Annual Examination [2023 – 24]
Class – XI [Physics]				Date: 23/02/2024	  Time : 3 Hrs.			 MM – 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. 
3. All the sections are compulsory.
4. 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. 
5. There is no overall choice. However, an internal choice has been provided in one question in Section B, one question in Section C, one question in each CBQ in Section D and all three questions in Section E. You have to attempt only one of the choices in such questions.
6. Use of calculators is not allowed.
7. You may use the following values of physical constants where ever necessary
i. c = 3 x 108 m/s 
ii. me = 9.1 x10-31 kg 
iii. e = 1.6 x 10-19 C
iv. µ0 = 4π x 10-7 TmA-1
v. h = 6.63 x10-34 Js 
vi. ε0 = 8.854 x10-12 C2N-1m-2
vii. Avogadro’s number = 6.023 X 1023 per gram mole
Section -A
1. Electron volt is a unit of
a. Luminosity	b. Frequency		c. Force	d. Energy
2. A body move from rest with a constant acceleration of 5 m/sec2. The distance cover in 5 sec is
a. 12.5 m	b. 62.5 m	c. 96 m		d. 124 m
3. When the distance travelled by a body is proportional to the time taken. What happens to its speed?
a. Becomes zero	b. Remains the same	c. Increases	d. Decreases
4. Collision between marble balls is which type of collision?
a. Inelastic Collision	b. Elastic Collision	c. Destructive collision		d. None of the options
5. If T is the angle between two vectors, then the resultant vector is maximum, when value of T is
a. 0°	b.  90°		c. 180°		d. Same in all cases
6. A particle moves on a circular path with decreasing speed. Choose the correct statement. 
a. Angular momentum remains constant. 		
b. Acceleration is towards the center. 
c. Particles move on a spiral path with decreasing radius. 
d. The direction of angular momentum remains constant. 
7. If radius of the earth is reduced, then:
a. time duration is reduced		b. duration of day increases
c. earth rotates slower			d. time period of earth decreases
8. The theoretical value of Poisson’s ratio lies between:
a)  to 1		b. 1 to 2	c.  to 	d. - 1 to
9. Which of the following process is used to do maximum work done on the ideal gas if the gas is compressed to half of its initial volume?
a. Isothermal		b. Isochoric	c. Isobaric	d. Adiabatic
10. As the temperature is increased, the time period of a pendulum
a. increases as its effective length increases even though its centre of mass still remains at the centre of the bob
b. decreases as its effective length increases even though its centre of mass still remains at the centre of the bob
c. increases as its effective length increases due to shifting of the centre of mass below the centre of the bob
d. decreases as its effective length remains the same but the centre of mass shifts above the centre of the bob
11. Speed of sound wave in air
a. is independent of temperature
b. increases with pressure
c. increases with an increase in humidity
d. decreases with an increase in humidity
12.   A particle of mass m is hanging vertically by an ideal spring of force constant k. If the mass is  
         made to oscillate vertically, its total energy is
a. Maximum at extreme position	c. Maximum at mean position
b. Minimum at mean position	d. Same at all positions
13. 	Assertion (A) : The angle of contact of a liquid decrease with increase in temperature.
Reason (R) : With increase in temperature, the surface tension of liquid increase.
(a) Both assertion and reason are true and the reason is the correct explanation of the assertion.
(b) Both assertion and reason are true but reason is not the correct explanation of the assertion.
(c) Assertion is true but reason is false.
(d) The assertion and reason both are false.
14. 	Assertion (A) : Now a days a standard metre is defined in terms of the wavelength of light.	
Reason (R) : Light has no relation with length.
a. Both A and R are true and R is the correct explanation of A.
b. Both A and R are true but R is not the correct explanation of A.
c. A is true but R is false.
d. A is false but R is true.
15. Assertion (A) : Generally, the path of a projectile from the earth is parabolic but it is elliptical for 
projectiles going to a very large height.
Reason(R) : The path of a projectile is independent of the gravitational force of earth.
a. Both A and R are true and R is the correct explanation of A.
b. Both A and R are true but R is not the correct explanation of A.
c. A is true but R is false.
d. A is false but R is true.
