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Class XI Session 2023-24
Subject - Physics
Sample Question Paper - 8

Time Allowed: 3 hours Maximum Marks: 70

General Instructions:

1. There are 33 questions in all. All questions are compulsory.

2. This question paper has five sections: Section A, Section B, Section C, Section D and Section E. All the sections
are compulsory.

3. Section A contains sixteen questions, twelve MCQ and four Assertion Reasoning based of 1 mark each, Section B
contains five questions of two marks each, Section C contains seven questions of three marks each, Section D
contains two case study-based questions of four marks each and Section E contains three long answer questions of
five marks each.

4. There is no overall choice. However, an internal choice has been provided in section B, C, D and E. You have to
attempt only one of the choices in such questions.

5. Use of calculators is not allowed.

Section A
1. The number of significant digits in 0.0006032 m? is [1]
a)4 b) 6
o5 d)3
2.  Following two wave trains are approaching each other. [1]
y1 = a sin 2000 7t
y»- a sin 2008 7t
The number of beats heard per second is
a) 8 b) 1
C) zero d) 4

3. Two bodies of different masses of 2 kg and 4 kg moving with velocities 2 m/s and 10 m/s towards each other due [1]

to mutual gravitational attraction. What is the velocity of their centre of mass?

a) 6 m/s b) 8 m/s
c) 5m/s d) zero
4. Motion of a liquid in a tube is best described by [1]
a) Bernoulli' theorem b) Archemedes' principle
c¢) Poiseuille's equation d) Stokes' law
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10.

11.

12.

13.

The additional kinetic energy to be provided to a satellite of mass m revolving around a planet of mass M to [1]

transfer it from a circular orbit of radius R to another of radius Ry(R, > Ry) is:

1 1 1 1
1 1 1
1 2
SONAR emits which of the following waves? [1]
a) radio b) ultrasound
c) none of these d) light

The coordinates of object with respect to a frame of reference at t = 0 are (-1, 0, 3). If t = 5 s, its coordinates are ~ [1]
(-1, 0, 4), then the object is in
a) motion along x-axis b) motion along z-axis

¢) rest position betweent=0sandt=5s d) motion along y-axis

The fundamental frequency of a closed organ pipe of length 20 cm is equal to the second overtone of an organ [1]

pipe open at both ends. The length of the organ pipe open at both ends is:

a) 140 cm b) 80 cm
¢) 100 cm d) 120 cm
The viscous force exerted by the liquid flowing between two plates in a streamlined flow depends upon [1]
a) all of these b) coefficient viscosity of the liquid
¢) area of plates d) velocity gradient in the direction

perpendicular in the plates
Kepler's third law states that square of period of revolution (T) of a planet around the sun, is proportional to third [1]

power of average distance r between sun and planet i.e., T2 = Kr3, here K is constant. If the masses of sun and

planet are M and m respectively, then as per Newton' law of gravitation force of attraction between them is F =

Glr\gm , here G is r gravitational constant. The relation between G and K is described as:
a) GK = 472 b K=G
¢) GMK = 472 d)K=é

If the earth is treated as a sphere of radius R and mass M having period of rotation T, then its angular momentum [1]

about its axis of rotation is

a) 2EMEZ by MET
5T 47

0) MRT d) ArMR?
2 5T

As 6.00 kg of a liquid substance at its freezing point completely freezes, it gives off enough heat to melt 3.00 kg  [1]
of ice at 0°C. The heat of fusion of the substance [Take latent heat of fusion of ice = 3.34 x 102kJ/kg] is
a) 668 ki/kg b) 2.05 ki/kg

0) 167 ki/kg d) 4.9 kJ/kgs

Assertion (A): In all collisions, even for the complex nature of force, In all collisions the total linear momentum [1]

is conserved.
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14.

15.

16.

17.

18.
19.
20.

21.

Reason (R): Since the third law is true at every instant, the total impulse on the first object is equal and opposite

to that on the second.

a) Both A and R are true and R is the correct b) Both A and R are true but R is not the
explanation of A. correct explanation of A.
¢) A is true but R is false. d) A is false but R is true.

Assertion: Change in internal energy is zero if the temperature is constant, irrespective of the process being
cyclic or non-cyclic.

Reason: For all process change in internal energy AU = nC,AT is independent of path.

a) Assertion and reason both are correct b) Assertion and reason both are correct
statements and reason is correct explanation statements but reason is not correct
for assertion. explanation for assertion.

