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1.1 Find the two mods frequenciss in cps (eycle per second) for the LC
pnetwork shown in Fig. 1.16; with L = 10 H (henrys) and C = & pF (micro

farade) . Also, sketch the current configuration for each mode,

1.2 Devise a damping mechanism ("friction™) that will damp only mode 1
of the coupled pendulums of Fig. l.lE. Devise ancther that will damp only
mode 2, Hotice that fricticonm at the supports (hinges) damps both modes.

o does air resistance. Thess will mot work.

1.3 Buppose one pendulum consiste of a l-meter string with & bob that
is an aluminum sphera 2 inches in dismeter. a second pendulum conaists

of a l-meter string with a bob that is a brass sphere 2 inches in diame-
ter. The two pendulums are set into osclllation at the same time and with
the same mmplitude A. After 5 minutes of undisturbed oscillation, the
aluminus pendulum is oscillating with one-half of its initial amplitude.
What is tha oscillation amplitude of the brass pendulum? Assume that the
friction is due to the relative velocity of bob and alr and-thar the in-
stantanecus tate of energy loss ls proportiopal to the square of the ve-
lociey of the bob. Show that the energy decays exponentially. (Show that
for eny other velocity dependence, say ui,, tha snergy does not decay ex-
ponentially,) Show that for the assuned exponential decay the mean decay
time is proportisnal to the mass of the bob. The final asswer is 0.81A

for the amplitude of the brass pendulum.



4686

1.5 The amplitude of harmonic oscillations is 50 mm., the period & & and
the imitial phase 7. (1) Write the equation of this sscillation
{2) Find the displacement of an oscillating point from the eguilibrium

position at € = 0 and £ = 1.5 8.

1.5 In what tise afcer motion begios will a harmomically oscillating point
be brought out of the equilibrium position by half the amplitude? The

pscillation periocd is 24s and the initial phase is zero.

1.6 The smplitude of harmonic oseillatien is 5 em. and the pariod & a&.

Find the maximim velocity of an cscillating point and its maximwum acceleration.

1.7 The eqution of motlen of a point 1s given by x = 2 sin(khre + ) em,
Find : (1) the period of cscillatiena, (2) the saximum velocicy of the

peineg, (3) its maximes acceleration.

1.8 A point performs harmomic oscillation. The period of oscillations is
2 8, the amplituda 50 =m and the initial phase is rero. Find the wvelocity

of the point at the moment whep it is displaced from equilibrium by 25 =m.

1.9 The initial phase of harmonic oscillation is zero. When the point
deviates by 2.4 cm, from the position of equilibrium, its velocity is 3 cals,

and by 2.8 co-Zcm/s. Find =he amplitude and period of this oscillatiom.

What i the ratie between the kinetic energy of a harmemically oscillating
poknt and its potentisl energy for the moments of time: (1) t = ﬁ- .

(2) ¢ = % 5, (Ne =§--1 The initial phase of cscillations is zerc.

1.11 What is the relationship between the kinetic energy of a harmonically
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oscillating point and icts potentisl energy for the momsnts when the displace—
ment of the point from the positiom of equilibrium is: (1) x= % » (2)
x =Kt (3) == A, where A 18 the asplicude of sscillaticns.

1.12 A body of mass 0.25 kgn is macted om by sn elastic restoring force

of Fforee comstant X = 25 nfm. (1) Comstruct the graph of alastic poteatial

EOETEY Er a8 a function of displacement x, over & range of x from 0.3 =

to +0.3 m, Let 1 in, = 0,25 joule wvertically, and 1 in, = 0.1 m» horizontally.
Tha 'hr_nﬂv is set into cscillatiom with mn initisl potentisl enscgy

of 0.6 joule and sn initial kinetic energy of 0.2 joule. Answer the following

questions by reference to the goaph: (2) What is the smplitude of cscillation?

{3) What is the potential energy when the displacement ia one-half thea

llp'li.tu;dl'.l‘ (4) At what dieplacesent are the kinetic snd potential engrgles

equall (5) What is the speed of the body at the midpoint of its path?

{Answer: (2) 0.253 m)
I

1:13 The general equation of simple harmomic motion,
v = A slnfut + §),;
can be weitten In the equivalent form
¥y = B singt + C coswt.
{1} Find the expressions for the amplitudes B and C in terms of the asplituds
A and the initail phase angle 4. (2) Interpret thess expressions in tarm

of rotating vector diagram.

