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CHAPTER14: OSCILLATIONS %

%%%Enr Exercises

14.1 Which of the folIbw&g examples represent periodic motion?
A (@ A s“nmﬁlc;?gompletmg one (return) trip from one bank of a river to the other
and lﬁ‘ac};
(b) A<ﬁeely suspended bar magnet displaced from its N-S direction and released.
(C) hy rogen molecule rotating about its center of mass.
(d) An arrow released from a bow.

14.2 ‘ﬁ'hlch of the following examples represent (nearly) simple harmonic motion and
ﬁ/} Which represent periodic but not simple harmonic motion?
@ (a] the rotation of earth about its axis.
(\S motion of an oscillating mercury column in a U-tube.
(c] motion of a ball bearing inside a smooth curved bowl, when released from a
point slightly above the lower most point.
(d) general vibrations of a polyatomic molecule about its equilibrium position.

14.3  Figure 14.27 depicts four x-t plots forlinear motion of a particle. Which of the plots
oL ¥ represent periodic motion? What is'the periodi of moUon (in case of periodic motion) ?

Fig. 14.27
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14.4 Which of the following functions of time represent (a) simple harmonic, (b) periodic
2% but not simple harmonic, and (c) non- periodic motion? Give period for each case of

periodic motion (wis any,positive constant):
{g} Sin al = cos ot <§§@ GPLUS EDUCATION
sin® at
(c) 3cos(n/4- Znﬂj)
(d) cos at + cos ' ﬁ + cos Sat
(€ exp (-FNS
m 1+ at+‘é?t2
145 A partlcfeﬂis/\ in linear simple harmonic motion between two points, A and B, 10 cm
% apart",;l‘ake the direction from A to B as the positive direction and give the signs of
velocitf' acceleration and force on the particle when it is
(a) at the end A,
q‘,"f,lb) at the end B,
{f}“v(c) at the mid-point of AB going towards A,
U (d) at2 cm away from B going towards A,
(e) at3 cm away from A going towards B, and

%l“" () at4 cm away from B going towards A.
14.6  Which of the following relationships between the acceleration aand the displacement
'f('k x of a particle involve simple harmonic motion?
(a) a=0.7x
[b) a= 2002
() a=-10x
(d) = 1008 iy, ke 7
14.7 The motion of a particle executmg 1S1mp1e harmomc motion is déseribed by the
X displacement function, i § >
x(t) = A cos (at + ¢). : ‘
If the initial (t = 0) position of the partxcle is 1 cm and, Jt? initial velocity is wcm/s,
what are its amplitude and initial phase angle ? The angular frequency of the particle
is ts. If instead of the cosine function, we choosethe,sme function to describe the
SHM : x = B sin (af + 0}, what are the amphtude and initial phase of the particle
with the above initial conditions. @ 2
A spring balance has a scale that reads; from 00 50 kg. The length of the scale is 20
cm. A body suspended from this balance !when displaced and released, oscillates
with a period of 0.6 s. What is thé: welghf of the body ?
14.9 A spring having with a sprmg'-cbnstant 1200 N m™' is mounted on a horizontal table
* ot as shown in Fig. 14.28. A m_qss of 3 kg is attached to the free end of the spring. The
mass is then pulled sldév«}aYé to a distance of 2.0 cm and released.

14.8

Fig. 14.28

Determine (i) the frequency of oscillations, (ii) maximum acceleration of the mass,
and (iif) the maximum speed of the mass.
14.10 In Exercise 14.9, let us lake the position of mass when the spring is unstreched as
= 0, and the direction from left to right as the positive direction of
x-axis. Give x as a function of time t for the oscillating mass il at the moment we
start the stopwatch (¢t = 0), the mass is
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(a) at the mean position,

(b) at the maximum stretched position, and

(c) at the maximum compx essed position.

In what way do these fupcuorhs for SHM differ from each other, in frequency, in
amplitude or the initia hase? ,

14.11 Figures 14.29 corrf%pond to two circular motions. The radius of the circle, the

#

14.

— period of revoluﬂ@ihe initial position, and the sense of revolution (i.e. clockwise
or antl-clock::’f(sje)’are indicated on each figure.

y

%&ﬂ A
fi\ =2/ |\ 2/ 2m T=4s

(a) (b)
, th 14 29, :
Obtain the corresponding’ sunple harmonic motlons of the x-projection of the radius

vector of the revolving partlc]e P in.each case.’
i {'f)\le harmonic

12 Plot the corresponding reference mrcle for each of the following i
motions. Indicate the initial (¢ =0) posmon of the particle, the, radl"" f the circle,

=l and the angular speed of the rotating. partlcle For snmphcﬂy th eﬁyense of rotation

14.