) Assertion is correct statement but reason is d) Assertion is wrong statement but reason is
wrong statement. correct statement.

Assertion: Even when orbit of a satellite is elliptical, its plane of rotation passes through the centre of earth.

Reason: According to law of conservation of angular momentum plane of rotation of satellite always remain

same.
a) Assertion and reason both are correct b) Assertion and reason both are correct
statements and reason is correct explanation statements but reason is not correct
for assertion. explanation for assertion.
c) Assertion is correct statement but reason is d) Assertion is wrong statement but reason is
wrong statement. correct statement.

Assertion (A): If P. é = |]3 X é| , then angle between P and Cj is 7.

Reason (R): If angle between P and Qis %, then dot product is zero.

a) Both A and R are true and R is the correct b) Both A and R are true but R is not the
explanation of A. correct explanation of A.
¢) A is true but R is false. d) A is false but R is true.
Section B

A brass rod 1 metre long is firmly clamped in the middle and one end is stroked by a resined cloth. What is the

pitch of the note you will hear? Young's modulus for brass = 1012 dyn cm™ and density = 9 g cm™3.

Find the value of 60 J per min on a system that has 100 g, 100 cm and 1 min as the base units.
Calculate the dimensions of force and impulse taking velocity, density and frequency as basic quantities.
A uniform rope of length L, resting on a frictionless horizontal surface is pulled at one end by a force F. What is
the tension in the rope at a distance 1 from the end where the force is applied?
A man can jump 1.5 m high on earth. Calculate the height he may be able to jump on a planet whose density is
one fourth that of the earth and Whose radius is one-third of the earth.
OR
In an imaginary planetary system, the central star has the same mass as our sun, but is brighter so that only a planet

twice the distance between the earth and the sun can support life. Assuming biological evolution (including aging
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22.

23.

24.

25.

26.

27.

28.

29.

process etc.) on that planet similar to ours, what would be the average life span of a human on that planet in terms of

its natural year? The average life span of a human on the earth may be taken to be 70 years.
Section C
A U-tube is made up of capillaries of bore 1 mm and 2 mm respectively. The tube is held vertically and partially

filled with a liquid of surface tension 49 dyne cm™! and zero contact angle. Calculate the density of the liquid, if

the difference in the levels of the meniscus is 1.25 cm. Take g = 980 cms™2.

A thermometer has the wrong calibration. It reads the melting point of ice -10 °C. It reads 60° C in place of 50°.
Calculate the temperature of the boiling point of water on this scale.

In a car race, car A takes time t less than car B and passes the finishing point with a velocity v more than the
velocity with which car B passes the point. Assuming that the cars start from rest and travel with constant

accelerations aj and ay, show that v =t%,/a1as.

A truck starts from rest and accelerates uniformly at 2.0 ms™2. Att = 10s, a stone is dropped by a person

standing on the top of the truck (6 m high from the ground). What are the

i. velocity, and

ii. acceleration of the stone at t = 11s? (Neglect air resistance.)

A sample of gas (7 = 1.5) is compressed adiabatically from a volume of 1600 cm3 to 400 cm3. If the initial
pressure is 150 kPa, what is the final pressure, and how much work is done on the gas in the process?
State three basic laws of motion. Show that the first law of motion gives the definition of force and the second
law of motion gives the measure of force.
Two soap bubbles have radii in the ratio 2 : 3. Compare the excess of pressure inside these bubbles. Also
compare the works done in blowing these bubbles.

OR
Glycerine flows steadily through a horizontal tube of length 1.5 m and radius 1.0 cm. If the amount of glycerine

collected per second at one end is 4.0 x 10_3kgs_1 , what is the pressure difference between the two ends of the

3]

3]

3]

[3]

[3]

3]

3]

tube? (Density of glycerine = 1.3 X 103kgm_3 and viscosity of glycerine = 0.83 Pa s). [ You may also like to check

if the assumption of laminar flow in the tube is correct].