16. 	Assertion (A): Beats are not observed in case of light waves from two independent sources. 
Reason(R): The phase difference between two light sources changes randomly.
a. Both A and R are true and R is the correct explanation of A.
b. Both A and R are true but R is not the correct explanation of A.
c. A is true but R is false.
d. A is false but R is true.
Section – B
17. State and prove second law of motion. 
18. A rocket is fired from the earth towards the sun. At what distance from the earth’s centre is the gravitational force on the rocket zero? Mass of the sun = 2 x 1030 kg, mass of the earth = 6 x 1024 kg. Neglect the effect of other planets etc. (orbital radius = 1.5 x 1011 m). 
19. A hydraulic automobile lift is designed to lift cars with a maximum mass of 3000 kg. The area of cross-section of the piston carrying the load is 425 cm2. What maximum pressure would the smaller piston have to bear? 
20. Derive the relationship between slopes of isothermal and adiabatic curve. 
21. Write 4 postulates of kinetic theory of gases.
OR
      State law of equi-partition of energy.
Section – C
22. Derive equations of motion using calculus method.
OR
What is mean by coefficient of friction and angle of friction? Establish the relation between the two.
23. Define angular momentum. Prove that angular momentum of a particle is equal to twice the    
           product of its mass and areal velocity.
24. Obtain an expression showing variation of acceleration due to gravity with height.
25. Represent graphically the variation of extension with load in an elastic body. On the graph mark:
(a) Hooke’s law region
(b) Elastic limit
(c) Breaking point
26. Derive an expression for the excess pressure inside a soap bubble.
27. Derive the relationship between specific heats of a gas at constant pressure and at constant 
volume, when the amount of gas is 1g molecule.
28. Prove that the displacement equation x(t) = a sin ωt + b cos ωt, represents a simple harmonic 
            motion . Determine its amplitude and phase constant. 
Section – D
29. Read the text carefully and answer the questions:
What happens if a pulse or a wave meets a boundary? If the boundary is rigid, pulse travelling along a stretched string and being reflected by the boundary. Assuming there is no absorption of energy by the boundary, the reflected wave has the same shape as the incident pulse i.e. crest is reflected as crest and trough as trough but it suffers a phase change of π or 1800 on reflection. This is because the boundary is rigid and the disturbance must have zero displacement at all times at the boundary. By the principle of superposition, this is possible only if the reflected and incident waves differ by a phase of π, so that the resultant displacement is zero. This reasoning is based on boundary condition on a rigid wall. If on the other hand, the boundary point is not rigid but completely free to move (such as in the case of a string tied to a freely moving ring on a rod), the reflected pulse has the same phase and amplitude (assuming no energy dissipation) as the incident pulse. The net maximum displacement at the boundary is then twice the amplitude of each pulse. An example of non- rigid boundary is the open end of an organ pipe. To summaries, a travelling wave or pulse suffers a phase change of π on reflection at a rigid boundary and no phase change on reflection at an open boundary. We considered above reflection at one boundary. But there are familiar situations (a string fixed at either end or an air column in a pipe with either end closed) in which reflection takes place at two or more boundaries. In a string, for example, a wave travelling in one direction will get reflected at one end, which in turn will travel and get reflected from the other end. This will go on until there is a steady wave pattern set up on the string. Such wave patterns are called standing waves or stationary waves.
1) A travelling wave or pulse suffers a phase change of π on reflection at
a) a rigid boundary
b) open boundary
2) A travelling wave or pulse suffers no phase change on reflection at
a) a rigid boundary
b) open boundary
3) What are stationary waves?
4) Write a note on reflection of travelling wave from rigid boundary. OR Give an example of non rigid boundary effect?
30. Read the text carefully and answer the questions:
The gravitational potential energy of an object at a point above the ground is defined as the work done in raising it from the ground by height h to that point against gravity. Let the work done on the object against gravity be W. That is, work done,
W = force × displacement = mg × h
Therefore potential energy (PE) = mg*h. The dimensions of potential energy are [ML2T-2] and the unit is joule (J), the same as kinetic energy or work. To reiterate, the change in potential energy, for a conservative force, ΔV is equal to the negative of the work done by the force 
ΔV = − F(x) Δx.