=5 spring. Figure 14.30 (b) shows‘

may be fixed to be anticlockwise in evexy case: (xis in <(t:}wm“’and}t'is in s).
(a) x=-2sin(3t+n/3) £
(b) x=cos (/61
(c) x=3sin(2nt+ n/4)

(d) x=2cosnt \
13 Figure 14.30 (a) shows a spring of for% ‘c'bnstant k clamped rigidly at one end and

a mass m attached to its free end A fqrce F applied at the free end stretches the
fe.same spring with both ends free and attached to

‘of the spring in Fig. 14.30(b) is stretched by the

a mass m at either end. Ea¢

same force F. h »
o
‘\;('}t,}} ,{“:}
yd ’%&%}
- s‘%ﬁ“@
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é 7 e
777777777 /7
(b)

Fig. 14.30

(a) What is the maximum extension of the spring in the two cases ?
(b) If the mass in Fig. (a) and the two masses in Fig. (b) are released, what is the

period of oscillation in each case ?
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The piston in the cylinder head of a locomotive has a str i

] oke (twice the
of 1.0 m. If the: piston moves with simple harmonic motion with an angulaf ;;\S;:th: EI
of 200 rad/min, what\;i{fg{t}s maximum speed ? v

Thc_ accelera_tjon dug, (‘féravity on the surface of moon is 1.7 m s2. What is the time
period of a sxmplé?geﬂdulum on the surface of moon if its time period on the surface
of earth is 3((:?‘(&3 (g on the surface of earth is 9.8 m s7)

Answer the following questions :
(a) ’E‘ln‘]e\:périod of a particle in SHM depends on the force constant k and mass m
\,gf‘;ﬁe particle:

the time period of a pendulum independent of the mass of the pendulum?

(b) The motion of a simple pendulum is approximately simple harmonic for small
angle oscillations. For larger angles of oscillation, a more involved analysis

shows that T is greater than21t —. Think of a qualitative argument to

appreciate this.resu it. i,

"

(c) A man with a wristwatch,on°his hand falls from the top of a tower. Does the
eh,

A ol d

watch give correct time, dﬁﬁﬁg‘;ﬁthfp free fall ? P
(d) Whatis the frequency c'ilf-ols_cil]atidr_l‘of a simple penduluﬁﬁﬁg nt

that is freely falling under graﬁty;"? 4 !:5':‘\‘5‘;;:»’;
A simple pendulum of length L and having a bob of E£§§§-M is suspended in a car.
The car is moving on a circular track of radius Rim}lx_{,\éi*)unifonn speed v. If the
pendulum makes small oscillations in ‘a radial“direction about its equilibrium
position, what will be its time period ? € Wy
A cylindrical piece of cork of density of ,l_;ageig__[f_éa A and height h floats in a liquid of
density p. The cork is depressed slightly : nd then released. Show that the cork
oscillates up and down simple hamio/ cally with a period

»,

ed in a cabin

L .})%, d

where p is U}‘?% @ty of cork. (Ignore damping due to viscosity of the liquid).

i (‘f‘vﬁ bt .
One end of ellzfl-ﬁj;tﬁbe containing mercury is connected to a suction pump and the
other end to atmosphere. A small pressure difference is maintained between the
two columns. Show that, when the suction pump is removed, the column of mercury

in the U-tube executes simple harmonic motion.

Additional Exercises

section a into which a ball of
any friction (Fig. 14.33). Show
it executes SHM. Obtain
e variations

An air chamber of volume V has a neck area of cross
mass m just fits and can move up and down without
that when the ball is pressed down a little and released ,
an expression for the time period of osclllations assuming pressure-volum

of air to be Isothermal [see Fig. 14.33].
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Fig.14.33

You are riding in an automobile of mass 3000 kg. Assuming that you are examining
the oscillation characteristics-of* its” suspensmn system. The suspension sags
15 cm when the entire automoblle is placed on it:"Also, the amplitude of oscillation
decreases by 50% during one complete oscillation. Estimate the values of (a) the
spring constant kand (b) the dampmg constant b for the spring and s}lock absorber
system of one wheel, assuming that each wheel supports 750: kg\ %:f;.

Show that for a particle in linear SHM the average kmetlc engrgy over a period of
oscillation equals the average potentlal energy over the same period.

A circular disc of mass 10 kg is suspended by a wire attaEhed to its centre. The wire
is twisted by rotating the disc and released. The_.penod of torsional oscillations is

found to be 1.5 s. The radius of the disc.i §215 ¢m. Determine the torsional spring

constant of the wire. (Torsional spnng.ff' “constant « is defined by the relation

J = -a 6, where J is the restoring' coupl and 6 the angle of twist).

A body describes simple harmomq motion with an amplitude of 5 cm and a period of
0.2 s. Find the acceleratxon agld ve]0c1ty of the body when the displacement is (a) 5

cm, (b) 3 em, (c) O cm, ﬁ”’fﬁ

@ D
A mass attached to a spring is free to oscillate, with angular velocity @ in a horizontal
plane without’ fnchon or damping. It is pulled to a distance x, and pushed towards
the centre withd velocnty v, at time t = 0. Determine the amplltude of the resulting
oscillations in terms of the parameters @ x, and v [Hint : Start with the equation

x = a cos (at+8) and note that the initial velocity is negative.]
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