Section D
Read the text carefully and answer the questions:
The kinetic energy of an object is the energy associated with the object which is under motion. It is defined as
“the energy required by a body to accelerate from rest to stated velocity.” It is a vector quantity and the
momentum of an object is the virtue of its mass. It is defined as the product of mass and velocity. It is a vector
quantity. The relation between them is given by E = %. In case of the elastic collision both of these quantities

remain constant.

a)

(1) Two masses of 1 gm and 4gm are moving with equal linear momentum. The ratio of their kinetic energy

is:

Page 4 of 18

[4]

L

L e o



a) 1:2 b) 4:1
c) 1:1 d) 4:2
(ii))  If the linear momentum is increased by 50%, then K.E will be increased by:
a) 50% b) 200%
c) 125% d) 100%
(iii) A heavy object and a light object have the same momentum. Which has the greater speed?
a) both heavy and light object b) heavy object

¢) none of these d) light object

OR

When a body moves with a constant speed along a circle then

a) no acceleration is produced b) no work is done on it
¢) none of these d) no force acts on it
(iv)  Kinetic energy with any reference must be
a) none of these b) negative

) zero d) positive

30. Read the text carefully and answer the questions: [4]
The number of independent ways by which a dynamic system can move, without violating any constraint

imposed on it, is called the number of degrees of freedom. According to the law of equipartition of energy, for

of freedom.

&

[manslational Motion

Rotational Motion

0 ...... e o

Vibrational Motion

-0

(i) If gas has n degree of freedom, the ratio of specific heat is:

a) none of these b) 2n
c)1+2mn d)1-2/n

(ii)  The kinetic energy, due to translational motion, of most of the molecules of an ideal gas at absolute

temperature T, is:

a) kT3 b) k2
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¢) kT d) kT

(iii)  The mean free path is the:

a) length of the container that contains the b) mean of the square of the average
gas distance between two successive
collisions
c) the average distance covered by a d) none of these

molecule between two successive

collisions

(iv)  The law of equipartition of energy is applicable to the system whose constituents are:

a) none of these b) in random motion
¢) in orderly motion d) in rest
OR

Thermochemical calorie is equal to

a) 41.48 joule b) 4.148 joule
c) 4148 joule d) 414.8 joule
Section E
31.  One end of a V-tube containing mercury is connected to a suction pump and the other end to atmosphere. The [5]

two arms of the tube are inclined to horizontal at an angle of 45° each. A small pressure difference is created
between two columns when the suction pump is removed. Will the column of mercury in V-tube execute simple
harmonic motion? Neglect capillary and viscous forces. Find the time period of oscillation.

OR

What is Simple pendulum? Find an expression for the time period and frequency of a simple pendulum?

32. i. What is projectile motion? [5]

ii. The maximum range of projectile is % times actual range. What is the angle of projection for the actual

7

range?
iii. Two balls are thrown with the same initial velocity at angles o and (90 °- ) with the horizontal. What will

be the ratio of the maximum heights attained by them? When will this ratio be equal to 1?

OR

2
U
A gun can fire shells with maximum speed vy and the maximum horizontal range that can be achieved is R =?°. Ifa

target farther away by distance Ax (beyond R) has to be hit with the same gun as shown in the figure here, show that

it could be achieved by raising the gun to a height at least h = Az {1 + %}

? o
o P
& T __’—[;__
LN AN
vl N,
- I ~a-—pT

[Hint: This problem can be approached in two different ways:
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i. Refer to the diagram: target T is at the horizontal distance x = R 4+ Az and below the point of projection y = - h.

ii. From point P in the diagram: Projection at speed v at an angle € below horizontal with height h and horizontal

rangeAx.]
33.  Prove the result that the velocity v of translation of a rolling body (like a ring, disc, cylinder or sphere) at the [5]
N . S 2 2gh
bottom of an inclined plane of a height h is given by v* = —(1+k2/R2) .

Using dynamical consideration (i.e. by consideration of forces and torques). Note k is the radius of gyration of
the body about its symmetry axis, and R is the radius of the body. The body starts from rest at the top of the
plane.
OR
Derive an expression for the moment uniform solid sphere about its any diameter, write the expression for its moment

of its tangent.
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Solution

Section A
(@) 4
Explanation: There are three rules on determining how many significant figures are in a number:
= Non-zero digits are always significant.
= Any zeros between two significant digits are significant.
= A final zero or trailing zeros in the decimal portion ONLY are significant.
So keeping these rules in mind, there are 4 significant digits.

(d) 4
. Wy —wq
Explanation: Beat frequency = f, - f1= o
_ 2008720007 _ ;o
27
(d) zero

Explanation: As there is no external force and the two bodies move due to mutual force of attraction, so vy = 0.

