AH= nCp AT solution; since AT =0s0, AH=0
©
AH= AU +P,V,-P,V, Given, AU=30.0 Latm
P,=2.0atm,V,=30L,T,=95K
P,=4.0atm,V,=50L,T,=245K
AH =AU +PV,-PV,

=30+ (4%x5)-(2x3) =30+20-6=44 Latm.
(@ Work is not a state function because it depends upon
the path followed.
(c) Inareversible process, the driving and the opposite
forces are nearly equal, hence the system and the
surroundings always remain in equilibrium with each other.
(8120) X — Y isan isothermal process an ideal gas:
AH=0,AU=0
Y — Zis an isochoric process = AV =0
S W=0
AU=nC, . (T,-T;)=5x12(415-335)=4800J
AH =AU + A(PV) = AU + nRAT
=4800+5x 8.3 (415-335)= 8120
(7) For A— B (Reversible adiabatic)

TV T =Tov
=600(V;)*° =60(V, )" [ y= —j

2/3
=10= (ﬁ)
10

29.

30.

31.

32.

Viotal = Ea ¥ dac = 0+ dac = dac
V.
Oge = RT, 1IN 10=gg. =60RIN10=60R In V—3

2
[ B— Cisreversible isothermal]

V3
= 60RIN10=60RIN | —5
10

5 7
= log 10=1log V3—§:>Iog V3 =§:>2Iogv3=7

(8 AtT K: A(9) = P(@9)
t=0 6
Ateq, T,K 6-x x=4(fromplot)
Ateq, T,K 6-y y=2(from plot)
4 2 1
:>AtTl K: Kp1 =§= 2 :>AtT2 K: sz =Z=§
o 1
Now, AG, =-RT, InKp, = —RT, InE =RT,In2
AG]=-RT;InKp =RT, In2
Given :AG; —AG{=RT,In2+RT,In2
=RT,In2+2RT,In2
=3RT,In2=RT,Inx(T;=2T,)=>x=23=8
(10)
Process (1) = (Adiabatic reversible)
AUn 450 - 2250
R
AU=-1800R
W,=AU=-1800R
Process (1) = (Reversible isothermal process)
T,=900K
Calculation of T, after reversible adiabatic process
AU=nCdT
5
= -1800R= 1><ER(T2 -900)
T,=180K
Vs
W” - —nRT2 InV—2 = W|
V. Vs
= —1xRx180In=2 =—1800R = N7~ =10
V, 2
vt 3] {601 3)
= | Ax—|+(-1Ix)+| —=x=|=—| 6+1+—
(Z)Wd(z(x)zz 4
Wy = - EL atm

5.5
w, =-2.303RT log 12- —-2.303 PV log 11
w, =—4.606 x 1.04=—4.8 L atm

33
04 17209
ws T 48 7T

(400) Atequilibrium AG,; =0and AG=AH-TAS
= AHvap = TAS\Iap:> 30x1000=T x75=T=400K
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A183

(55) Work done for reversible isothermal expansion is
given as:

Vo
W =-nRTIn [—] =-1x0.8206x 291.15In (—100)
Vi 10

=-55.0128 L atm
Work done by system ~ 55 L atm

(38) H,O(¢) = H,0(9) AHC. = 40.79 kJ/mole

vap
AHUzp = AUyg;, +AngRT

1x8.3x373.15

40.79 = AUyg, + 1000

AU, =40.70 -3.0971= 37.6929

AU gy, =38

(274) AU=q+wwhere (q=0)
NCAT =P (V,-V)
V,=2V, (given)

nRT, 2nRT;
P Py
ST,
= = Py, =
P,=5T, =298, P, 5% 298
nSR(T,-T,) - _[MRT, nRT)
2 L P P
5T,
- P, =
Put T,=298and P, 2% 298

Weget T,=274.16 K

T,~274K

(2000) Applying Gibbs Helmhaltz equation AG = AH-TAS
For reaction to be spontaneous AG = — ve

For limiting case AG=0

AH=TAS

AH 400kJ / mol

AS  0.2kJ/mol-K
=2000K
above 2000 K reaction become spontaneous.
(200)
For isothermal irreversible process, AU=0—=q=-w
-W=-[-P, (V,-V))]
q=5(20-60) =— 200 atm-L.
(28721)
In Isothermal and reversible expansion the work done is
negative as the work is done by the system.

W= -2.303 nRT Iog[\\//—z}
1

100
= -2.303x5x8.314 x300log (Ej =-28720.7~-28721J.

(200) Work done is given by area enclosed by triangle
ABC.

1
Area of AABC = E x AC x AB

40.

41.

42,

43.

44,

45,

46.

= L (30 kPa — 10kPa) x (30dm® — 10dm?)
2

1
=2 (20kPa) (20dm®) = 200 kPa dm?

1 1kPa = ibar

= 200[— barj(L) =2 L bar 100
100 1dmd =1L

=200J {1Lbar=100J}

(1200)

Using, first law of thermodynamics,

AU=D+W, AU=0: Process is isothermal

Q=-W,W=-P_ AV (Irreversible)

=-80 x 103 (45-30) x 103=-1200J

(0.31)

a —Band 88(600) - 82(600) =6-5=1(fromgraph)

0 o 600
Sei(600) ~Sa(300) + Cp(a) I 300

0 w0 600
Sp(00) = Sp(ao0) + Cr(p) N 255

0 0 0 0
Sp(600) ~Sau(600) = SB(300) ~Scr(300) CP(B) ~Cp(g) In2

6-5=50

0
B(300) ~Sa(300) [1xIn2]

1 +0.69

_ 0 0
= S[3(300) - Sa(300)
0 0 e 11
So Sﬁ(300) —Sa(300) =0.31Jmol™ K
(300) As the phase transition temperature is 600 K
Soat600K;AG®, =0
So AHoreaction (6001 - ASC’reaction (600)
AH°X500) =600 x 1 =600 Joule/mole
S0, AHgqy = AHyp, = AC, (T, - T))
=1x300=300Jmol™*
= AH,,, = AH,,—300 = 600 — 300 = 300 J mol*
(4) Extensive = Mole, Volume, Gibbs free energy.
Intensive = Molar mass, Molar heat capacity, Molarity,
E® cell.
(4) A — Endothermic (Atomisation)
B — Endothermic (Atomisation)
C — Endothermic (Vapourisation)
D — Exothermic (Combustion)
E — Endothermic (Dissolution)
(1200) Power of heater =60 W
Total energy emitted = 60 x 100 =6000 J
Heat capacity x temp difference = 6000

6000 _
Heat capacity =—— =1200JK !

(1411) C,H4(9)+30,(g) —> 2C0,(0) +2H,0(0)

AU=-1406 kimol-t, T=300 K

AH= AU+AngRT:>Ang=Anp—AnR= 2-4=-2

AH=-1406 + (-2) x 8.3 x 300 =-1406 —4.98
=-1410.98 kI mol-1~-1411 kJ mol!

AG=AH-TAS, at equilibrium AG=0

s AH=TAS =-1411 ki mol!
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47. (0) For an, ideal gas internal energy is a function of ~ 57. (117) Molar mass of NH, = 17 g/mol
temperature and for isothermal process temperature is constant

.. The change ininternal energy is zero. moles of NH, given = v 1mole.
48. (150) q=0,AU=w 17
1x 20 x[T,—300] = —3000 For 1 mole enthalpy change = 23.4 kJ
T,-300=-150 = T,=150K. 5 moles enthalpy change = 23.4 x5 =117 kJ
49. (360) 58. (8630) n=5mol; T=300K;V,=10L;V,=20L
CeH;,04(s) + 60, — 6CO,(g) + 6H,0(1) Work done in isothermal condition.
50% energy used to convert H,O(l) into H,0(g) vV
W, =—NRT In—%
1800 A
= ———=0900kJ
2 _ 20
The energy required to evaporate 1 mole of water = 45 kJ =-5x8.3x3001In 1o ~-8630.38)
900 59. (38)H.,O(l H,O
= 900=n,,  x45=>n,, ;= —— = 20mole (8RO ()= H00)
2 2 45 Ang =>"np-Y nR=1-0=1
o= - R -1-0-
W, ,=20x18=360g :
50. (620) 1> 2 = Isobaric process AH= AU+ An RT
2 — 3 = Isochoric process AU=AH-An,RT
3 — 1= Isothermal process _4pq 1x831x873, 8 mal
W=W_o + Wy 3+ W3 ' 1000 B mo

v, 60. (5) AG=AH-TAS
=| —P(V2— V) +0+ {—F’M In [VH AG=-57.8-298 x (176 x 10-3) = -5 kI mol !

1 61. (25)AG®=-nFE°=AH°-TAS®
|00 0: ez ] age A" 0FE°

.
=-20+20In2=-20+20x% 2.3x 0.3 3
=—6.2 Lbar (1 bar = 100 J) =|W|=6.2 L bar =620 _ (-825.2x10°)+ (2 x 96487 x 4.315)
AH 298
2t _ il el -1 -1
51 (1070)AS= T =25.11JK "mol~ ~ 25 JK""mol
mp
o5 4. 304 %1000 62. (2218) Fe+2HClI— > FeCl, +H,
| M f moles of Fe = ——— mol
Tmp: 1070422 K. No. of moles of Fe = 5585 moles
nRIn Va 1x8.3141 3 No. of moles of H,, produced =i moles
52, (3) ASgpem = v, ) = 1x8:8140n| 5 : 2 ProduCed =55 g5
ASgem = 3.37 Word done = —Pey; - AV = -AngRT
AS,, =3.37 50
53. (2)AG=AH-TAS = x8.314%x 298 ~ 2218 J
A AG (Jmolt) =—25 x 103 + 80 x 300 = AG =-ve 55.85
B: AG (J molt) =22 x 10340 x 300 = AG = -ve 63. (1380) AG°=RTInK,
C:AG (Imol=1) =25 x 103+ 300 x 50 => AG = +ve 2
D: AG (Jmolt) = 22 x 103 - 20 x 300 = AG = +ve =-R(300)In(10)* =-R(300x2x2.3)
= Processes C and D are non-spontaneous. AG° =-1380R.
54. (2) For, Spontaneous process AG < 0 64. (935.00) SnO,(s) + C(s) ——> Sn(s) + CO,(g)
For, Equilibrium AG=0 A H° = [-394] - [-581] = 187 kJ/mole = 187 x 10° J/mol
For, Non-spontaneous process AG > 0 AS°=[52 +210]-[56 + 6] = 200 KL mol-*
Statement B and C are correct. o 3
55. (3) State Variable is an independent variable of a state o AH™ 187x10° 035 K
function. TOAS® T 200 T
s gergal enecr:gy, volllqjme an%gn;gglpyéare stztg\lliriable. 65. (- 13538)
. - = = . - =8.
mp _ ~“my m,v From AH®=AU°+An,RT
= C,\=12471JK " mol-! ik
AU=nC, AT AH° =-20x1000-1x8.314 J/ mol.K x 298 K
5000 =—22477.57]

n= - AG® = AH° ~TAS® = ~22477.57 - (298 (~30
12.471x(500-300) —M=2 _ 13538 (298(=30)
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67.

68.

69.
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(- 14.6)
(i) 2Cu (s)+%02(g)—>Cu20(s) :AG® =-78 kJ/mol

(i) H, (g)+%02(g)—>H20(g), AG® = -178 kJ/mol
(i) — (ii) then
2Cu(s)+H,0(g)——Cu,0(s)+ H,(9)

AG°® =-78 + 178 =100 kJ/mol = 10° J/mol
Now for the above reaction

P,
PH,0
To prevent the above reaction: AG >0
P

H2 10
Ph,0

F’H2
= 10°+8x1250In >0
PH,0

AG =AG°+RTIn[

AG® +RT In[

InPy, >-10+In Ry,
-2
NOW, PHZO = XHZO X Ptotal =0.01x1=10
= InPy, >-10-2In10
= InPy,>-14.6 (GivenIn10=23)
Minimum InPy,=-14.6
(557)
AH =AU +A(PV) = AU +V AP (- AV =0)
or AU = AH -V AP = -560—[1(40—70) x0.1]
= -560+3=-557 kimol*

So, the magnitude is 557 kJ mol—.
(11587) C,-C, =R
= Cp =12.48+8.31=20.794Jmol1 K1

C
S 20794 _,
C, 1248

For a reversible adiabatic process,
TV = TV,

-1
Vi Y 1.25\-67
- :Tl[\/_z] =0 :300(2 50]

= T,=188.55K
Number of moles of gas,

PV 1x1.25
n=— —-n=——">-""% _
RT, 0.0821x300

Enthalpy change at constant pressure,
AH=n-C -AT
= 0.0§ x 20.794 x (300 —188.55)
=115.87 Joule.
(319.1)
100 g of glucose = 1560 kJ

0.05

70.
71.
72.
73.

74.

75.

76.

77.

50
Energy utilised in body = 100 x 1560 =780kJ

Energyto be given out = 1560 — 780 = 780 kJ

Enthalpy of evaporation of water = 44 kJ/mole =44 kJ/18 ¢
of water  [1mole H,0 =18 gwater]

Hence, amount water to be perspired to avoid storage of

18
energy = i x780=319.1¢g

zero; In aclosed vessel, AV =0
extensive (because its value depends on quantity of substance)

isolated

True;

Heat capacity Monoatomic Diatomic
C 3R/2 5R/2

\'

C, 5R/2 7R/2

Thus, the heat capacity of diatomic gas is higher than that
of a monoatomic gas.
True; Itonlytells that if the heat gained by one end would
be exactly equal to heat lost by the other. It does not pre-
dict the direction.
(a, b, d) From state | to Il (Reversible isothermal expansion):
T — constant, AV — +ve, AS — +ve, AH—0
AP — —ve
From state |1 to 111 (Reversible adiabatic expansion) :
q— 0, AV — +ve, AS — constant
AH — —ve, AP — —ve, AT — —ve

Plots (a), (b), (d) are correct while (c) is wrong as from
state Il to I11, H is decreasing.
(a,b,c)
P-V work done is applicable for reversible isobaric as well
as isothermal and adiabatic process.

W=-— j Y
For van der Waals equation,

RT a
Pyt =P=| —-=
ext [V—b sz

RT a

W= —IdV[m—V_z] ..... (|)
Equation (i) is not applicable to irreversible process.
Therefore work done is calculated assuming pressure is
constant throughout the process.

(b,0)
A~ C = isochoric process
A~ B = isothermal process

B- C = isobaric process

@) Gpc=AU,=nCy 1 (Ty=T) = AUge

V.
W,. =-nRT, In| =2
AB 1 (V

1
(b) Wge=-P,(V,-V,) =P,(V,-V))
Ogc = AHgc =nCp | (T,-T)) = AH, ¢
(© AH,=nCp (T-T,)
(d) AU, = nC, n(T=T))
AH_, < AU, since both are negative (T,<T,)
and Cp’ n> CV’m

J (pressure is not constant)
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78.

79.

80.

81.

82.

AH

surr Tsurr

For endothermic reaction, if T increases, unfavourable
change in entropy of the surroundings decreases.

For exothermic reaction, if T, increases, favourable
change in entropy of the surroundings decreases.
(a,b,c)

@ P

(b,d) AS

(Py, Vy)

/" (P2, V)
v

During irreversible compression, maximum work is done
on the gas (corresponding to shaded area) when P, =P,
(d) WhenT, =T,=AU=nCAT=0
In reversible adiabatic expansion, T,<T,.

AT =-ve and also AU = -ve
(b) Infreeexpansion,P_, =0, ..W=0
From I law of thermodynamics, AU=q+W .. AU=q
Ifexpansion is carried out isothermally, AU =0
Hence =0, .. Itisadiabatic process.
Ifcarried out adiabatically (q=0), .. AU=0
.. Itis an isothermal process.
(c) During adiabatic expansion, the final temperature is
less than the initial temperature. Therefore, the final volume
in adiabatic expansion will also be less than the final volume

in isothermal expansion. This can be graphically shown as:
P

reversible isothermal
reversible adiabatic

Vv, V

The magnitude of work done by the gas is equal to the area
under the curve. As seen from the figure, the area under
curvein reversible isothermal is more. Hence, the magnitude
of work done is lesser in adiabatic reversible expansion as
compared to the corresponding work in isothermal expansion.
(& b,c) Sincethe vessel is thermally insulated, =0
Further since, P, =0, sow=0, hence AU =0

Therefore, AT=0,T,=T,,andP,V,=P,V,

However, the process is adiabatic irreversible, so we can’t
apply P,V,y =P,V ".

(a,c,d) T, =T,because process is isothermal.

Work done in adiabatic process is less than in isothermal
process because area covered by isothermal curve is more
than the area covered by the adiabatic curve.

In adiabatic process expansion occurs by using internal energy;
hence, it decreases while in isothermal process temperature
remains constant, that's why no change in internal energy.

(8, C) ASy ,7 =ASy_,y +ASy_,, [Entropy is a state
function, hence additive]

Wy _yy 57 =Wy _yy [WorkdoneinY — Zis zero because
it is an isochoric process].

83.

84.

85.

86.

87.

88.

89.

(a,b)Mass independent properties (molar conductivity and
electromotive force) are intensive properties. Resistance
and heat capacity are mass dependent, hence extensive
properties.

(a,d) Internal energy and molar enthalpy are state functions.
Work (reversible or irreversible) is a path function.

(b,c,d) All combustion reactions are exocthermic in nature.
(b) Decomposition reactions are endothermic in nature.

() CaHg(g)—— CaH4(9) +H2(9)
More stable compound is converting into less stable
compound. Thus, reaction is endothermic.

(d) Graphite—— Diamond
More stable allotrope is converting into less stable
allotrope. Thus, reaction is endothermic.
(b,d)Properties independent of mass are intensive
properties. Hence, (b) and (d) which are independent of
mass are the obvious choices.
(b) (A) Foraspontaneous process Gibb’s free energy value
is negative at constant temperature and pressure i.e. AG; ,<0.
(B) Inisobaric pressure, pressure remains constanti.e.,
AP =0 while in isothermal process, temperature remains
constanti.e., AT =0.
© AH = (Z bond energies of reactants)
— (= bond energies of products)

(D) In exothermic process, energy is released.
So, the value of enthalpy is negative i.e., AH< 0.
A-(r,1);B-(p,q,5); C-(p, q,5); D- (P, 0, s, 1)
(A)>r,t
H,O(l) —=—=H,0 (s)
Itisat equilibriumat 273 K and 1 atm.
So, AS,. is negative.
As it is equilibrium process, so AG =0.
(B)>p.a;s o
Expansion of 1 mole of an ideal gas in vacuum under
isolated condition
Hence, w=0
andqp:C dT (--dT=0)= q=0
AU=CAT  (--dT=0) AU=0
©)>p.gs
Mixing of two ideal gases at constant temperature
Hence, AT=0

. g=0; AU=0 alsow=0
(D) —>p.qg.st
Reversible heating and cooling of gas follows same path;
also initial and final position is same.

reaction

(AU=q+w)

=0
Hence, q

}Path same

AU =0 .
State function

A-p,rs;B-rs;C-t;D-p,q,t

(A) CO, (s) — CO, (9) _ _
It is phase transition. The process is endothermic
(sublimation). Gas is produced, so entropy increases.
(B) On heating CaCO, decomposes. So, process is
endothermic.

The entropy increases as gaseous product is formed.

(©) 2H>H,(q) ,

Entropy decreases as number of gaseous particles decreases.
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94.

95.

96.
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(D) The transition between different allotropes is
considered as phase transtion. White and red P are
allotropes.

Due to polymeric nature of red P, its entropy is less than that
of white P. Red P is more stable than white. So AH is —ve.

(@) Stability of free radical o« Wnergy

H
P )\ — AL+ H
2° free radical
Ph—CHy—H —> Ph—CH,+H’

Most stable due
to resonance

(R) CH,=CH-H —> CH,=CH+H’
Less stable
S) CH=C-H —> CH=C+H’
More % s-Character

decreases stability of
free radical

Q require least BDE and S required maximum BDE.
So, order of BDEisQ<P<R<S.

(d
CH, —— "CH3 +H*
Cl, —> CI*+CI°
CI* + *CH; —— CH3-ClI
CI* +H®* —— HClI AH =-103 kcal / mol

Q

AH =105 kcal / mol
AH =58 kcal / mol
AH = -85 kcal / mol

CH, +Cly — > CHy —Cl+HCI  AH = —25 kcal / mol

Initiation step is endothermic, hence option (a) is wrong.
Propagation step involving *CH, formation is endother-
mic, hence option (b) is wrong.
Propagation step involving CH,;Cl formation is exothermic,
hence option (c) is wrong. So,overall raction isexothermic
with AH® =—25kcal/mol, hence option (d) is correct.
() K— L= Vincreasing at constant P
Hence, T increases (Heating).
L —» M = P decreasing at constant V
Hence, T decreases (Cooling),
M — N = V decreasing at constant P
Hence, T decreases (Cooling),
N — K = P increasing at constant V
Hence, T increases (Heating).
() LtoMand N toK, both are having constant volume,
therefore, these processes are isochoric.
(@ Statement |l is true because it is not possible to convert
whole of heat to work. For such a conversion, we need an
efficiency of 100% but so far, we have not been able to get
such a machine (carnot engine).
Statement Il is true because it is not possible to convert
the whole of heat absorbed from a reservoir into work.
Some of the heat is always given to the sink.
@ AG=AH-TAS AS,> AS,;> AS,
.. on melting the entropy increases and AG becomes more
negative and hence it becomes easier to reduce metal
(b) Assertion : For isothermal expansion,

AT=0 = AU=0

97.

98.

99.

100.

For an ideal gas, work done against vacuum is zero, i.e. W=0
Now, AQ=AU+W = AQ=0. Thus, assertion is correct.
Reason : By kinetic theory of ideal gases, the volume
occupied by the molecules of an ideal gas is zero.
Thus, reason is correct, but it is not the correct explanation
of the assertion.
For adiabatic process, W=P (V,-V,)
Here P, = 1 bar, P, =100 bar, V, =100 mL, V, =99 mL; For
adiabatic process, q=0 .. AU=W
AU=q+W =q-P(V,-V,)

=0-100 (99-100) = 100 bar mL
AH=AU+A(PV)=AU+ (P,V,-P,V))

=100+ [(100 % 99) — (1 x 100)]

=100 + (19900 — 100) =9900 bar mL
0] Nzo4(g) S ZNOZ(Q)

Initially Pn,0, = Pno, =10

2
Reaction quotient = M _100

Pnyo, 10
AG® = 2AG{(No,) ~ AGF(n,0,) = 100-100 = 0

AG = AG°-2.303RT log K
=0-2.303% 298 log 10 =-56.0304 L atm.

