PT4/ANNUAL EXAMINATION, 2024-25

PHYSICS
Time — 3 hrs. Class — XI MM.-70
Date - 19.02.2025 (Wednesday)
Name of the student Section

GENERAL INSTRUCTIONS -

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

¢ This question paper has five sections: Section A, Section B, Section C, Section D and Section E.

o All the sections are compulsory.

e 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.

e There is no overall choice. However, an internal choice has been provided in one question in Section B,
one question in Section C, and all three questions in Section E. You have to attempt only one of the
choices in such questions.

Use of calculators is not allowed.
You may use the following values of physical constants where ever necessary
c=3x108 m/s

O
o me =9.1x10%kg
o e=16x1019¢
o MO =4nx 107 TmA?v.
o h=6.63x103% 35
¢ Answer of the MCQ must be written completely along with the correct option.
SECTION A
Q1. Which of the following pairs of physical quantities does not have the same dimensional 1
formula?
(a) Work and torque (b) Angular momentum and Planck’s constant
(c) Tension and surface tension (d) Impulse and linear momentum
Q2. The dimensional formula for universal gravitational constant is 1
(a) M2 L2 T (b) [MLT?] © M LT (d) M LT

Q3. A body is tied with a string and is given a circular motion with a velocity v in radius r. The 1
magnitude of the acceleration is

a) v/r b) v¥/r c) v/r? d) v¥/r?

Q4. Two masses m;= 10kg and m,= 6kg tied to a string are hanging over a light frictionless 1
pulley. What is the acceleration of the masses, when left free to move?(Given: g=10m/S?)

10 kg

1y
i) 20m/s? i) 5m/s? iii) 2.5m/s? iv) 10m/s’

Q5. A force vector applied on a mass is represented as F = 6i-8j+10k N and acceleration with 1
1m/s%. What will be the mass of the body?

i) 10kg i) 20kg iii) 10v2 kg iv) 2v/10kg
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Q6. A sphere of mass M and radius R is falling in a viscous fluid. The terminal velocity attained 1
by the falling object will be proportional to

i) R? i) R iii) 1/R iv) 1/R?

Q7. Dynamic lift is related to 1
i) Bernoulli’s theorem i) Archimedes' principle
iii) Equation of continuity iv) Pascal’s law

Q8.  Which one of the following processes depends on gravity? 1
a) conduction b) convection ¢) radiation d) none of these

Q9. First law of thermodynamics corresponds to 1
i) Conservation of energy ii) Heat flow from hotter to cooler body
iii) Law of conservation of angular momentum iv) Newton'’s law of cooling

Q10. An ant is walking on the horizontal surface. The number of degrees of freedom of ant will 1
be:

i)1 i) 2 i) 3 iv) 6

Q11. What is the equation of motion for simple harmonic motion? 1
a) X(t) = A sin(wt) b)X(t) = A cos(wt)
O)X(t) = A sin(wt+ @) d) All of the above

Q12. The length of a second pendulum at the surface of earth is 1m. The length of second 1
pendulum at the surface of moon, where g value is 1/6™ that of earth’s surface is

a) 1/6 times b) 6 times c) 1/36 times d) 36 times

For Question number 13 to 16, two statements are given-one labelled Assertion (A) and
the other labelled Reason (R). Select the correct answer to these questions from the codes
(a), (b), (c) and (d) as given below.

a) Both A and R are true and R is the correct explanation of A.

b) Both A and R are true and R is NOT the correct explanation of A.
c) A is true but R is false

d) A is false and R is also false

Q13. Assertion: A particle strikes head-on with another stationary particle such that the first 1
particle comes to rest after collision. The collision should necessarily be elastic.

Reason: In elastic collision, there is a loss of momentum of the system of the particle.

Q14. Assertion: Torque on a body can be zero even if there is a net force on it. 1
Reason: Torque and force on a body are always perpendicular.
Q15. Assertion: At the centre of earth a body has center of mass, but no center of gravity. 1
Reason: This is because g= 0 at the centre of earth.
Q16. Assertion: A body can have acceleration even if its velocity is zero at that instant of time. 1
Reason: The body will be momentarily at rest when it reverses It's direction of motion.
SECTION B

Q17. A Progressive wave is represented by y= A sin (ot — kx) where x is distance and t is time. 2
What are the dimensions of w and k?

