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OSCILLATIONS AND WAVES

Candidates should attempt ALL of PARTS A and B, and ONE
question from each of PARTS C and D. PARTS A and B should
be answered on the exam paper; PARTS C and D should be
answered in the examination booklet which should be attached
to the exam paper at the end of the exam with a treasury tag.
PART A yields 16% of the marks, PART B yields 24%, PART
C yields 30%, PART D yields 30%.
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PART A  Tick one box by the answer you judge to be co

Al

A2

A3

A4

A5

(marks are not deducted for incorrect answers)

Which one of the following functions is not a general solution to the

equation ¥ = —w?x? (w, A, B, and ¢y are all constants.)
[] x(t) = Acos(wt + ¢p) [] x(t) = Asin(wt) + B cos(wt)
[] x(t) = Asin(wt) + Asingy [ ] z(t) = Asin(wt — ¢y) 1]

A block of mass m attached to the end of a spring undergoes simple
harmonic motion with an angular frequency w = 12 s~ A block of
mass 4m, attached to the same spring, would have an angular fre-

quency of
] 3s™t ] 657! ] 12571 [] 24571 1]

A string of length L and a bob of mass m form a simple pendulum
with period T'= 2 s. The period of a pendulum with the same length

but a bob of mass 4m is

] 0.5s ] 1s (] 2s (] 4s 1]

The total mechanical energy of a particle in simple harmonic motion

depends on the amplitude of the motion as
D Etot X A4 D Etot X A2 D Etot X A D Etot X A1/2 [1]

The motion of an object in the field of a conservative force is approx-

imately simple harmonic near any position where the

] total energy is a local maximum.
[] total energy is a local minimum.
[] potential energy is a local maximum.

[ ] potential energy is a local minimum. 1]

/Cont’d
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A6

AT

A8

A9

A10

of b that prevents oscillation about the equilibrium position is
(] b=140kgs* [] b=1.96kgs*
[] b=280kgs" [] b=4.00 kg s

The frequency of a lightly damped harmonic oscillator is

] less than its natural frequency.
[] greater than its natural frequency.
[] equal to its natural frequency.

[] independent of its natural frequency. 1]

The steady-state displacement and velocity of an oscillator driven by

a harmonic external force are
[] in phase with each other. [] 45° out of phase.
] 90° out of phase. ] 180° out of phase. 1]

A damped harmonic oscillator with natural angular frequency wy is
driven by a force F(t) = Fy cos(wet). If we = wp, then which one of

the following statements about the steady state is not true?

] The rate of work done by the driving force is maximized.
[] The rate of energy dissipation by the damping force is maximized.
] The velocity amplitude is maximized.

[ ] The displacement amplitude is maximized. 1]

In the scheme of analogies between electrical circuits and mechanical

oscillators, the charge on the capacitor in a circuit corresponds to the

[] mass [] displacement
[] damping constant [ ] effective spring constant 1]

of a mechanical system.
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All

A12

A13

Al4

A15

A16

Which one of the following functions could describe a wave tr
in the +x direction? (A, k, and w are all positive constants.)
] y(z,t) = Asin(k*2? — w*t?)  [] y(x,t) = Alsin(kz) — sin(wt)]
(] y(z,t) = Asin®(kx — wt) (] y(z,t) = Asin(kz + wt) 1]

The displacement of particles in a wave travelling along the = axis is
given by y(x,t) = 0.02 e7+4) for z and y in metres and t in seconds.
The particle speed at x =0 at t =0 is

] 2ms™! ] 0.5ms!

] 0.16 m s~} ] 0.08 ms™! 1]

The distance between two adjacent nodes in a standing wave of wave-
length A is

T A/(2n) M A2 M 2) M 27 1]

Two travelling harmonic waves combine to make the standing wave
y(z,t) = 0.02 sin(207 z) cos(407t) (for z and y in metres, and ¢ in
seconds). The wavelength of each of the travelling waves is

1 A=0.01m ] A=0.0bm

(] A=0.1m (] A=02m 1]

A string of length 24 c¢m vibrates in its third harmonic with both ends

fixed. The wavelength of this standing wave is

[] 8 cm [] 12 cm [] 16 cm [] 36 cm 1]

Two sources emit travelling harmonic waves in phase with the same
amplitude, wavelength, frequency, and intensity I;. The maximum

total intensity at points where the waves interfere constructively is

21 ] 213 ] 41 ] 413 [1]
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PART B Answer all EIGHT questions

B1 A particle is in simple harmonic motion with an amplitude of
5 cm. At time ¢t = 0 it passes through its equilibrium position with

a velocity of —12 cm s™!. Calculate the period of the oscillation.

3]

B2 An object of mass m = 0.080 kg is in simple harmonic motion
about x = 0 with angular frequency w = 3.0 s™! and a total
mechanical energy FEi,x = 0.0081 J. Find the positions x at which
the object has speed || = 0.36 m s . [3]
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0.40
P+ — i+ 064z = 0,
m

For what

values of m is the oscillator overdamped? 3]

where z is measured in metres and time in seconds.

B4 A damped harmonic oscillator is driven by an external force,
F(t) = Fycos(wet). Briefly explain what is meant by the transient
in the motion of such an oscillator, and write down the general

form for the steady-state displacement as a function of time. [3]

/Cont’d
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B5 Illustrated are the two normal modes of oscillation for a pair

identical blocks on identical springs, coupled by a third spring:

symmetric mode x,=x, always
| |
k <1 k, | = — k
A VAVAVAVAVAV s B el ILTITTIVHIIVIVS o111
| |
| |
anti—symmetric mode x,=—x, always
| |
k = k, S k
m m
L e VAVAVAVAVAVAVAVAVAVAVAY - B o111
xal—O XbI——O

Write down a formula for the angular frequency of the symmetric
mode. Is this frequency greater than or less than the frequency

of the anti-symmetric mode? Justify your answers. 3]

B6  Ultrasound travels through human tissue as a harmonic wave with
speed 1600 m s~!, wavelength 4.5 x 10~* m, and amplitude 1.8 x
107 m. Write the displacement s(x,t) of molecules at depth x

in the tissue at time ¢, assuming that s =0 at x =t = 0. 3]

/Cont’d
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B7  Verify that the function
y(z,t) = (2o —1t)3 + cos(2x + t)

is a solution of the one-dimensional wave equation.