(i) The negative value of AG indicates that the reaction
is spontaneous and will lie in the right direction,
(forward).

Helium molecule is monoatomic so it has just three degrees

of freedom corresponding to the three translational motion

at all temperature and hence C, value is always 3/2 R.

Hydrogen molecule is diatomic which are not rigidly held,

so they vibrate about a well defined average separation.

For hydrogen molecule, we have rotational and vibrational

motion both besides translational motion. Contribution

from vibrational motion is not appreciable at low
temperature but increases from 0 to R on raising
temperature.

=10

0] 10
P(atm)|
0.5
20 40
V (litre)
(i) PV=nRT
PV 0.5x40

nR 2x0082 ~1219K
Total work (W) =W, + W, + W,
=—PAV +0+2.303nRT Iogv—2
Vi
=-1x20+2.303x 2x0.082x121.95 log 2
=-20+13.87=-6.13Latm
Since the system has returned to its initial state i.e.
the process is cyclic, so0 AU =0
AU =q+W =0, soq=-W=-(-6.13) Latm =620.7J
In a cyclic proces, sheat absorbed is completely
converted into work.
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101.

102.

1.

(i) Entropy is a state function and since the system has
returned to itsinitial state, so AS=0. SimilarlyAH=0
and AU = 0 for the same reason.

[Product]
[Reactant]
Calculation of AG values :

Thus for the equilibrium B ——A

AG1° =(—2.303x8.314 x448) Iog£
95.2

AG® =-2.303RT log

or AG] =15.992 kmol
Similarlyfor the equilibrium B ——=C
3.5

AG, =(—2.303x8.314x 448) log——
2 =( x x448) 995_2

or AG, =12.312kJ mol ™!
Similarlyfor equilibrium,A ——=C
AG4 =-8.314x448x 2.303x log; % =-3.688kimole™?

Hence, we have that
B—=0A, AG, =+15.992kimole
B+—==0C, AG,=+12.312kJmole*

A==C, AG; =-3.688kJmole*
Thus, the correct order of stability, B>C > A
For following reaction

CO(@)+0(g)—>C0, (@)

AG® can be calculated as follows :

AG° = AGp"—AG"R: {AG"COZ —(AGOCO +%AG°OZH

1
=-394.4-(-137.2+ 5 x0) =-257.2 kImol™

Since,
AG® = AH°— TAS® or-257.2 = AH°-300(0.094)
. AH°=-285.4kJ/mol
AH? is negative, so the reaction is exothermic and since
AG® is negative so the reaction is spontaneous.
. If heat is absorbed at constant pressure, then
q,=AE - (- PAV) or q=E,-E, - [-P(V, - V)]
orq,=(E,+PV,)-(E, +PV))=H,-H; =AH

Topic-2: Thermochemistry

(b) Combustion of glucose takes place as :
C¢H;,04(s) + 60,(g) - 6CO,(g) + 6H,0(?)

@=5mol

Moles of glucose in 900g of glucose = 180

1 mole glucose requires 6 moles of O,
5 moles of glucose require 30 moles of O,
Mass of O, required = 30 x 32 =960 g.

N

10.

11.

C(graphite) + O, (g) — CO,(9); (ii) AH; =-ykJ/mole

0, (g) —>CO(g)+%Oz(Q);(iii)AH2 = XK/ mole

2

eq. (i) = eq.(ii) + eq (iii) .~ AH = g_y= X . y
(c) AH=ZXA_H (Reactant) - XA H (Product)
=3 x (- 1300) - (~ 3268) =— 632 kJ mol-L

7
(©) CzHe(g)+Eoz(g)—>2002(g)+3HZO(I)
Heat of combustion

= 2 A+t H(products) =2 A 1 Hireactants)

A, H(C,H,, g) =2AcH (C, graphite) + 3A_H (H,, g) —AH
(02’ 9)- A H (CzHe’ 9)

= —1560=2(-394) + 3 (-286) -0 - A;H (C,H,, 9)

= AH(C,H,, 9)=-86 Kimol*

(C) AsoI.HO = AlatticeHo + AHyd.HO

4=7788+ Ay H; Apyyg H°=-784kImol ™
AHtomisation = AHvap + Bond energy

Hence, x>y.

©

@ C;Hyg(l)+110,(g)—2—>7 CO,(g) +8 H,O(l)
AH-AU = Ang RT
'.'Ang =7-11=-4
(@ Given:n=3
T, =300; T, =1000
C.=23+0.01T
The relation between AH and Cp is

.o AH-AU=-4RT

T2
Tl
After putting all variable values in eq. (i), we get

0.01T2 TOOO

300

1000
AH =n j (23+0.01T)dT :3{23“
300

0.01
=3[23(1000 - 300)] [T (10002 - 3002)]
=61950J=61.95kJ~62k]

©) CGH6(|)+%02(9)—> 6CO, (g)+3H,0(1)

15 3
Ang =6—?=—§ = AH =AU +AngRT

=-3263.9+ (—gj x8.314x107° x 298

=-3263.9 +(-3.71) =-3267.6 kimol~*
() AH=AU+AnRT
2HI(9) > Hy(9) +15(9) ; Ang=(1+1)-2=0
AH=AU
(c) C(graphite) + O, (g) —— CO,(9);
AH° =-393.5kJmolL ...(i)
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12.

13.

14.

15.

16.

Al189

1
H,(g) + Eoz(g) —> Hy,O(l);

AH°,=-285.8 kiimol ...(ii)
CO,(9) +2H,0(l) ——> CH,(9) +20,(9);

AH3 =+890.3kJ/molL ...(iii)
C(graphite) + 2H, () ——> CH,(9);AH=?  ..(iv)
[Eq. (i) + Eq. (iii)] + [2 x Eq. (i))] = Eq (iv)
oo [AH; + AHg] +[2 x AH,] = AH
[(~393.5) + (890.3)] + [2(~285.8)] =-74.8 kJ/mol
(b) Given
C(s) +0,(g) > CO,(9); AH,;=-3935kImol  ...G)

1
CO(g) + 5 02(9)—>CO,@): AH,=-2835k mol=t ...

- Heat of formation of CO = AH; — AH,

=-393.5-(-283.5)=-110kJ

() InCH,, 4 xBE_,=360kJ/mol

- BE_pyy=90kJ/mol

In CoHg, BE(c-c£+ 6 x BEE)C_ 1y = 620 k/mol
. BE(c_)=620-(6 x 90) = 80 kl/mol

ae 80x10° —
= —— 55 J/MO
C-O" 6.023x10%

Now,

p_hc . _6:626x107%x3x10° x6.023x10%

A 80x10°
A=149%x106m (- 1nm=10"°m)
L=1.49 x103nm

(@ C,HsOH(l)+30,(9)—— 2CO,(g) +3H,0(l)
Bomb calorimeter gives AU of the reaction

Given, AU =-1364.47 kI mol 1

An =-1

AH =AU+ AnRT

1x8.314 x 298
1000

= —-1364.47 — =-1366.95 kI mol-!

o1 3 _
(c) Given EN2 +§H2 ——NHj;

AfH =-46.0 kJ/mol
H+H—=H,; AH =—436 ki/mol

N+N=—=N,;A¢H =-712kJ/mol
AfH (NH3):%AHN—N +§AHH_H —BAHN_H

46 - %(712) +%(436) _3AH N

AH N _y =352 ki/mol

(c) The standard enthalpy of the combustion of glucose
can be calculated by the eqn.

CeHy,04(s) + 60,(g) — 6CO,(g) + 6H,0(I)

AH. =6 x AH,(CO,) + 6 x AH,(H,0) - AH,(CH,,0,)
AH° =6 (—400) + 6(-300) — (-1300) =—2900 kJ/mol

For one gram of glucose, enthalpy of combustion

AHe=— 2290 1611 kg
180

17.

18.

19.

20.

21.

22.

23.

@ Na(@+50, >N;0()

N =N(g) +%(0=0)—>';'= N =0(g)

A¢H® = [Energy required for breaking of bonds]
—[Energy released for forming of bonds]

1
= (AHnon +EAHO=O) — (AHy\_n +AHp o)

— (946 +%>< 498) — (418+607) =170 kJ mol™:

Resonance energy = observed A¢H° — calculated A¢H°

82-170=-88 kJ mol~?

(b) The species in its elemental form has zero standard

molar enthalpy of formation at 298 K. At 298K, Cl,, is gas

while Br, is liquid.

(9) Energy released by combustion of 3.5 g gas
=2.5x(298.45-298) kJ

Energy released by 1 mole of gas

_25x045 o o
3.5/28

(b) AH? is the enthalpy change when 1 mole of the

substance is formed from its elements in their standard states.
In (a) carbon is present in diamond however, standard
state of carbon is graphite. Again, in (d) CO (g) is involved
soitcan’t be the right option. Further in (c) 2 moles of NH,
are generated. Hence, the correct option is (b).

® CO,(g)+Hy(g)——CO(g) + HyO(g) » AH=?

AH= Z AH¢ (Product) - Z AH; (reactant)
Given, AH;CO,(g) =—393.5 kJ/mol
AH £ CO(g) =-110.5kJ/mol

AH ¢H,0(g) =-241.8 kJ/mol
.. AH =[AH{ CO(g) + AH { H,0(g)]

— [AH{CO,(g9) +AH H,(9)]
= [-110.5 + (- 241.8)] - [-393.5 + 0]

[ AH¢ (H2)(@)=0]
=41.2 kJmol™
(d AH=AE+AnRT ForAH =AE,An =0
Where An = no. of moles of gaseous products — no. of
moles of gaseous reactants
@ An=2-2=0
() An=0 (- theyareeitherin solid or liquid state)
() An=1-1=0 (- Cisinsolid state)
(d An=2-4=-2
-, (d)iscorrect answer
(@ Heat capacity at constant volume (q,) = AE
Heat capacity of constant pressure (qp) =AH

AH = AE+AnRT or AH-AE=AnRT
An = no. of moles of gaseous products
— no. of moles of gaseous reactants
=12-15=-3
AH-AE=-3x8.314x298J)=-7.43kJ.
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24.

25.

26.

217.

28.

29.

30.

(150) Combustion taking place as:
CgH5COOH(s) +%Oz(g) — 7C0O,(g) +3H,0(¢)

15 1
Ang=7-"=-2
22

AH= AU+ AngRT =-321.30 —% R x 300

=(-321.30- 150 R) kJ
On comparing with (-321.30-xR) = x = 150.
(6535) CgHg (|)+%02 (g) > 6CO, (g)+3H,0(1)
AH=H-H,
AH, = 6AH; (CO,) +3AH; (H,0) — AH¢ (CgHg)
=6 x (-393.5) + 3 (—286) — 48.5 = —3267.5 kJ/mol
For 2 mol of benzene =—6535 kJ/mol; x = 6535
(125) C,H,(9) + H,(9) > C,H,(0)
AH=[BE(C=C)+4BE (C-H)+BE (H-H)]
— [BE(C -C) +6BE (C-H)]
AH=BE(C=C)+BE(H-H) -BE(C-C)
—2BE(C-H)=615+435-347 —2x 414= - 125k]J
(492) Let’s take:-

2Fe(s) + goz (9) —> Fe,04(s) (1)
1

C(s)+ EOZ (@——>CO(0) .2

3C (s) + Fe, 0, (s)— 2Fe(s) + 3CO (g) e

Equation (3) can be obtained by subtracting (1) from
3)*x ().

Thus, AH3 = (3 x (-110)) - (-822) = +492 kJ mol-*

(56) AHVap =30.5 kimol, Mccj, =153.82gmol

= Heat required for 153.82 g CCl, = 30.5kJ
30.5x 284

153.82
(800) A, + B, —> 2AB; AH{ = —200 kJ mol ™!

= AHJ (AB) = —200 kJ mol ™

= Heat required for 284 g CCl,, = =56.32 kJ.

: AH% for reaction A, + B, — 2ABis —400 kJ mol

Given: Bond Enthalpy of A, B,and ABis1:0.5:1
Assummg bond enthalpy ofA be x kJ mol-!

. Bond enthalpy B, =0.5x kJ ‘Mol

Bond enthalpyAB (X) kI mol-?

, + B, —> 2AB; AH =-400 kJ/mol
x 05x
2A + ZB
—400=x+0.5x—-2x

—400=-0.5x .. x=800kJ/mol
@ Fe,0, + 2Al— ALO, + 2Fe
Molar mass: 1609 27g

AHO) | (aH9
( freaction |:( f)AIO

23

(AH?)

+ Z(AH?)Fe} -

5 +2(AH?)AI}

Fe,04

31.

32.

34.

36.

=[-1700+0]—[-840+0] =-860 kd/mol
Total mass of mixture = Fe, O, + Al (1 : 2 molar ratio)
=(160) + (2 x 27) =214 g/mol

860
=——=4kJ/
Heat evolved per gram 14 g
1
(278) 2C(S)+3H,(9) +§Oz(g) —C,H50H(l)

(AHf )Cz HsOH ) Z ( AHcomp )reactan t

- Z(AHcomb )product
=2 % (-393.5) + 3(-241.8) — (-1234.7)
=-277.7 kdJ/mol = 278 kJ/mol

(499) H20—>H2+%02; AH3 = 242 kJ / mol N0

H, — 2H; AH3 = 436 kJ/ mol (i)

H, +0, — 20H; AH; =48 kJ/mol ..(iii)

Eq. (ii) + Eq. (iii),

2H, + 0, — 20H + 2H; AHz = AH3 + AH;

AHg  AHj3+AH;
2

.'.H2+%02—>OH+H; = AHg

.(iv)
Eq. (i) + Eq.

1 °
(iv), H,O — Hy +Eoz; AH, =242 kJ/ mol
436+78

H2+%02—>OH+H ; AHg =

H,0 > H+OH;
X'=242 + 257 =499 kJ/ mol

=257 kJ/ mol

(610) Clz(g)—>CI(g)—>CI (9) > CI™ (aq)

1

AHreactlon 2
(173) AH= ZHp— 2Hq
=[(-394 + 4 x (-92)] - [(-105) + (2 x —242)] =
(925) Let, Volume of C,H, is x litre

C,H, + 30, —2CO, +2H,0
Initial X -
Final - 2X

CH,+ 20,—CO, +2H,0
Initial (16.8 - x) -
Final - (16.8 - x)
Total volume of CO, =2x + 16.8 - x
= 28=16.8+X

x=11.2L

Volume of C,H, =4.2 L, Volume of CH,
=(16.8-11.2)L=561L

=% 240 + (-350) + (~380) =610

—173kJ/mol

.6 11.2
"CH, = m—OZSmoI "C,H, = —4-05mol

-, Heat evolved = 0.25 x (~900) + 0.5 (~1400) =925 kJ
(90 39) 2Hg(g) + O,(g) — 2HgO(s)
AH°=2AH° (HgO,'s) - 2AH°(Hg, g) - AH°(0,, 9)
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37.

38.

39.

40.
41.

42,

Al91

=2AH° (HgO, s) - 2AH° (Hg, 9) . (i)
[ AH(0,,9)=0]
Now, A H° is the heat evolved by bomb calorimeter due to
the occurrence of the reaction at constant volume.
~=(Q), =AU
S AH=AU+AnRT =—CAT + An RT

[where C —the heat capacity of

calorimeter = 20 kJ/K at 298 K]

=-[20(312.8-298)] -3RT
=—-296-3x8.3 x1073x298k]=-303.42kJ
Hence, from eq. (i)
-303.42 = 2AH° (HgO, s) -2 x 61.32
or, 2AH° (HgO, s) = -180.78 k]
.. Standard Molar Enthalpy of formation of HgO

_-180.78 _

=-90.39k] = |X|=90.39
(54) HNO, NaOH
600mL x0.2M 400mLx0.1M
=120 mmol =40 mmol
HNO; + NaOH — NaNO, + H,0
Start 120 40
End 80 0 40mmol

AH= 40 mmol x (57x10%) J mol~*

=40 x 10~3 mol x 57 x 103 IJmol~1 =2280J

m SAT =2280 —=>1000 g x 4.2 x AT = 2280
2280 , 3 22800 , .3

AT =2041078 = 22220 41078 = =
22 e 542.86 x 10

=54.286 x 102 K = 54.286 x 1072°C

@ AHneutaral_ization = -57.3 kJ/mol

In case of acetic acid

AH = AH, ., + AH

AH;,, =2 kJ/mol

(718)"

-55.3 = AH;

neutralization ioni —

57.3

(o) (o) o 1 ]
A¢Hgel = AsubH(K) + Ajonization H(K) +5Abond H(C|2)

+Aelectron gainH ECI) + Alattice H ZKCI)
= —436.7=89.2+ 419.1+%(243.0)+ {-348.6}

+Aattice H(OKC|)
= Atattice Hcp) = ~717.8kJ mol ™ ~ 718 kg mol~?

(101) AH = AHy,e +AH, .0 =2.8 +98.2= 101 kJ/mol
(309) SF¢(9) — S(9) + 6F(0)

AHO= AH{ (S) + 6AH; (F) — AH; (SFs)
=275 +6 x 80— (~1100) = 1855 ki mol*
Also, AH°=6AHg

AHg ¢ = % =309.17 = 309kJmol !

(189494)

AH =AU +AnRT ; =20 _5 g
18
H,0(l) =—=H,0(g)
An=1

41000=AU+1x8.314 x 373 = AU =37898.875 J
For 5 moles, AU =37898.87 x5 =189494 ]

43.

44,

45,

46.

47,

(-2035)

The chemical reaction for combustion of diborane is

B,H; (9) + 30, (9) —— B,0,(s) +3H,0(g), AH=?

For this the enthalpy change can be calculated in the

following way.

AcH =[A¢Hp,0,(5) 32+ Hu,0(g) ] = At HB,He(g)
(~AfHo, =2)

A¢Hp,0(g) can be obtained by adding A Hy,o() and

ArHp,0(): 1-6.~286 +44=-242 ki mol™!
AH=[-1273+3 x (— 242)] - 36 ki mol-1 =— 1273726 - 36

=-2035 kJ mol!
(309.16)
Given S(s) + 3F,(g) > SF(g); AH=-1100kJ ... (i)
S(s) - S(@);AH=275k ... (ii)
12F,g) - F(g);AH=80k) .. (iii)

Toget SF,(g) - S(g)+ 6F(g) we can proceed as
(i) +6 x (i) - (1)

. SF(9) - S(g) + 6F(g); AH=1855k]

Thus, average bond energy for S-F bond

= 185 _309.16kJ
CH,

(~2091.32) H,C

CH;(9) » CH,CH=CH,(9);

AH=-330K] ~  ..(0)
C(s)+ 0,(g) — CO,(g); AH = —393.5k] ...(ii)
H,(g) + 1/20,(g) — H,0(l); AH = - 285.8 kJ ...(iii)

3C(s) + 3H,(9) —» CH,~CH=CH,(g); AH=20.42kJ ...(iv)
The required reaction is

CH,

H,C CH, *+ %oz—>3c:o2 +3H,0; AH =?

To calculate the value of AH follow the following steps.
(i) +3 x (i) + 3 x (iii)] - (iv):

CH,
H,C CH, *+(9/2)0,— 3CO,+3H,0;
AH =-2091.32 kJ
(-266) The required thermochemical equation is

C(9) +4H(g) + O(g) ——> CH30H(I); AHf =?

1
AHf = |:AHC(S)—>C(9) +2AH H-H +§AHOO:|

- [3AH c-H +AHc o +AHg_py +AH 5 cHj0H ]

=[715+2x 436 +249] - [3 x 415+ 356 + 463 + 38]
=-266 kJ mol~!

(-152) Standard enthalpy of hydrogenation of
cyclohexene (-119kJ mol-!) means the enthalpy of
hydrogenation of one C = C double bond. Now benzene has
three C = C double bonds, the enthalpy of the reaction would
be =3 x (-119) =—357 kimol™

SRS
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48.

49,

50.

Actual enthalpy of the reaction can be evaluated as follows.
AH (Reaction) = AHfO(Product) —AHfo(Reactants)
=-156- (49+ 0) =— 205 kJ mol™*

- Resonance energy = AHg,, —AHy

=-357 - (-205) =-152kJ mol~!

(=72) nCH,=CH, - (CH,-CH,),

During the polymerisation of ethylene, one mole of ethylene
breaks i.e. one C = C double bond breaks and the two CH,
—groups are linked with C — C single bonds thus, forming
three single bonds (two single bonds are formed when
each CH, — group of ethylene links with one CH, —group
of another ethylene molecule). But in the whole unit of
polymer, number of single C-Chonds formed/mole of
ethylene is 2.

{CH, -CH,HCH, —CH,H CHy, —CHyH-CH, —CH»,}
e.g. Number of single bonds formed by 4 moles of ethylene =8
Energy released = Energy due to formation of 2 C-C single

bonds
=2 x 331 =662 kJ/mol of ethylene
Energy absorbed = Energy due to dissociation of 1 C=C
double bond =590 kJ/mol of ethylene
. Enthalpy of polymerisation/mol of ethylene or

AH_merisation = 990 — 662 kd/mol = —72 kJ/mole
(—5%.%) From the given data, we can write :
1
@) H* 50, > HO; AH, =-285.8 kJ/mol
(i) CH,+20,— CO,+2H,0; AH,=-890kJmol 52.

.
(i) C,H, + 5 0, —>2C0,+3H,0; AH, =~1560 kJ/mol

(iv) C(s)+0O,—CO,, AH,=-393.5kJ/mol
(v) 3C(s) +4H, - C,Hq(9); AH, =-103.8 kJ/mol
The required reaction is C;Hg(9) + H,(g) —

_ C,H(0)+ CH (@), AH=?
It can be obtained by the following calculations.