1.14 Find (1) the period T, (2) the frequency £, and (3) the angular
fraquancy w for the body in problem 1.12. (4) What is the initial phase

angle ¢ 1f the amplitude A = 15 cm, the initial displacemsnt x = 7.5 cm,
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and the Iinltial velocity ¥, is negative?

1.15 A body 18 wvibrating with simple harmonic motion of amplitude 15 cm
and frequency & wvib/sec. Compute (1) the maxioum valuss of the acceleration
and veleseity, (2} the ascceleration and wvelocity when the coordinate is

9 em, (1) the time required to move from the equilibrium position fo a

padnt 12 cm distent from it.

1,16 A body of mass 10 g= moves with simple harmonic motion of amplitude
24 em and perlod &4 sec. The coordinste 18 424 cm when ¢ = 0. Compute

(1) the coordinste of the body when € = 0.5 sec, (1) the magnitude and
direction od the force acting om the body when t = 0.5 sec, (3) the minimum
pime required for the body to move from ite Initial pesitien te tha point
where x = -12 em, (4) the velocity of the body when x = =11 cm.

(Ans: (1) LT7em; (2) 417 dynes; (3) 1.33 sec; (4) 232.6 cm/eec)

1.17 A particle situated at the end of one arm of a tuning fork passes
through its equilibrium positiom with a velocity of 2 n.r'l. The asplitude

s 1077

m. What 18 the frequency and period of the twuming fork? Weite the
equatlion expressing its displacement as a fumction of tima.

(Ans: 318 Hz, :.1:.:19“3“:, x= 1n*'°‘u1nu:1u3t + k) m.

1,18 & particle moving with simple harmonic motion of 1.5 m applitude is
wibrating 100 times per second. What 1s its angular frequency? Calculate

ita phase, ite velocity, and its acceleratiom, when its dieplacemsnt is

0.75 m. (Ans: 628 red.s  , % rad, 816 m.s™l, _2,97 x 10° m.07Y)

1,19 A particular simple harmonic motion has an amplitude of 8 cm and a
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period of & #, Caleulate the welsedty and acceleracion 0.5 s after the

particle passes through the extreme of the trajectory. (Ans: —ﬂa‘.’l;lﬂ-iml-l

0.14 m.s 2,)

1.20 The motion of the nesedle in a sewlng machine is practically simple
harmonic. If the amplitude is 0.3 cm and the frequency is 800 vib/min,

what will be the elongation, velocity, and acceleration one-thirtieth of

a second afcer the needle passea through the center of the trajectory

(1} in the upward or positive sense, (2) in the downward or negative sense]

3 1

(Ams: 2.60 x 10 -m, =9.42 x 10 in.s"

=1

. =10,3 m.8 %5 =2.60 % 10 m, 9,24

*® lﬂ-: m.n , 10.3 l-l-i.]

1.21 What should be the percentage change of length of a pendulum in erder
that a4 clock have the same period wvhen moved from a place where g = 9.80 lirl-z

to ancther where g = 9.81 m/s 21  (Ans. 0.1X)

1.22 A aimple pendulum whose length 48 2 = 18 in & place where g = 9.80
n.l"n.i. The pendulum osclllates with an amplitude of ;. Express, a8 a functiom
of time, (1) ite angular velocity, (2} its angular acceleratiom, (3) ite i
linear welocity, (4) ice centripetal mcceleration, and (5) the tension on

the string if the mass of che bob is 1 kg.

1.25% A masslesa spring with no mass attached to hangs from the celling.
Its length is 20 cm, A mags H 1 now hung on the lower end of the spring.
Support the masa with your hand so that the spring remains relaxed, then
guddenly remove your supporting hand, The mads and spring cscillace. The

lewest position of the mass during the oscillations is 10 cm below thas
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place it was resting vhen you supported it. (a) What Is the frequency of
oscillation? (b) What is the velocity when the mass is 5 cr balow ite
original resting placel Ans. (a) 2.2 cpa; (b) 70 cm/sec.

A second mass of 300 gm is added to the frist mass, making a total
of maes M + 300 gm. When this system oscillates, it has half the frequency
of the system with mass M alone, {c) What is M7 {;ﬂ' Where is the new

eguilibrium position? Ans. (e} 100 gm; (d) 15 em below old poaitiom.

1.24 BSuppose a and b are two coupled cecillators. Consider three different
initial conditions:
(1} & and b are Telessed from rest with amplitudes 1 and =1, respectively;
(i1} they ure relesged from rest with amplitudes 1 and 1;
(111} they are released from rest with asplitudes 2 and 0, respecciwely.
Thus the initial conditicns for case (iii) are a superpoaition of those
for casea(l) amd {11).
Bhow that the motion in cass (1ii) is a superposition of tha motions

for cases(i) and (ii)

1.25 Prove the genaral cass corresponding to the example of Prob. 1.24
(Include the velocities as well as the digplacements in the initial condition.)