(c) Poiseuille's equation
Explanation: Poiseuille's formula gives the volume of a liquid flowing out per second through a horizontal capillary tube of

length 1, radius r, under a pressure difference p applied across its ends.
_v _ mprt

t ~ 8nl

Ri Ry
Explanation: Required kinetic energy
= Final T.E. - Initial T.E.
GMm (GMm)

(c) %GmM (i - i)

2R; 2R,
_1 1 1
- 3GmM (7~ 7;)
(b) ultrasound
Explanation: SONAR emtis ultrasound.

(b) motion along z-axis
Explanation: Given, at t =0 s, position of an object is (-1, 0, 3) and at t = 5 s, its coordinate is (-1, 0, 4). So, there is no change
in x and y-coordinates, while z-coordinate changes from 3 to 4. So, the object is in motion along z-axis.

(d) 120 cm

Explanation: The fundamental frequency of closed pipe = Second overtone of an open pipe
vo_3.. Y

= i = 3 5L

=L'=6L=6 X 20cm=120cm

(a) all of these
Explanation: all of these

(c) GMK = 472

. mu? GMm
Explanation: —— = 2
=2 = &M

T
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G2M
K= A
K=o
= GMK = 472
11.
4 MR?
@ =5
ion: L = Jw — 2 MR? . 2n — AnMR?
Explanation: L = Jw = 5MR T = T
12.

(c) 167 kl/kg
Explanation: Heat given out by freezing liquid
= Heat used in melting of ice

6 x L=3x 3.34 x 102
L =1.67 x 10%kJ/kg = 167 ki/kg

13.  (a) Both A and R are true and R is the correct explanation of A.
Explanation: Mutual impulsive forces act at the time of the collision. So, it does not depend on the nature of the force.
In all collisions, total linear momentum is conserved since the force exerted on the first particle is equal and opposite to the
force exerted on the second particle (from Newton's third law of motion).
So, assertion and reason both are true and the reason explains the assertion.

14.
(c) Assertion is correct statement but reason is wrong statement.
Explanation: Assertion is correct statement but reason is wrong statement.

15.  (a) Assertion and reason both are correct statements and reason is correct explanation for assertion.
Explanation: As no torque is acting on the planet its angular momentum must stay constant in magnitude as well as direction.
Therefore, plane of rotation must pass through the centre of the earth.

16.
(d) A is false but R is true.
Explanation: A is false but R is true.
IfP-Q=|PxQ|
or PQ cos 8 = PQ sin 0

ortan0=1or0:§

So, P. é = \13 X é| , only when angle between P and é is 45°.
Also, 13'Q = PQCOS% =0
Section B

17. Here Y =102 dyn cm™, p=9g cm™
Speed of sound in the brass rod

_ /Yy _ J102 _ 108 -1
v = p_ 9 — 3 cms

Length of rod, L = 1 m = 200 cm

v w100
Fundamental note, v = X = 3L = 3x200 1666.67 Hz
60 joule 60 joule

18. We are given that, P = T = 0. - Lwatt

which is the ST unit of power.

Also the dimensional formula of power = [ML2T'3]

SI New System

ng=1 np ="7?

M;=1kg=1000g M;=10g

L;=1m=100 cm L, =100 cm

Page 9 of 18

L e o

L



_ s m—e—e—-——————r——_—-—-r—_-r-:G—--_-Gr-:r-_-—-—|,:r-r-—rGr—-—:-—-r-—-rr-—-—-—r—-:—r-.-_,,-—-—----—-—--— "7

19.

20.

21.

| T;=1s

T,=1min=60s “

L

. M; 14 brr, e
Using the formulan2=n1[M—2} [Lz} [T—J , we have

e[ (8] el

=2.16 x 10°

Therefore, 60 J min™! = 2.16 x 10°

That is the value of 60 J per minute in new units of power.
v=LT! p=ML3 v=T"

Solving for M, L and T in terms of v, p and v, we get
T=vLL=vw ', M=pv3

[Force] = MLT™ = pv3y—3vu_1vz = pvty 2
[Impulse] = Force X time = pv41/_2V'1 = pviy 3
Let M be the mass of uniform rope of length L. Then

Mass per unit length of rope = M

L
Acceleration in the rope = %
I L-1 o— 1 —|
| e ,i__ T ; F
|L : :

Let T be the tension in the rope at a distance 1 from the end where the force F is applied.

