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Q 1(i).  

 



 
Q 1(ii). 
Ans.  
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This gives, 

  

 

  
Therefore,  

  



  
Now, 

 

 

  
But, we know, 

 

 

  
  



 

Q1 (iii). 

 
 
Q1 (iv). 
Kepler’s three laws of planetary motion can be stated as follows:  
(1) All planets move about the Sun in elliptical orbits, having the Sun as one of the focii. (The Law 
of Ellipses) 
 (2) A radius vector joining any planet to the Sun sweeps out equal areas in equal lengths of time. 
(The Law of Equal Areas) 
 (3) The squares of the sidereal periods (of revolution) of the planets are directly proportional to 
the cubes of their mean distances from the Sun. (The Law of Harmonies) 
 
Q 1(v) 
Ans.  

 

https://www.britannica.com/science/motion-mechanics
https://www.britannica.com/science/Keplers-first-law-of-planetary-motion
https://www.britannica.com/place/Sun
https://www.britannica.com/science/elliptical-orbit
https://www.britannica.com/science/orbit-astronomy
https://www.britannica.com/science/Keplers-second-law-of-planetary-motion
https://www.britannica.com/science/vector-mathematics
https://www.britannica.com/science/planet
https://www.britannica.com/science/Keplers-third-law-of-planetary-motion


 

 

 

 



 

 
 
Q 1(vi) 
Ans.  
In a conservative force field, the potential energy of a particle is in general a function of space. 
So, changing from point to point a function shows the potential energy of the particle at every 
point of the space. this curve is called as a potential energy curve. 
  
The condition for a position to be stable or unstable is found from the curvature d2U/dx2 at the 
point.   

∑ If the curvature is upward (d2U/dx2 > 0) and dU/dx = 0 (a minimum in U(x)), then the position 
is stable.   

∑ If the curvature is downward (d2U/dx2 < 0) and dU/dx = 0 (a maximum in U(x)), then it is 
unstable. 

∑ and the point where d2U/dx2 = 0 then it is a neutral point. 

 



 
 
 
Q 1(vii) 
Recessional velocity is most pertinent to distant galaxies, which (due to Hubble's law) 
redshift proportionally to their distance from the Earth. The redshift is usually interpreted as due 
to recessional velocity, which can be calculated according to the formula 

  
Where Ho is the Hubble constant, D is the proper distance, and v is the recessional velocity. The 
recessional velocity of a galaxy (or any cosmological object) at a particular distance is also termed 
as Hubble velocity 

 
Q 1(viii)  
Ans. Following important conclusions can be drawn from the negative results of Michelson-
Morley experiment. 

1.  The velocity of light is constant in all directions. 
2.  The effects of ether in entire space of the universe are undetectable. 
3.  A new theory with different concepts of space, time and mass is needed. Thus, we must 

think of different set of transformation in contract to Galilean transformation which failed 
to give correct results. 

 
Q 2(a) 

 

https://en.wikipedia.org/wiki/Galaxy
https://en.wikipedia.org/wiki/Hubble_law
https://en.wikipedia.org/wiki/Redshift
https://en.wikipedia.org/wiki/Hubble_constant
https://en.wikipedia.org/wiki/Comoving_and_proper_distances#Uses_of_the_proper_distance


  
 
Q 2(b) 

 

 

 

 



 
 
Q3: 

Ans. Suppose that, in the center of mass frame, the first particle has velocity  before 

the collision, and velocity  after the collision. Likewise, the second particle has 

velocity  before the collision, and after the collision. We know that  

 

(368) 

in the center of mass frame. Moreover, since the collision is assumed to be elastic (i.e., 
energy conserving),  

 

  

(369) 

 

  

(370) 

Let us transform to a new inertial frame of reference--which we shall call the laboratory 

frame--which is moving with the uniform velocity  with respect to the center of 

mass frame. In the new reference frame, the first particle has initial 

velocity , and final velocity . Furthermore, the second 

particle is initially at rest, and has the final velocity . The relationship 

between scattering in the center of mass frame and scattering in the laboratory frame is 

illustrated in Figure 23. 

http://farside.ph.utexas.edu/teaching/336k/Newtonhtml/node52.html#lab


 

Figure 23: Scattering in the center of mass and laboratory frames. 

