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Q 1(i) 

 
 
Q 1(ii) 
Ans. Let m1, m2 and v1, v2 be the mass and velocity of particle 1 and 2. As both of 
these objects have same kinetic energy then - 

 
v1 > v2 

 

 

 

 
Q 1(iii) 
Ans.: Potential energy curve of a particle is the graphical representation of 
potential energy with respect to position of the particle. 
 



 
 
 
It tells us about stable and unstable equlibrium points. 
Stable equilibrium exists if the net force is zero, and small changes in the system 
would cause an increase in potential energy. 
Unstable equilibrium exists if the net force is zero, and small changes in the 
system would cause a decrease in potential energy. 
 
 
Q 1(iv) 
Ans. 

 



 
 
 
 
 
 
 
Q 1(v) 
Ans.  

Center of Mass of semi circular wire:  

       

Derivation: 

 
Total length of semicircular wire = R   
and elemental length = Rdq 



   
Q 1(vi) 

 
 

 
 
Q 1(vii) 
Ans. 



 

 
 1(viii) 
Ans. 



 
 
Q 2(i) Ans. 

 

 



 

 

 



 

 
Q 2 (ii)

 

 



 
Q 3 

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),  
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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. 

 

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:  

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

 

(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) 

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


  

 

(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)  

 
 

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


Q 4(i) 
Ans. 

 



 
 
 
 
 



 
Q 4(ii) 
Ans. 
 



 
 
Q 5(i) 
Ans. 



 

 
 
 



 

 
 
Q 5(ii) Ans. 



 
Q 5(iii) Ans. 

 

 
 
 
 
 
 
 
Q 6(i) Ans. 



 
 
Q 6(ii) Ans. 



 
Q 6(iii) Ans. 

 

 
 



 
Q 7(i) Ans. To find the rocket’s velocity as a function of time, we first need to find 
how the velocity changes with respect to time, the differential equation 
mentioned in the problem statement. 

 

 
As suggested by the figure, take the system to be the rocket and fuel 
combination. The small square (red, if viewed in color) represents the differential 
mass dm of fuel ejected in the differential time dt . The initial momentum in the 
forward (upward, but to the right in the figure) direction is 



 
Note that in going from the second line in (4.12) to the third, the second-order 
differential terms  dmdv cancelled nicely; if they had not cancelled, we would 
have discarded them anyway. 
the change in momentum divided by the differential time dt is the net external 
force, 

 
Q 7(ii) Ans. 

 
 
Q 8(i) Ans. 



 

 



 

 
 
 



 
Q 8(ii) a Ans. 
The radius of the sphere is R. Let us consider a disk of radius ,r located at a 
distance, x from the center of the sphere. For purposes of calculation here in, let 
us state its thickness to be dx 

 



 

 
Using parallel axis theorem, 
Moment of inertia across the tangent is, 

It= I+ MR2  
 It = (7/5) MR2 
Q 8(ii) b Ans. 

 


