
PHYSICS (PHl!OOl) 

~ Spring Mid-Semester Examination 2012 

[Time: 2 hrs] [Full Marks: 30] 

Attempt all the questions. Start a new answer on a fresh page. All parts of one question 
should be answered in one place only. Write question number on the top of every page. 

1. Two bodies of masses m 1 and m 2 connected by a spring of spring constant k, can move along 
a horizontal line (axis of the spring). A periodic force F cos wt is exerted on mass m1 along the 
line. Write the expressions for the displacements of the two masses in steady state and indicate by 
a sketch graph the dependence of the amplitude of motion of m 1 on w. [3] 

2. For a damped oscillator with equation 

mx + 2/3± + kx = 0 0 

Show that the work done against the damping force in au infinitesimal time dt is equal to the loss 
of energy by mass m during the same time interval dt. [3]. 

3. A forced damped harmonic oscillator is represented by the equation 

.. 213 . 2 Fo t 
X+ X+ w0 x = - COSW . 
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Here, F0 is a constant, w0 is the natural frequency of oscillations and w is the frequency of external 
force. Obtain the steady state solution for w < < w0 , w ~ w0 and w > > w0 . Write down the 
amplitudes and phases in each case. [3+3] 

4. Two traveling waves on an elastic string are given by 

1/11 = Acos(wt- kz + 1r), 1/12 = Acos(wt- kz + 11"/4). 

Find the time-averaged intensity of the superposition of the two. [2] 

5. Three plane EM waves given by E1x = Eo cos(wt - kz - 61), E2x = Eo cos(wt - kz - 62) 
and Eax =Eo cos(wt- kz- 63) travel in the same space. What are the maximum and minimum 
amplitudes of the resultant wave that can be produced by adjusting the values of 61, 62, and 63 . 

State also the corresponding values of 81 , 82 , 63 . [2] 

6. Consider the following superposition of traveling waves 

1/J(z, t) = Acos(wt- kz) + RAcos(wt + kz) . 

Show, by writing another equation for 1/J(z, t), that this can also be thought of as a superposition 
of two standing waves. [2] 

7. The phase velocity Vp of transverse waves in a crystal of atomic separation a is given by 

sin(ka./2) , 
vP = c (ka/2) ' 
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where k has its usual meaning and c is a constant. If v9 is the group velocity, then show that Vp and 
v9 can be represented as an ellipse in Vp versus v9 space. What are the semi-major and semi-minor 
axes of this ellipse ? [2] 

8. Consider ( n + 1) slits labeled 0 to n and illuminated by a light source, as shown in Figure 1. The 
distance between (i- 1)-th and i-th slits is it1a. The interference pattern is observed at the point 
P. Let 6 be the phase difference between the light rays coming from Oth and lth slits at P. 

a) Write down a complex exponential expression, in terms of 6, for the amplitude of the electric 
field at P. [3] 

b) If only first three slits exist, find the intensity distribution at P in terms of 6. [3] 
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9. A thin flake of plastic with refractive index 1.6 is used to cover one slit of a double slit arrange
ment. The central point on the screen is now occupied by what would have been the 7-th bright 
fringe before the plastic was used. If A= 550 nm, what is the thickness of the plastic ? [4] 
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