3 x (iv)=(v) +5(i) - (iii) - (ii)
In other words, AH = 3AH, - AH, + 5AH, - AH, - AH,
.. AH =3(-393.5) - (-103.8) + 5(-285.8) + 890 + 1560
=-2609.5 + 2553.8 = -55.7 kJ/mol

(50.90) Combustion of C,H, and CH, takes place as follows:
C,H,+30,—2C0,+2H,0
1 vol. 2 vol.
CH,+20,—CO,+2H,0
1 vol. 1 vol.
Let the vol. of CH,, in mixture =x L
. Vol. of C,H, in the mixture = (3.67-x) L
Vol. of CO, produced by x Lof CH,=x L and
Vol. of CO, produced by (3.67—x) Lof C,H,=2 (3.67-x) L
. Total vol. of CO, produced = x + 2 (3.67 —x)
or 6.11=x+2(3.67—-x)orx=1.23L
. Vol. of CH, in the mixture =1.23 L
andVol. of C,H, in the mixture =3.67 -1.23=2.44 L

1.23
\ol. of CH, per litre of the mixture = 367 - 0.335L

. . 2.44
Vol. of C,H, per litre of the mixture = 367 =0.665L

51.

53.

Now, we know that volume of 1 mol. of any gas at

22.4x 298
250C (208 K) = <522 2%C — 4451

273
[-- VolumeatNTP=22.41]
Heat evolved due to combustion of 0.335 L of CH,

= ——0'332’ :5891 =-12.20k
[given, heat evolved by combustion of 1L =891 kJ]
Similarly, heat evolved due to combustion of 0.665 L of

CH,=-2005x1423 2;423 =-38.70kJ

.. Total heat evblved =12.20+38.70=50.90 kJ

(-121) The required reaction is
CeHyp(@ + Hy(9) > CH(9), AH =? D)
Cyclohexene Cyclohexane
The given facts can be written as :
H,(g) + %0,(9)— H,0(l), AH,=-241kJ/mol -.(2)

CH @) + % 0,(g) - 6CO,(g) +5H,0; AH,=-3800 kJ/mol
-(3)
C¢H,,(9) +90,(g) - 6CO,(g) + 6H,0, AH,=-3920 kJmEZ)I
The required reaction (1) can be obtained byadding equat.i.é)ns
(2) and (3) and subtracing (4) from the sum of (2) and (3).
CeHlo(g) + Hz(g) - Ceng(g)
AH, = (AH, + AH;)-AH,
= [- 241 +(-3800)] — (— 3920) = (—241—3800) — (— 3920)
=—4041 + 3920 =- 121 kJ/mole

(3.94)
Fe,0, + 2Al — 2Fe + ALO,
2 x 56 + 48 = 160 2 x27=54

Heat of reaction =399 — 199 = 200 kcal [Al and Feare in
their standard states]
Total weight of reactants =160 + 54 = 214 g

200
.. Fuelvalue/gram = o1 - 0.9346 kcal/g

Volume of Al = % =20cc

_ 160 _
Volume of Fe,0, = ke 30.77 cc
Total volume =20+ 30.77=50.77 cc

200
.. Fuel value per cc= 5077 - 3.94 kcal/cc

(=372.0) Therequired chemical reaction.

2C,H, + 70, —— 4CO, +6H,0; AH=Xx

Note that since 2 moles of ethane are reacting, the AH of

the reaction will be %2 x.

The thermochemical equations for the given data are

written as below.

(i) C(s)+0,(g) —— CO,(g); AH=-94.1 kcal

(i) H,(9) +%0,(g) — H,0(g); AH =-68.3 keal

(iii) 2C(s) +3H,(g) —— C,H(9); AH=-21.1kcal

We know that AH = HProducts ~ " 'Reactants

AH= 4AHCOZ + GAHHZO - ( ZAHCZHG + 7AHOZ )

AH=4x(-94.1)+ 6 x (—68.3) - (2 x (- 21.1) + 0)
=-376.4—409.8 +42.2 =-744.0 kcal/2 mole of ethane
= —372.0 kcal/mole of ethane
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54.

55.

56.

A193

(-22)
Bond H-H Cl-ClI H-CI
AH disso. 104 kcal 58 kcal 103 kcal

Formation of hydrogen chloride can be represented as
H-H+Cl-Cl—>2H-CI
Thus, the reaction involves
Cleavage of one H - H bond, AH =104 kcal
Cleavage of one Cl - Cl bond, AH =58kcal
Formation of two H — Cl bonds, AH = 2 x (- 103) kcal
.. AH of the reaction = (104 + 58) — 2(103)
=162 - 206 =—44 kcal
Now, since the enthalpy of formation of a compound is the
change in heat content accompanied in the formation of
one mole of the compound, the enthalpy of formation of

44
HCl gas = 5 =" 22 kcal
(41.104) The given data can be written as follows

) Hy(g+ % 0,(9) > H,0(l); AH=-68.3kcal

5
(i) CHy(9) + 5 O,(9) > H,0(1) +2C0O,(0);

AH=-310.6 kcal
(i) C,H,(9) +30,(g) - 2H,0(I) + 2CO,(9);
AH=-337.2 kcal

The required thermochemical equation is
C,H,(9) + H,(9) > C,H,(9)
The required equation can be obtained by subtracting
equation (iii) from the sum of equations (i) and (ii), thus
AH of the required equation can be calculated as below.
AH =[-68.3 +(-310.6)] - (-337.2)

=[-68.3-310.6] + 337.2=-378.9 + 337.2 =—41.7 kcal
AE, the heat of reaction for the hydrogenation of acetylene
at constant volume is given by :
AE = AH-AnRT
Here An = Moles of the gaseous products — Moles of the
gaseous reactants

=1-(1+1)=-1

Substituting the values of AH, An, Rand T in
AE=AH-ANRT =-41.7— (-1 x 2 x 1073 x 298)

[ R =2cal / degree / mole =2 x 1072 keal / deg/ moIeJ

=-41.7 + 0.596 = 41.104 kcal
(54.20)  Therequired equation is:
2C(s)+H,(g) >CH,; AH=?
Write the thermochemical equations for the given data

() CH,(@)+ > 0,0) >2C0,(g) +H00);

AH=-310.62 keal
(i) C(s)+O,(g) - CO,g) ; AH=-94.05kcal

i) Hy(g) + % 0,(g) - H,0(l); AH=-68.32kcal

For getting the above required reaction, we will have to
(@ Bring C,H, in the product that can be done by
reversing the equation (i) to give equation (iv).

(b) Multiply equation (ii) by 2 to get 2C atoms in the
reactants and thus, equation (v) is obtained.

() Keep equation (iii) as such.

(d) Addequations (iv), (v) and (iii).

57.

58.
59.

60.

61.

. 5
(iv) 2CO,+H,0—>C,H,+ 3 0,; AH=310.62 keal
(v) 2C+20,—2CO,, AH=-188.10kcal

1
(i) H,+ 7 0, > H,0; AH =-68.32 kcal

Onadding, 2C+ H, - C,H,; AH=54.20kcal

Hence, the standard heat of formation of C,H,(9)
=54.20 kcal

(101.19)

The required reaction in terms of dissociation energy is
OH(g) > O(9) + H(g); AH=?

This equation can be achieved by (a) reversing the equation
(i), (b) dividing equation (ii) and (iii) each by 2, and (c)
adding the three resulting equations.

OH(g) —» % H,(9) + % 0,(g); AH=+10.06kcal
[Reversing eq (i)]

% H,(g) > H(@) AH=-52.09kcal E Eq (ii)}

%02(9)%0(9); AH=-59.16 kcal BEq(iii)}

OH(g) — O(g) + H(); AH =-101.19 kcal (adding)

Thus, one mole of OH(g) needs 101.19 kcal of energy to

break into oxygen and hydrogen gaseous atoms. Hence,

the bond energy of O—H bond is 101.19 kcal.

endothermic

(a,c)Enthalpy of formation is the enthalpy change for

formation of 1 mole of substance from its elements present

in the most stable natural form.

Combustion of CH, and C,H, ; takes place as follows

CH,+20,— CO, +2H,0, AH =-809 kJ mol~*

C,H,, +13/20,— 4CO, + 5H,0, AH=-2878 ki mol

In order to get the same calorific output due to C,H
X x 809

10
=0.281 x L/hr

the rate of supply of butane =

13
Rate of supply of oxygen = 0.28 x x > x3=5.481xL/hr

For C;Hy: 3C+4H, — CHg AH, =7

For C,H,: 2C+3H,—>C,Hg AH,=?

- AH, =—2(C-C) +8(C-H)] +[3C_ , +4(H-H)] ...(1)
o AH,=1(C-C)+6(C-H)]+[2C_ +3(H-H)] ..(2)
Let bond energy of C—C be x kcal and bond energy of C-
Hbey kcal

. Byeq. (1) AH, =—(2x+8y) + [3x 172 +4 x 104] ..(3)

AH,=—(x+6y) +[2x 172+ 3 x 104] (4
Alsogiven C+0, - CO,; AH=-94.0k cal ..(5)
H,+%0, — H,0; AH=-68.0 kcal ...(6)

C,Hy+(7/2)0, - 2CO, + 3H,0; AH=-372kcal ...(7)

C;Hg +50,— 3CO, + 4H,0; AH=-530 k cal ..(8)
By inspection method : 2 x (5) + 3 x (6) — (7) gives
2C +3H, - C,H,; AH,=-20k cal ..(9)

and 3 x (5) +4 x (6) — (8) gives

3C+4H, - C;H,; AH, =-20k cal ...(10)
. Byeq. (3), (4), (9) and (10), x+ 6y=676;2x+ 8y =956
. x=82kcalandy =99k cal

Bond energy of C-C bond = 82 k cal

and Bond energy of C-H bond = 99 k cal
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Three Dimensional
Geometry

Topic-1: Direction Ratios & Direction cosines of a Line, Angle between two
lines in terms of dc's and dr's, Projection of a Point on a Line

I M(Qs with One Correct Answer
1

Let P(x, Y, z) be a point in the first octant, whose projection
in the xy-planeis the point Q. Let OP = ; the angle between
OQ and the positive x-axis be 8; and the angle between
OP and the positive z-axis be ¢, where O is the origin.
Then the distance of P from the x-axisis:

[April 8, 2024 (1)]
@ y«/l—sin2 <1>cos2 0 (b) vV1+ cos® 0sin’ 10}
(©) y1-sin?6cos® ¢

(d) yA/1+ cos® ¢sin2 0
Let P(3, 2, 3), Q(4, 6, 2) and R(7, 3, 2) be the vertices of
APQR. Then, the angle ZQPR is

[Jan. 29, 2024(11)]

(7
(@ s (g (b)
(1
(© s (g (d)
If two straight lines whose direction cosines are given by
the relations | + m—n =0, 312+ m2 + cnl = 0 are parallel,
then the positive value of ¢ is:

ola wla

[June 27, 2022 (1)]
@ 6 (b) 4 © 3 (d) 2
Let o be the angle between the lines whose direction cosines
satisfy the equations | + m—n=0and I2+ m2-n2=0. Then
the value of sin® o + cosa is:

[2013 (S), 2014 (S),
2018 (S) Feb. 25, 2021 (1)]

3 5 1 3
@, O®; ©,; OfF

If a point R(4, y, z) lies on the line segment joining the
points P(2,-3, 4) and Q(8, 0, 10), then distance of R from

the origin is: [April 08, 2019 (11)]
@ 214 () 221 (© 6 @ |53

10.

ABC is triangle in a plane with vertices A (2, 3, 5),

B (-1, 3,2) and C (%, 5, ). If the median through A is

equally inclined to the coordinate axes, then the value of

A3+ p3+5)is: [2013 (S), 2014 (S),
Online April 10, 2016]

(@ 1130 (b) 1348 (c) 1077 (d) 676

A line in the 3-dimensional space makes an angle 6

Y
(0 <0< E) with both the x and y axes. Then the set of all
values of 0 is the interval:

@ [o7]
T T
(© h;}

The projections of a vector on the three coordinate axis are 6,
-3, 2 respectively. The direction cosines of the vector are :
[2009, 2013 (S)]

[Online April 9, 2014]

~N|o

32
1717

glo
al N

@ o (b)

-6 -3 2
© <73
Aline AB in three-dimensional space makes angles 45°
and 120° with the positive x-axis and the positive y-axis
respectively. If AB makes an acute angle 6 with the positive
z-axis, then 6 equals [2007 (S), 2010]
(@ 45° (b) 60° () 75° (d) 30°
A line makes the same angle 0, with each of the x and z
axis. Ifthe angle B, which it makes with y-axis, is such that

d) 6,-3,2

sin? B =3sin? 0, then cos?0 equals [2004]
2 o1

@ 3 ®) ¢
3 .2

© 3 @ 3



Three Dimensional Geometry

3 Numeric/ New Stem Based Questions
11.  Consider a line L passing through the points P(1,2,1) and
Q(2,1, -1). If the mirror image of the point A(2,2,2) in the
lineLis (o, B,y), then o+ B+ 6yisequal to......
[April. 4, 2024(11)]

12.

B121

56 43 111 )
Let P(-2, -1, 1) and Q| 757555 | be the vertices of

171717
the rhombus PRQS. If the direction ratios of the diagonal
RSare a, -1, B, where both acand {3 are integers of minimum
absolute values, then a2 + p2 is equal to .
[July 28, 2022(1)]

Topic-2: Equation of a Straight Line in Cartesian and Vector Form,

Angle Between two Lines, Distance Between two Parallel Lines

I MCQs with One Correct Answer
1. Lettheline L intersect the lines
X=2=-y=z-1,2(x+1)=2(y-1)=z+ 1and be parallel
X-2 y-1 z-
3 1 2

following points lieson L ?

2
. Then which of the

to the line

[April 9, 2024 (1)]

@ (-5 © (32 3
o 5y e B

2. The shortest distance between the line

X=-3 y+7 z-1

x—5=y—9=z+2 .

and
4 -11 5 3 —6 1
[April 9, 2024 (1)]
187 b 178
@ 563 N
185 ; 179 6.
© 563 SN
3. Consider the line L passing through the points (1, 2, 3)
. o (1111 19
and (2, 3, 5). The distance of the point 3'3'3 from
. . 3x-11 3y-11 3z-19 .
the line L along the line = = is
2 1 2
equal to: [April9,2024 (1]
@ 3 ) 5
(c 4 (d 6

4, If the shortest distance between the lines

Ly:T=(2+1)i+(1-31)j+(3+4A)k A eR

Ly:F=2(1+p)i+3(1+p)j+(5+n)kueR

is ﬂ, where gcd (m, n) = 1, then the value of m + n
Jn

equals. [April 8, 2024 (1)]
(@ 34 (b) 387
(c) 3717 (d)y 390

-A -4
If the shortest distance between the lines X = yT

_z-3 dx—2_y—4_z—7iS 13 h |
==, and — 5 g ° g thenavalue

of Ais:

[April 8, 2024 (11)]

13 13
@ T ®) >
© 1 @d -1

. . Xx-3 y+15
The shortest distance between the lines N = —

z-9 X+l y-1 z-9 .

= 5 and > 1 3 is

[April. 6,2024(1]
@ 643 (b) 443
© 5V3 d) 83

Let P (o, B, ) be the image of the point Q(3, -3, 1) in the
X-0 y-3 z-1

line 1 1 7 and R bethe point (2, 5, -1). If
the area of the triangle PQR is A and A2 = 14K, then K is
equal to: [April 6,2024(11)]
@ 3B by 72

(c) 18 d) 8L



B122

8.

10.

11.

12.

13.

14.

Let d be the distance of the point of intersection of the

x+6 _y_z+1 4 X-7_y-9 z-4
1 4 3 2

the point (7, 8, 9). Then d? + 6 is equal to :

[April. 5, 2024(1)]

lines from

@ 72 (b) 69

() 7 (dy 78

Iftheline 2-X -3 =2_,_, makes a right angle with
3 4h+1

X+3 1-2y 5-z
67

the line ,then 4 + 9u is equal to:

[April. 5,2024(1)]
@ 13 (b) 4 © 5 (d) 6
Let (o, B, y) be the point (8, 5, 7) in the line

Xx-1 y+1 z-2

5 3 .Then o + B +visequal to

[April 5, 2024 (11)]
@ 16 (b) 18
(c 14 d 20
Let the point, on the line passing through the points
P(1,-2, 3) and Q(5, -4, 7), farther from the origin and at a
distance of 9 units from the point P, be (o, B, ). Then
o+ B2+ y2isequalto:

[April. 4,2024(1)]
(@ 155 (b) 150 (c) 160 (d) 165
Let P be the point of intersection of the lines
X-2 y-4 z-2 X=3py=3pz=3

1_5_1and2—3—2.Then,

the shortest distance of P from the line 4x =2y =z is

[April. 4, 2024(11)]

514 V14
@ — () —
7 7
314 614
© = @ =
If the shortest distance between the lines
- -2 -1 - - -
X _y _z and x«/ézy 1:z 2isl,
-2 1 1 1 -2 1
then the sum of all possible values of A is:
@ 0 B 243 (© 3/3 (@ -23
[Feb. 1, 2024(1)]
. . X+3 y-4 z+1
Let P and Q be the points on the line P

which are at a distance of 6 units from the point R (1, 2, 3).
If the centroid of the triangle PQR is (a, B,y) then
ol + B2 +42is: [Feb. 1, 2024(11)]

(@) 18 (b) 24 © 26 d 3

15.

16.

17.

18.

19.

20.

Mathematics

x-1
If the mirror image ofthe point P(3, 4, 9) in the line ——

3
y+1l z-2 . .
=T=Tls(a,ﬁ,y),then 14 (a+B +7y)is:
[Feb. 1,2024(11)]
(@ 102 (b) 138 () 132 (d) 108

The distance of the point Q(0, 2, — 2) form the line passing
through the point P(5, — 4, 3) and perpendicular to the

lines 7= (-3i+2k)+2(2i+3j+5k), » <R and
F=(i—2]+R)+p(—i+3]+2l2),“eRis:
[Jan. 31, 2024(1)]

@ 54 (b) 86
© 74 @ 20

Let (o, B,y) be mirror image of the point (2, 3, 5) in the line

x-1 y-2 z-3

5 3 . Then 2o + 33 + 4y is equal to

[Jan. 31, 2024(11)]
@ 3R (b) 33 () 31 (d 4
The shortest distance between lines L, and L,, where
X=1 y+1 z+4
B BB
through the points A (-4, 4, 3). B (-1, 6, 3) and

h . xXx=-3 vy z-1 .
perpendicular tothe line 5 T3 1 IS

[Jan. 31, 2024(11)]

Ly and L, is the line passing

121 24

@ o1 (b) NE
141 42

© o1 (d) Navz

Let (a, B, v) be the foot of perpendicular from the point
Xx+3 y-1 z+4

(1, 2, 3) on the line c > 3 .Then
19(a+ B+7) isequal to: [Jan. 30, 2024(1)]
(@ 102 (b) 11 © 9P (d) 100

LetL,: ?=(i—]+2|2)+}\.(i—]+2|2),7M€R
L,: ?=(]—I2)+u(3i+]+pl2), nelR, and

Lg: 7=5(1i+mj+nk),8¢ IR

be three lines such that L, is perpendicular to L,and Lgis
perpendicular to both L, and L,. Then, the point which

lieson Lyis [Jan. 30, 2024(11)]
@ (-1,7.4) (0) (-1-7,4)
© @.7.-4) @ @.-7.9



Three Dimensional Geometry

21.

22.

23.

24.

25.

Let PQR be atriangle with R(-1, 4, 2). Suppose M (2, 1, 2)
is the mid point of PQ. The distance of the centroid of
APQR from the point of intersection of the lines

X-2 'y z+3 dx—1_y+3_z+1_

0 2 g M T 3T 8
[Jan. 29, 2024(1)]

@ /99 (b) 9 © 69 (d) 69

The distance, of the point (7, =2, 11) from the line
X-6 y-4 z-8

along the line x-5_y-1_2z-5 ,
1 0 3 2 -3 6
is: [Jan. 27, 2024(1)]
@ 12 (b 14 (c) 18 d 21
If the shortest distance between the lines X—IA' :yTH:%

x-4 _y+l_z2-2 is 6 then the sum of all
T A T B i 5 um of a

and

possible values of A is :
[Jan. 27, 2024(1)]
@ 5 (b) 8
© 7 (d) 10
Let the image of the point (1, 0, 7) in the line

x y-1 z-2 . .
1- 2 3 be the point (o, B, y). Then which one
of the following point lies on the line passing through

. 27 3 & . !
(o, B, ) and making angles 3 and Wl with y - axisand

z - axis respectively and an acute angle with x - axis?
[Jan. 27, 2024(11)]

@ (1-21+2) ® (121-2)
© (343-242) @ (3-43+242)

Let Q be the cube with the set of vertices {(x;, X,, X3) e R 3
D Xq, Xy, X5 €10,1} ). Let F be the set of all twelve lines
containing the diagonals of the six faces of the cube Q.
Let S be the set of all four lines containing the main
diagonals of the cube Q; for instance, the line passing
through the vertices (0, 0, 0) and (1, 1, 1) is in S. For

lines1and ¢, letd( ¢4, ¢, ) denote the shortest distance

between them. Then the maximum value of d(¢,, ¢5),

as ¢qvaries over Fand ¢, variesover S, is  [Adv. 2023]
J6 NE]
1 1

c) —= d —

© NG (d) D)

26.

217.

28.

29.

30.

31.

B123

Let S be the set of all values of A, for which the shortest

X-A y-3 7+6

distance between the lines 2 1 and
X+h Yy 1-6. .
3 " - 1 Then 8| A|isequal to
reS
[April 15,2023 (1]
(@ 304 (b) 308 (c) 306 (dy 302

The shortest distance between the lines
X+2=l= z—5and x—4= y—1= z+3 is
1 -2 2 1 2 0
[April 10,2023 (1]
d 8
the

@ 6
The

(b) 9
shortest distance

© 7

between lines

x—4:y+2:z+3 and
4 5 3 3 4 2
[April 8, 2023 ()]

@ 3J6 b) 643
© 62 @ 2J6

One vertex of a rectangular parallelopiped is at the origin
O and the lengths of its edges along X, y and z axes are 3,
4 and 5 units respectively. Let P be the vertex (3, 4, 5).
Then the shortest distance between the diagonal OP and
an edge parallel to z axis, not passing through O or P is:
[April 6, 2023 ()]

-1 y-3 z-4.
X-2_Y¥=9_ 2 is

12 12 12
@ F O iF © 16 O

The shortest distance between the lines

X+3 +5 z-1
Yo is

x—5= y—2=z—4and
1 2 -3 1 4 -5
[Feb. 1,2023 (1)]

@ 43 O 743 © 5/3 @ 63

The line I; passes through the point (2, 6, 2) and is
perpendicular to the plane 2x + y — 2z = 10. Then the
shortest distance between the line |, and the line

x+1_y+4_£_s_
2 3 2°®

[Jan. 30, 2023 (1]

19 19
(b) 3 © 3

Shortest distance between the lines

@ 7 @ 9

X-1 y+8 z-4 and
2 —7 5 2 1 -3
[Jan. 29, 2023 (11)]

d 53

x—1:y—2:z—6iS

@ 23 () 4/3 (© 33
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33.