Q18. Find the angle between the vectors A= i+2j-k and B= -i+j-2k. 2

Q19. If a body collides obliquely with the target body of equal mass at rest, show that the two 2
bodies move at right angles to each other after the collision.
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Q20. How does acceleration due to gravity vary with depth? 2
OR

What will be the duration of the day, if earth suddenly shrinks to 1/64 of its original
volume, mass remaining the same?

Q21. Eight rain drops of radius 1mm each falling down with terminal velocity of 5cm/sec 2
coalesce to form a bigger drop. Find the terminal velocity of the bigger drop.

SECTION C

Q22. The velocity of sound waves v through a medium may be assumed to depend on: the 3
density of the medium d and the modulus of elasticity E. Derive by the method of
dimensions the formula for the velocity of sound. (Take the dimensional constant K=1)

Q23. A cricketer can throw a ball to a maximum horizontal distance of 100m. How much high 3
above the ground can the cricketer throw the same ball?

Q24. A balloon is ascending at the rate of 9.8m/s at a height of 39.2m above the ground whena 3
food packet is dropped from the balloon. After how much time and with what velocity does
it reach the ground? Take g= 9.8m/s?

Q25. Define escape velocity. Obtain an expression for the escape velocity of a body from the 3
surface of the earth.

Q26. Calculate the heat required to convert 3kg of ice at -12°C kept in a calorimeter to steam at 3
100°C at atmospheric pressure.

Given:

Specific heat capacity of ice= 2100]/kg/K
Specific heat capacity of water= 4186 J/kg/K
Latent heat of fusion of ice= 3.35x 10° J/kg
Latent heat of steam = 2.256 x 10° J/kg

Q27. Show that the average kinetic energy of a gas molecule is directly proportional to the 3
temperature of the gas. Hence give the kinetic interpretation of temperature.

Q28. Show that for small oscillations the motion of a simple pendulum is simple harmonic. 3
Derive an expression for its time period.

OR

Show that oscillations of a liquid column in a U- tube executes SHM. Derive an expression
for its time period.

SECTION D

Q29. Newton’s first law of motion states that If the net external force on a body is zero, its 4
acceleration is zero. Acceleration can be non zero only if there is a net external force on
the body. To summaries, if the net external force is zero, a body at rest continues to
remain at rest and a body in motion continues to move with a uniform velocity. This
property of the body is called inertia. Inertia means ‘resistance to change’. A body does not
change its state of rest or uniform motion, unless an external force compels it to change
that state. In other words, all objects resist a change in their state of motion. In a
qualitative way, the tendency of undisturbed objects to stay at rest or to keep moving with
the same velocity is called inertia. Consider a book at rest on a horizontal surface. It is
subject to two external forces: the force due to gravity (i.e. its weight W) acting downward
and the upward force on the book by the table, the normal force R. R is a self-adjusting
force. This is an example of the kind of situation mentioned above. The forces are not
quite known fully but the state of motion is known. We observe the book to be at rest.
Therefore, we conclude from the first law that the magnitude of R equals that of W. A
statement often encountered is : Since W = R, forces cancel and, therefore, the book is
at rest”. This is incorrect reasoning. The correct statement is: “Since the book is observed
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Q30.

to be at rest, the net external force on it must be zero, according to the first law. This
implies that the normal force R must be equal and opposite to the weight w.

i) The book on table is at rest. The force of gravity here is balanced by
a) Force of friction b) Normal reaction by table on book
c) Weight of table d) none of these

i) Which of the following is correct about action reaction forces?
a) They act on different objects
b) They are equal in magnitude and opposite in direction
c) Both forces acted on different object
d) all of the above

iii) If a car with a mass of 1000 kg is accelerating at 2 m/s2, what is the net force
acting on the car?