Mass of length (L - 1) of the rope is
1 M _
M' = I (L-1
As tension T is the only force on the length (L - 1) of the rope, so

M M £ _ 1
T=M'x L =ML l)><M_<1 L)F
Radius of earth = R

density of earth = p
acceleration due to gravity = g = %
M= %wR3p
g= %wGRp
acceleration due to gravity on the planet
g/ — % ~GR' p/
The gain in PE at the highest point will be same in both cases. Hence
mg'h’ = mgh
mx 37GRph
mg' m%wGR’p’
_ Reh _ 3R'x4p'x15
Ry Rxp!
=18 m

h/ — mgh o

OR
According to Kepler's law of periods,

n\ _ (R
T, "\ Ry
Here,
T, = Average life span of a human on the earth = 70 years.
Ty = Average life span of a human on the planet = ?
R; = Distance between the earth and the planet = 2 Ry
R, = Distance between the earth and the sun.
() (=)}
"\%)  \ R
or T0XT70 _ g

2
T2
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22.

23.

24,

25.

01‘T22: 70 x 70

8
T = % = 25 planet years
Section C
Here hl _ 20cosf and h2 _ 20cos@
T1P9 T2P9
- hy - _ 20cosf [i_i}
-T2 P9 T T2
_ _20cosf [L _ Lj|
p (hi—ha)g L™ T2

Nowry = %mm =0.05 cm,
Iy = %mrn =0.1 cm,

o =49 dyne Crn'l,
h; - hy = 1.125cm, 6 = 0°, g = 980 cm 572
2x49xcos0° | _1 1

1.25x980 0.05 0.1

_ 2x49x1
T 1.25%980

Let

0, = Lower fixed point on faulty thermometer

X 10 = 0.8g cm™

05 = Reading on faulty thermometer
n = number of divisions between upper and lower fixed points

Now

c 62—061 .
0= "= (i)

In first case,

0, = —-10°C, c=0°

s0= #_91 orf; = —10°C
In the second case,

0, = 60°C,C = 50°C
S50 _ 606 1 60-(710) 7o

100 0 n 2 n n
orn = 140

As boiling point of water on Celsius scale is 100° C so putting C = 100 in equation (i), we get

100 _ 82—(-10) —120°
W_TOOFGQ_BGC

.". The boiling point of water on a faulty thermometer
=130°C

Let s be the distance covered by each car.

Let the times taken by the two cars to complete the journey be t; and ty, and their velocities at the finishing point be v; and v,

respectively. According to the problem,
vi-vy=vandty-t; =t

t 2t
_ uity vty
°” 12 Yy 21
— 2 __ 1 2
Also, s = 5a1t = 2azt2
V] —V; t t 2s(tg — ¢t
Hence & — M=% _t1 B _ 2sb—t) _ 25
t ta —t to —t1 tita(ta —t1) 1ty

_ 452 2s 25 __
T\ ee 2 2 v a1a2
orv=t,/a1as

Given, the truck starts from rest

therefore, the initial velocity of the truck, u= 0
Acceleration of the truck,‘a’ = 2 m/s?

Time, t=10s

Now from the first equation of motion,

the final velocity, ‘v’ is

v=u+at

=v=0+2m/s?x 10s =20 m/s
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26.

27.

at t =10s
The velocity is 20 m/s
i.Att=11s,
The horizontal component of the velocity remains the same, in the absence of air resistance,
Thus, vy =20 m/s

According to the first equation of motion, The vertical component of velocity of the stone is given by,
vy = U + a,0t

where,

0t =11s— 10s=1s and

since the direction is vertical the acceleration acting on it is due to the gravity.

Thus a,= g =10 m/s?

=vy-0+10m/s? x 1s=10m/s

The final resultant velocity of the stone is given as,
Vres = (Vx2 + Vy2)1/2

= Vyes = (202 + 1092 =/500m /s
= Vyes =22.36 m/s

Let us suppose that the angle made by the resultant velocity with the horizontal velocity, vy is 0,

Thus,
tan 6 = (v—y)
Vz

— tan-1(10
= 0 =tan (20)

= 6 =tan"'(0.5) = 26.57° mm
The velocity of the stone at t =11 s is 22.36 m/s and is at angle 26.57° with the horizontal.
ii. When the stone is dropped from the truck, the horizontal force provided by the truck acting on the stone becomes zero. The

only force and thus, the acceleration, that remains is that in the vertical direction i.e. acceleration due to gravity.

Therefore, the acceleration of the stone is 10 m/sZ and it is in the downward direction.
Here 7 = 1.5, V; = 1600 cm?, V;, = 400 cm?, P; = 150 kPa, P, = ?

