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Q 1 (a)  

Ans. 1.The laws of physics all take the same identical form for all frames of reference in uniform 

relative motion i.e. For all inertial frames of reference. 

2. The velocity of light in free space is same relative to any inertial frame of reference i.e. it is 

invariant to transformation from one inertial frame to another for all observers irrespective of 

their state of motion. 

 

Q1 (b) Ans. Inertial Frame of Reference: A reference frame in which Newton’s first law of 

motion holds good, is known as an inertial frame of reference. All frames of reference, moving 

with a constant velocity with respect to an inertial frame , are also inertial frames of reference. 

Ex: A train moving with uniform velocity is an inertial frame. 

 

Non Inertial Frame of Reference: A non inertial frame is one which is accelerated (linearly or 

due to rotation) with respect to fixed stars. Newton's second law of motion is not valid in such a 

frame of reference, unless we introduce a force called pseudo - force.  

Ex: A freely falling elevator may be taken as a non inertial frame. 

 

Q 1(c) Ans. 

1) Inertial mass: This is mainly defined by Newton's law, F = ma, which states that when a force 

F is applied to an object, it will accelerate proportionally, and that constant of proportion is the 

mass of that object. In very concrete terms, to determine the inertial mass, you apply a force of F 

Newtons to an object, measure the acceleration in m/s2, and F/a will give you the inertial mass m 

in kilograms.  

 

2) Gravitational mass. This is defined by the force of gravitation, which states that there is a 

gravitational force between any pair of objects, which is given by  

      F = G m1 m2/r
2  

where G is the universal gravitational constant, m1 and m2 are the masses of the two objects, and 

r is the distance between them. This, in effect defines the gravitational mass of an object. 

 

Q 1(d) Ans.  

 

 
 

Q 1 (e)Ans 



 
Q1 (f)Ans 

 
Q1 (g)Ans. 

 
 

Q 1 (h) Ans.  

Hooke’s law states that, for relatively small deformations of an object, the displacement or 
size of the deformation is directly proportional to the deforming force or load. Under these 
conditions the object returns to its original shape and size upon removal of the load.  
Mathematically, Hooke’s law states that the applied force F equals a constant k times the 
displacement or change in length x, or F = kx. The value of k depends not only on the kind of 
elastic material under consideration but also on its dimensions and shape. 
 

https://www.britannica.com/science/deformation-mechanics
https://www.britannica.com/science/displacement-mechanics
https://www.britannica.com/science/force-physics


Elastic limit: the maximum extent to which a solid may be stretched without permanent 
alteration of size or shape. 
 
Breaking stress: Breaking stress is the maximum force that can be applied on a cross sectional area 
of a material in such a way that the material is unable to withstand any additional amount of stress 
before breaking. 

Breaking Stress = Force / Area 
 

Q 2(a) Ans.  

 

 

 



 
 

Q 2(b) Ans. 

 

 

 



 
Q 2(c) Ans.  

 

 

 



 

 

Q 3(a) Ans.  

 

 

 

 

 



Q 3(b) Ans. 

 

 
 

Q 3(c) Ans. 

 



 
 

Q 4(a) Ans. A rocket in its simplest form is a chamber enclosing a gas under pressure. A small 

opening at one end of the chamber allows the gas to escape, and in doing so provides a thrust that 

propels the rocket in the opposite direction. As the rocket moves its mass decreases which gives 

an additional thrust by conservation of momentum. 

 

 



 

 
 

 

 
 



 
 

Q 4(b) 

 
Q 5(a) Ans. In a pure translatory motion, all the particles in the body, at any instant of time, have 

equal velocity and acceleration. Kinetic energy is a scalar quantity with no direction associated 

with it.  

 



 
In case of a rigid body in pure rotation, all the particles on the body rotates in circular motion 

with their centers lying on the same axis 

 
KE = 1/2. (1/2.MR2)(v/R)2 = 1/4. Mv2 

Hence the ratio of these K.E. is 1:2. 

 

Q 5(b) Ans.  

Let a body be moving under a central force law. By Newton's Second Law its motion is given as 

follows:  

 

Here, m is the mass (assumed constant), the position vector of the particle is , the velocity 

vector is and we have:  

 

 
Here g(u) is a function representing the strength of the force which is assumed to depend only on 

the distance to the center and the force is in the radial direction, so is proportional to the 

position vector .  

Now put , so is the "torque" of the momentum vector .  

Then we have:  

 

 

 



So is constant for a central force law.  

The quantity is called the angular momentum of the motion and we have shown that the 

angular momentum is constant for a central force law. But from its definition, we have 

.  

But this is the equation of a plane through the origin, with normal . So we have proved that 

under a central force law, the motion lies in a plane. The only exception might be the case that 

is zero. Then we have , for some scalar s. From this it is not difficult to show that 

the motion is along a straight line, so is planar in this case also. Henceforth we assume that is 

non-zero. Then the motion is in a plane, which we may take to be the (x,y)-plane. 

 

 



 

 

Q 6(a) Ans.  

When the motion of an oscillator reduces due to an external force, the oscillator and its motion 

are damped. These periodic motions of gradually decreasing amplitude are damped simple 

harmonic motion. An example of damped simple harmonic motion is a simple pendulum. 

In the damped simple harmonic motion, the energy of the oscillator dissipates continuously. But 

for small damping, the oscillations remain approximately periodic. The forces which dissipate 

the energy are generally frictional forces. 

 

 
 

 



 

 

 



 

 



 

 

 
 

Q 6(b) Ans 



 
 

Q 7(a) Ans.  

 
 



 

 

 
 



Q 7(b) Ans.  

The Lorentz transformations (or transformation) are coordinate transformations between two 

coordinate frames that move at constant velocity relative to each other. A "stationary" observer 

in frame F defines events with coordinates t, x, y, z. Another frame F′ moves with velocity v 

relative to F, and an observer in this "moving" frame F′ defines events using the coordinates t′, 

x′, y′, z′. 

The coordinate axes in each frame are parallel (the x and x′ axes are parallel, the y and y′ axes are 

parallel, and the z and z′ axes are parallel), remain mutually perpendicular, and relative motion is 

along the coincident xx′ axes. At t = t′ = 0, the origins of both coordinate systems are the same, 

(x, y, z) = (x′, y′, z′) = (0, 0, 0) 

 
According to the theory of relativity, time dilation is a difference in the elapsed time measured 

by two observers, either due to a velocity difference relative to each other, or by being differently 

situated relative to a gravitational field. As a result of the nature of spacetime,[2] a clock that is 

moving relative to an observer will be measured to tick slower than a clock that is at rest in the 

observer's own frame of reference. A clock that is under the influence of a stronger gravitational 

field than an observer's will also be measured to tick slower than the observer's own clock. 

 
This expresses the fact that the moving observer's period Δt' of the clock is longer than the period 

Δt in the frame of the clock itself. 

 

Q 7(c) Ans. 

https://en.wikipedia.org/wiki/Coordinate_transformation
https://en.wikipedia.org/wiki/Coordinate_frame
https://en.wikipedia.org/wiki/Theory_of_relativity
https://en.wikipedia.org/wiki/Time
https://en.wikipedia.org/wiki/Observer_(special_relativity)
https://en.wikipedia.org/wiki/Velocity
https://en.wikipedia.org/wiki/Spacetime
https://en.wikipedia.org/wiki/Time_dilation#cite_note-HSWTime-2


 