a) 500 N b) 1000 N c) 2000 N d) 5000 N

iv) Two masses of M and 4M are moving with equal kinetic energy. The ratio of their
linear momenta is

(a)1:8 (b)1:4 (©)1:2 (d) 4:1

Satellites in a circular orbits around the earth in the equatorial plane with T = 24 hours are
called Geostationary Satellites. Clearly, since the earth rotates with the same period, the
satellite would appear fixed from any point on earth. It takes very powerful rockets to
throw up a satellite to such large heights above the earth but this has been done in view of
the several benefits of much practical application. Weight of an object is the force with
which the earth attracts it. We are conscious of our own weight when we stand on a
surface, since the surface exerts a force opposite to our weight to keep us at rest. The
same principle holds good when we measure the weight of an object by a Spring balance
hung from a fixed point e.g. the ceiling. The object would fall down unless it is subject to a
force opposite to gravity. This is exactly what the spring exerts on the object. This is
because the spring is pulled down a little by the gravitational pull of the object and in turn
the spring exerts a force on the object vertically upwards. Now, imagine that the top end
of the balance is no longer held fixed to the top ceiling of the room. Both ends of the
spring as well as the object move with identical acceleration g. The spring is not stretched
and does not exert any upward force on the object which is moving down with acceleration
g due to gravity. The reading recorded in the spring balance is zero since the spring is not
stretched at all. If the object were a human being, he or she will not feel his weight since
there is no upward force on him. Thus, when an object is in free fall, it is weightless and
this phenomenon is usually called the phenomenon of weightlessness. In a satellite around
the earth, every part and parcel of the satellite has acceleration towards the centre of the
earth which is exactly the value of earth’s acceleration due to gravity at that position. Thus
in the satellite everything inside it is in a state of free fall. This is just as if we were falling
towards the earth from a height. Thus, in @ manned satellite, people inside experience no
gravity. Gravity for us defines the vertical direction and thus for them there are no
horizontal or vertical directions, all directions are the same.

i) Weighing machine measures
a) Mass of the person b) Normal reaction exerted by machine on person
c) Bothaand b d) None of these
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i) Time period of moon is

a) 27.3 days b) 20 days c) 85 days d) None of these
iii) Escape velocity from earth is given by
a) 20 km/s b.) 11.2 km/s c.) 2 km/s d.) None of these
iv)  Time period of geostationary satellite is
a) 24 hours b) 48 hours c) 72 hours d) None of
these
SECTION E

Q31. State Bernoulli's theorem. Derive expression for Bernoulli's equation for an incompressible, 5
non-viscous liquid flowing through a non-uniform tube.

OR
i) Derive an expression for excess pressure inside a liquid drop.

i) In Millikan’s oil drop experiment, what is the terminal speed of a drop of radius 2x10®
m and density 1.2x10° kg/m>? Take the viscosity of air at the temperature of the
experiment to be 1.8x10™ Ns/m?.

Q32. i) WhyCp >Cv? 5
i) Using first law of thermodynamics, obtain Mayer's formula.
OR
i) Write conditions for adiabatic expansion.
i) Derive expression for adiabatic work done during its expansion.
Q33. (i) Define SHM. 5

(ii) Derive relations for displacement, velocity, acceleration, and time period for a particle
moving in a circular path.

OR
(i) Find Kinetic, potential and total energy of a simple harmonic oscillator.

(if) Find the distance from mean position of a simple harmonic oscillator where kinetic and
potential energies are equal.

—<o—
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GENERAL INSTRUCTIONS -

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

¢ This question paper has five sections: Section A, Section B, Section C, Section D and Section E.

e All the sections are compulsory.

e 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.

¢ There is no overall choice. However, an internal choice has been provided in one question in
Section B, one question in Section C, and all three questions in Section E. You have to attempt
only one of the choices in such questions.

e Use of calculators is not allowed.

¢ You may use the following values of physical constants where ever necessary

o c=3x108 m/s

o me =9.1x10-31kg

o e=16x1019¢

o M0 =4mx 107 TmAly,

o h=6.63x10734 s

¢ Answer of the MCQ must be written completely along with the correct option.