For an adiabatic process,
P, V2’Y =P Vl’Y

_ vi\7_ 1600\ 1% _
Py = P1<V2) - 150< 600 ) ™ = 1200 kPa
Work done in the adiabatic compression,
_ P - B
Wadi - 5 — 1
150 x 103 x 1600 x 1076 — 1200 x 103 x 400 x 10~6
1.5-1

_ 240 —480 _
= 20 =480

Newton’s First Law of Motion also known as Law of Inertia states that every object persists to stay in uniform motion in a

straight line or in the state of rest unless an external force acts upon it. In a simpler form, the first law of motion may also be stated

as "If the net external force on a body is zero, its acceleration is zero. Acceleration can be non-zero only if there is a net external
force on the body".

Newton’s Second Law of Motion states that force is equal to the change in momentum per change in time. For a constant mass,
force equals mass times acceleration, i.e.

F =ma

Thus, }; x

Ap

At

Newton’s Third Law of Motion: It states that "For every action, there is an equal and opposite reaction".
y q PP

o Ap . Lo . .
or F'= kTIZ , where k is a constant of proportionality, Ap is the change in momentum and p = mv.

According to the first law of motion, in the absence of an external force, a body will maintain its position of rest or state of
uniform motion along a straight line. Thus, to change the position of rest or uniform motion of a body, we shall have to apply an
external force. If the external force is large enough, it may change the state of rest or of uniform motion. However, if the
magnitude of the force is small then it may not be able to change that state. Hence, “force is that external cause (push or pull)
which changes or tries to change the state of rest or of uniform motion along a straight line of a given body".
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Also, we know that,
F =ma
where F is the vector sum of all forces acting on the body, m is the mass of body and equation can be regarded as a statement of
Newton's 2nd law of motion.
This relation can be used to have the measure of a force.
.If Ry and R, are the radii of the two bubbles, then g—; —2
Let ¢ be the surface tension of the soap solution.
Excess pressure inside the bubble of radius Ry,

_ 4o

PL= R

Excess pressure inside the bubble of radius R,
_ 4o

P2~ %

P40 B2 Ry 3

“Py Ry 40 Ry 2
Work done in blowing up the two soap bubbles is
Wi =2 x4nR: x o
and Wy =2 x4mwR2 X o

R? 2
%:R_§:<§> =4:9
OR

Length of the horizontal tube is given by, 1 = 1.5 m
Radius of the tube is,r=1 cm = 0.01 m
Diameter of the tube is given by, d = 2r = 0.02 m
Glycerine is flowing at a rate of 4.0 x 10 3kgs™!.
M =4.0 x 10~ %kgs~!
Density of Glycerine is given by, p = 1.3 x 10®kgm—3
Viscosity of Glycerine is given by, n = 0.83 Pa s

Volume of Glycerine flowing per sec is given by :
M

'y
_ 4.0x107®
1.3%103

=3.08 x 10 fm?s !
According to Poiseville's formula, we have the relation for the rate of flow:

4
_ Ipr_
V= 8nl

Where, p is the pressure difference between the two ends of the tube
Venl

mrd
_3.09x10-8x8x0.83x1.5

mx(0.01)1
=9.8 x 10®Pa
Reynolds' number is given by the relation:
4pV
=0

_ 4x1.3x103x3.08x107% 0.3
- 7% (0.02)%0.83 -

Reynolds' number is about 0.3. Hence, the flow is laminar.
Section D

. Read the text carefully and answer the questions:
The kinetic energy of an object is the energy associated with the object which is under motion. It is defined as “the energy
required by a body to accelerate from rest to stated velocity.” It is a vector quantity and the momentum of an object is the virtue of

2
its mass. It is defined as the product of mass and velocity. It is a vector quantity. The relation between them is given by E = 5—m. In
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case of the elastic collision both of these quantities remain constant.
a)

i ()41
Explanation: 4:1

(i) (c) 125%
Explanation: 125%

(iii) (d) light object
Explanation: light object

OR

(b) no work is done on it
Explanation: no work is done on it

(iv) (d) positive
Explanation: positive

30. Read the text carefully and answer the questions:
The number of independent ways by which a dynamic system can move, without violating any constraint imposed on it, is called

the number of degrees of freedom. According to the law of equipartition of energy, for any dynamic system in thermal
equilibrium, the total energy for the system is equally divided among the degree of freedom.