In the center of mass frame, both particles are scattered through the same angle . 

However, in the laboratory frame, the first and second particles are scattered by the 

(generally different) angles  and , respectively. 

Defining - and -axes, as indicated in Figure 23, it is easily seen that the Cartesian 

components of the various velocity vectors in the two frames of reference are:  

  
 

(371) 

  
 

(372) 
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(375) 

 

 
 

(376) 

 

 
 

(377) 

 

In the center of mass frame, let  be the total energy, let 

 and  be the kinetic energies of the first and second particles, 

respectively, before the collision, and let  and 
 be the kinetic energies of the first and second particles, respectively, after the 

collision. Of course, . In the laboratory frame, let  be the 
total energy. This is, of course, equal to the kinetic energy of the first particle before 

the collision. Likewise, let  and  be the kinetic 
energies of the first and second particles, respectively, after the collision. Of course, 

  
The following results can easily be obtained from the above definitions and 
Equations (371)-(377). First,  

http://farside.ph.utexas.edu/teaching/336k/Newtonhtml/node52.html#lab
http://farside.ph.utexas.edu/teaching/336k/Newtonhtml/node52.html#e7.51
http://farside.ph.utexas.edu/teaching/336k/Newtonhtml/node52.html#e7.57


 

(378) 

 
 

Hence, the total energy in the laboratory frame is always greater than that in the 
center of mass frame. In fact, it can be demonstrated that the total energy in the 
center of mass frame is less than the total energy in any other inertial frame. Second,  

  

 

(379) 

  

 

(380) 

 
 

These equations specify how the total energy in the center of mass frame is 
distributed between the two particles. Note that this distribution is unchanged by the 
collision. Finally,  

 

 

 

(381) 

 

 

 

(382) 

 
 

These equations specify how the total energy in the laboratory frame is distributed 
between the two particles after the collision. Note that the energy distribution in the 
laboratory frame is different before and after the collision. 

Equations (371)-(377), and some simple trigonometry, yield  

 

(383) 

Differentiating Equation (383) with respect to , we obtain  

 

(386) 

 

 

http://farside.ph.utexas.edu/teaching/336k/Newtonhtml/node52.html#e7.51
http://farside.ph.utexas.edu/teaching/336k/Newtonhtml/node52.html#e7.57
http://farside.ph.utexas.edu/teaching/336k/Newtonhtml/node52.html#e7.63


Thus,  attains an extreme value, which can be shown to correspond to 

a maximum possible value of , when the numerator of the above expression is 

zero: i.e., when  

 

Note that it is only possible to solve the above equation when . If this is the 

case then Equation (383) yields:  

 

(388) 

3(b)Refer your textbook 
3(c) 

 
Q 4(a) 
Ans. Let us consider a cylinder of length L, Mass M, and Radius R placed so that z axis is along its 
central axis as in the figure.  