1.26 Write down the three sguations for & system of three degrees of fresadom
analogous to the genersl equations (1.50) and (1.51). Show that if cpe assumes
a mode, one gets & determinantal equation analogous to Eq. (1.58) , except
that it is & thres-by-thres determinant. Show that this gives a cubie

F
equation in the varisble w . Since a cubic hes thres solutions, thare ars
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thres modés. Cenerise to N degress of fresdom. This conatitutas a proof
that N modes exist for a system of N degree of fresdom. Thay must sxisk;

because here you have a prescriptien for finding yham.

1.27 Hoaldentical coupled peadulums. Consider two pendulums, a and b,
with the seme string length 1, but with different bob masses, !I:.L and Hb.
They are coupled by a spring of spring constant K which is attached to the

boba. Show that the equatione of wotion (for small oscillatioma) are

d B

H,,f-:{h - b o ~EOh -9,
Solve these two equations for the two modes by the method of sesarching for
normal coordinates. Show that %, § (W9 _+ Hhih]fﬂl. + K ) and L Bl A
are normal coordinstes. Find the frequencles and configurations of the modas.
What is the physical significanca of *11 Of 121' Find a suparpositiem of the
two modes which corresponds to the initial comditioms at tima £ = O that
both penduluss have zero welocity, that bob & have amplituda A, and that bob
b heve mmplitude zero, Let E be the total energy of bob & at t = 0, Fiod an
expression for l.{t} and for tb{ﬂ' Assume weak coupling., Does tha snergy of
bob & transfer completely to bob b during & beatT Is it perhaps tha cass that
if the pendulum which inicially has all the energy is the heavy one, the
energy is not completely transferred, but if it the light ope, the enargy

ia completely transferrvedl
Ana . ui-{. ui-{+l.l{_ﬁ+l‘":}_

*. = A{=a cosa, € +% r.uluzt}, *h - .lEl{:mll: - ﬁﬂﬂit},
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Afeer defining w

od ™ MW, —w ) and w = lg(w, +w,), one finds

"

H -
{.!.:ulllmdl'.'} cosu  E + “.T limlﬂl:ll'llﬂ‘_rt-.

W " Eﬂ.ﬁ% elnw__t) edno .

The energy of each pendulum is easily found in the weak-coupling approximation
where we neglect the time varistion of the sine or cosine of ® ot during

ene cycle of the fast oscillation at Erequency C— because we assume

wod T Yo We also neglect the energy stored in che spring at any instant.
Then you should find

E = E(%ih}[l - coslv, - ullt]

g E[Hi + ni + ml“h““”i‘“i“
. 3

Thus the energy of pendulum a (the ome with all the enargy at time zare)
varies slousoidally at the beat frequency, oscillating between a maximum
2
value of E and & minimm value of {H. - H.h]!rl By
The energy oOf pendulum b oscillates =t the beat frequency between &
minizgun value of zerc and a maximum valus of {lﬁlﬁhfﬂzll. The total ensrgy

B+ th is constent (8ince we neglect dazping).

1.28 Using eicher the slinky approximatien or the ssall-oscillacions
approximacion, find the two coupled esguations pf motion for the Eraneverss
displacenments §_ and ¢, of Fig. 1.15. f{a) Use thd syetemacic method to find
the frequencies and asplirude ratics for che two fnormal modes. (b) Find

linear combinacion i'l and tlb tHat glve uncouplad equations; L.e.,



find Iﬂ]l: noreal coordinates, amd Fimd the frequencies and amplitmde ratlos

for the two modes, Ang. See Eqs.{1.85) and (1.90).

1.29 QOsefllations of two coupled LC eircuilts. Find the two normal modes
of cacilsation of the coupled LC eircuits ghown in Fig.l.l6, with equations
of socilon given by Eqe.(1.96) and(1.57). (a) Usa tha systematic mathod.

(b} Use the method of finding normal coordinates.

1.30 'The eystem is shown in Fig. 1.1l. The equations of motion are gives by
Eqe.(1.71) and (1.72). Use the systematic method given in Eqs.(1.54) through
{1.62) to find'the mwodes. You should mot simply plug imto thase equations,
however; you should go through the snalogous steps "without locking'

Ans, See Eqs,(1.85) and (1.90).