[ranslational Motion

> g

e

7 "

Rotational Motion

0@ — @-@

Vibrational Motion
i (1+2mn
Explanation: 1 + 2/n
(i) (kT
Explanation: kT

(iii)  (c) the average distance covered by a molecule between two successive collisions

Explanation: the average distance covered by a molecule between two successive collisions

(iv)  (b) in random motion
Explanation: in random motion
OR

(b) 4.148 joule
Explanation: 4.148 joule
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Section E

31. L et the liquid column in both arms of the V-tube were at h¢ heights initially. Now due to pressure difference the liquid columns

in A arm is pressed by « and in arm B is liftted by = (so difference in vertical height between two levels = 2z) Consider an

element of liquid of height dx inside the tube.

‘E,\i\ . /_’:Qn

}_;l;-a - f 1 Z}{
2 R N 7.4
K + a5y j'-"::" S * H
Then its dm = volume X density = A .dxp(where, A =area of cross-section of tube, p = density of the liquid inside the tube)
Potential energy of the right arm with dm elementary mass column = (dm) gh
Potential energy of dm elementary mass in left arm column = Apgzdx (putting the value of dm = A. dz. p and h = x)

21h
..Total potential energy in left column = fohl Apgxdr = Apg [%]
0

2

3
= Apg~
From above given figure sin 45° = % Sohy=hy=1sin45° = %
oh?=hi=

2
.. Potential energy in the left column = Apgé

Similarly potential energy in right column= Apg 2
2 Apgl2
T2
Due to pressure difference, left element moves towards right side by 'y' units and the same element rises in the right arm by 'y’

*. Total potential energy = Apg T T Apg l

units.

Then the liquid column length in the left arm becomes by decreasing = (1-y)

And the liquid column length in the right arm becomes by increasing = (1 +y)

Now decreased potential energy of liquid column in the left arm = Apg(l — y)2 sin? 45°
Similarly increased potential energy of liquid column in the right arm = Apg(l + y)? sin? 45°

.. Total potential energy due to two liquid columns in the left and right arm respectively = Apg (%) ’ [(l —y)?+(1+ y)2]
Final potential energy due to difference in liquid columns in the two arms,

=202y 2y + 4y 20y

Flnal potential energy = A— (2l2 + 2y )

Now change in potential energy = Final potential energy due to liquid columns in the two arms— Initial potential energy due to
liquid columns in the two arms

A0 (g2 1 g2y Al
= 299 4 29 — ]
Change in potential energy = (l2 + 2y )
If change in velocity (v) of total hqu1d column be v then change in kinetic energy,
AKE = %va
Again m = volume x density = (A.21) p
- AKE = £(A2lp)v* = Aplv?
.". Change in Total energy = change in potential energy + change in kinetic energy = % (l2 + 2y2) + Aplv?
Again, from the law of conservation of energy, total change in energy APE + AKE =0
. % [l2 + 2y2] + Apl® =0
. % [g (12 + 2y2) + 2lv2] =0
g (P +2¢%) 420> =0
Differentiating on both sides of the above equation with respect to time,t we get g [0 +2x 2yj—i’] + 21.2v - % =0

dv_dzy
4gy +4’Ul 0 [ a= dt_d?i|
2

= 4qy - v+4vl——O:>4v[gy+l &y }:0
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0 4v#0 .0
dt2 F o+ Ty= # )
It is the equation of a simple harmonic motion and can be compared with the standard equation of a simple harmonic motion i.e.

a2 . . . . R . .
ﬁ + w?y = 0.....(ii) [w is the angular acceleration or angular frequency of the particle executing simple harmonic motion]
2_9

Comparing the above two equations (i) and (ii) we get, .. w* = ;
2% = ﬁ =T= 27‘('\/% [cw= 2% , T being time period of the simple harmonic motion]