SECTION - A
Q1.  Which one of the following pairs of quantities has the same dimension? 1

(a) Force and work (b) Momentum and impulse
(c) Pressure and force (d) Surface tension and stress

Q2. The equation of the stationary wave is y = 2a sin( 2rmct/A) cos ( 2mx/4 ), which of the following 1
statements is wrong?

(a) The unit of ct is same as that of 1 (b) The unit of x is same as that of 4
(c) The unit of 2mct /A is same as that of 2mrx/A  (d) The unit of ¢ /4 is same as that of x/A

Q3. What is the angle (in degrees) between velocity and acceleration at the peak point of the 1
projectile motion ?
(@) 90 (b) 180 (c)o (d) 360

Q4. An object of mass 5 kg is attached to the hook of a spring balance and the balance is suspended 1

vertically from the roof of a lift. The reading on the spring balance, when the lift is going up
with an acceleration of 0.25 ms2

(g=10m/s?)
(A)51.25N (B) 48.75 N (C)52.75N (D) 47.25N

Q5. Ablock of mass 2 kg rests on a horizontal surface. If a horizontal force of 5 N is applied on the 1
block, coefficients of static and kinetic frictions are 0.4 and 0.2 respectively. the frictional force
onitis
(A)20N (B) zero (CO)8N (D)5N

Q6. Angle of contact between glass and mercury 1
(a) 300 (b) 900 (c) 1350 (d) o0
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Q7. What is the value of bulk modulus for an incompressible liquid?
(a) Infinite (b) Zero (c) Between 1000 to 2000 (d) Above 2000

Q8. The Young’s modulus of a wire of length of length L and radius r is Y. If the radius is reduced to
r/2 and length is reduced to L./2. Then the Young ‘s modulus of the material will be:

@y (b) 2Y (c) 4Y (d)Y/2
Q9. 50gofice at 0°C is mixed with 50g of water at 80°C, final temperature of the mixture will be
( Given specific heat of ice=0.5 cal g1 0C-1
specific heat of water = 1 cal g1 °C1
latent heat of ice=80 cal/g)
a)0°C b) 40 °C c) 60 °C d) 4 °C
Q10. Ifasystem goes from initial to final state without changing internal energy, then the heat
supplied to system.............
(a) Is fully utilized for doing work.
(b) Is partially utilized for doing work by the system.
(c) Is partially utilized for doing work on the system.
(d) Not used for doing work
Q11. The restoring force in simple harmonic motion is directly proportional to:
(a) Displacement (b) Velocity (c) Acceleration (d) Time period

Q12. Abody is executing S.H.M of amplitude 1 m. Its velocity while passing through the mean
position, is 10 ms-!. Find its frequency.

(a) 1.592 Hz (b) 2.6 Hz (c) 3.6 Hz (d) None of these
OR

Which of the following motions is not simple harmonic?

(a) Vertical oscillations of a spring (b) Motion of a simple pendulum

(c) Motion of planet around the Sun (d) Oscillation of liquid in a U-tube

For Question number 13 to 16, two statements are given-one labelled Assertion (A) and the
other labelled Reason (R). Select the correct answer to these questions from the codes (a), (b),
(c) and (d) as given below.

a) Both A and R are true and R is the correct explanation of A.
b) Both A and R are true and R is NOT the correct explanation of A.
c) Ais true but R is false
d) A is false and R is also false

Q13. Assertion: if the ice on the polar caps of the earth melts, the length of the day will increase.
Reason: Moment of inertia of the earth increases as ice on polar cap melts.

Q14. Assertion: A shell at rest explodes, the centre of mass of the fragments remains at rest.
Reason: In explosion the linear momentum of the system is always conserved.

Q15. Assertion: The angular speed of a planet around the sun increases, when it is closer to the sun
Reason: The total angular momentum of the planet and sun system does not remain constant.

Q16. Assertion: Two circular discs of equal masses and thickness made of different material, will
have the same moment of inertia about their central axis of rotation.

