
PHYSICS (PHllOOl) 

Spring Mid-Semester Examination 2013 

[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 identical masses mare constrained to move on a horizontal hoop. Two identical springs with spring 
constant k connect the masses and wrap around the hoop as shown in figure below. One mass is subject 
to a driving force Fd cos wt, where w is the frequency of the driving force. Find the particular solution for 
the motion of masses. [3] 

F,-.(t) 

2. A particle of mass m is subject to a force F(t) = maoe-bt, w!lere a0 and bare constants. The initial 
position and speed are both zero. Find x(t). ' · [2] 

3. An overdamped oscillator with 

has initial displacement and velocity xo and vo, respectively. w0 is natural frequency of oscillation and /3 
is the damping coefficient. 

(i) Compute A and B in terms of xo and vo. [2] 

(ii) Write the solution for critically damped case. Show the solution for critical damping as a limiting 
case of overdamped solution. [1+1] 

(iii) Show that the quality factor is Q 
Energy lost per cycle. 

= 21r (Est/ Et); where, Est= Energy stored in the system and Et= 
[2] 

4.The phase velocity Vp of gravity waves in a liquid of depth his given by Vp = [f tanh (kh)] 1/ 2 , where g 
is the acceleration due to gravity and k is the wave number. 

(i) Find the dispersion relation for such waves and derive the group velocity, v
9

, in terms of vp. [1+1] 

(ii) Write the relationship between v9 and Vp in the limiting cases, kh ---t 0 and kh ---too. [1+1] 

5. Six harmonic waves of the same amplitude and period are superimposed at one point. Each one differs 
in phase from the nearest neighbor next by +16°. If each has amplitude of 5 em, find (a) the resultant 
amplitude, and (b) the phase angle of the resultant with respect to the first. [2+ 1] 

6. Ram sends a series of pulses of amplitudes 20 em down a string that is attached to a post at one end. 
Assume the pulses are reflected with no loss of amplitudes, what is the amplitude at the point on the string 
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where two pulses are crossing if (a) the string is rigidly attached to the post, (b) the end at which reflection 
occurs is free to slid up and down. [2] 

7. Two incoherent waves are superposed. Find the relation between the time averaged intensity of the 
resultant wave with the intensities of individual waves. [2] 

8. A source for a Young's double slit experiment emits light of wavelengths .>.1(=5000 A 0
) and .>.2(=4000 

A0
) with equal intensities Io. The geometry is the usual one, with a slit separation of 1 mm and screen 

distance of 1 meter. Two filters are available: F1 lets through only .>.1, and F2 lets through only .>.2. 

(i) If both slits are covered by F1, where from the centre is the lOth bright fringe? 

(ii) If both the slits are covered by F2, where from the centre is the 20th dark fringe? 

(iii) If one slit is covered by F1 and the other by F2, what is the total intensity as a function of angle? 

(iv) If no filter is used, where is the first point above the centre at which the total intensity has its 
maximum value? [1+1+1+1] 

9. A light source illuminating a Michelson interferometer emits light of two wavelengths .>.1 and .>.2, with 
.>.1 < .>.2. Consider the following two parts of the interference experiment: 

(i) A filter which allows only .>.1 to pass through is kept in front of the source. In addition, identical 
glass boxes with flat parallel surfaces are introduced one in each arm. The boxes have inner width of 
5 em as shown in the figure. Initially, both the arms are kept at the same distance. Then one of the 
boxes is evacuated. In the process, 112 fringes pass by a certain point. Assume that the refractive 
index of air is 1.0003. 
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(ii) The filter and the boxes are removed and a complete concordance is observed. It is then observed 
that an arm shift equal to the extra path difference obtained after evacuation in part (i) produces 
the next concordance. 
Find out .>.1 and .>.2. 
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