B8 Two identical loudspeakers emit sound waves in phase, each with
wavelength A = 2 m and intensity I, = 0.01 W m 2. What is the
value of the total intensity at a point that is 30 m distant from

one loudspeaker and 33 m from the other? (Justify your answer.)
3]
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PART C Answer ONE out of TWO questions

C1

(a) A 150-gram block is in simple harmonic motion on the end of a

horizontal spring with force constant & = 375 N m™'. At time
t = 0, the block is 1.2 cm from its equilibrium position and has

a speed of 36 cm s~!. Find

i. the acceleration of the block at t = 0; 2]
ii. the total mechanical energy of the block; 2]
iii. the amplitude of the oscillation; 2]
iv. the phase constant of the oscillation; 2]

v. one time at which the kinetic and potential energies of the

block are equal. 4]

The Sun can be crudely approximated as a sphere with uniform
mass density, p,. Consider a particle of mass m moving in-
side the Sun along a purely radial direction through the centre.
Suppose that the only force acting on the particle is the force of
gravity: F(r) = —GmM(r)/r?, where M(r) is the mass of the

Sun within radius r from the centre.

i. Show that the particle experiences simple harmonic motion

with angular frequency w = /47Gp,/3. [10]
ii. The total mass of the Sun is M, = 1.99 x 10%° kg and its
radius is R, = 6.96 x 10° m. Thus, evaluate the period of

simple harmonic motion in the Sun. 4]

iii. Calculate the maximum speed of a particle that is in simple
harmonic motion in the Sun with an amplitude equal to R,.

Where in the Sun is this maximum speed achieved? 4]
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a natural angular frequency wg and is subjected to a damping for
characterized by a constant b, may be given by one of the following

three functions of time:

D) () = Age ™ sin (wt + ¢g) with w = \Jwd — b?/4m?
() z(t) = e 2™ (CLt+ Cy)
() z(t) = e tt/2m (Bie" + Bye ™) with q= Vb2 /4m? — w3

(a) Write down the equation of motion that is solved by any of the
functions (I)—(III). State the physical meaning of each term in

the equation of motion. (6]

(b) A block of mass m = 0.250 kg is attached to a spring with force
constant k = 1.44 N m~! and damping constant b = 1.50 kg s .
The block is in equilibrium at time ¢ = 0, when it receives an

impulse that gives it an initial velocity of —1.80 m s !.

i. Verify that this system is overdamped, and therefore state
which one of equations (I), (II), or (IIT) above describes the
motion of the block at ¢t > 0. 4]

ii. Use the initial conditions given to determine both the posi-
tion and the velocity of the block at any ¢ > 0. [12]

iii. Sketch x(t) for this system. Show on the same sketch and
explain (without calculation) how z(t) would change if the
value of b were doubled while keeping all other parameters

and initial conditions the same. 8]
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PHY-10020 Page 10 of 12

LI LR StudentBounty.com


http://www.studentbounty.com/
http://studentbounty.com/

PART D

D1

(a) Explain why a wave travelling with speed v in one dimension

Answer ONE out of TWO questions

must depend on position z and time ¢ either in the combination

(x — wt) or in the combination (x 4 vt). 8]

(b) A string with uniform linear mass density pu is stretched along

the x-axis and kept under a constant tension F. A transverse

harmonic wave travels along the string, causing a displacement

y(z,t) at position x at time t. The kinetic energy per unit length

in the string is given by

K _ 1 (@)2
dr 2"\ o

and the potential energy per unit length is given by

11.

111.

1v.

ao_ 1 (@)2

dx :2 ox

. Write a general form for the wave function y(z,t) in terms of

the wavenumber and angular frequency. State what each of
the partial derivatives dy/0t, 0%y /0t?, dy/Oz, and O%y/0x>
represents physically. 6]
Show that any particle on the string undergoes simple har-

monic motion. 4]

Use the one-dimensional wave equation to derive the speed of

the wave in terms of its angular frequency and wavenumber.

4]

Given that dK/dx = dU/dx, infer a formula for the wave
speed in terms of F' and pu. 8]
/Cont’d
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D2 (a) Two particular harmonic waves travelling along the z-axis

bine to produce the standing wave
y(x,t) = 2A sin(kx) cos(wt) .

i. Write down the two travelling wave functions involved and
verify explicitly that their superposition yields y(x,t) as
given. 6]

ii. Derive the allowed wavelengths )\, if this is a resonant stand-
ing wave confined to 0 < x < L, with z = 0 and x = L both
nodes. Find the positions of all nodes for the 4™ harmonic,
and sketch this wave function at ¢t = 0. [10]

(b) Two coherent sources, S and Sy, emit harmonic waves with the
same amplitude A, angular frequency w, wavenumber k, and
phase constant ¢y. These waves interfere at a point P, which is

a distance x; from source S; and a distance zo from source Ss.

i. Show that the amplitude of the total wave at P is
Aot (P) = 2A cos[k(xy —x9)/2] . 8]

ii. Hence, derive a general relation between the wavelength A
and the path difference (x1 — z3) at points P where there is

total destructive interference. 6]
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