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e Course Outcomes

CO1: Model waves in an elastic medium using Newtonian mechanics
CO2: Explain the properties of electromagnetic waves using the Maxwell’s equations

Question M| CO BL

Cco1 BL2

Derive the classical wave equation for the transverse waves on a string
under uniform tension T using the proper assumptions, and provide a
clear and concise schematic of the balancing forces acting on it. Further
determine the relationship between linear mass density and tension in
terms of velocity using dimensional analysis. [10 Marks]

Answer Key:
Assumptions for tension and linear mass density (2 marks)
Figures for balancing forces (2 marks)
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1-D wave equation derivation
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(4 marks)
Relationship between the linear mass density, wave velocity and

impedance of a string.
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And calculate dimension too. (2 marks)
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(a) Discuss with an appropriate diagram how the amplitude, velocity
and phase of the wave changes when it is reflected from the fixed rigid
end and free end of a string. [5 Marks]
Answer Key:

String fixed at one end: Here z, = oo; it means second medium offers high
impedance.

This gives reflection coefficient

B hh —1; here amplitude and velocity will be same however
AL Zy+Z,

reflected wave with 180° phase change can be seen.

Incident Pulse
—
Inverted Reflected Pulse
‘_
ﬁ ﬂ (2.5 marks)

For free end, z, = 0; it means impedance is negligible. This will provide

reflection coefficient

B Z,-Z . . .

-+ =="2=1; here amplitude, velocity and phase will be same.
Aq Z1+Z,

a E
(

2.5 marks)

(b) For a stretched string of length [ fixed in both ends show that the

allowed wavelengths (An) of the standing waves are given by [ = n/lz—“ ,

where n is a positive non-zero integer. At what fraction of the total
length of the string a node will appear when the string is oscillating at
second harmonic frequency. [5 Marks]

Answer key: first find the solution of standing wave i.e. y=
(—2i)ae'*tsin (kx)
And apply boundary condition of at x=/ (length of the string), y= 0 and

frequency can be obtained i.e.,

nmc nc . . .
Wy =—= 0TV, =5 which leads to a relation I = ni,,/2, where nis a

positive non-zero integer. [4 marks]
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If string is vibrating with second harmonic frequency, we can able to see
node at //2. [1 mark]
(a) A tension force of 125N was applied to a 137g string that is 4.35m co1 BL3
long. A standing wave with 5 antinodes was produced. Calculate the (i)
speed (ii) wavelength, (iii) frequency and (iv) frequency of the first
three harmonics.
[5 marks]
Answer key:
We know that ¢ = \/g =63.0m/s (1 marks) 5
Wavelength 4,, = % = 1.74m here n=5 (1 mark)
Frequency v, = % =36.2 Hz (1.5 marks)
Frequency is 7.24 Hz for n=1,
14.48 Hz for n=2 and 26.10 Hz for n=3 (1.5 marks)
(b) Two strings of linear densities y; and u, are joined together and
stretched with tension T. A transverse wave is incident on the
boundary. Find the fraction of the incident amplitude reflected and
transmitted at the boundary if (i) % = 4 and (ii) % = %.
2 2
[5 marks]
Answer key:
T
ing Z; = = —= T Z, = T theref h
Using Z; = py¢q ,ul\/l: JuaT and Z, = \/u,T therefore we have
Z2 Uz
Case 1: ui/M2 =4; in this case %2 =2 5
So fraction of incident amplitude at the boundary is given by
. - _Zi-Z _ 1
Reflection coef ficient = 7z, 3
And Transmission coef ficient = 2 _ 2
Z1+Z; 3
Case 2: i/H2 =1/4 ; in this case %2 =1/2
Reflecti .y t—Zl_ZZ— 1
eflection coef ficient = 7. %2, 3

Transmission coef ficient = 22

Z;+Z, 3
Using Maxwell's equations as a starting point, find the wave equation Cco2 BL2
for the electromagnetic (EM) wave in free space for both the electric E
and magnetic B fields. Comparing it with a classical wave equation find
the speed of the electromagnetic wave. [8 + 2 Marks] | 10
Answer Key:
Starting from Maxwell differential equations in free space derive
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2 2E | gtpoy, .~ 2B
VE=1oe— V'B Hogo7 7
ot (4 + 4 marks)
1
v= e =2.94x10° m/s Velocity of electromagnetic wave in free space.

(2 marks)

(a) Define and discuss in detail physical meaning of divergence, and
curl for a vector field using a relevant example for each. [5 marks]
Answer Key:

Define: Divergence and curl (2 marks)

Physical meaning/properties (1.5 marks)

Example using a vector field for both divergence and curl (1.5 marks)

(b) With a theoretical argument show that Ampere’s law fails for non-
steady current and explain Maxwell’s contribution to the Ampere law.

[5 Marks]
Answer Key:
Theoretically Starting from the odd rule that divergence of curl is always
zero, show that Amperes’ law is zero for steady current first and for non-
steady current with the help of equation of continuity

dp

V.]= = a V.E)y=-V JE
=g = @V B =V ey

Prove that fourth maxwell equation hence we can describe Maxwell’s
contribution to Amperes law

JE
VxB=pud+ Hogo—-

and define
displacement current:

JE
J:=e—
d 0 af
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