34.

35.

36.

37.

38.

The distance of the point P(4, 6, —2) from the line passing
through the point (-3, 2, 3) and parallel to a line with
direction ratios 3, 3, -1 isequal to :

[Jan. 25, 2023 (1]
(@) 3 b 6 © 23 @) 14

Consider the lines L, and L, given by

x-1 y-3 z-2 L X-2 y-2 z-3
T2 1 2 21 T 2 3
A line L having direction ratios 1, -1, -2, intersects L,

and L, at the points Pand Q respectively. Then the length
of line segment PQ is

Ly

[Jan. 25, 2023 (1)]
@ 26 b 342
© 43 d) 4

The shortest distance between the linesx + 1 =2y =-12z7
andx=y+2=6z-6is

[Jan. 25, 2023 (11)]
@ 2

5 3
(b) 3 © 2 (d) 2

The foot of perpendicular of the point (2, 0, 5) on the line

X+1 y-1 z+1
2 5 -1
following is NOT correct?

is (a, B, y). Then. Which of the

[Jan. 25, 2023 (11)]

B 4
@ - i ) =8
B__ v.>
© ;= @ -2

If the length of the perpendicular drawn from the point

P(a,4,2),a>0ontheline x+1_y-3_z

_11 is 24/6 units

and Q(a,;, o, a5) is the image of the point P in this line,

3
thena+» a; isequal to:

i1

[July 27, 2022 (11)]
(c) 12 (d) 14

@ 7 (b) 8

Thelines r = (i — j)+1(2f +k) and

r=@-)+mi+j-k)

[Sep. 03,2020 (1)]
(@ do not intersect for any values of | and m
(b) intersect for all values of | and m

39.

40.

41.

42.

43.

Mathematics

1
(c) intersectwhenl=2andm= 2

(d) intersectwhenl=1andm=2

If the length of the perpendicular from the point (B, 0, B)
0)totheline, = === =2*L; \F then p is equal

(B =0) to the line, 10 s X en B isequa

to: [April 10, 2019 (1)]

@ 1 (b) 2 © -1 (d) -2

If the angle between the lines,

y_z 5—x:7y—14:z—3

=5=1 and 5 b 4

is

N | x

cos1 [%) then P is equal to

[2005 (S), Online April 16, 2018]

7 2 4 7
a) —— b) = c) —— d —
@ -5 (®) - © -3 @ 3
Equation of the line of the shortest distance between the
ines XoY _Z g Xt oy+l_z.
Imesl—_l—land 0 ) 1|s.
[Online April 19, 2014]
X y z Xx-1 y+1 z
7) [ . hy =——=2"-__°%
(@) - ® T =73
oL x_y_z
© TN @ =173

If two lines L, and L, in space, are defined by

L1={X=x/xy+(x/x—1), z=(ﬁ—1)y+ﬁ} and
Lp = {x=hy+(1-yk), z=(1-Jh)y+u|

then L, is perpendicular to L,, for all non-negative reals

and u, such that :
[Online April 23, 2013]

@ Vi+u=1 (b) A#p

(© A+p=0 (@ A=p

If the lines

x-1_y+1_z-1 and x-3_y-k_z intersect, then
2 3 4 1 1

the value of k is [2004S]

(@ 32 (b) 92 () -2/9 (dy -3/2

3 Numeric/ New Stem Based Questions
44. The square of the distance of the image of the point (6, 1, 5)

inthelinex—_1=z=z;2,from the origin is .
3 2 4 -

[April 9, 2024 (11)]
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45,

46.

47.

48.

49.

50.

51.

52.

Let P(a, B, y) be the image of the point Q(1, 6, 4) in the line

x y-1 z-2 .
—=>—=——_Then2a + B +yisequal to
1 2 3 axpryise

[April 8, 2024 (11)]
Let P be the point (10, -2, -1) and Q be the foot of the
perpendicular drawn from the point R(1, 7, 6) on the line
passing through the points (2, -5, 11) and (-6, 7, -5).
Then the length of the line segment PQ is equal to

[April. 6,2024(1)]
If the shortest distance between the lines

X-h_y-2_z-1_  X+2_y+5_z-4 is A4
3 1 1 3 2 4 "k
then the largest possible value of |A| is equal to
[April 6, 2024(11)]
Let the point (-1, a, B) lie on the line of the shortest
X+2 y-2 z-5
et

distance between the lines and

X+2 y+6 z
-1 B

; L Then (a—B)?isequal to
[April 5, 2024 (11)]
If the shortest distance between the lines

X+2 y+3 z-5 X=3 y+2 z+4
2 T3 a4 M T

1S

38 K
—K 2 .
35 < and J[x }dx o —+/o , where [x] denotes the

greatest integoer function, then 6a®isequalto

[April. 4,2024(1)]
Let the line of the shortest distance between the lines
Ly:r= (i+ 2]+3I2)+k(f—]+|2) and
L, r= (4?+5Aj+6lz)+u(f+]+ |2)
intersects L, and L, at Pand Q respectively. If (a, B3, v) is
the mid point of line segment PQ, then 2(a.+ B +7) is equal
to

[Feb. 1, 2024(1)]

Let Q and R be the feet of perpendiculars from the point
P(a,a,a)onthelinesx=y,z=landx=-y,z=-1
respectively. If ZQPR s aright angle, then 12 a2 is equal
to [Jan. 31, 2024(1)]
Aline passes through A(4, -6, —2) and B(16, -2, 4). The
point P(a, b, ) where a, b, care non-negative integers, on
the line AB lies at a distance of 21 units, from the
point A. The distance between the points P(a, b, ¢) and
Q(4,-12, 3) isequal to

[Jan. 31, 2024(11)]

53.

54.

55.

56.

57.

58.

B125

If d; is the shortest distance between the lines
X+1=2y=-12z,x=y+2=6z —6andd, is the shortest

Xx-1 y+8 z-4 x-1

distance between the lines

-7 5 2
y-2 z-6 324/3d; .
=-——=——, then the value of is:
1 -3 d,

[Jan. 30, 2024(1)]
Leta line passing through the point (-1, 2, 3) intersect the

X-1 y-2 z+1
3 2 =2

. X+2
linesLy : at M (a, B,y)and L, 1_—3

Z_
:_—2=Tat N(a, b, c¢). Then, the value of

((1+l3+y)2
(a+b+c)

equals

[Jan. 30, 2024(11)]
A line with direction ratios 2, 1, 2 meets the lines
Xx=y+2=zandx + 2 =2y =2z respectively at the points
P and Q. Ifthe length of the perpendicular from the point
(1,2, 12) tothe line PQ is |, then 12 is .

[Jan. 29, 2024(1)]
Let O be the origin, and M and N be the point on the
x—5= y—4= z-5 an X+8 _ y+2 _ z+11

4 1 3 12 5 9

respectively such that MN is the shortest distance between

lines

the given lines. Then OM.ON is equal to .
[Jan. 29, 2024(11)]

The li X-2_ 'y z-7 dx+3_y+2_z+2
ClNes "= 7 T T T

intersect at the point P. If the distance of P from the line

X+l y-1 z-
2 3 1

is I, then 1412 is equal to .

[Jan. 27, 2024(11)]

Let a line ¢ pass through the origin and be perpendicular
to the lines

0T =(F—11]‘—7|2) + x(u +2]+3|2), AeR
and (o :T= (—i+ R) + u(2i+2]+ R) peR.
IfP is the point of intersection of Zand 7, and Q(a., B, 1) is

the foot of perpendicular from P on Z,, then 9(au+ B + v) is
equal to

[April 11, 2023 ()]
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59.

60.

61.

62.

63.

64.

65.

66.

x-1 2-y z-3 x-4 y-1 z

= and —( =5 =
-3 a 5 2 P
intersect, then the magnitude of the minimum value of
8af is

If the lines

[April 6,2023 (11)]
Let a line L pass through the point P(2, 3, 1) and be parallel
tothelinex+3y—-2z2-2=0=x-y+ 2z.
If the distance of L from the point (5, 3, 8) is o, then 302 is
equal to

[Jan. 30, 2023 (11)]
Let the co-ordinates of one vertex of AABC be A(0, 2, o)

and the other two vertices lie on the line
X+o y-1 z+4 . .
5 = > = 3 . For o ez ifthe area of AABC is

21 sq. units and the line segment BC has length 2,/21

units, then o is equal to

[Jan. 29, 2023 (1)]
If the shortest distance between the line joining the
—1 i
points(1, 2, 3) and (2, 3, 4), and the Ime y+1

z-2
=0 is o, then 28c02isequal to

[Jan. 25, 2023 (11)]

The shortest distance between the lines
X—2 _ y+1: z-6 and X—6 :1—y 1 z+8 is equal to
3 2 2 3 2

[Jan. 24, 2023 ()]
If the shortest between the lines

x+v/6 y-v6 z-+6

= = and
2 3 4
X=A y—2«/€_ z+26
3 4 5

is 6, then the square of sum of all possible values of A is
[Jan. 24,2023 (11)]

x+1 +2
Let Q and R be two points on the line = yT

z-1 . .
= — atadistance 26 from thepoint P(4,2,7). Then

the square of the area of the triangle PQR is
[July 26, 2022 (1)]
If the shortest distance between the lines

r—lzai+2j+2I2+k(i—2]+2I2), A e R, o>0 and

6=—4i—lz+u(3i—2]—2|2) ,we Ris9, then aisequal

67.

Mathematics

to

[Jul, 20, 2021 (1]
If the foot of the perpendicular drawn from the point
(1,0, 3)on aline passing through (o, 7, 1)is (5/3,7/3,17/3),
then aisequal to

[Jan. 07, 2020 (11)]

6 MCQs with One or More than One Correct Answer

68.

69.

70.

71.

Threelines L :r =2i,h eR

- ~

‘F=k+pj,peRrand

L3:r=i+j+vk,VeR

are given. For which point(s) Q on L, can we find a point P

onL,andapointRon L sothat P, Qand R are collinear?
[Adv. 2019]

A 1a R A P
@ k=21 ®) k © k+j (@ k+3]
Let L, and L, denote the lines
Y =i+x(—i+2]+2|2),x eR
and T =p(2iA—]+2|2),ue R
respectively. If L, is a line which is perpendicular to both

L, and L, and cuts both of them, then which of the following
options describe(s) L, ? [Adv. 2019]

@ T-o@i+]ek)ii+2j-ter
(b) ?:é(zi—]+2|2)+t(2i+2]—|2),teR
© F=t@i+2j-k)teR
-> 1, =~ < 0
(d) r=§(2|+k)+t(2|+21—k),teR
From apoint P(A, A, 1), perpendicular PQ and PR aredrawn

respectivelyonthelinesy=x,z=1andy=-x,z=-1.If
P is such that ZQPR is a right angle, then the possible

value(s) of A is/(are) [Adv. 2014]

@ 2 b1 © -1 @ —2

A line | passing through the origin is perpendicular to the

lines [Adv. 2013]
l,:(3+1)i + (-1+2t) j+(4+2t)k, —oo<t<oo
l,:(3+25)i + (3+25) j+(2+5)K, —o0<S<00

Then, the coordinate(s) of the point(s) on |, at a distance
of /17 from the point of intersection of | and I, is (are)

(b) (-1-10)

rrs
9’9’9

© (111 (d)
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7 Match the Following

72. Lety e R be such that the lines
X+11 y+21 7429 - X+16 _y+11 z+4
: = = and =2 -

1 2 3 3 2 i

L

intersect. Let R, be the point of intersection of L, and L,. Let O = (0, 0, 0), and n denote a unit normal vector to
the plane containing both the lines L; and L,. Match each entry in List-1 to the correct entry in List-11.

List-1 List-11
(P) yequals @O -i-j+k
(Q) A possible choice for ) g
nis
(R) O?!l equals ® 1
. 1 2~ 1~
(S) A possible value (L ] +—6k
of O?!l.ﬁ is
® |2
The correct option is [Adv.2024]
@ P)—~>B Q-& R®-0 -0
0 P)»0G) Q-@ R®->0 -0
© P)—~>B Q-@ R®->0 -0
@ P->06 Q-0 R®->@ -0
73.  Match the statement in Column-I with the values in Column -11 [2010]
Column—1 Column-11

x-2 y-1 z+1
1 2 1

(A) Aline from the origin meets the lines P -4

8
X_i

and 3 _Y+3 _Z-1 atpand Q respectively.
2 -1 1
If length PQ =d, then d?is
(B) The values of x satisfying
tan~1(x +3) —tan~1(x—3) = sin* 5 are (@ O
(C) Non-zerovectors 3, b and ¢ satisfy 55 =0.

(b-3).(b+c)=0and 2|b+C|=|b-4].

If 3= MB +4¢ , then the possible values of p are N 4
(D) Let fbe the function on [-r, ] given by f (0) =9

andf(x) = sin[gzxj/sin(;) for x 20 (s) 5

2 ¢n
The value of ;jﬁnf(x)dx is ® 6
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E

1.

Mathematics

Topic-3: Equation of a Plane in Different Forms, Equation of a Plane Passing
Through the Intersection of two Given Planes, Projection of a Line on a Plane

I MCQs with One Correct Answer

The equation of a plane passing through the line of
intersection of the planesx +2y +3z=2andx-y+z=3

2
and at adistance ﬁ fromthe point (3, 1,-1)is [2012]

(@ 5x-1ly+z=17 (b) V2x+y=3vJ2-1
© x+y+z=+3 d) x-+2y=1-+2

The point P is the intersection of the straight line joining
the points Q(2, 3, 5) and R(1, -1, 4) with the plane 5x — 4y
—z=1. If Sisthe foot of the perpendicular drawn from the
point T(2, 1, 4) to QR, then the length of the line segment
PSis [2012]

1
@ 5 ® 2 d 22

If the distance of the point P (1, -2, 1) from the plane x + 2y
—2z= o, where a> 0, is 5, then the foot of the perpendicular
from P to the plane is [2010]

SN IR

o333 eli5d

Equation of the plane containing the straight line

© 2

X z
2377 and perpendicular to the plane containing the
traight lines ~ =~ == and =2 =~ is  [2010
straig |ness—4—2an 4—2—3|s [ ]
(@ x+2y-2z=0 (b) 3x+2y-2z2=0
() x-2y+z=0 (d) 5x+2y-4z=0

A line with positive direction cosines passes through the
point P(2,-1, 2) and makes equal angles with the coordinate
axes. The line meets the plane

2x+y+z=9
at point Q. The length of the line segment PQ equals
[2009]
@ 1 0 2 © 3 () 2

Let P (3, 2, 6) be a point in space and Q be a point on the
line

F=(- ]+2kA)+y(—3iA+ ]+5kA)
Then the value of i for which the vector PQ is parallel to
theplanex—4y +3z=11is [2009]
o 1 o -1
©5F @ -3

1 1
@ 2 (b) 7

10.

11.

12.

A plane which is perpendicular to two planes 2x -2y +z =
Oand x-y +2z=4, passes through (1, -2, 1). The distance
of the plane from the point (1, 2, 2) is [2006 - 3M, -1]

@0 (1 © v2 () 22

A variable plane at a distance of the one unit from the
origin cuts the coordinates axes at A, B and C. If the
centroid D (x, y, z) of triangle ABC satisfies the relation

1 1 1

?+7+Z—2=k , then the value k is [2005S]
1

(a) 3 (b) 1 © 3 (d) 9

The value of k such that X =4 - Y=2 _ Z;k lies in the

plane 2x -4y +z=17,is [2003S]

@ 7
(c) noreal value

(b) —7
(d) 4

2 Integer Value Answer/ Non- Negative Integer
Let P be the plane J3x +2y+3z=16 and let

S= {ai+[3]+yl2:a2 +[32 +y2 =1and the distance of
7 _— —
(o, B, y) from the plane P is E} Letu,vandw be three

distinct vectors in S such that |ﬁ - \—/| = |\7— 7v| = |Vv - ﬁ|.
Let V be the volume of the parallelepiped determined by

= . _ 80
vectors u,vandw . Then the value of ﬁv is

[Adv. 2023]
Let P be a point in the first octant, whose image Q in the
plane x +y = 3 (that is, the line segment PQ is perpendicular
to the plane x +y = 3 and the mid-point of PQ lies in the
plane x +y = 3) lies on the z-axis. Let the distance of P from
the x-axis be 5. If R is the image of P in the xy-plane, then
the length of PR is . [Adv. 2018]
If the distance between the plane Ax — 2y +z = d and the

x-1 y-2 2z-3
3 4

and

plane containing the lines

x-2 y-3 z
3 4

;4 is /g , then find [d]. [2010]

3 Numeric/ New Stem Based Questions

13.

Three lines are given by r =i 1 e R;
F=H(i+]),H€R andF=v(?+]+l2),VGR.
Let the lines cut the plane

X +y+z=1atthe points A, B and C respectively. If the
area of the triangle ABC is A then the value of (6A)?
equals . [Adv. 2019]
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1+ Fill in the Blanks

14.

15.

Anonzero vector a is parallel to the line of intersection of
the plane determined by the vectors i + j and the plane

determined by the vectors | — ] i +k. The angle between

a andthe vector | —2]+2K is....... [1996 - 2 Marks]
The unit vector perpendicular to the plane determined by
P(1,-1,2),Q(2,0,-1)andR(0, 2, 1) is........

[1983 - 1 Mark]

6 MCQs with One or More than One Correct Answer

16.

17.

18.

Let R denote the three-dimensional space. Take two points

P=(1,2,3)and Q = (4, 2,7). Let dist (X, Y) denote the

distance between two points X and Y in R3. Let

S={X e R3: (dist (X, P))? - (dist (X, Q))% =50} and

T={Y eR3: (dist (Y, Q)2 - (dist (Y, P))2 = 50}.

Then which of the following statements is (are) TRUE?
[Adv. 2024]

(@ There is a triangle whose area is 1 and all of whose
vertices are from S.

(b) There are two distinct points L and M in T such that
each point on the line segment LM isalsoin T.

(c) There areinfinitely many rectangles of perimeter 48,
two of whose vertices are from S and the other two
vertices are from T.

(d) Thereisasquare of perimeter 48, two of whose vertices
are from S and the other two vertices are from T.

A straight line drawn from the point P (1, 3, 2), parallel to

X-2 y-4 1-6
1 2 K1

L, : x—y+ 3z=6at the point Q. Another straight line which

passes through Q and is perpendicular to the plane
L, intersects the plane L, : 2x—y + z=—4 at the point R.

Then which of the following statements is (are) TRUE?
[Adv. 2024]

(@ The length of the line segment PQis /g
(b) The coordinates of Rare (1, 6, 3)

the line , intersects the plane

i . . (4145
(c) Thecentroid of the triangle PQR is [5?5)

(d) The perimeter of the triangle PQR is /2 ++/6 +/11

Let P, and P, be two planes given by
P,:10x+15y+12z-60=0,
P,:-2x+5y+4z-20=0.

Which of the following straight lines can be an edge of
some tetrahedron whose two faces lie on P, and P, ?

[Adv. 2022]

19.

20.

21.

22.

B129

o x-1 3 b _y_ z
@) 0 0 5 () 5 2 3
4

g X_y-4_z X _y-4 2
© 5=75 7% @123
Let S be the reflection of a point Q with respect to the
plane given by

F=—(t+p)i +§+(1+ p)lz

where t, p are real parameters and i, j, k are the unit
vectors along the three positive coordinate axes. If the
position vectors of Q and S are 10i +15] + 20k and
of +PBj + vk respectively, then which of the following

is/lare TRUE ? [Adv. 2022]
(b) 3(B+v)=-71

@ 3(a+p)=-101
() 3(y+a)=-86 (d) 3(a+p+y)=-121

Let L, and L, be the following straight line.

x-1 vy z-1 x=1 vy
Lt —=L =i and Ly =L =
1T T Ty ad b=

Suppose the straight line

=
=

X—a  y-1 z-vy
S m -2
lies in the plane containing L, and L,, and passes through

the point of intersection of L, and L. If the line L bisects
the acute angle between the lines L; and L,, then which of

L

the following statements is/are TRUE? [Adv. 2020]
@ oa—-y=3 () 1+m=2
© a-y=1 @ I1+m=0

Let a, B, v, & be real numbers such that .2 + p? +y2 = 0

and a+7v =1. Suppose the point (3, 2, -1) is the mirror

image of the point (1, 0, —-1) with respect to the

plane ax + By + yz = 9.

Then which of the following statements is/are TRUE?
[Adv. 2020]

@ a+p=2 () 6-y=3

(c 6+p=4 (d o+B+y=9

Let B :2x+y-z=3 and P,:x+2y+z=2be two
planes. Then, which of the following statement(s) is (are)
TRUE? [Adv. 2018]
(@ The line of intersection of P, and P, has direction
ratios 1,2, -1
3x-4 1-3y z
9 9 3
is perpendicular to the line of intersection of P; and
P
2
(c) The acute angle between P, and P, is 60°.
(d) If P4is the plane passing through the point (4, 2, - 2)
and perpendicular to the line of intersection of P, and
P,, then the distance of the point (2, 1, 1) from the

2
plane P, is ——
3 ’\/5

(b) Theline




B130

23.

24.

25.

Consider a pyramid OPQRS located in the first octant
(x> 0,y>0,z>0)with Oasorigin, and OP and OR along
the x—axis and the y—axis, respectively. The base OPQR of
the pyramid is a square with OP = 3. The point S is directly
above the mid-point, T of diagonal OQ such that TS = 3.
Then [Adv. 2016]

(@) the acute angle between OQ and OS is %

(b) theequation of the plane containing the triangle OQS
isx-y=0
(c) the length of the perpendicular from P to the plane
3

containing the triangle OQS is E

(d) the perpendicular distance from O to the straight line

. .15
containing RS is >

In R3, let L be a straight line passing through the origin.
Suppose that all the points on L are at a constant distance
fromthe twoplanesP, :x+2y-z+1=0andP,:2x-y+
z—1=0. Let M be the locus of the feet of the perpendicu-
lars drawn from the points on L to the plane P,. Which of
the following points lie (s) on M? [Adv. 2015]

5 2
(a) [0* —g’—g) (b)

5 1 1 2
© [‘a’o'gj @ [‘5’0'5)

In R3, consider the planes P,:y=0andP,:x+z=1.LetP,
be the plane, different from P, and P,, which passes

7 Match the Following

29.