OR
A simple pendulum is the most common example of the body executing S.H.M, it consists of heavy point mass body suspended
by a weightless inextensible and perfectly flexible string from rigid support, which is free to oscillate. When a pendulum is
displaced sideways from its resting, equilibrium position, it is subject to a restoring force due to gravity that will accelerate it back
toward the equilibrium position. When released, the restoring force acting on the pendulum's mass causes it to oscillate about the
equilibrium position, swinging back and forth. The time for one complete cycle, a left swing and a right swing, is called the
period.
Let m = mass of bob
1 = length of a pendulum
Let O is the equilibrium position, OP = X
Let 6 = small angle through which the bob is displaced.
The forces acting on the bob are:-

i. The weight = Mg acting vertically downwards.
ii. The tension = T in string acting along Ps.
Resolving Mg into 2 components as Mg Cos 6 and Mg Sin 6,
Now, T = Mg Cos 0
Restoring force F = - Mg Sin 6
- ve sign shows force is directed towards mean position.
Let 6 = Small, so Sin 0 = 6 = Arclop) -1
Hence F = - mg 6
=F=-mg —3)
Now, In SH.M, F=kx — 4)
where,k = Spring constant
Equating equation 3) & 4) for F
=-kx=-mg %
=>Spring factor = k = ?
Inertia factor = Mass of bob = m
Now, Time period =T

—or Inertla factor
- Sprlng factor

32. i. When a particle is thrown obliquely near the earth’s surface, it moves along a curved path under constant acceleration that is
directed towards the centre of the earth (we assume that the particle remains close to the surface of the earth). The path of such

a particle is called a projectile and the motion is called projectile motion.

.. 2 u? sin 20
11. R = —R r —_ v _—
max = 73 9 B3 g
. \/3 o
or sin 20 = T—smﬁ() -.60=30
v2 sin? o
iii. hy = 2%
o — y2 sin2(90°—(z) _ y? cos? a
2 29 ) 29
hy sin® o 29
Therefore, =~ = 2 X
’ hy 2g v2 cos? a

_lana
1

Ratio:hq:hy = tan’ a1
OR
. - Vp? .
Maximum range of projectile, R = g e @)

We know, maximum range is achieved at § = 45°
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33.

Let the gun is raised to a height h from the horizontal level of target T, so that the projectile can hit the target T.

Total range of projectile must be Riyota1 = R+ Az

Horizontal component of velocity at A = vy cos(6)

As A and P are on the same level, the magnitude of velocity will be the same at A and P.
But the direction of velocity will be below horizontal,

So horizontal velocity at P, v, = —ug cos(6)

and vertical velocity at P, v, = vy sin(6)

Now h = ut + %at2

h=—vysin6(t) + $gt* .....(1)

Consider horizontal motion from A to T, distance (R + Axz) = vy cos .1t

_ R+Ax
v cos 6
Substitute t in (ii) we get
. R+Az)?
h=—v,sinf [—R+Az } 1, ErAa)
g cos 6 2 v% cos? 0

2
h=—tanf (R+ Az) + %(%) % (-0=45° = tan(45)=1)
Yo

h=—(R+ Az) + %(R2 + Az? 4+ 2RAx) [% _L]
Y
h=—R—Az+R+22 41 200 — Az + 22
_ Az

Hence Proved.

A body rolling on an inclined plane of height h, is shown in the following figure:

m = Mass of the body

R = Radius of the body

K = Radius of gyration of the body
At highest point,

energy of body (E;)= PE = mgh
At lowest point,

Energy of body(E¢) = linear kinetic energy + rotation kinetic energy

=2 xmv2+ 2 x Jw?

Butl=mk?and w = 2

R
.1 22 1
o Ep =5 (mk?) (R2> + 5 mv’
L2 B
2 R?
_ 1.2 K

= 3mv <1+§)

From the law of conservation of energy, we have:

1
muv + Emv2

Ei = Ef
mgh = %mv2 (1 + 1’;—22)
o 2gh
(1+k2/R2)

Hence, the given result is proved.
OR

Moment of inertia of a solid sphere about its diameter. Consider a uniform solid sphere of mass M and radius R. We wish to

determine its moment of inertia about diameter AB.

Volume of the sphere = %WR?’
3M
4nR?

Mass per unit volume, p =

We can imagine the sphere to be made up of a large number of thin slices placed perpendicular to the diameter AB. Consider one

such slice of thickness dx placed at distance x from the centre O.
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Radius of the elementary slice = 1/ R2 — x2
Volume of the elementary slice = Area X thickness

= R2fx22><dx:7r R? — 22) dz
(V== (

Mass of the elementary slice
= Volume xp =7 (R? — 2?) dx x
3M(R?—a?)dx
- 4R®
Moment of inertia of the thin slice about the axis AB passing through its centre and perpendicular to its plane,
dI = Mass x (radius )
2 2
%’ 3M(R4R3x = (R? —2?)
3M(R?—22) dz
8R3

3M
47 R3
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