Reason: Moment of inertia depends upon the mass of the body only
SECTION -B

Q17. A Progressive wave is represented by y = A sin (wt - kx) where x is distance and t is time. What
are the dimensions of w/k?
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Q18.

Q19.

Q20.

Q21.

Q22.

Q23.

Q24.

Q25.
Q26.

Q27.
Q28.

Q29.

Find the value of A such that, the vector A =27+ 4j+k and B =4 —2j -2k are perpendicular to
each.

If a body collides with the target obliquely body of equal mass at rest, show that the two bodies
move at right angles to each other after the collision.

How does acceleration due to gravity vary with height?
OR

A body of mass m kg starts falling from a point 2R above the earth’s surface. Find Its kinetic
energy when it has fallen to a point ‘R’ above the earth’s surface [R-Radius of earth, M-Mass of
earth, G-Gravitational constant]

The surface tension of soap solution at 20 °C is 2.50 x 10 -2 N m'! . Calculate the excess
pressure inside a soap bubble of radius 5 mm of this solution.

SECTION - C

The frequency ‘f of vibration of a stretched string depends upon: (i) Its length ‘1’ (ii) The mass
per unit length ‘m’ (iii) The tension 'T’ in the string. Obtain dimensionally an expression for
frequency ‘f

A ball thrown vertically upwards with a speed of 20 m/s from the top of a tower returns to the
earth in 6s. find the height of the tower. (g =10 m/sec?)

Find the condition of maximum range for a projectile projected from ground and at some
angle. Show that when the horizontal range is maximum, height attained by the body is one
fourth the maximum range in the projectile motion

Derive the expression for gravitational potential energy between two bodies.

A brass boiler has a base area of 0.15 m? and thickness 1.0 cm. It boils water at the rate of 6.0
kg/min when placed on a gas stove. Estimate the temperature of the part of the flame in
contact with the boiler. Thermal conductivity of brass = 109 ] s-1 m-1 K-1; Heat of vaporisation
of water = 2256 x 103 ] kg-1.

Find Cp, Cy and Y for monoatomic gas.

Show that for small oscillations the motion of a simple pendulum is simple harmonic. Derive an
expression for its time period.

OR

A cylindrical piece of cork of density of base area A and height h floats in a liquid of density pi .
The cork is depressed slightly and then released. Show that the cork oscillates up and down
simple harmonically with a period where p is the density of cork. (Ignore damping due to
viscosity of the liquid)

T=2x h_p
P8

SECTION -D

Acceleration due to earth decreases with an increase in height and rises with a fall in height
above the earth’s surface. It increases with the rise in depth and gets equal to zero at the
earth’s centre because it is directly relevant to the depth below the earth’s surface. Its value is
less than at the pole as compared to the equator. Besides these, It decreases as the rotation of
the Earth increases.

(i) The acceleration of a body due to the attraction of the earth (radius R) at a distance 2R
from the surface of the earth is (g = acceleration due to gravity at the surface of the earth)

(a)g/9 (b) g/3 (c)g/4 (d)sg
(ii) The depth at which the effective value of acceleration due to gravity becomes g/4 is (R =
radius of the earth)
(a)R (b) 3R/4 (c) R/2 (d) none of these

PT4/ANNUAL EXAM |2024-25 | CL. 11 | PHYSICS | PRINTED Q 33 PRINTED PAGES 5 | PAGE# 3



Q30.

(iii) The depth d at which the value of acceleration due to gravity becomes 1/n times the value
at the surface, is [R = radius of the earth]
OF (b) R[”—IJ CESN) R[—j
n n n n+l
(iv) At surface of earth weight of a person is 72 N then his weight at height R/2 from surface
of earth is (R = radius of earth)
(a) 28N (b) 16N (c) 32N (d) 72N
OR

Weight of a body of mass m decreases by 1% when it is raised to height h above the
earth's surface. If the body is taken to a depth h in a mine, change in its weight is

(a) 2% decrease (b) 0.5% decrease (c) 1% increase (d) 0.5% increase
TOPIC: Friction