Let ¢, and £, be the lines 1, = k(i+]+ IQ) and

26.

217.

28.

Mathematics

through the intersection of P, and P,,. If the distance of
the point (0, 1, 0) from P, is 1 and the distance of a point
(o, B, y) from P is 2, then which of the following relations
is (are) true? [Adv.2015]
(@ 20+p+2y+2=0 (b) 2a-B+2y+4=0

(€) 20+p-2y-10=0 (d) 20-p+2y-8=0

TwolinesL,: _5_y - L dL,:x= Lo 2

wolinesLy:x=5, o= ~=">and Ly:x=a, = ?a

are coplanar. Then o can take value(s) [Adv. 2013]

@ 1 (b) 2 © 3 (d) 4

If the straight lines X~1_Y+1_Z  4png
2 k 2

xTJrl:yTH:% are coplanar, then the plane (s)

containing these two lines is (are) [2012]

(@ y+2z=-1 b) y+z=-1

() y-z=-1 (d)y y-2z=-1

Let A be vector parallel to line of intersection of planes

P, and P,. Plane P, is parallel to the vectors
2j+3kand4j-3kand that P, is parallel to

j—k and 3i +3], then the angle between vector A and

a given vector 2i + ] — 2K is [2006 - 5M, 1]

3
@5 ®5 ©F ©F

?2 = (j - R) + p(i + IQ) , respectively. Let X be the set of all the planes H that contain the line 7;. For a plane H, let d(H) denote
the smallest possible distance between the points of 7, and H. Let H, be a plane in X for which d(H,) is the maximum value of

d(H) as H varies over all planesin X.
Match each entry in List-1 tothe correct entries in List-11.
List-1

(P) The value of d(H,) is

(Q) The distance of the point (0, 1, 2) from H, is

(R) The distance of origin from H is

(S) The distance of origin from the point of intersection of

planesy=2z,x=1andH,is

The correct option is:

@ P)—~>@.Q—-@.R—~().0OE) -1
0) P)—>().(Q—-@).R)—~(3).() -
© P)—@.Q-1).R—(3).()—~Q
@ P)—>6).Q—-1).(R)—~(4).5)—~12)

List-11
@

)

©)
@)

5 %6 &

©)

-

[Adv. 2023]
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30.

31.

32.

33.

. . x-1 vy z+3  x-4 y+3 z+

i —=== L = =

Consider the lines Ly > ] R 1 >
ax + by + cz = d be the equation of the plane passing through the point of intersection of lines L, and L,, and perpendicular

to planes P, and P,,.

3
and theplanes P, : 7x +y +2z=3, P, =3x + by -6z =4. Let

Match List I with List 11 and select the correct answer using the code given below the lists : [Adv. 2013]
List 1 List 11
P a= 1 13
Q. b= 2 -3
R c= 3 1
S. d= 4 -2
Codes:
P Q R S
@ 3 2 4 1
b 1 3 4 2
(© 3 2 1 4
d 2 4 1 3
Match the statements/expressions given in Column-1 with the values given in Column-I1. [2009]
Column-I Column-11
(A) The number of solutions of the equation (p) 1

. T
x eS"X_cos x = 0 in the interval (O’Ej

(B) Value(s)of k for which the planeskx +4y+z=0,4x+ky+ 2z=0 (q) 2
and 2x + 2y + z = 0 intersect in a straight line
(C) Value(s)ofk forwhich [x—1|+|x=2|+|x+1]||+|x+2]|=4k " 3
has integer solution(s)
(D) Ify'=y+1landy (0)=1, then value(s) ofy (1n 2) (s)
(®)

o B

Consider the following linear equations
ax+by+cz=0; bx+cy+az=0; cx+ay+bz=0
Match the conditions/expressions in Column I with statements in Column 11 and indicate your answer by darkening the

appropriate bubbles in the 4 x 4 matrix given in the ORS. [2007]
Columnl Columnll
(A) a+b+cz0anda2+b%+c2=ab+bc+ca (p) the equations represent planes meeting
only at asingle point
(B) a+b+c=0anda?+b%+c2=ab+bc+ca (@) the equations represent the linex =y =z.
(© a+b+cz0anda?+b2+c2=ab+bc+ca () the equations represent identical planes.
(D) a+b+c=0anda?+b?+c2=ab+bc+ca (s) the equations represent the whole of the
three dimensional space.
Match the following : [2006 - 6M]
Columnl Columnll
(A) Tworaysx +y =|aland ax —y = 1 intersects each other in the (p) 2
first quadrant in the interval a € (a,, «), the value of a; is
(B) Point (¢, B,y) liesontheplanex+y+z=2. (6)) %
Let a = ai +PB] + 7K, K x (k xd) =0, theny =
1 0 1 0
© I(l—yz)dy +_[(y2 —1)dy ) J.«/l——xdx+ _[\/1+—xdx
0 1 0 -1

(D) IfsinAsinB sinC + cosA cosB = 1, then the value of sinC = (s) 1
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8 Comprehension/Passage Based Questions

Passage

Consider the lines

34.

35.

36.

X+l y+2 7+l X=2 y+2 z-3
31 2 Y1 T2 T3
The unit vector perpendicular to both L, and L, is[2008]

L

- +7]+7K — -7 +5k
@) Jo9 (b) 543

T +7]+5K 7i-7]-k
©75m T 9 T m

The shortest distance between L, and L, is [2008]

o 4 4
(b) NE © 543 (d) 543

The distance of the point (1, 1, 1) from the plane passing
through the point (-1, -2, -1) and whose normal is

(@) 0

perpendicular to both the lines L, and L, is [2008]
2 . 7 (i - 23
@ 7 O m O 16 J @ 75

9 Assertion and Reason/Statement Type Questions

37.

Consider three planes
Pix-y+z=1
Pyix-3y+3z=2

LetL,, L,, L, be the lines of intersection of the planes P,

and P4, P;and P, P, and P,, respectively.

statement - 1 : At least two of the lines L;, L, and L, are

non-parallel and

statement - 2 : The three planes doe not have a common

point. [2008]

(A) STATEMENT - 1 is True, STATEMENT - 2 is True;
STATEMENT - 2 is a correct explanation for
STATEMENT -1

(B) STATEMENT - 1 is True, STATEMENT - 2 is True;
STATEMENT - 2 is NOT a correct explanation for
STATEMENT -1

(C) STATEMENT - 1isTrue, STATEMENT - 2is False
(D) STATEMENT - 1is False, STATEMENT - 2is True

P,ix+y-z=-1

38.

Mathematics

Consider the planes 3x— 6y —2z=15and 2x +y -2z =5.

STATEMENT-1 : The parametric equations of the line of
intersection of the given planesarex =3 + 14t,y=1+2t,z
= 15t. because

STATEMENT-2 : The vector 14i + 2] +15k is parallel
to the line of intersection of given planes. [2007 -3 marks]

(@) Statement-1is True, Statement-2 is True; Statement-2
isa correct explanation for Statement-1

(b) Statement-1is True, Statement-2 is True; Statement-2
iSNOT a correct explanation for Statement-1

(c) Statement-1is True, Statement-2 is False
(d) Statement-1 is False, Statement-2is True.

10 Subjective Problems

39.

40.

41,

42,

43.

Find the equation of the plane containing the line

1
2x-y+2-3=0,3x+y+z=5andatadistance of % from
the point (2, 1, -1). [2005 - 2 Marks]
P, and P, are planes passing through origin. L, and L, are
two line on P, and P, respectively such that their
intersection is origin. Show that there exists points A, B,
C, whose permutation A', B', C' can be chosen such that (i)
AisonL,, Bon P, butnoton L, and Cnoton P, (ii) A'is
onL, BonP, but not on L, and C' not on P,

[2004 - 4 Marks]

A parallelepiped ‘S’ has base points A, B, C and D and
upper face points A', B', C' and D'. This parallelepiped is
compressed by upper face A'B'C'D' to form a new
parallelepiped “T” having upper face points A", B", C" and
D". Volume of parallelepiped T is 90 percent of the volume
of parallelepiped S. Prove that the locus of ‘A™, is a plane.

[2004 - 2 Marks]

Find the equation of plane passing through (1, 1, 1) &
parallel tothe lines L, L, having direction ratios (1,0, -1),
(1,-1,0). Find the volume of tetrahedron formed by origin
and the points where these planes intersect the coordinate
axes. [2004 - 2 Marks]

(i) Find the equation of the plane passing through the
points(2,1,0), (5,0, 1)and (4, 1, 1).

(i) IfPisthepoint (2,1, 6) then find the point Q such that
PQ is perpendicular to the plane in (i) and the mid point of
PQliesoniit. [2003 - 4 Marks]
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11.
21.
31.
41.
51.
61.
70.

11.

20.
29.
33.

Topic-1 : Direction Ratios & Direction cosines of a Line, Angle between two lines

in terms of dc's and dr's, Projection of a Point on a Line

@ 2 () 3. () 4. ) 5 @ 6.0 7.0 8 ® 9 (O
© 1. 6) 12. (450

Topic-2 : Equation of a Straight Line in Cartesian and Vector Form,

Angle Between two Lines, Distance Between two Parallel Lines

G 2 @ 3. () 4. ) 5 (© 6. ® 7. 8 © 9 @
@ 120 ¢ 13. (b) 14 (@ 15 (d) 16. (0 17. () 18 (0  19. (b)
© 22 () 23 () 24 (€ 25 (@ 26. () 27. () 28 (@ 29. (d)
d 32 () 33 (d 34 (@ 35 (@ 36 (0 37 () 38 (@ 39 ()

10
20
30
40

() 42. (d) 43. (b)  44. (62) 45. (1) 46. (13) 47. (43) 48. (5) 49. (48) 50
(12) 52. (2) 53. (16) 54. (19%) 55. (65) 56. (9 57. (108) 58. (5) 59. (18) 60
9 62. (18) 63. (14 64. (384) 65. (I53) 66. (6) 67. (4 68. (a,d) 69. (ab,d)

() 71. (b,d) 72. (c) 73. (A)-t; (B)-p,t; (C)-q,s; (D)-r

Topic-3 : Equation of a Plane in Different Forms, Equation of a Plane Passing

Through the Intersection of two Given Planes, Projection of a Line on a Plane

@ 2 @ 3. (@) 4. 5 @© 6@ 7@ 8@ 9 @

ZASVAN

N
(2 I+ j+k

10.

(n 37t) ¢
®) 12. (6) 13. (0.75) 14. | 0r—| 15. —L J6 J16. (a,b,c)17. (a,c) 18. (a.b)19

4 4

- (©

- @

- (d)
- (d)
. (21
. (158)

)

. (a,b,¢)

(ab) 21. (a,b,c)22. (c,d 23. (b,c,d 24. (a,b) 25 (b,d) 26. (a,d) 27. (b,c) 28.(b,d)
(b) 30. (@ 31. (A)—»p;(B)—>q,s;(C)—>aq,rs t;(D)—>r 32. (A)—>r;(B)—>q;(C)—p;(D)—>s

(A)—>():(B) > (): (C) > (@).(r): (D) >(s) 34 (b) 35 (d 36. () 37. (b) 38 (d)
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Topic-1: Direction Ratios & Direction cosines of a
Line, Angle between two lines in terms of dc's and

|?:j dr's, Projection of a Point on a Line

(@ Projection of P(x, y, ) on xy-plane = Q(x,y,0)
X2+ y2 472 =2

Now, OQ = Xi +yj

X z
Ty andeos¢ = mme——r
X +y X“+y“+z

X2+y2
=sind="73 3 7
X +y +z

Distance of P from x-axis is /y? +
7 2 x?

= y\/l—cos2 0sin? ¢

(b) Given APQR

PG, 2,3)
O

Q(4,6,2) A R(7,3,2)

Direction ratio of PR= (4, 1,-1)
Direction ratio of PQ = (1, 4,-1)

So, coso =

4+4+1| 1

Now, cos = m :E
o= =
-3

(@) Given equations are
[+m-n=0=n=I+m

Now, put the value of n in another equation then,
312+ m? + cl (1+m)=0

312+ m2+cl?+clm=0

(3+c)2+clm+m2=0

2
(3+c)(Lmj +C[Lmj+1=0 (1)

Given that lines are parallel.

Then, roots of (i) must beequal = D=0
c2-4(3+¢c)=0=>c2-4c-12=0
(c-6)(c+t2)=0=c=6o0rc=-2.
Therefore, +ve value of c = 6.

Three Dimensional Geometry iﬁ%

i
(b) Giventhat,
l+m-n=0=1l=n-m (i)

and 12 +m?-n% =0 (i)
Substitute | from (i) into (ii)

:(n—m)2+m2—n2=0
=2m(m-n)=0=m=00rm=n
Case-1:Ifm=0,

I=n [from (i)]
We know that,

1 -1
2emlan? =112 =L =L 2
2 V2 2
.. _1
.|=n:>nl,n2=$,ﬁ
.[LOLJ [—_10—_1] Girection cosi
al or 2 are direction cosines
ofline L,.
Case-1l : If m=n
=1=0 [from (i)]
1 1 -1
I2+m2+n2:1:>m2:—:>m,m =—=,—F/=
2 1, 1112 \/E \/E
. 1
.m:n:nl,nzzﬁ,ﬁ
[ j [0 —1 _—1j are direction cosines
22 2’2
of line L,

1 1
COSG,=|1|2 +MyMmy + MmNy =O+Oi5=i5

1 . 3
coszazzzsmza:—

So, sin* o +cos? o=

(@) Here, P, Q, Rarecollinear

. PR=APQ
2iA+(y+3)17+(z—4)I2:k[6f+3]+6I2]
:>6x=2,y+3=3x,z—4=6x:>x=%,y=—2,2=6
. PointR (4,-2,6)

Now, OR= \[(4)2 + (-2)% + (6) = /56 = 214
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We know that, I+ m2+n?=1
. r-1 w+2
(b) DR'sof ADare —— -2,4-3, -5 1 1 )
2 — —+=+4c0s%0=1
2 4
o 22, 18 1
o2 72 — cos’0==
- This median is making equal angles with coordinate 4
axes, therefore, — cos=—=cos™ (6 being acute)
A(2,3,5) 2 3
- ==
3
10. (c) As per question the direction cosines of the line are
cos6, cosp, cosO
B : : c 2 2 2
(-1,3,2) (A,5,1) cos“0+cos“B+cos 0=1
Azl u+2 2002 0 = 1 — cos? 0
2 2 .2 .2
= 2c0s“0=sin“B=3sin“0 (given)
A-5__ p-8
2 =1= 2 = 2c0s20=3-3cos’0

= A=7&u=10
A3+ ud+5=1348
(c) It makes © with x and y-axis.

Let line makes a with z-axis. o e [Oﬂ

| = cosO, m = cosO, n = cos o
we have 2+ m?+ n2=1
= €0s%0 + c0s20 + cos? o = 1
= 2 ¢0s%0 = 1 — cos2o.
inZ o sina

20 = SIN _
= C0s-0 —2 = C0S 0 \/E

As ae[o,ﬁ} then ge| XX
2 42

(b) LetP(x,,y;,z)andQ (X, Y, z,) betheinitial and final
points of the vector whose projections on the three
coordinate axes are 6, — 3, 2 then

X,=X, =65 Y,=-y,=-3; 2,-2,=2

So that direction ratios of P—Q are6,-3,2
Direction cosines of PQ are
6 -3
= 62+ (32422 62+ (=37 +22

2 6 -3 2
J62+(=3)2+22 T 7 7 7

(b) As per question, direction cosines of the line :

I:cos45°:i ) m:coslzo":_—l, n=cos0
J2 2

where 6 is the angle, which line makes with positive
zZ-axis.

11.

cos? 0 = E
5

(6) A2, 2,2)

ot
vine -
B(a, B, 7)

DR’sof LineL=-1:1:2

DR’sof AB=a-2:3-2:y-2
ABlL=2-a+pB-2+2y-4=0
2y+PB-a=4 (i)
Let C is mid-point of AB

C(a+2+ﬁ+2 y+2j

2 2 2

. _o p-2 ¢y
DRsofPC-Z. 75
Line PC & PQ are same.
—a_PB-2 v
>—=——=—-=K

> > 5 (let)
=-2K
B=2K+2
v=4K

L 1
Usein ()= K= 5

~. Valueof o+ B+6y=24K+2=6
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12. (450)RS=(a, -1, B)

2 4 1
X—2 y—— 74>
Now direction ratio’s of PQ z[§+2,£+1,1—11—1j 3_ 73 - 3_
17 17 17 3 1 2
z[@ 60 %j So any point on this line will be
171717
90 60 94 (§+3k,%+k,—%+2k)
=—o+—(-1)+—=B=0 =
T 17( ) 17 P=0=90a+94p =60 2 1 1
60—90a 30(2-3a) wo+43k=—==k=—=
=P=—0— =B= %1 3 3 3
(3 2) .. Point lie on the line for
o— -15
b o Py (%e2) k:-lis(_%,l,—lj
B 30-2
5= a7 —B=-15a=-15 2. (@) A
_ n
Now a2 + B = 225+ 225 = 450 AG.TY M{f A
p=4i-11j+5k

Topic-2: Equation of a Straight Line in Cartesian
5] and Vector Form, Angle Between two Lines,

=) Distance Between two Parallel Lines N <i= 3?_6j+12
B(5,9,-2)

}

/ n=pxq
dr’sof\'me@al’z) A
L, M2+ A, A, 1+ 1) A=la _11 5|=10i+11j+9k
L, N -

N(—1+E,1+E,—1+ u) 9
2 S.d. = projection of AB on i

AB-f| _|(2i+16j-3K)- (19i+11j+9K)|
||

Lyi——=5=T7T-& B J36L+121 181
1 1 1 38+176—-27
X+ _y— _Z+ i =
R T T J563
2.2 L
dr's of line MN will be 563
1) u Xx-1 y-2 z-3
<3+7»—?—1—7»—?2+7»—M>&itwillbeproportional 8 @ 51735753
t0<3,1,2> x-1 y-2 z-3
B p
3”“5_‘1*‘5_2%—“
3 1 2
On solving we get
4r+p=-6 (i)
4+30=0 (D)
On solving (i) and (ii)
4 2
A=——&u=-2=
= 358773

Coordi f M will b (Zﬂ_i)
oordinate of M will be 3373

and equation of required line will be.
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B(1+A,2+2,3+21)
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| (3@ —a).(by xby)|

Shortest distance =

_ 3-8 3.-5 61-10 by xDb, |
DR.OfAB= <=— —— — a,=3,-15,9 b,=2,-7.5
=-1,1,9 b =2,1,-3
378 _2 3 g-6r-10 8-8,=-4,16,0
-5 1 ]k
=2 ~~ P By T(16) 4
byxby={2 -7 5 |=i(16)-](-16)+k(16)
XZE:,B(%E) 2 1 -3
3 333 :16(f+]+I2)
Ap_J36+9+36 _9_, | by x b, [=164/3
3 35 (8 —&).(by xb,) =16[-4+16] = (16)(12)
4. (b) Letd be the shortest d:sti-anceAbenNeen L, and L,. . (16)(12) 43
A(2i+ j+3K) ' 16f
% ’T‘»—ﬁ .
L p=i-3j+4k 7. (@ 03,3, 1)
J69
. 4_2’.‘ 3’: R 9
L 0= 2ligkis R(2,5,-1) S
————
B(2i+ j+3k
i P(ct B. 1)
i J ok RQ = 1+64+4 =69
PxG=[1 -3 4=-15i+7k RO={-8j+2k
2 31 Vector along RS ={ + j—k
_ |ABpxd| _|(0+2j+2K).(-151+7j+9K)| _ 32 cosg_ RO-RS [1-8-2| 9
Ip=dl |~ | 355 |~ /355 EE 1693|3423
- m+n=32+355=2387
5. (c) Fromthegiveninformation cose=%
b=2i+3j+4k
F=(i+4]+3K) +a(2i+3]j+4k)| - i dieak RS:\/@X%_g\/g
T=(2|+4j+7k)+[3(2|+3]+4k)
2I+4j+7k s.ne_ﬁzﬁ
Shortest dist o] _ 13 Vs e
ortest dist. = =
lol 29 QS =+/42
TN n coon 1
‘(2|+3]+4k)x((2—7»)|+4k)‘: 13 area= - . 2QS. RS=./42.33
V29 V29
. A . A= 9414
|-8j-3(2-1)k+12i+4(2-2)j|=13 A2=81.14 = 14k
12— 42j+ (31— 6)k| =13 k=81
8 Lot 22O_Y_zH ()
144 +16)2 + (31— 6)2 =169 © 3 2 1
1612 +(3h—6)? = 25 Xx=3\—6,y=2%2=%-1
2512 360,411 =0= ) =1 % x-7 y-9 7-4 )
25 and 4 3 2 =p . (i)
6. (b) Givenlinesare
X=4u+7,y=3u+9,z2=2u+4
x-3 y+15 z-9 x+1 y-1 z-9
R > 1 T 3 3-6=4p+7=3\—-4p=13 ... i) x 2
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10.

@

©)

2).=3u+9=21-3u=9 . (iv)x 3
6).—8u=26
6)—-9n=27

- 4+ -

p=-1
=3\—-4(-1)=13=31=9=A=3
wA=1=2u+4
=3-1=2(-1)+4
= 2 =2 satisty
.. point of intersection is (3, 6, 2)
d?=16 +4+49 =69
Now, d?+6=69+6=75

2x_y-2_,,
3 4n+1
2
x-2 3 z-4
= = =
(-3) (4X+1) (-1)
3
X+3 1-2y 5-z :
30 5 7 . (1)
1
x+3_y_§ Z-

_z-5
o (8 (7)
For rightanglea; a, +b; b, +¢; ¢, =0

...(ii)

41 +1

= (3 259y ()10

—9u—4r-1+7=0

A\ +9u=6

Let M be arbitrary point on the given line.
A£8, 5,7)

21 + 3j+5k
+

M
(2L +1,3% - 1,51 +2)

 J
A, B, v)

11.

