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af;yﬁﬁuﬂnﬁnunﬁ -

2.1 maninfnurab Lun1nu1a,60'n§h gnByinfty 1000 G2, ewqtnIn Sauev

ndumuzarvlurinindndinatiuinala? mou. 316 n.s !

2.2 UanuinvwdeavsiﬁLﬂﬂﬂgdl%ﬁﬁiﬁﬂtﬂuvﬁviui1un11uﬂ’240 \Bnd.  Snusuntele
KugnIenuaInvmnguuinin 2 Alantu.  AduMuILUUL8NLAuYeYLfon = 0.021
flan3u/uums. (n) ﬁhiﬂl§1ﬂaﬁﬂ$ﬁnﬂuﬂ11viﬁﬂﬁblﬁ111f“V(ﬂ) r2wprndut duinalar

sou.  30.5 wmi/%uqf, 0.13 wum3,

2.3 swiloTuprmuininuad 0.5 tums, ym 5 x 1073 Alan¥l, ‘Gn2uflv 400
fafu.  (n) nwtininya (fundamehtél=frequency)tﬁﬂﬁbtﬁﬁ117 (v) s'iauloiqed-
Tnugegnifuinalatenug ndvﬂ1g11ﬁ15§ﬂﬂd1uﬂﬁg 10,000-§lw§f—'nnu. 2200’1Bn€;

Torr03Tnud 49.

2.4 aminfnera L = 1 wng, saqumunudy 8 x 10__3 flandunognuanniung, gnily
1isnavimn 2 s, sonffdunaunaautindngs 200 1Bnd.  (n) ewaaineniTovoendu
pwirvwosanfitiinilaz (1) aamuidvgegafigafienatvuovaon = 800‘m;s-2,'

swituuiyafiyafivnatvinafuinila?  aeu. 400m.s_1, 5 x'1074m.

2.5 swifondumumuinings 30 Bndiofeun160 teuliunt. SuuByedl antinode

= 3 gu, #wuifenfuan 3 x 1072 . (n) ﬂh1ﬂt!aiusniun1Uﬂ51v1u11utdantﬂu

w137 (1) seatunamamauivlugoifen, weou. 36 \win3 /Muafl, 64.8 oo,

2.6 Show that the éotential energy of two identical simple pendulums
"coupled by a spring may be expressed as axz + sz,fwhéré~x and Y are
normal co-ordinates and a and b are constant. Show that the kinetic energy

may be expressed as ckz + diz where ¢ and d are constants. Evaluate.a, b, ¢
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and d in terms of K, 1,‘m and g.

2.7 ExpreSC the total enetgy of problem 2.6 in terms of the pendulum T

displacements x and y as

E = (Ekin ‘ pot)x + (Ekin + Epot)y + (Epot)xy
“ where the brakets give the energy of each pendulum expressed in its own .

k,co-ordinetes and (Epot)xy is the coupling or interchange energy 1nvolv1ns

the product of these co—ordinates.

2.8 Consider the case when ‘the number of masses on'the'ioaded string'of

1

this chapter is n =3 and show that the normal vibrationa have frequencies

given by ”1 = (2 - V/2)T/ma, u; - ZT/ma and ”3 - (2 + /&)T/am.

2,9 Taking the!maximum-valuc of

“2 . e ST

o = B -con By

at s = n as that produced by the Strongeac coupling, deduce the relative
displacements of neighpouring masses and confirm your deduction by inserting
your values in conlecutive difference'equationa reletiugAthe displaceuentc ;

yt+1, ’r' and Yoy th 1: your colution unlikely to satisfy the diaplace-

’v-ente of those masses near the endc of the lt:tng?

2,10 Expand the value of

_em - 5y

s " ma (1-eosgaT

~

©. whare s <<u in power- of (c/n+1) to show that in the limit of very large

~ values of n,a lcv frequency




wﬁere_p = m/aend ¢ = (n‘ﬂfl)a,/

2.11 Standing aéoun:zc waves are formed in a tube of length & vith‘
(8) both ends open and (b) onz.end open and the'othéf closed. If the particle
displacement | | |
v = (A-conki + B sinkx) sinut
and the boundary conditions are as shown in the di#grams, nhﬁw_thnt for
| (a) ¥ = A coskx sinut with A = 2¢/n

and fo; B o

(® ¢ = Acoskx sinet with A = 42/(2n+ 1)

Sketch the first three harmonics for each case.

(a) C® |

3y | 3 Wy .