Conservation of mechanical energy: Suppose that a body undergoes displacement Δx under the action of a conservative force F. Then from the WE theorem we have, ΔK = F(x) Δx 
If the force is conservative, the potential energy function V(x) can be defined such that
 					− ΔV = F(x) Δx
The above equations imply that ΔK + ΔV = 0  or Δ (K + V) = 0.
Which means that K + V, the sum of the kinetic and potential energies of the body is a constant? Over the whole path, xi to xf, this means that Ki + V(xi ) = Kf + V(xf ). The quantity K +V(x), is called the total mechanical energy of the system. Individually the kinetic energy K and the potential energy V(x) may vary from point to point, but the sum is a constant. The aptness of the term ‘conservative force’ is now clear.
Let us consider some of the definitions of a conservative force.
A force F(x) is conservative if it can be derived from a scalar quantity V(x).
The work done by the conservative force depends only on the end points. This can be seen from the relation, W = Kf – Ki = V (xi ) – V(xf ) which depends on the end points.
A third definition states that the work done by this force in a closed path is zero. This is once again apparent since xi = xf .
Thus, the principle of conservation of total mechanical energy can be stated as the total mechanical energy of a system is conserved if the forces, doing work on it, are conservative.
1) Dimensions of potential energy is given by
a. [ML2T-2]		b. [M2L2T-2]	c. [ML3T-3]	d. None of the above
2) SI unit of potential energy is
a. Joule(J)		b. Newton meter(N-m)		c. both a and b		d. None of these
3) Define the gravitational potential energy.
4) Define conservative force. OR State Law of Conservation of Energy.
· Section – E
31. (i) Derive the Ascent Formula 
(ii)  What is the pressure inside a drop of mercury of radius 3.0 mm at room temperature? Surface tension of mercury at that temperature (20°C) is 4.65 x 10-1 Nm-1. The atmospheric pressure is 1.01 x 105 Pa. Also give the excess pressure inside the drop. 
OR
(i)State and Prove Bernoulli’s theorem. 
(ii) A plane is in level flight at constant speed and each of its wings has an area of 25 m2. If the speed of the air is 180 km/h over the lower wing and 234 km/h over the upper wing surface, determine the plane’s mass. (Take air density to be 1 kg/m3), g = 9.8 m/s2.). 
32.(i) State and prove Mayer’s formula
(ii)  An electric heater supplies heat to a system at a rate of 100 W. If system performs work at a rate of 75 Joules per second. At what rate is the internal energy increasing? 
OR
(i) Define Isothermal process. Derive an expression for work done during isothermal process.
(ii) A thermodynamic system is taken from an original state to an intermediate state by the linear process shown in Fig.Its volume is then reduced to the original value from E to F by an isobaric process. Calculate the total work done by the gas from D to E to F.
33. (i) Write Equation representing a progressive wave  propagating along positive x-axis. Derive the expression for particle velocity and acceleration.
(ii) A transverse harmonic wave on a string is described by y(x, t) = 3.0 sin (36 t + 0.018 x + π/4)
where x and y are in cm and t in s. The positive direction of x is from left to right.
(a) Is this a travelling wave or a stationary wave? If it is travelling, what are the speed and direction of its propagation?
(b) What are its amplitude and frequency?
(c) What is the initial phase at the origin?
(d) What is the least distance between two successive crests in the wave?
OR
(i) State the principle of superposition of the wave and with the help of this principle state and explain the constructive and destructive interference of wave graphically.
(ii) For the travelling harmonic wave
y(x, t) = 2.0 cos 2π (10t – 0.0080x + 0.35)
where x and y are in cm and t in s. Calculate the phase difference between oscillatory motion of two points separated by a distance of
(a) 4 m 		(b) 0.5 m	(c) λ/2 		(d) 3λ/4.
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