12.

Mathematics

AM.(2f +3]+5k) =0
(21—7) (2) + (3%—6) (3) + (5L.—5) (5) =0
38).=57

3

A=
2
M[4,Z,Ej
2 2
A'(0,2,12)
a+B+y=14
. x-1 y+2 z-3
Line PQ, = =
(@) LinePQ 2 " 2

Any pointon PQ be R(4A+1, —2A—2, 41 +3)
PR =9unit
(PR)?=81

(A +1-1)° + (—2L—2+2)% + (41 +3-3)? =81
— 1602 + 402 +160% =81 = 3602 =81 = A = ig

.. Rcanbe(7,-5,9)or (-5, 1,-3).
Distance from origin for both points be

J49+25+81=+/155 and \/25+1+9 =/35

.. Distance of (7, -5, 9) is farthest from origin.

s (o, By y) =(7,-5,9)
Now 72+ (=5)? + 92 = 155,

© Q|

L3 /F\
X-2 y-4 z-2
1 5 1
P(A+2,50L+4,A+2)

=A

Ll =

_X-3 y-2 z-3
2 3 2
P(2u+3,3u+2,2u+3)
A+2=2u+3 3u+2=5\+4
A=2u+1 3u=51r+2
3u=52u+1)+2

3u =10u+7

pu=-1 A=-1

P(1,-1,2)

Lo =u

X y z
L:—:—:—:
71 2 4

Coordinates of Q(k, 2k, 4k)

DR’sof PQ=<k-1,2k + 1, 4k-1>

PQLtol,
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(k=1) +2(2k+1) +4(4k ~1)=0 Clearly, PMip =0
k-1+4k+2+16k-4=0 =((B1-2)+2(2%-5+(n-7)=0
k L Q(l 2 4) =14) =23=> -5
=7 then the coordinate 7177 A= A= 12
ence co-ordinates of point M is
PQ=\/(1—1] +(_1_g] +(1_ﬂ] 14'14'14
7 7 7 a+3 83 62
"2 :ﬂ:a:7
36 81 9 /126
I b 4 _32 9 51 -12
49 49 49 7 pra [3_ N N
2 2 14 7
3\/— Hence, 14(a+B+ )-108
PQ=—— 16. (c) A vector in the direction of the required line can be
obtained by cross product of
13. (b) Lines L1 and L, are passing through (4, 2, 1) & 3 ] K
(+/3,1,2) respectively. Given, shortest distance = 1 5 3 5 o
=-9i-9j+9k
J3-a -1 -1 3 2
2 1 Required line
1 7 = (51 —4]+3k)+ 2 (-9i -9)+ 9k)
= ,\—,:,\=1 -~ A A A A A
ik T = (51— 4j+3k)+ 2 (i+]-K)
-2 1 1 Now distance of (0, 2, -2)
1 21 Q(0,2,-2)
‘f 7“ —21=0,2y3
P ~ ~ ~
Required sum = 2/3 PV.of P=(5+4)i+(2—4)j+(3-1)k
4. @ R(L 2, 3) QP =(5+4)i +(2.~6)j+(5-2)k
QP.(i+j-k)=0
S+HA+A—-6-5+A=0 = A=2
‘@‘=\/49+16+9=\/ﬂ
P
° 17. () X“L_y-2_2-3 (i)
Let A8 —3,2) +4,2)—1)begeneral point on given line 2 3 4
Let if AR =6 then,
= (8A—4)7+ (25 +2)*+ (23, —4)?=36 P(2,3,5)
= =0, 1. Hence the co-ordinate of P. E
and Q will be P(-3,4,-1) & Q(5, 6, 1).
Centroid of APQR=(1, 4, 1) = (o, B, )
o’+pf2+y2=18
15. (d) P(3,49)
b3, 2, 1) R(e, B, 7)
1 ——
M * PR isperpendicular to Eq. (i)
(BL+1, 20 -1, A +2) .
= PR.(2,3,4)=0

Q (—2,-3,v-5).(2,3,4)=0
(o, By y) = 20 +3B+4y=4+9+20=33
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X+4 y-4 z7-3

3 2 0
by = 2i —3j+ 2K, by =3i + 2]
by x b, = —4i +6]+13k

Xo=Xp Yo—¥Y1 Z2-72

18. (©) L,=

2 -3 2
3 2 0
SD= —
5 5 7
2 -3 2
B2 0
- |Bl><52|
_ 141 _ 141 14
" |ai+6j+13k] ~ V16+36+169 221
(1,2,3)
19. (b)
P(a, B, 7)
Xx+3 y-1 z+4
iven: = = =k (sa
Given: — 5 3 (say)
= x=5k-3

y=2k+1,z=3k-4
Let foot P(5k —3, 2k +1, 3k —4)
DR’sof AP:5k -4, 2k -1, 3k -7

DR’sof Line:5,2,3
Condition of perpendicular lines

(25k — 20) + (4k —2) + (9k —21) = 0

Then k==
en 38
101 124 -23
S, P,y S\ o T
(@ B. 1) (38 38 38)

Then 19(a. +B+7vy) =101
20. (a) According to the question:
LlJ-LZ’ L3J_L1and L3J_L2
o %— 1+2p=0

i ]k
1 -1 2|=-i+7j+4k
3 —

8L48zlwilllieonL

1
=5, tieon.
1t ep0|ntW|II30e (-1,7,4)

(5,7
For &
21. (o) P

2,1,2) m

22.

23.

24.

Centroid G dividesMRin1:2
G(L1,2,2)
Point of intersection A of given linesis (2, -6, 0)

AG= /g9
(b) N

P(7,-2, 11)

-8
- 3
8_

Xx-6 y-4 z
1 0
Xx-6 y-4 z-

1 0 3
Q(AL+6,4,31+8)
D.r.of PQ=1-1,6,3A-3

. A-1 6 31-3
D.rofline=2,-3,6 .. =—= =>A=-3

2 -3 6
~Q(@3,4,-1)
PQis= /(7-3)? + (4+2)* + (11+1)* =14,
x—-4 y+1 z x-A y+1 z-2

O =" =35 4 5
the shortest distance between the lines

A

A-4 0 2

1 2 -3
(a5
(b1Xb2) 12 -3

2 4 -5

(A—4)(~10+12) —0+2(4—4)
‘2?—1j+0|2‘

6 [2(A-4)

B E | =3k
A-4=43 =A=7,1

Sum of all possible values of X is=8

X y-1 z-2
© L 1= 3 3
P(1,0,7)
]
Q —_— . .
b=i+2j+3k
P'(a, B, 1)

Q(\,16+22,2+3))
D.rofPQ= (A—1),(1+21),(3L-5)
DrofL;=1,23

Mathematics
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25.

26.

PQ s perpendicular to line L,
1A - +2(1+21)+3(3L-5)=0
= A-1+4xr+2+90-15=0
140=14=2=1.S0,Q(1,3,5)
Qis midpoint of P & P'
a+1=1’ [3+0=3, y+7
2 2 2
(o, By)=(1,6,3)
Let required line having direction cosine (I, m, n)

=5

21 3n
12+m?+n?=1=1% +cos? > 3 +cos2 2 =1

2 2
= I2+(—1j +[—ij =1:I2=1
2 V2 4

:% [Line make acute angle with x-axis]

Equation of line passing through (1, 6, 3) will be

2ot an 1 R
T=(i+6j+3k —i—-=j-—k
r=(i+6j+ )+u[2I 2] \/5)
Option (c) satisfying for pn=4

@) Y,
E(0, 0, 1)
D(1, 1, 0)
F@©,11)
(1,0,0)
X
0 (0, 0, 0) c
A(0,0,1) B(101)
z
Equation of face diagonal OD line is
Il :F= A (,|\+,j)
Equation of main diagonal BE is
I :?=]+u(i—]+l2)
|j(|+] I—j+k |
Shortest distance = | (2
| (l +j I—j+ k |
ili-i-2k)| 1
i-j-2k | /6

In other case S.D is zero.
(c) Given the shortest distance = 13

0 4 1
3 4 0
2L 3 -12
= — =13
i
4

i K
0 4 1
3 -4 0

27.

28.

29.

153 +BA] 43
‘4i+3j—12k‘
153+ 82|
M 13153480 |= 169
13
15348} =169, —169— ) = L0 322
8 8
So, 8| = 2| =306
reS

(b) Giventhe lines

X+2 'y z-5 x-4 y-1 z+3

1 =2 2 1 2 0
Xo=X Yo—Y1 -1
il by a
. a. b C
Shortest distance= L2 2 2
ik
a b ¢
a b o
6 1 -8
1 2 2
12 0
2 o] s
i ] k| 6
1 2 2
1 2 0

(@) Shortest distance
(43, ?1 b,]
|by x by |
d,=(4,-2,-3), b, =(4,5,3)
d,=(1,3,4), b, =(3,4,2)

i j ok
byxb, =4 5 3|=i(-2)-j(-1)+k(@) =(-2,11)
3 4 2
3 5 7 18
[4,-3 by b,]=|4 5 3=18;Sd:%=3\/€
3 42
(d) Equation of line OP passes through (0, 0, 0) and (3, 4, 5)
X_y_z
537475

Equation of edge parallel to z-axis and passes through

(3,0,5)&(3,0,0)is
x-3 y-0 z-5
0 0 1

B393
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305
345
_ 001 34 12
R R
345
001

30. (d) We have shortest distance between two lines

X=X _ Y-y _
a

z-12,
ab &
a a3

1
X=X, Y=Y, _2-2
by b, by

Ei1 a az
by b, b3

\/(alb3 —agby)? +(aghs —aghy)? +(agby —a,by;)?

5-(3) 2-(-5) 4A‘

‘Xlxz Yi=Y2 21-23

1 2 -3
1 4 -5

CJ10412)% £ (5+3)2 + (4-2)2

8 7 3
1 2 -3
1 4 5 16+14+6 36 36

@ +@P+@F N2 2 28

_18 5

31. (d) Sincetheline ¢, is given by
X=2 y-6 1-2

&l

L

2 1 -2

R 6. D

L2
B(-
(1"410) N
Now shortest distance = M
MN
AB =3 +10] + 2k
Pk
MN=[2 1 -2=—4i-8]-8k
2 3 2

MN =+/16+64+64 =12

32.

33.

34.

35.

Mathematics

—12—80—16‘ _9

So, required distance =
12
x-1 y+8 z7-4,
®) = -7 5 °
d=1-8]+4K b =2 —7i +5Kk
x-1 y-2 171-6,
2 1 -3’

Gy =1+2]+6K b,=2i +]-3K

i ]k
byxb, =2 -7
1 -3

- i”(16)—i(—16)+|2(16)=16(i‘+j+|2)

d= (51—52)'(51X52)

‘61 X 52‘
(_10]—2I2)»16(f+j+lz) -12|
= % 1643 %: ‘f -
(d) P(4,6,-2)

M

X+3 -2 z-3
Equation of line is S Al =X

3 3 -1
M(3L-3,31L+2,3-2)
D.RofPM (3A—7,31—4,5-1)
Since PM is perpendicular to line
=3(BA-7)+3(3r-4)-1(5-1)=0
=>A,=2
Put A =2 in cordinate M.
=M(3,8,1)=PM= /14
(@) LetP@r+1,A+3,20+2)andQ=(u+2,2u+2,3u+3)
Take direction ratio’s of PQ to get equation of line

2h—p-1 A-2pu+1 2A-3p-1

1 -1 -2

By comparing the above equations we get
=>A=pu=3=P(7,6,8)andQ (5, 8,12)

pQ:Z«/E
x+1_ y_ z X_y+2 z-1
() 1 _l_llandl_ 11
2 12 6
Xo=% Y2=%N1 -4
a by G
a b c
=> shortest distance = 2 _2_ 2
|pxq|
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- — 35)2-141-21=0 = (A—1)(351+21)=0
gk For,A=1=a=5
pxg=f + HolroliiLlioroiosjsek Let (., o, ,01,) be reflection of point P
2 e a2 o,+5=2  o,+4=12  0,+2=0
11 5 a,=-3 o,=8 o, =2
A a AN A A A ato,ta,+o,=8
S.D.:(—l+2]—k)~(2|—3]+6k):|_14 . a+b+C:2A ) o
J22 132 62 | 7 38 @ L=F=@1-]+@i+k
B © LIk L=r=@-}+m@+j-K
A(2,0,5) Equating coeff. of i, j and k of L, and L,
2l+1=m+2 (i)
-1=-1+m=m=0 e (l))
b =-m (i)
(©.p.7) L = m = | = 0, which is not satisfy eqn. (i) hence lines do

P
Let foot of perpendicular is
P@r-1,50+1,-A—-1)= (o, B,7Y)

PA=(2-(21-1)7 +(0~(5h-+1) j+(5- (-2 -1))K]

PA=(3-2))1 (5% +1) j +(6+A)k
Direction ratioof line = b = 2 +5] —k
Now, PAb = ‘ﬁ”ﬁ‘cosgoc’ =0

= 2(3-21)-5(51+1)-(6+1)=0

:>7L=_—1
6
P(2k—1,5k+1,—k—1)zP(oc,B,y)
1 4 4
>o=2——=|-l=—7-=oa=—=
6 3 3
1 1
=>pB=5——=|[+l=—=PB=—
p=5[ -5 J+1-3 =~
5
:>'Y:_7\.—1:—_1:>'Y:—g
Check options
37. (b) (24,2
2J/6
2,3,-1

(201, 3043, —A+1)

X+1 y-3 z-1
2 3
X=2A-1,y=3A+3,z=-A+ 1.
@r-1-a)2+(Br-1)3+(-A-1)(-1)=0
= 4 -2-2a+9A-3+A+1=0

= 14A4-2a=0 = 7A-2-a =0and,
(21 —1-a)?+ (3L-1)%+ (L +1)>=24

= (5A-172+ (3L -1)2+ (L +1)?=24

=L

Givenlineis

39.

40.

not intersect for any value of | and m.
-1

(c) Given, LIRS inc Z_—+11 =p (let) and point P (3, 0, B)

1 0
AnypointonlineA=(p,1,-p-1)
Now, DR of APare<p-f3,1-0,-p-1-p>
Which is perpendicular to line.
S (p-p)L1+01-1(-p-1-B)=0

=p-B+p+ltp=0=p=—

-1 1
- point Al —,1,——
.. Point ( 2 2)

3 3
Given that distance AP = \E = AP2= 5

1Y 1% 3 1Y
:[B+§) +1+(B+§j :E or 2(B+§) :2

2
:(B+1) 1 =B=0,-L(B=0)
2 4 T
L p=-1
(d) Let 0 be the angle between the two lines

Here direction cosines of gz%:é are2,2,1

Also second line can be written as:

X-5 y-2 7-3
2 P 4
7

.. its direction cosines are 2, ; 4

a.a, + bb, +c,c
cosO = 18, +0ib, +¢,C,

Vb +b0 +f a3 b3 +3
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P 7
(2><2)+ 2x— +(l><4) 7= \/X—l +\/X - _ i
- %: ( 7) : ( | ))f- y =) (ii)
NPT \/22+%+42 From (i) and (i)
- x—(\/X—l):y—Ozz—«/X
B 4+7+4 N 1 Jr -1 (D)

41.

42,

2
3x /22 +%+42

2 2 2 2
= 4+E =20+P—:>16 8F)+P—:20+P—
7 49 49 49
8P
= 7=4 ~p='

(b) Let equation of the required line be

X=X _ Y=Y _2I-14

2 - b c (i)
Given two lines
X _ Y _*Z i
1- 11 (i)
q x-1 _y+1 z
an o - 51 ..(iii)

Since the line (i) is perpendicular to both the lines (ii)
and (iii), therefore

a- b+c=0 (V)
-2b+c=0 (V)
From (iv) and (v) ¢ = 2b and a + b = 0, which are not
satisfy by options (c) and (d). Hence options (c) and (d)
are rejected.

Thus point (x,, y,, z
(0,0, 0) or (1, -T. 0}
Now foot of the perpendicular from point (0, 0, 0) to the
line (iii)

=(1,-2r-1,r)

) on the required line will be either

(ii)

1,-1,0)

The direction ratios of the line joining the points
(0,0,0)and (1, -2r-1, r)arel, -2r-1,r
Since,a+ b =0.

“1-2r-1=0=r=0

Hence direction ratioare 1, - 1, 0

But ¢ = 2b i.e. 0 = 2 (-1), which is not true.

Hence the shortest line does not pass through the point
(0, 0, 0). Therefore option (a) is also rejected.

(d) ForlL,,
x=Vry+(Wr-1) = )b%\/f_l) ()

43.

44,

45,

The equation (A) is the equation of line L.
Similarly equation of line L, is

x—(l—f)zy—ozz—f
Ju 1 1-u

Since L, L L,, therefore
VI i+ 1x1+ (V2 -1) (- ) =0
= \/X+\/;:O = ﬁ:—\/ﬂ

=>A=pu

x-1 y+1 z-1
2 3 4
= x=2A+ly=3r-1and z=4r+1

X=3 _Z_
1 2 1 *
= X=3+p,y=k+2puand z=p
Since given lines intersect each other

(b) Let =2

and

= 2A+1=3+p (i)
3A-1=2pu+k (i)
p=4r+1 .. (iii)

Solving (i) and (iii) and putting the value of A and p
in (ii) we get, k=g

2
62) ¢
%M —>B:3i+2]+4IA< L

A(6,1,5)

Let M(3L +1,2A,4A + 2) bethe four of perpendicular from
AonlL.

AM-b=0

= 9A-15+41—-2+16A—
= 290=29

= Ai=1

M (4,2,6),1=(2,3,7) listheimage of Ain Line L.

Required Distance = /4 + 9+ 49 = /62
(11) Q(1,6,4)

12=0

A(12.8.7)
1414 14

P(a,B,v)
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. x y-1 z-2
—_——_— == t
Given, 1 > 3
So, Direction ratiois b= +2j+3k
and A(t, 2t + 1, 3t + 2) will be a general point on given
line.

QA= (t-1)i+(2t-5)j+ (3t —2)k
Now QAb=0 {-QA Lb}
= (t-1)+2(2t-5)+3(3t-2) =0
= 14t=17 =>t=17/14

Hence point A is A(E 18 B)

141414
Since Aiismid point of Pand Q
0 20 g 12 102
14 P71 VT
154
200+B+y=—-=11
Prv="

46. (13) P(10,-2,-1)

(-6,7,-5)
(2,-5,11) R(1,7,6)
The qiven line x+6_y—7_z+5_7L
egivenline: —g 12 16

Then co-ordinate of Q is,

Q= (21A-6,7-3),41L-5)

Now, QR = (2A~7, —31, 41 —11)
Since, QR is perpendicular to the line
. QR-(dr's of line)=0

=40 -14+90+16L—-44=0
=29 =58=>A=2

L Q=(-21273)

PQ =+/144+9+16 =~/169 =13

47. (43) @ =Ai+2]+k

a,=-2"-5+4k j i

f):Bf—]+I2

q:—3iA+2]+4I2

(A+2)i+7]-3k =7 -3,

Px =61 —15] +3k

Shortest distance = M‘
|Pxd|

44 |-6).-12-105-9

V30 [(-6)? + (~15)* + 3°

a4 |6x +126|

V30 330

B397

132 =62+ 126|
A=1,2=-43
largest possible |A]is|A|=43
48. (25)
(=i +2])
2,81 ——

(-3 +4]+2k)

Coordinate of point P and Q, are
P(-31—2,41+2,2)+5)
Q (—H—Z, 2“_6, 1)
dr'sofPQ=(3A—p, 2n—-41—-8,-21—4)

] ok
dr'sof PQ=|-1 2 O

-3 40

= (4 +2]+2k) OR(2,1,1)
M—p 2u-4h-8 -20-4
2 1 1
S u=A+2&7A=p-8
A=
Q:(-3,4,1)

X+3 y+4 z-1
2 1 1
a+4 p-1

(-Lo,B)=>1= 1 1

= 0=-3,p=2
(o =B)2=25

Equation of line PQ:

N
W =

38 , (51 +5] —9K)
49, (48)3\/g = \/g ’

N X

38 19

jﬁsz

19 35 3
= x—=k==

J5 38 2

=k

3/2
0

3/2

[x2]dx :I;de + Ilﬁldx + N7 2dx

=2-2

o =2=60° =48
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50. (21) P(1+X, 2-, 3+1)
= k:irE
. 2
1 X-4 y+6 z+2
&z 3 *
L, 707 7
Q4+, 5+, 6-p) P(21><$+4,$><21—6,$><21—2
b=i—]j+k (Direction vector of L,), =P(22,0,7)=P(a,b,c)
d = i+ j— k (Direction vector of L) PQ=/324 +144 +16 = 22
Xx+1 'y z
A, . =2t Y _ ,
s 53. (16)Let b="—-T> =75,
bxd= -1 1|=0i+2j+2k (Direction vector of Line Lo_X_y+2_z-1
11 - 271 1 1
. 6
perpendicular to L, and L,) d, = shortest distance between lines L, &L,
DR's of PQ line

51.

52.

=(0,2,2)=(3+p—A,3+p+A,3—p-1)

3+u—-A 3+u+A 3-p-2

0 2 2

. . 3 3
Solving above equations we get 1 = = and A -l

point pz(ii 2), QE(S 7 15)

Mid point of PQ = (;2,6) = (o, B, 7)

2'2'2 2'2"2

2(a+pB+y)=5+4+12=21

(12)

Ly:—

le%z%zzT_lzr —-Q(rr1)

xlz+1
1 -1

GivenP(a, a,a)

Dr's

of PQ=(a-r),(a-r),(a-1)

DrsofL,=1,1,0

la@-r+(@-n=0 = a-r=0

= a=r
Dr'sof PR =(a—k),(a+k),(a+1)
DrsofL,=(1,-1,0)

a-k

-a-k=0=k=0

As PQ L PR

@-n@-k+@-n@+k+@-1)@+1)=0

a=1
(22)

X—4 X+6 z+2

or-1 =12a*=12
Equation of line AB is

=X

12

PA = \/ (120)2 + (40)2 + (61.)% =196)2 =441

4 6
P(12) +4, 41— 6,61 —2)

= _T:k —)R(k,—k,—l)

54.

o _|@-a) (b xby)|

1 — — —
| |(b1Xb2)| |
d =2
x-1 y+8 z-4 x-1 y-2 z-6
2 -7 5 2 1 -3
d,= shortest distance between L, and L,
12
d, =—
frarcls
Nod 32V/3d; _32./3x2 _32x3 16
d, 12 6
V3
(196)

M@ +1,2) +2,-2) —1)Then,a+f +y=3) +2
N(E3up-2,-2u +2,4pn +1). Then,a+b+c=—-p +1

L, L
(-1,2,3) / \

M(a, B, v)\N(a b, c)

W+2 2 -2h-4
W 301 2 4p-2
= 3Apu+2u=3pn+Ar

N

= 2u=>A

2 —A=Ap+2u
= A=A+2u
= M=2A

> u=2 (A#0)

Soa=4
Now, .+ B+y=14
&a+b+c=-1

(@+B+1° _196

Then, = b+ o)

()

(i)
(.. from (i) and (ii))
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55.