Free Body Diagram To verify the laws of limiting friction, we take two exactly identical
rectangular blocks of wood A and B, each of same weight mg. each block is provided with a
hook on one side. The block is placed on a horizontal table provided with a frictionless pulley
on one side, fig 3.1. One end of a string is attached to the hook of the block. The string is then
passed over the pulley and a pan is attached to the free end of the string. Any number of
weights can be added to the pan. We adjust the weights in the pan till the block just begins to
move. The applied force P at this stage gives us a measure of force of limiting friction F. All
blocks are similar. And all weights are similar. Carefully observe the blocks and number of
weights in the pan and answer following question. Block applies force equal to its weight on
the table and in return table provides normal reaction R.

Fig. 3.3

Fig. 3.1

(i) Refer fig 3.1 and 3.2 it was observed that when only one block was place, it could be just
moved by placing one weight in pan and when two block were placed one over the other,
then two weights were required to just move the blocks. This gives that

(A) frictional force is directly proportional to the normal reaction.
(B) frictional force is directly proportional to the square of normal reaction.
(C) frictional force is inversely proportional to the normal reaction.
(D) frictional force is inversely proportional to the square of normal reaction.
(ii) Itis evident from fig 3.1 and 3.2 that
(A) R =mg and F= P and frictional force is directed in the direction of applied force.
(B) R =mg and F= P and frictional force is directed opposite to direction of applied force.
(C) R=mgand F=1/ P and frictional force is directed in the direction of applied force.

(D) R = mg and F= 1/ P and frictional force is directed opposite to direction of applied
force.

(iii) This question refer to fig. 3.3, it was observed experimentally that same force was required
to just bring the blocks in motion as it was needed in case of fig 3.2. this suggests that
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(A) force of friction is independent of the blocks.
(B) force of frictions is always constant.
(C) force of friction depends on the total area of contact.

(D) force of limiting friction is independent of the apparent area of contact between the
bodies, so long as the normal reaction R between them remains the same.

(iv) Take the rectangular block A. make one surface of A smooth and well-polished and the
opposite surface of A very rough. Find the force of limiting friction by putting weights
when (i) rough surface is in contact with the table and (ii) when smooth surface is in
contact with the table. We observe that more weight is required in case (i) than in case (ii).
This suggests that

(A) force of friction is directly proportional to the area of contact.

(B) force of friction is always equal to applied force.

(C) force of friction is independent of nature of surface.

(D) force of friction is more between rough surfaces than between smooth surfaces.
OR

If we take two blocks, one of wood and other of metal of same weight, Friction in either case is
different. This proves that

(A) force depends on the weight of the block
(B) force of friction is always opposite to the applied force
(C) force of frictions depends on the nature of material of the bodies in contact.

(D) force of friction is directly proportional to the surface area of body.

SECTION - E

Q31. (i) Derive an expression for the rise in capillary tube of uniform diameter and sufficient
length.

(ii) Aliquid drop of diameter D breaks up into 27 small drops, find the resulting change in
energy. Take surface tension on the liquid as S .

OR

State and prove Bernoulli’s principle for flow of non-viscous, incompressible liquid in
streamline flow.

Q32. i) Write two conditions for an adiabatic expansion.

ii) A cylinder with a movable piston contains 3 moles of hydrogen at standard temperature
and pressure. The walls of the cylinder are made of a heat insulator, and the piston is
insulated by having a pile of sand on it. By what factor does the pressure of the gas
increase if the gas is compressed to half its original volume?

OR
i) Write two conditions for isothermal expansion.
ii) Derive expression for work done during isothermal expansion.
Q33. i) Find Kinetic, potential and total energy of a simple harmonic oscillator.

ii) Find the distance from mean position of a simple harmonic oscillator where kinetic and
potential energies are equal.

OR
i) Obtain expression for displacement, velocity and acceleration of a harmonic oscillator.
ii) A harmonic oscillation is represented by y = 0.34 cos(3000 t+0.74), where y and t are in m
and s respectively. Find its : (i) frequency and (ii) time period

—<o——
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