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Important Instructions and Guidelines for Students
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2. Mobile phones or any such electronic gadgets, even in the switched off mode, are strictly banned.
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4. Data book, codes, graph papers, relevant standard tables/charts or any other materials are allowed only when
instructed by the paper-setter.
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However, the exchange of these items or any other papers (including question papers) is not permitted.
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for rough work. If the answer-script contains torn or distorted page(s), report to the invigilator.
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8. During examination, you may leave the Examination Hall for a very short period for wash room or drinking
water. Record your absence from the Examination Hall in the register provided. Smoking and the
consumption of any kind of beverages are strictly prohibited inside the Examination Hall.

9. Do not leave the Examination Hall without submitting your answer-script to the invigilator. In any case, you
are not allowed to take away the answer-script with you. After the completion of the examination, do not
leave your seat until the invigilators collect all the answer-scripts.

10. During examination, either inside or outside the Examination Hall, gathering information from any kind of
sources or exchanging information with others or any such attempt will be treated as 'unfair means'. Don't I
adopt unfair means and also don't indulge in unseemly behavior.

Violation of any of the above instructions may lead to severe punishment.
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SPECIAL SUBJECT INSTRUCTIONS

1. NO SEPARATE ANSWER BOOKLET OR SUPPLEMENTARY
SHEETS WILL BE PROVIDED. EXTRA SHEETS ARE PROVIDED
FOR THE ROUGH WORK AT THE END OF THIS BOOKLET.

2. ANSWER ALL QUESTIONS.

3. EACH PROBLEM CARRIES EQUAL MARKS.

4. CLEARLY SHOW THE WORKING IN THE SPACE PROVIDED

AFTER EACH PROBLEM.

S. WRITE THE FINAL ANSWER IN THE BOX FOLLOWING EACH

PROBLEM.

6. NO QUERIES WILL BE ENTERTAINED DURING THE

EXAMINATION.

7. EACH BOOKLET CONTAINS 20 PAGESWITH 6 QUESTIONS.

PLEASECHECKTHESE NUMBERS IN YOUR BOOKLET.
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Question 1.
An underdamped spring-mass system of mass m whose motion is described by

X(/) = Ae(i(j)-P)'

has displacement Xo and velocity Vo at FO. The complex amplitude is expressed as

A = a+ib
(a.) Calculate a in terms of Xo and Vo.

We assume that b=O in all subsequent parts of the question.

(b.) What should be the value of v, so that b=O?

3 Question 1continues



Question 1continues
(c.) What is the initial potential energy ofthe oscillator?

(d.) Calculate the displacement x(t) at t=tt/of]

(e.) What is the phase difference between the displacement x(t) and velocity v(t) of the oscillator?
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Question 2.
The coupled oscillators shown in the figure have m= 1 kg, k= 9 N/m and k= 8 N/m.
The system is set into oscillation at t=Owith xo=O,xI=2 ern, vo=Oand VI=O.

Calculate:
(a.) COo the angular frequency of the slower normal mode (Ans in rad.s -I).

(b.) (01 the angular frequency of the faster normal mode (Ans in rad.s -I).

(c.) the total energy at t=0 (Ans in J).
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Question 2 continues
(d.) the displacement xo(t) at t=2 s (Ans in ern).

(e.) the velocity VI at t=2 s (Ans in cm.s").
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Question 3.

Consider a sinusoidal plane wave

A(r, t) = Ao cos(WI - k .r)
2 1 -" '" Awith to = 10 1tX 10 s- . The caand k = k) +k yj +k z k are here related as

(j)2 =a2k2 +b2e +c2k2z y z

with a= 200 m/s, b= 300 mls and c= 300 mls.

(a.) Calculate v the frequency of the wave (Ans in S-I).

(b.) Given ky=O, k==O and kx>O, calculate the value of k, (Ans in m-1)

(c.) Given ky=O, k==O and k;>O, calculate the phase velocity (Ans in m.s").

Question 3 continues7



Question 3 continues

(d.) Given kx=41t m", k~ and kz=O, calculate the phase velocity (Ans in m.s").

(e.) Given kx=41t m", ky>O and kz.=O, calculate the phase difference ~$ [in radians] between the
points ~ = (21+3}) m and r2 = (31+2}) m.
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Question 4.
The current I(t)=Iocos( cot) with 10=0.1 A and co=2nx300 MHz flows in a dipole
oscillator of length [=0.5m. The dipole is aligned with the y-axis and located at the

origin. Consider the point r = a(i + J) / 12 with a=1 Ian. Use permittivity

Eo=8.85x 10-12 C2N-1m-2 and the speed oflight c=3x 108 m.s".

(a.) Calculate d 1. (t) for the direction of r (Ans. in C. m S-2).

For parts (b) and (c) assume that the time t is such that ro(t-a/c)=n/2.

(b.) Calculate the electric field £(/) at the point r (Ans. inN.C\

Question 4 continues
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Question 4 continues

-(c.) Calculate the magnetic field B(t) at the point r (Ans in T).

(d.) Calculate the time averaged energy flux <8> at the point r (Ans in W. m-2).

(e.) Calculate the time averaged power radiated by the oscillating dipole (Ans. in W).
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Question s.
Consider the electromagnetic wave Ey(x,t) = Aei(DJI-kx)

(a.) Calculate Ez(x,t) if this is to represent an electromagnetic wave linearly
polarised at 30° to the y axis?

(b.) CalculateEz (x,t) if this is to represent a right circularly polarised
electromagnetic wave?

Question 5 continues
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Question 5 continues

(c.) Calculate the magnetic field By (x, t) for the right circularly polarised
electromagnetic wave in (b.)

(d.) Calculate the time averaged energy density for the circularly polarized electromagnetic wave
in (b.)

(e.) What kind of radiation resonates with the molecular vibration?
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An electromagnetic plane wave with A =1 mm is normally incident on a screen
with two slits with spacing d= 2.5 mm as shown in the figure.
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(a.) How many maxima will be seen in the interference pattern?

(b.) The central maximum m=O is at 9=0°. At what angle does the first maximum
(m=l) occur?

13 Question 6 continues



Question 6 continues

(c.) C~lc~ate the ratio 1(0°) 1I(300), ~ere 1(0) and 1(30) refer to the intensity of the
resultmg mterference pattern at 9=0 and 9=30°, respectively.

For the next two parts, consider a situation where the wave is incident at 30° to the nonnaL

(d.) At what angle 9 does the m=Omaximum occur?

(e.) At what angle 9 does the m=l maximum occur?
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