56.

B399

(65) Let P(t, t—2,t)and Q(2s -2, s, S)
D.R'sof PQare2,1,2
2s-2-t s-t-2
2 2
=t=6ands=2
=P(6,4,6)andQ (2, 2,2)

s—t
2

X-2 y-2 z-2
2 1 2

Let FQQA+2, L +2, A +2)
A(L,2,12)

AFPQ =0 [AF_LPQ]
LA =2
So, F(6, 4,6) and AF = /g5

=1= /65

=12=65

b

P = Q

A

PQ:

X-5 y-4 7z
4 1

dr'sof b, =(4,1,3)
M(4L +5, A +4, 3% +5)

-5
L, 3 =k ey

X+8 y+2 z+11
212 5 9
dr'sof b, =(12,5,9)
N(12p—8,5u — 2,9 —11)
MN=(4x -12u +13,A =51 +6,3AL -9u +16) ...(I)
ij ok

Now, b,xb, =4 1 3|=-6i+8Kk ..(ii)
12 5 9

From equation (i) and (ii)

4),-12p+13 A-5u+6 3L-9u+16
T % 0 8

I | i
Solving I and 11, we get

A=5u+6=0

Solving I 'and 111, we get
A-3u+4=0

Solve (iii) and (iv), we get
A=-Lp=1

- M(L,3,2)

N(4,3,-2)

. OMON=4+9-4=9

= U (let)

(i)
(iv)

57.

58.

59.

X-2 'y z-7
—:—:—:7\4
(108) 1 1" 8

x+3_y+2_z+2_k

4 3 1

= A+2=4k-3and-A=3k-2

= k=1,1r=-1

Now, 8\ +7 = k-2 = -1 =-1 satisfy
P=(1,1,-1)

P(1,1,-1)

11,1 R—> 2i+3j+k
Projection of QP = 2i — 2k on 2i +3j+Kk is
12 _ 2

|@|=—m= \/ﬁ and |@|=2\/§

2 552 _loRl2 =g 4 108
I _|PQ| |QR| 8 14 14
= 141>=108
(5) LetE:(Oi+0Aj+OIA<)+y(ai+bAj+clA<)
:y(af+b]+cl2)
i
:ai+bAj+clA<=1

k
3|=-4i-5j-2k
2 21

NN =

= K:y(—4i+5]+2lz)

and, ; (L+A)i + (<11+ 20)j + (=7 + 30k
P is intersection of / and 7,
~Ay=1+)A,50==1A+2), 20 =7 +3%

By solving there equation y=-1, P (4, -5, 2)
Let Q(-1+2u,2u,1+p)

then, PQ=(5-2u,-5-2u,1-p)

PQ-(2i +2j+k)=0=—2+4u+4u+1+p=0
1

NS EAEY

9 9'9°9
-7 2 10 5

Q(a+B+y)=9| —+—+— | o +P+y=—

(c+B+1) [9 9 9) arpry 9

. . x-1 2-y z-3
(18) Given the lines = =
2 -3 o

X-4 y-1
5

So, point on first line (1,2,3) and point on second line
4,1,0).

And =é intersect
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60.

61.

62.

Vector joining both points is —3?+]+3IA<
Now vector along first line is 2?+3]+ ak

Also vector along second line is 5?+2]+BIA<
Now these three vectors must be coplanar

2 3 «a
=|5 2 B|=

-3 1 3
=2(6-p)—-3(15+3p)+a(ll) =0
=a-B=3=a=3+p

Now, 8(3+B) B = 8(B2 + 3[3)

2
[B +3[3+9 9) ([3+ j—18

So magnitude of minimum value = 18

i i k
(158)Since, [I 3 —2/=4i—4j-

1 -1 2

. .. IXS28my=3RE7TT
Now, equation of line is = " = >

Let Q be (5, 3, 8) and foot of L from Q on this line be R.

Now,R = (k+2,—k+3,-k+1)and
DRofQRare (k—3, -k, —k=7)
So, (1)(k=3) + (-1)(-k) + (-1)(-k-7)=0

:>k=—i
3
) (13)2 (4)2 (17)2 474
a‘={=| +[=| +|=| =—
3 3 3 9
- 302 =158
(9) SinceA-(0,2,0)
(51 + 2] + 3K)
(-1, 4) B c
1 ] ] : 1
—.2~+/21. 1 4 —|=21J21
Now, 2 \/—: ) a;r V25+4+9 /21
= \J(2a+5)? +(2a+20)% +(20.-5)° =+/21/38

— 1202+ 800 +450 =798
— 1202+ 800.—-348=0
— o0=3= a?=9

(18) P=(2,3,4)-(12,3)=(111)

F=(i+2]+3K)+a (i +j+K) F=d+Ap
F=(f—]+2l2)+p(2f—]) F=b+pg
P j K
pxg=1 1 1=7+2j-3k
2 10

63.

64.

65.

o _|(B-3)-(pxd)
|pxd|
_|(—3j—l2)-(f+2]—3k)|
ST e
d_|0—6+3|_ 3. .8
e e YT

Now, 2802 = 28x - =18
14

(14) Shortest distance between the lines
Since &, =(2,-1,6), 4, =(6,1,-8)and
Bl=(3,2, 2), 52 =(3,-2,0)

Now (d,-4,) =(4,2,-14)

bix b, =(4,6,-12)

So, shortest distance =

(52_ a1)(51>< 52)
—B =

1< b,

16 +12+168

\/16 +36+144

(384) Given the lines

x+v6 _y—6_z-6

196

B . 4
x-A _y-2a/6 z+26
3 4 5

Now, Vector along line of shortest distance
ik

=|2 3 4= —i+2]j—k(itsmagnitudeis/6)
3 45

J6+4 6 36

Now, % 2 3 4 |= 16

3 4 5
= A =-216,10V/6
Then, square of sum of these values is 384
(153) Given lineis X*1_Y+2_2-1

2 3 2
let x+1:y+2:z—1:x
2 3 2

X=2A-1,y=3A-2,2=20+1

let point Q(2A—1,3A—2, 20 +1)
Then, distance of PQ = /26.
(2L—5)2+ (3L—4)2 + (21— 6)2= 26

)2+ 25200 + 902 + 16 — 24\ + 402 + 36— 240, =26

Mathematics
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1702-681L+51=0 =17(A2-41L+3)=0
= M-41+3=0=>(A-1)(A-3)=0
= 1=13

Put A in point Q.
Q—-(2(1)-1,31)-2,21)+(1)—(1,1,3)
R—>(2(3)-1,303)-2,23)+1)—(5,7,7)

Area of triangle PQR = %‘P—Qxﬁ‘
11,2 = ~ R
:E‘(3I+j+4k)><(|><5])‘
= 153
66. (6) IfF=3+Ab and T=C+Ad
" a-C=(a+4)i+2j+3k

bxd (2?+2Aj+ﬁ)

bxd 3
Then shortest distance between two lines is,
(@-c).(bxd)
[bxd]
= ((a+4)i+2]+3|2).M:9
9

= 200+15=27=0=6
67. (4) Since, PQis perpendicularto L

P(1,0,3)

R R

20 10 98 11

+———+—=0
= "3 9 9 9
200 24
_— a:4
=~ 3 9

68. (a, d) Let any point
P(k,0,0) onlL,, Q(O,u,l) on L,and R(l,l,v) onl,

" P, Q, R are collinear, . PQ || PR

A -u -1
A-1 -1 -—v
A-1 A

Clearly from above that A # 0,1

A

~ 1a
F =k-=
@@ For Q 5

L = —E => 30 =+1, which is possible.
r-1 2

(b) For Q=K

L: 0= A =0, not possible

A-1
(c) For Q=|2+]

=) —1, not possible

(d) For Q=k+

Al
——=—22A=A-1=2A=-1
A-1 2
which is possible
Hence options (a) and (d) are correct and options (b) and (c) are
incorrect.
(a, b, d)

—> ~ . R ~
Lior = i+A(-i+2]+2k)
L: T = pu(2i-j+2k)

Since L, being perpendicular to both L; and L, is the shortest
distance'line between L; & L.

. Direction vector of line L, : (=i+2]+2k) x (2i - j+2K)

i J Kk
=1 2 2/=6i+6j-3k
2 -1 2

LZ

-+ L, and L, are skew lines

Let any point on L, and L, be

AL -2, 2%, 2)) and B2y, — w, 2u).

sodrsof AB=2u+ A -1, —p-23, 2u - 21
AB and L, are representing the same line

2u+A-1 —p-2%  2u-2)

6 6 -3
= 3+3u=1 N0
6h—3u=0 (i)

1 2
Solving (i) and (i) we get: A= 5 pu= 5
822 424
Alo'9'g)@dB(97g g
Equation of L, is given by
T o= §(4€+]+|2)+t(2i+2j—|2)
.. (a) is correct.

o = §(2€-]+2|2)+t(2i+2j-|2)
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70.

71.

. (b) is correct

o [20d
Also mid-point of AB is 373

L, can also be written as
1.~ -~ o~ -
F) = 5(2| +K)+1(21 +2j-K)  wheret € R

. (d) is correct.
Clearly (0, 0, 0) does not lie on

F=§(4f+ i+|2)+t(2i+2]—|2)

F=t(2 +2] - |2) can not describe the line L.
.. (c) is incorrect.
(c) Giventhatlinesarex=y,z=1
x—O_y—O_z—l_a )
1 1 0 ()
2 Q (o, 0, 1)
andy=-x,z=-1
x-0 y-0 z+1
-1 1 0
'.'_ R (_ Bl Bl__ 1) (Say)
Direction ratios of PQare A— o, A— o, A — 1
and direction ratios of PRare A + B, A — B, A + 1
- PQ is perpendicular to L,
LA-—a=0>A=a -

>l =

B ...(ii)

=L, =

...(iii)

-+ PR is perpendicular to L
(L +P)+A-P=0 =P=0

s dr'sof PQare0,0,A -1

anddr’sof PRare A, A, A + 1
w/QPR=90°=>A-)(A+1)=0=>Ar=1lor-1
But for & = 1, we get point Q itself

cowetake A =-1

(b, d) The given lines are

lq :(Sf— i+4|2)+t(f+2}+2|2)
ly :(3?+3]+2I2)+s(2f+2j+|2)

Direction vector perpendicular to bo /;and /5

i jk

b=ty xly=[122/=-2i +3] -2k
221
X _y_z
2° 3 2

Any pointon ¢, is (t + 3, 2t - 1, 2t + 4) and any point on £ is (24,
=3, 2\

.. Let intersection point of ¢ and ¢, be P.

t+3=2), 2t-1=-31, 2t+4=2L

= t=-1,r=1 - P(2,-3,2)

Any point Q on £, is (2s + 3, 2s + 3, s + 2)

According to question PQ = /17

= (2s+1+(2s+6)? + =17

-10
= 09s2+285+20=0 = s=-2, 9

72.

73.

_ ri8
. Point Q can be (-1, -1, 0) and 9'9'9

Xx+11 y+21 z+29
1 2 3

Y

(c) LetL:

Xx+16  y+11 z+4

3 2y
X=A=11=3u-16=A-3u ==-5 ..())
y=20-21=2u-11=22-2u =10
2=3A-29=py—4 =3k —py =25 ..(iii)
from (i) & (ii)

andL,:

A=10,u=5

Now from (iii)

3(10)-5y =25 sy=1

So,R, = (-1,-1,1)

Now, OR,= i — j+k
Pk

A=|1 2 3/=-4i—(-8)]-4k
321

fi=—4i +8]+4k =-4(f —2] +K)

A-2]4K)  ((-2]+K)
+ A =+ G

(A)—>t; (B)—>pr; (C)—aqs; D)—>r
Let the line th h origin b L'i—l—E
et the line through origin be 2 b c
since line L intersects
L. x-2 y-1 z+1
11 21
x-8/3 y+3 z-1
and L,: =1 "1
at P and Q,
line L and L, coplaner.
Xo=X YYo=V 2,4
- Using| & b ¢ |=0
a, b, )
2 1 -1
cl=0=a+3b+5¢c=0

wegetf@a b
1 -2 1
Also L and L, coplaner

Mathematics
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83 -3 1
and|a b c¢=0=3a+b-5c=0
2 -1 1
On solving (iv) and (v), we get
a b ¢ a_ b c
~15-5 15+5 1-9%5 5 2
H tion (i) b X_ I A
ence equation (i) becomes 55 o
Any point on L, P(51,-5X,21)
which lies on (ii) also
5L-2 5r-1 2A
- B h SN
1 -2 1
~ P(5,-52)
Also Any point on L, Q(5A,-54,2))
which lies on (iii) also
51 -8/3 _ 51 +3 _ 2)»—1:”L ~2/3
3 -1
10 -10 4
25 25 4
Henced? =PQ? =| —+=—+—|=6
9 9 9

@) tan'(x+3)-tan""(x-3)=tan™"

(V)

(4-n)°-4 3

o 4-p 1

= u2—8u+12:12—3u = p2—5u:O

= u=0o0r5

| :EJTE sir](9x/2) ‘=
nd-n sin(x/2)

Let§=e:dx=2de

2
—x
T

(D)

ZJK SI!’] 9x/2 dx
0 sinx/2
f (x) is even function]

[...

Also atx=0,0=0 and atx = 1,0 = 1t/2
J-n/23|n96

sin®
_In/z sin96—sin 70 (S|n79 S|n59)
sin® sin®
(sin 59.—S|n 30) N (sin 3(?—S|n 0) 0
sin© sin©

sin @
+—
sin®

n/2 /2
EI (00389+00569+cos49+00529)d6+§I de
T Y0 , 10

16 sin60 sin40 sin20 |

8

=0+§(£— j=4
n\2

b 6 4 2
Topic-3: Equation of a Plane in Different Forms,
Equation of a Plane Passing Through the Intersection
of two Given Planes, Projection of a Line on a Plane

sin80 8

(e)nlz

0

1. a) Equation of the plane passing through the intersection line
= tan'l[x+3_zx+3j:tan gf)glver?planes is - P ¢
1+x°-9 (x+2y+3z-2)+Mx-y+z-3)=0
6 or
PR =x?=16 or x = 4,4 (A+2)x+Q2=A)y+(3+1)z+(-2-31) =0
L 2
© 'é=p5+46:> 625—4ub Its distance from the point (3, 1, -1) isﬁ
~ ~ |3(1+k )+12-A)-1(3+A)+(-2— 3k)| )
b-3a). C|=0 o
Then(b ~a).(5 +¢) ) \ J(1+x) +(2-1)2 +(3+1)> \ N
- (- d-ub)
= (b—a).Lb+ JZO ‘ -2 ‘ 2
4 :>2—=—
i . V3r2+4n+14| 3
= (b—é).( Hb+—j=0 ) ) 7
4 4 = 30" +4A+14 =37 :>k=—§
-2
. 4‘“‘6‘2 _|aT:0 .. Required equation of plane is .
12 2 ) (x+2y+3z-2)- = (x-y+2z-3)=0
= (4-p)lp| -la* =0 0 2
or 5x-1ly+z=17
Also, 2. (a) Equation of st. line joining Q (2, 3,5) and R (1, -1, 4) is
_ 4-p-~ a =~ |2 X-2 y-3 17-5
— 2? b+=| =|b-4a - - Y
2‘b+c‘ ‘b a‘: +4 ‘ ‘ 1 ) 1

= (@-w)?[o| +[af =4[p[ +4fa [ ab

= [(@4-p)? —4]‘b‘ = 3lal’

From (i) and (ii), we get

Let P(-A+2,—41+3, -1 +5)
Since P also lieson 5x -4y —z=1
“ 50 +10+16A-12+A-5=1

:0}
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= 120 =8 A 2 P—(EEEJ ; . X _ Yy _z
=8 = _E S Now equation of plane containing the line Y and

Now let another point S on QR be
(—u+2,—4u+3,—u+5)

Since S is the foot of perpendicular drawn from
T(2,1,4)to QR, where dr’sof ST are i, 4u -2, p -1
anddr’sof QR are -1,-4, -1

1
-u-16p+8-pu+1=0 = 18u=9 :>u:§

(212
2 2

Distance between P and S

Y6

1 . 4+ 1 1
36 9 36 T@L "
Q(2,3,5)

S

b
p(é,lﬁ
3'3" 3

R(1,-14)

(@) Since perpendicular distance of X+ 2y —2z — a =0 from
the point (1, -2, 1) is 5

1-4-2-a PL-21)
S |———=5
3
T s e i
3
= a=-200r10
X+2y-2z=qa

Buta>0= a=10

Equation of plane : X+2y—-2z-10=0
We know that foot of perpendicular from point (x, y, z) to the
plane ax + by + cz + d = 0 is given by

x—xl_y—yl_z—zl_—(ax1+by1+czl+d)

a b c (a2 +b% +¢?)
x—1_y+2_z—1_—(1—4—2—10)_§
1 2 -2 9 3

_8 4 7
O TR R

Foot of L' = (§ 4 ;7]
~\3'3"3

(c) Equation of plane containing two Iines% = % = é and
X_¥y_z is given by
4 2 3

X 'y z

3 4 2/=0 = 8x-y-10z=0

4 2 3

perpendicular to the plane
8x —y—10z =0 is given by,

X oy z
2 3 4 =0
8 -1 -10

= —-26X+52y -262=0 or x-2y+z=0
(c) Since line makes equal angle with coordinate axes and which
has positive direction cosines

111
SERERE
= Dirs=1,1,1
Equation of line is
X-2 y+1 z-2
1 1 1
~ QA +2,AL—1,A+2) beany point on this line where it meets
the plane 2X+y+z=9
= 2A+2)+A-1+1+2=9 = p =1
: Q has coordintes (3, 0, 3)

=X

PQ =/(2-3)2+(-1-0)% +(2-3)% =3
@ r=(- i+2l2)+u(—3f+ ]+5I2)
= (1-3u)f +(=1+p) j+(2+5wk
Let coordinates of Q be (—3pu+1,1u—1,5u+2)
d.r’s of @ =-3u-2,u-3510-4
Given that @ is parallel to the plane x—4y+3z=1
1.(-3u-2)-4.(n-3)+3.50-4) =0

= 8u=2 or p:%

(d) We know that the equation of plane through the point (1,
-2, 1) and perpendicular to the planes 2Xx—2y+2 =0 and

X—y+22=4is

x-1 y+2 z-1
2 -2 1 |=0 = x+y+1=0
1 -1 2
It’s distance from the point (1, 2, 2) is
1+2+1
=2J2.
V2

(d) Let X + y + z =1 be the eq" of variable plane which meets
a C
the axes at A (a, 0, 0), B (0, b, 0) and C (0. 0, c).

Centroid of A ABC is (% E %j

b
-, Z
3
putting these values in

x=dy=R, 8
3’y 3
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10.

i.}.i_}_i:k = i+i+i:k

X2 y2 22 a2 bz CZ

- t, 1,1k )
a® b’ 2 9

Also given that the distance of plane X +%+£ =1 from (0, 0,

) ) a c
0) is 1 unit.

1 1 1 1
o —2+—2+—2=1
1,11 a? b’ ¢
a? b? c?
. k .
From(l)weget§=1 i.ek=9
(a) Since the line x-4 = yIZ = Z;k lies in the plane

2X—4y+17 =1, then the point (4, 2, k) on line also lie on the  11.

given plane and hence
2x4-4%x2+k=7 =

k=7
(45) 0

u(u)

V(v

Given, |u—-vl=|v—w =|w-ul
So, AUVW is one equilateral triangle
Given that distances of points U, V, W from plane

7 7
P=—=AQ=-—
2 Q 2
Distance of plane P from origin
0+0+0-16
\V3+4+9 ‘ 13.

N~

.
*OA=0Q-AQ=4- =

In AOAU, UA =/OV? —0A? = /1—% =§= R

In AUVW, is circumcenter

3
US =R c0s30° = UV =2 R cos 30° = E

2
o AT AUVW = ﬁ(ﬁj _93
4\2 16

Volume of tetrahedron with coteminous edges

o1
0.V, W= (Ar AUVW) x OA

*Q 12,

B405

1 93 1 33
= —X—X—=—

3 16 2 32
\Volume of parallelopiped:

V = 6 x volume of tetrahedron = 6x 3\/5 :%
32 16
W
A
R
30°
Now, 80y _ 80 V3
V3 3 16

(8) Let coordinates of P are (a, b, ).

So, coordinates of Q are (0, 0, ¢) and coordinates of R are
(a, b, —c).

Given that, PQ is perpendicular to the plane x +y = 3.

So, PQ is parallel to the normal of given plane

ie. (ai + bj) is parallel to (i + j) on comparing
= a=b

As mid-point of PQ lies in the plane x + y = 3, so
a b

—+—==3

2 2

= atb=6=a=3=b

Therefore, distance of P from the x-axis

= \/bz A= B
= b2+c2=25
= ¢?=25-9=16 => c=t4
Hence, PR =|2c| =8
(6) The equation of plane containing the given lines:

(given)

x-1 y-2 z-3
2 3 4 |=0 =>x-2y+z=0
3 4 5

. Distance between X —2y+Z =0and Ax-2y+z=d

= Perpendicular distance between parallel planes ( Azl)

ol

=-—=4/6 d|=6.

7 J6 =|d|

(0.75)

Given that linesare ¢ = = . ()
F=p@+)) (i

F=v(i+]+ IZ)
These lines cut the plane x + y + z = 1 at points A (%, 0, 0),
B (1,p,0)and C (v,v,V) respectively
Since, A liesonplane = A=1=A (1,0, 0)

1
Since, B liesonplane = p+pu=1=p =§

11
_1_50
:B[z 2 j

Since, C liesonplane > v+v+v=1 =v =§
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15.