http://farside.ph.utexas.edu/teaching/336k/Newtonhtml/node52.html#e7.63


 
We know that its density ρ=Mass/Volume=M/V. 
Let us consider that the cylinder is made up of infinitesimally thin disks each of thickness dz. If dm 
is the mass of one such disk, then  
dm = ρ × Volume of disk 
or dm=MV×(πR2.dz),  
since V=Areal of circular face × length=πR2L, we obtain 
dm=MπR2L×(πR2.dz) 
or dm=MLdz ......(1) 
We know that moment of inertia of a circular disk of mass m and of radius R about its central axis 
is is same as for a cylinder of mass M and radius R and is given by the equation 
Iz = 12mR2. In our case 
dIz =12dmR2......(2) 
Observe from figure 2, that this moment of inertia has been calculated about z axis. In the 
problem we are required to find moment of inertia about transverse (perpendicular) axis passing 
through its center. Knowing that the desired axis of rotation is transverse, therefore we need to 
apply perpendicular axis theorem which states: 
The moment of inertia about an axis which is perpendicular to the plane contained by the 
remaining two axes is the sum of the moments of inertia about these two perpendicular axes, 
through the same point in the plane of the object. It follows that  
dIz = dIx + dIy .....(3) 
Also from symmetry we see that moment of inertia about x axis must be same as moment of 
inertia about y axis. 
∴ dIx = dIy ......(4) 
Combining the equations (3) and (4) we obtain 
dIx = dIz2, Substituting Iz from (2), we get 
dIx = 1/2×1/2dmR2 
or dIx = 1/4dmR2 
Let the infinitesimal disk be located at a distance z from the origin which coincides with the 
center of mass. Now we make use of the parallel axis theorem about the x axis which states: The 
moment of inertia about any axis parallel to that axis through the center of mass is given by  
IParallel axis = ICenter of Mass + Mass×d2 
where d is distance of parallel axis from Center of mass. 
dIx=1/4dmR2+dmz2 ......(5) 



Insert the value of dm calculated in (1) in moment of inertia equation (5) to express it in terms of 
z then integrate over the length of the cylinder from the value of z = −L/2 to z = +L/2 
Ix=∫dIx=∫1/4(M/L)dzR2 + ∫z2M/Ldz 
Ix=1/4MLR2z+MLz33],  
ignoring constant of integration because of it being definite integral. 
Ix = 1/4.MR2/L [L/2 − (−L/2)] + M/3L.[(L/2)3 − (−L/2)3] 
or Ix =1/4MLR2/L + M2L3/3L/23 
or Ix=1/4MR2+1/12ML2 

Q 4(b) 
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(a) 
Ans.  

 

 



 

 



 

 
Q 5(b) 
Ans.  

  
Q 6(a)  



 

 

 

 



 

 



 

 

 
Q 6(b) 
Ans. 



 
Q 7(a) 
Ans. The longitudinal Doppler Effect considers the simpler case of a source moving directly 
towards you or away from you along a straight line. The transverse Doppler effect, on the other 
hand, considers what is observed when the observer is displaced in a direction perpendicular to 
the direction of the motion.  
You can derive the relativistic Doppler shift from the Lorentz transformations. Let's start in the 
frame of the moving rocket, and let's take two events corresponding to nodes in the emitted 
wave (i.e. 1/f). Then in the rocket's frame the two events are (0, 0) and (τ, 0), where τ is the 
period of the radiated wave. To see what the period of the radiation is in our frame we just have 
to use the Lorentz transformations to transform these two spacetime points into our frame. For 
simplicity we'll take our rest frame and the frame of the rocket to coincide at t=0. This is 
convenient because then the first event is just (0, 0) in both frames. Now the Lorentz 
transformations tell us: 
 

 
If we're tranforming from the rocket's frame to ours, and the rocket is moving at velocity v wrt us, 
then we have to put the velocity in as −v, and we're transforming the point (τ, 0). Putting these in 
the Lorentz transformations we find that the point (τ, 0) in the rocket's frame transforms to the 
point (γτ, γvτ) in our frame. 
The last step is to note that if we're sitting at the origin in our frame the light from the event at 
(γτ, γvτ) takes a time γvτ/c to reach us. So the time we see the second event is γτ+γvτ/c and this is 
equal to the period of the radiation, τʹ in our frame: 

 
 
 
 

https://en.wikipedia.org/wiki/Lorentz_transformation
https://en.wikipedia.org/wiki/Lorentz_transformation


 
Q 7(b). 
Ans 

  
As the velocity of the particle (v) approaches the velocity of light (c) the mass of the object 
becomes infinity, which is not possible. Beyond c the mass becomes imaginary, which is also not 
possible. Hence the ultimate speed of the particle in free space is c. 
 
Q 8(a) 
Ans.  

 



 

 



 

 
 



 
Q 8(b) 
Ans. 

 



 