M. | -a-%-o Mo e v=0
- L > - L -

12-12 P{nd the three mode.configurations andffrequncién for ;:annv;rae |
vibrations of a uniformly beaded string hgving three beads and four string
‘ segments, given the boundary conditions that both ends are free. (the end
str;ng segments_have massleés rings at their ends and‘q}ide qn‘friétionleaa

rods.)

2.13 Derive the classical wave equation (Eq.Z.lﬂ)fiﬁ the following way:
Start with the exact Eq;(2;62). Now go tb.the‘Continuous approximation; ‘
Replace subécript n by location z, taking into accoun;‘the béad-ieparatian

:is.length a. Use thekfayyorfg'agrieszéxpansions of the:r;ght side of Eq. |

(2.62) . Include one more term than is necessary to obtain the classical
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vaVe equation, Give a criterion for neglecting this and higher~order terms.

2.14 ‘l?ind the mode configurations and frequencies -for transverse'é#cilla:ions
of a beaded atring of 5 beads vith one end fixed and one free. Plot the

fiva eorreaponding pointa on the dispersion relation u(k) of these 5 beada.

2.15 Show that, for the system of coupled,‘pe‘ndulu&ns shown in ug . 2,13,

the equation of motion for the nth pendulum bob 1s given (for small oscill-

ations) by s
dy . =& aK o+l n ak 'n n-1
d£2 L wn +'~M,( a M A

Show that the general solution for a mode, vithOut regard to boundary
conditiona, is ' ' s

v (t) = eoa(ut + ¢) [A ain nka + B’ cos nka]

lhov thac -the diaperaion ralation ia

2
: B 5K ., 2ka
w = 9 + m sin” 5=

Show that, for the boundary conditiona ahown in Fig. 2. 13 (i.e° no apring
eoupling the end boba to the wall). the above bolution relation reduces to
v (t) = eos(ht + Q)B eoa nka, -
with the nth bob located at z = (n - k)a. Show that the loweat mode haa o
k=0, Skateh its eonfiguration. What would be the behavior of the aysteu
in this configuration if rhe gravitational eonatant were gradually redueed

| to sero? Sketch the eonfigurationa for N - 3 and give the frequeneiea for ‘

the thres modes.

2,16 Go to the eontiuuoua‘limiéiihirﬁoiioupiedeﬁeuduluﬁforoﬁlem;fProbff;lS)f,
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Show that the equation of mtionbccmu a wave equation of the form

2 o PRSI 2
LI AR S N ]
7 —~, +v z2 .

it °a
2-17 A half-wave rectifier removes the negative half-cycles of a pure
sinusoidal wave y = h sinx, ?'S“i‘io‘v"t:hat the Fourier series is given by

o hye 2, 2, 2 4
y w(l + 1.7 sinx - 13 cos2x - 3.5 coséx - 5.7 cosbx...)

2,18 Show that f(i) = xz'may be Vrepresc‘anted in the interval iwx by

2 .
f(x) = -23- v + (-1 -‘-'—2- cosnx
a .

2.19 Use the square wave sine series of unit height f£(x) = 4/wv(sinx +
%sinhi + %sinSx) to show that k

1 1r
1-+—-7---4-

W
(VI

2.20 Prove each of the following numbered statements ;Qs’ing two methods:
(a) tﬁe "physical” method that makes use of the normal modes of a continuous
string with appropriate boundarj conditions, vand (b) the method of Fourier
analysis of a periodic function of z. |

(1) Any (rensonable)_ function £(z) defined between z =» 0 and z = L
and having value zero at z = 0 and slope zero at z = L‘ can be expanded in
a Fourler series §f ‘the foi-m k

f(z) = ﬁ,An‘ sin 'nklz; ne1, 35 7, «...; k1 --121

(Note: In using the method of Fourier analysis you must first construct a
periodic function from £(z) so that you can use the formulas of Fourier

analysis.)
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(i1) Any~(:easonab;e)ifuncﬁion £(z) defined between z=0and 2z =L and
having zero slope at z = 0 and zer§'310pg at z = L can beJ§xpandedg1n a
Fourier series of the form | w

€)= B+ FB conmen me LZ3ke kler
(iii)k‘Any;(reasonable) function f£(z) definedvbgﬁweep z = Oyégszaé«L ﬂ“d'
 §av1ng zequslopé at z = 0 and value zero at z = L qan:bé exganded,in a
Fouriéi‘seiiés of ghé form o é “ ) /

f(z) = ﬁ Bn, cos nklz| n = 1,3,5,7.00- le ’;E