16.
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>
>

P

|

N
Wik N~
Wl

Equation of plane containing vectors i and |A+] is
x=1 vy

[F—?ihj]:o: 1 0
1 1

=1z=0 (i)

~

z
0=0
0

Similarly, equation of plane containing vectors i— ] and i+k
is

x-1 y+1 z
[r-G-7i-ji+k]=0o =1 -1 0=0
1 0o 1

= (x- 1)(—1 O) (y+1)(1 0)+z(0+1)=0
=-x+
=X- y+z-0 (i)

Let 5=ai+b]+cl2

Since a is parallel to (i) and (ii)
~c=0anda+b-c=0=a=-b

. a vector in direction of a isi— ]

Let 0 is the angle between a and i 2] +2k then
L14(-)(2) _, 3

cosO =+

VI+lJ1+4+4 23
1
=Cc0s0 =t—
V2
= 0 =mn/4or 3n/4
Unit vector perpendicular to plane, n=+ PQXPR
\PQXPW
PQ=i+]-3k; PR=-i+3]-kK
i ]k
~PQxPR=|1 1 -3

-1 3 -
= (-149)i—(-1-3)j+ (3+Dk =8i+4]+4k
|P—Qxﬁ|=\/64+16+16:\/%=4\/6
~ (gi+4i+4k)  (2i+]+k)
n:iL8l+4j+4k):iL2l+1+k
46 J6

(a, b, c) Let X =(x,y) S: {(x - 1) + (y - 2*+ (z - 3)) -
((x—4)*+(y-2)*+ (z-7)) =50}

17.

18.

= S:{6x+8z-105=0}

Similarly T={6x +8z-5=0}

Both S and T represents the equation of plane and
parallel to each other.

105-5

36+ 64

So. Swill contain atriangle of area 1. So (a) is correct.
Hence (b) and (c) are correct but (d) is incorrect.

Other Distance between plane = ‘ ‘ =10 unit

(a, ¢) Equation of line parallel to

Xx-2 y-4 z-6
1 2 1

through P(L, 3, 2) is Xllz y—3_ 212

5 = (let)
Now;, putting any point (A + 1, 24 + 3, A+ 2) in plane L,,
A+1-20-3+3(A+2)=6

=>Ar=1

So, pointQ (2,5, 3)

Equation of line through Q (2, 5, 3) perpendicular to L,
. X=2 y-5 7-3

Is—— =" =73 = (Let)

Putting any point (n + 2, -p +5, 3p + 3) in plane L,
=>p=-1

So, pointR (1, 6, 0)

@PQ=+1+4+1=6
(O)R(L,6,0)

(c) Centroid [f EEJ
333

(d)PQ+QR+PR= /6 +/11+/13
(a, b) We have planes P, and P, glven as
P, :10x + 15y + 127 — 60 = 0 and
-2x+05y+4z-20=0
Tﬁus equation of pair of planes is
S: (10x + 15y + 127 - 60) (-2x + 5y +4z-20)=0
Now we will obtain a general point of each line and we will
solve it with S. If we get more than one value of variable
A, then the line can be the edge of given tetrahedron.

(@) From option we have x-1 = y-1 = z-1
0 5

x-1 y-1 z-1

70 0 s

So, pointis (1, 1, 5A + 1;

So, (601 —23) (20 -17) =0

}\‘Zéandﬂ
60

So, it can be the edge of tetrahedron.

(b) Similarly for option (b)

point is (=51 + 6, 24, 31)

So (161) (32A — 32) 0
A=0and1

So it can be the edge of tetrahedron.
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19. (a b, c) Weare glven that equatlon of plane is - option (a), (b), (c) are true.
—_ 22. (c,d
r=—(t+pl i +tj +(1+p) k a) Direction vector of line of intersection of two planes will
This can be written as be given by, x f
~ ~ ~ ~ ~ X .
F:k+t(—i+j)+p(—i+k) v L
i j k
Now, equatlon of plane in standard form is A A A
- LMpxfy, =12 1 -1/=3i-3j+3k
|:I‘—k—| +]—| +kJ
. 12 1
S X+y+z=1 (i)
Coordinate of Q = (10, 15, 20) . dr’s of line of intersection of P, and P, are 1,- 1,1
Coordinate of S = (o, B, v, (@) is not correct.
a-10 B-15 y-20 -2(10+15+20-1) (o) The standard form of given line as
1 1 1 3 x-2 1
. o X — % _3_~3_*
-+ point of reflection is given as 3 3 3
v 1x3+(-1)(-3)+1(3)=9=0
y-y, z-17; —2(ax +by +cz; +d) . This line is not perpendicular to line of intersection
= = = 2 2 > ~. (b) is not correct.
b C a“+b°+c (c) Let 0 be the angle between P, and P, then
88 2x1+1x2 Px1 3 1
0-10=p-15=y-20=— > oo [2XIHLx2+ (x| 3 1
3 T |6 2
43 28 . 6 =60°
o=-— [3 ey ? Hence (c) is correct.
_ (d) Equation of plane P, :
3(oc+[3) -101, 3(B+y)——7l D) 3 - _ -
3(y+oc)——86and3(oc+[3+ 1) =-129 1x-4)-1(y-2) +1(z +2)=0=>x-y+z=0
20. (a b) The point ﬁf |ntehrs$]ct|on of L11 and L, is (1,0, 1) .. £ 2,1 1) from P 2-1+1 2
Line L passes through the point o intersection istance of (2, 1,1) fromP; = ————=—F
(1,0,1) of L, and L, [ v+l B
. 1—(1 _l 1—Y . 23. (b, c, d) According to question the coordinates of vertices of
T T m () pyramid OPQRS will be
- Line L, bisects the acute angle between the lines L, and L, 33
then 0(0,0,0),P(3,0,0),Q(3,3,0),R(0,3,0), S 553
e oo (1= +3k =3 =] +k) s
r=i+k+a
V11
_ - P X
=>r= k+t(|+]—2k) o
- 3
:>£=m=—2:£=m=1 T
1 1 =2 o
1-a R 3
From (i), ) - -l a=2
v .- Gl of00=1,1,0
and 2 et drsof 0S=1,1,2
=2-(-1)=3andl+m=1+1=2 .. acute angle between OQ and OS
21. (a b c) 2 1
P(1,0,-1) - cost [—] =cos ! (—] L
V2x+/6 V3/ 3
.. (a) is not correct
A

(c) Similarly for option (c)

Point is (-2, 51 + 4, 42)

So, (1032) (451) =0

A =0only

So, it cannot be the edge of tetrahedron.
(d) Similarly for option (d)

Point is (A, —2A + 4, 3})

= (161) (-2A) =0 = A =0only
Hence, it cannot be the edge of tetrahedron.

P(3,2,-1)

Mid-point of PQ = A (2, 1, -1)
DrsofPQ=2,2,0

B407

Since PQ perpendicular to plane and mid-point lies on plane

.. Equation of plane :
2(x-2)+2(y-1)+0(z+1)=0 =>x-2+y-1=0
= X +y = 3 comparing with ax + By + yz = §,
wegeta=1,B=1y=0and=3.

Eqgn of plane OQS = =0

Xy z
1 10
11 2
=2x-2y=00rx-y=0
. (b) is correct.
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24.

25.

length of perpendicular from P (3, 0, 0) to plane x —y=0is = 26.
3-0| 3
N
.. (c) is correct.
X y-3 z X _ y-3 z
Eqnof RS : §=y_—3=§ or I=_—1=E=7»
2.2 2

. Any point ON RS is N (A, =\ + 3, 22)
Since ON is perpendicular to RS,

“ ONLRS = 1xA—1(-A+3)+2x 2% =0

1 15
:>x=—:>N(—— j

o [ 2

(d) is correct

(a b) - All the points on L are at a constant distance from P,
and P, that means L is parallel to both P, and P,
f ik
b=[1 2 -1=i-3j-5k
2 -1 1
28.
X Yy z
Li—=—=—=1)(sa
1 -3 -5 ( y)
- Any point on line L is (A, —3%, —51)
Equation of line perpendicular to P, drawn from any point on L
is
X=X _y+3h z4+5%
T e
M(u+ 2, 20 =34, =L = 51)
But M lies on P, so, it satisfy the eqn. of P,.
-1
H+A+4p—-6L+u+5A+1=0= pN= E
1 -1 1
M(X——,—3k—,—5k +—)
6 3 6
For locus of M,
1
X=A— —,y=—3k—l,z=5x+ 1
6 3 6
x+1/6 y+1/3 z-1/6 .
= 1 3 5 ° 29.

-5 =2
On checking the given point, we find (QE,?) and

55
636 satisfy the above eqgn.

(b,d)Py:(x+z-1)+2y= O:>x+ky+z—1 0
Distancé of point (0, 1, 0) from P,

A-1 -1
T 5| T1=0 -2+ 1=20242 = 0=
N2+ 2

Distance of point (a, B, y) from Py :

1
a+Ap+y-1 (X—Eﬁﬂ’—l
Tz |Tie Ty =2
2+ 3
2

1
= a—§ﬁ+y—1=i3:32a—B+27—2=16
= 20a-pB+2y-8=00r2a-B+2y+4=0

Mathematics

(a, d) Given that L, and L, are coplanar, therefore
5-a 0 0

0 3—-a -2 |=0

0 -1 2-o

= (5-a)[6-5a+0%—2]=0

= G-a)a-D(a-4)=0 =>a=145.
(b, c) Given that lines are coplanar.

X=X Y2-Y1 -7 |2 0 0
& by Cq [=12 k 2/=0=>k==2
ap b, | 5 2 k
For k = 2, equation of the plane is given by
x-1 y+1 z
2 2 2/=0=y-z+1=0
5 2 2
For k = — 2, equation of the plane is given by
x-1 y+1 =z
2 -2 2|=0=>y+z+1=0
5 2 2
(b, d) Normal vector of plane P, is
ik
m=0 2 3|=-18
0 4 -3
Normal vector of plane P, is
i ok
n2=[0 1 -1/=3i-3j-3k
3 30

A is parallel to J_r(ﬁl X ﬁz) = i(—54] + 54I2)
Now, angle between A and 2i + ] —2k is given by
(-54] +54k).(2i+j-2k) _, 1

544/2.3 2

cosO ==
n_ 3n

0=—o0r—

(b) For largest possible distance between plane H_ and I,, the

line I, must be parallel to plane H,.

. H, will be the plane containing the line |, and parallel to I,

i j ok
Normal vector n=[1 1 1|=i-kK
1 0 1
H :x—z—c/(0,0,0):>c=O
“Hyix-z=0
(P) °Distance of point (0, 1, -1) from H,.
0-(M 1
d(Hy)=——=—F%
(Ho) =" =5
(Q) The distance of the point (0, 1, 2) from H :‘0; :‘/E
1 o |2
| - o],
(R) The distance of origin from H, = \/E =

(S) Point of intersection of planesy =z, x = 1 and H is
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30.

31.

Distance =+/1+1+1= f
(@) LetanypointonL,is(2A+1,-2, A ~3)
and that on L, is (u + 4, n - 3, 2u
For point of |ntersect|0n of L, and L
2+1=p+4,-%=p-3,1-3=%u-3
= A=2,u=1
Intersectlon point of L, and L, is (5, -2, — 1)
Equation of plane passing through (?5 -2,-1) and perpendlcular
to P, & P, is given by

X-5 y+2 z+

7 1 2 |=0

3 5 -6
= x-3y-2z=13
o.oa=1,b=-3,c=-2,d=13
o P)->BQ - R ->@CE) ~>Q1Q
A—->p;B—q,s; C—o>q,rst,Dor
(A) Let us consider two functions

sin x

y=xe”" " andy =cosx

The range of y = xe*" ¥ IS(O ?j and

d i i L
LY _esinx | oSN X cosx > 0,for X« (Q-j , o, it
dx 2
is an increasing function on (O, g) . Their graph are as shown in

the figure below :
AY

Clearly the two curves meet only at one point, therefore the
given equation has only one solution in (0, g) h
(B) Since given planes intersect in a straight-line
k 4 1
14 k 2|=0
2 21
= k(k-4)-4(4-4)+18-2k)=0

= k?-6k+8=0= (k=2)(k-4)=0
= k=2o0r4
(C) Wehave f(X)=|x=1|+|X=2|+]|X+1|+]|x+2]

—4x , X<=2
-2x+4, —-2<x<-1

=46, -1<x<1 . x-=1isx>1
2X+4, 1<x<2 { |X_]1{—(x—1)isx<1}
4x X>2

The graph of the above function is as given below

32.
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Clearly, from graph, f(x)>6

= 4k>6 = kzg
s k=2,3,456,..
©) j

Atx = Oy 1:> c=In2
. Injy+tl=x+In2 =

jdx = In|y+1ll=x+c

y+1=2e¥= y=2e*-1
y(In2)=2e"? -1=2x2-1=3

A)—>r;B)—>q;(C)—>p;[D)—>s

The determinant of the coefficient matrix of given equation, as
a b c

A=l c Z =—(a+b+c)(a2+b2+cz—ab—bc—ca)
c a

=—%(a+b+c)[(a—b)z +(b-c)*+(c-2)’]

(A) When a+b+c=#0and
a®+b?+c?—ab-bc—ca=0
= (a=b)?+(b-c)®+(c-a)’>=0
= a=b=c (but#0asa+b+c=0)
This equation represent identical planes.
(B) Whena+b+c=0and
a?+b%+c?—ab-bc—ca=0
= A =0 anda, b, carenot all equal.
. All equations are not identical but have infinite many
solutions.
ax+by =(a+b)z ... (i) (using a+b+c=0)
and bx+cy =(b+c)z .. (ii)
On Solving eqn. (i) and (ii) we, get
= (b2 —ac)y = (b2 —ac)z = y=z
= ax+by+cy=0 = ax=ay =
X=y=12
The equations represent the line X=y =12
(C) Whena+b+c#=#0 and
a?+b%+c?—ab-bc—ca=0
= A=#0 = Equations have only trivial solution
ie, Xx=y=2=0

the equations represents the three planes meeting at a single
point namely origin.

(D) When a+b+c=0 and
—ab-bc-ca=0

X=y =

a% +b? +c?



B410

33.

34.

Mathematics

= a=b=cand A=0 = a=ph=c=0

= All equations are satisfied by all x, y, and z.

= The equations represent the whole of the three dimensional
space (all points in 3—D2

(A) = (5); (B) = (p); (C) = (a), (r); (D) > (s)

(A x+y=[q

ax-y=1
(1+a)x=1+]al

_1+]a] _alal-1

Ca+l a+l

* Rays intersect each other in | quad i.e. x>0.y>0
:>a+1>0anda|a|—1>0:>a >1

a,=1(A) —(s)

(B) Given that (o, B, v) liesontheplane x +y+z=2
>a+f+y=2
Also k x (k x a) = (k.a)k — (kk)a
= ylz—oci—ﬁj—ylzzo :>ai+[3]=0
>a=0=f=y=2 (Ca+PBry=2)
(B) > ()

© ‘j;(l—-yz)dy +

1.2
ol —1)dy‘

Ji-x, :>y2——(x Byand y=+1+x

= y2 = (x + 1) It is clear from above figure that

&

j\/—dx j\/1+—dx _21'\/—dx

- 2jgﬁdx [Usingjoa f(dx = f (a—x)dx}

[,2.82] _4
_ng L_S,(qﬁmmum

(D) Giventhatsin AsinBsinC+cosAcosB=1
We know that sin A sin B sin C + cos A cos B < sin Asin B + cos
A cos B =cos (A-B)
=cos(A-B)>1=cos (A-B)=1
=A-B=0=>A=B
. Given relation becomes sinA sin C + cos? A = 1
=sinC=1,
(D) > ()

(b) Vector in the direction of Ly = a =30+ i+ 2k

Vector in the direction of L, =by =i +2]+ 3k
.. Vector perpendicular to both L, and L,

Tk

=bixby = |3 1 2|=-T-7]+5k
1 2 3

", Required unit vector

) Bz—f—7i+5|2_—f—7j+5l2

V1449425 53

(d) The shortest distance between L, and L, is
(a, —a).b, xb o e
RCRLILL SAPAY:

b1 b
Since, a1:—|—2i—|2 a2:2f—2i+3|2
Ly —a =3 +4k - (8-a)b
({-7j+s5k)_ -3+20 17

o {81+ 4k)- —55 ) 5B 5%

(c) The plane passing through (-1, —2, —1) and having normal

anngB is
-1x+1)-7(y+2)+5@z+1)=0

= X+7y—-5z+10=0
*. Distance of point (1, 1, 1) from the above plane is
1+7x1-5x1+10 13

J1+49+25 ~ 75

(d) The given planes are

Piix-y+z=1 (1)
Pyix+y-z=-1 .(2)
Pyix-3y+3z=2 ..(3)

Since, line L, is intersection of planes P, and P,
. Ly is parallel to the vector

i ]k
=1 1 -1|=-4j-4k
1 -3 3

Line L, is intersection of P5 and P,
= L, is parallel to the vector

i ok B -
=1 -1 1|=-2i-2k
s

And line L, is intersection of P, and P,
. Ly is parallel to the vector

]k

1 -1 1]=2j+2k

1 1 -1

Clearly lines L, L, and L are parallel to each other.

.. Statement-1 is False
Also family of planes passing through the intersection of P, and

P,is B+AP, =0.
= XQ+A)+y(A-D+z(1-A)+(A-1)=0
The three planes have a common point

144 A-1 1-)4 1-2

1 3 3 2 -1
. 1+4 1-4 1 .
Taking =5 o Wwe get /1=—§ and taking
1+4 1-4 2
- " 3 Weget/l——g.

.. There is no value of A which satisfies eq (1).

.. The three planes do not have a common point.
= Statement 2 is true.

.. (d) is the correct option.
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38.

39.

40.

(d) The line of intersection of given plane is
3X-6y—-2z-15=0=2x+y-2z-5
For z=0,weget x=3 and y=-1

Line passes through (3, -1, 0).
Direction vector of line is

b=%x%,
ik
=3 -6 -2
2 1 -2
=14i +2]+15k
o x—3_y+1_i_t
Eqn. of line is 174 2 15

whose parametric form is

x=3+14t,y=2t -1,z =15t 41.

Statement-1 is false

Statement 2 is true.

Equation of plane containing line of intersection of two given
planes is given by

2x—y+z-3)+A(3x+y+z-5)=0
= BA+2)x+(A-D)y+(Ar+Dz+(-51-3)=0

since distance of this plane from the pt. (2, 1, - 1) is i
NG
Br+2)2+ (A -DI+ (A +1)(-1) +(-5A-3) | i
J@+22 £ (1% + (L +1)? 6

A-1

1
S PR e S
Vin2i12n+6| V6

Squaring both sides, we get
-2 1
102 +12046 6
= 6A2-12A+6-1112-121-6=0
= 5A%2+24%=0 = A(5A+24)=0

= A=0or-24/5
The required equations of planes are
2X—-y+2z-3=0

o[22 2] 24
-2 o) 00

or  62x+29y+19z-105=0
Following fig. shows the possible situation for planes P, and

P, and the lines Ly and L, 42.
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A corresponds to one of A, B', C' and B corresponds to one of
the remaining of A', B, C' and C corresponds to third of A, B', C'.
Hence six such permutatlons are possible

e.g., One of the permutatlons mayA=A,B=B,C=C'

From the given conditions : A lies on L,, B lies on the line of
|ntersect|on of P, and P, and 'C' lies on the line L, on the plane

I\Fow A'lieson L, = C, B'lies on the line of intersection of P, and
=B and C'lie on L1 on plane P, = A,

Hzence there exist a particular set [A', B, C'] which is the

F_elrémutatlon of [A, B, C] such that both (i) and (i) is satisfied.
e[A

Cl=ge B ¢

(0 B 1) A"

A B
Let
Let equation of plane ABCD be

ax+by+cz+d =0, h be the height of original parallelepiped
S.and A"(a,B,7)

Then height of new parallelepipe dT is the length of perpendicular
from A” to ABCD

ao+bp+cy+d

\/a2+b2+c2

90
Vy =V,
T 100 S
(ar ABCD) X w

N a? +b% +¢?
= (ar ABCD) x h x 0.9
But given that,

ao+bp+cy+d
va?+b%+c?
= aa+bB+Cy+(d—O.9h\/a2+b2+c2):0

Locus of A”(a,B,v) is

ax+by+cz+(d—0.9h\/a2 +b? +c2):0

which is a plane parallel to ABCD . Hence proved.
Equation of plane through (1, 1, 1) is

x-1 y-1 z-1
1 0 -1|=0
1 -1 0

=0.9h
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43.

= (x-1)0-1)-(y-1)O0+1+@z-1)(-1-0)=0
= “1x-)-Yy-D)-Uz-)=0 = Xx+y+z=3
Xy z
—+=+—=-=1 (1
= 3733 @
.. plane intersect the axes at

A(3,0,0),B(0,3,0), and C(0,0,3)
Vol.of tetrahedron OABC

= % x Area of base x altitude

4 V1+1+1
——— = cubic units.

=%xAr(AABC) x length of L'¥" (0,0,0) to plane (1)
=1X1 £X|H3|2 % -3
6 2

(. AABC is an equilateral triangle)

1 3 2 3x18 9
gi)l) Equation of plane passing through (2, 1,0) , (5,0, 1) and (4,
;1) is
x—-2 y-1 z-0 x—2 y-1
5-2 0-1 1-0 =0:> 3 1
4-2 1-1 1-0 2 0
= (x=2)(-1-0)-(y-1(B3-2) +z(0-(-2) =0

= —X+2-y+1+22=0 = X+y—-2z=3
(i)

Z
1 (=0
1

P(2,1,6)

A
%*V’z

i

Mathematics

Eq" of PQ passing through P(2, 1, 6) and L to plane

X+Yy—2z =3, is given by

x—2: y—1:z—6:}L
1 1 -2

S Q(A+2,A+1,-20+6)

- Mid. pt. of PQ

. [2+k+2 1+1+1 6—2k+6j

1.e. M ) )

2 2 2
_[x+4 +2 12—2xj

2 2 2
But M lies on plane x +y — 2z =3
A M2 p_2y=3
2 2
= A+44+A+2-24+40=6=> 6L =24 = A =4

Q(4+2,4+1,-8+6)=(6,5-2)
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