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wvsPrfeunl «

%=1 The squatiom of & cartais traveling trensverss wava ia
Y = 2 ein (3T - 5
whera x T ars in centimaters and ¢ is in seconds. What are (1) the amplituds,

{(2) the fraquescy, (3) ths wavelsngth, and (4) the spasd of porpagatiom
of tha wawal

4.2 (a) Show that the squaticm of & traveling transverss wave in a string
can ba 'lIﬂ.tl-. y= ¥ con{2r/i){(x - et).

(b) Lat Y= ] dn., 4 = 2 in., ¢ = 0.25 in.sec. Show in & full-size disgram
the shaps of the string at times t = 0, 1 sec, and 2sec. Determine from
your diagram the dirsctiom in which the wave is traveling.

4.3 A transpvarse sine wave of smplitude 10 cm and wavelength 200 cm travels
from laft to right along a long horizontal stretchad string with a speed

of 100 ew/sec. Take the origin at the left end of the undisturbed wtring.

At tims £ = 0, the left end of the striog is at the origin and is moving
downward . iy (a) What is the frequency of the wave 7 (b) What is tha angular
Erequency? (c) What 1s the propagstionconstant? (d) What is the sguatiom
of the wave? (e} What is the equation of motion of the left end of the
atring? (f) What is the eguaticn of mocien of a parcicle 130 cm to the
right of the origin? (g) What is the (absolute) maximum Erinsverse velocity
of any particle of the scring? (h) Find the trensverss displacemsnt and
the transvers# velocity of a particla 150 ecm to the right of the origim,

4t time £ = 3,25 sec. (1) Make & sketch of the shape of the sctring, for

a lengeh of 400 cm, at tima £ = 3.25 sec.

{ Ans.i (&) £ = 0.5 cps. (b) w = v rad/eec; {c) k = W/l0O -:I.-jl



171

(4) y = 10 stnf(vx/100) - #e]; (a) y = -10 stnve; (£) y = 10 sda[(30/2) - vt];
{g) 10w cw/eec; (h) y = 5/2 cm, v = =54/2 cu/onc. )

4.4 (1) Light waves travel i vesmum with 2 spasd ¢ = 3 = 107 w/asc, The
visiblas spectrum axtends from a wavelsagth of about l:lﬂ-ri{*l'lﬂlll}

to about 7 x 1077 m (red). Vhat are the frequencies of light waves of these
wavelengths? (2) Radic waves travel st the spesd of (ight Tha "brosdcast
band" extends from a frequancy of 550 kc/eec to a frequency of 1600 kcfesc,
What ars che wavelengths corresponding to these frequenciess?

4.5 Ope end of & rubber tuba is fastensd to a fixed -.mm:t. The othar

end passes over & pulley at & distance of 8 m from tha fixsd and, and carriss
a load of 2 kgm. The mass of the tube, between the fixed end and tha pulley,
is 600 g=. What is the speed of & small- asplituds transverse wave in the

tube’?

4.6 A long rubber tube for which p = 0.10 kga/m (weight about & 1bf/m)

is stretched with a tensiem T of W newtons. Ome uld is ocecillated trensversaly
with SEM of smplitude ¥ = 30 cm and with & frequency £ of 1 oscillation

per second. If all of the energy transmitted is sbesorbed at the far end,

vhat is the average pover Tequired?

%=7 A stretched string is observed to vibrate with a freguency af 30 cycles/sac
in its fundamental mode when the supports at ite ends sre 60 cm apart. The
amplitude at the antinode is 3 em. The string has a mass of 30 gm.

{a) What is the speed of propagation of a transvers wave in the string?

(b} Compute thes tensiom in the string. (c) Write the sguetion repressmting
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the wave motion, using the constants glven above and computed ia (a).

{d) Suppose the center of the string is pulled to one &ide, -discorcing the
string into one-half of a triamgular wave, and is then relsased.

What frequencies would you expect to be present in the resulting vibration

of the string?

4.8 The velogity of sound im alr of density 1.29 kp'a way be caken as
330 metres ll:r:-l'. Show that tha acoustic pressure for the painfull soumd

of 10 watts nrr,u': = 6,5 x 10"' of an atmosphere.

4.9 Show that the displacement amplitude of l:l alr solecule at a painful

2 -4

sound level of 10 watts meter - at 500 Hertz = 3.10 mEtar.

4,10 If the wave on the string in fig. below propagates with a displacement
¥ = a sinfut - kx)

Bhow thet the average rate of .working by the force (average valus of tran~

sverse force times transverse velocity) equals the rate of energy transfer

along the scring.
gt

F e
7 X
T

Fe'“" = -1 sine
.11 Bhow that the characteristic impadance for a pair of Lecher wires of

radiua T and separation d io a medium of permeabllity p and permittivity e

1 d
By ® ?Jg“;

is given by
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4,12 The end of a string at. z = 0 is driven harmonically at Erequency 10
cpe and with amplitude | cm: The far end of the string is infinitely far
sway (or else the string is "terminated" so that thers are no reflections).
The phase velocity is 5 meter/sec., Describe (precisely) tha motiom of a
point on the string located 325 ca downstressm from the driving terminal.

What 1s the motion of a second peint located 350 cm dowmstrean?

.13 Assume that the plano lI‘.:‘.l..I:Il,-nf langth | mecer and with frequency A440
(440 cps) for ite lowest mode, and has diameter | mm and is made of steel
having volume densicy 7.9 p}:na, Find the tension in dynes and in pounds.

(960 dyne = 1 gm-wt; 1 kgm weigha 2.2 1b.) Ane. about 1100 1b.

4.14 Coayial transmissicon l1ine. Show that the capacitance per walt length,

Cfa, for .a coaxial transmission line with inner conductor of redius r, and

1
outer conductor of radius r, and with vacuum between the inner and cuter
cylindrical conductors is given (in esu, l.e., co of capacitance per cm of

length along the axis) by

E _ 1
a ilnzrzj't lj ¥

Show that the self-inductsnce per vnit length; L/a, is given by

[

Eetm

n“fu

1
To obtein Cfa, use § = CV and Gause's lsw, To obtain Lfa, use L = (1fe)e/I,

whare ¢ is the magnetic Flux produced by a current I.

4.15 Show that the electric and magnetic flelds are zerc outside the outer

conductor of a comxial transmission line and inside the inner conductor.
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Bhow that the electric and magnetic filelds are rero outsdlds of tha regiom

between the plates of a parallel-plate transsmission line.

4,16 BShow that the self-inductance of a parallel-plate cransmission line
is given by Eq.(4.48), for alternating current as well as for steady current,

as long as the wvavelsogth is long compared with the plate thiskssss -In.

4,17 Ao infinte etring with linear mass density 0.1 gun/cm and tension 100 1lb
(11b = 354 go—we; 1 gowt = 980 dyne) is driven at £ = 0 in harsonic motion
of amplitude | cm and frequency 100 cpa. What is the time-averaged enargy

flux in w:ufl Ang. About 4o watts.

4,18 Find the rms (roct-mean-square) electric field (averaged over all

frequencies) at a point in space 1 meter from a §0-wmtt light bulb.

4,19 Suppose two traveling waves on an elastic striag with 1'“- 1 dyne,
p!lp}u,lﬂdu![ﬂ-"rﬂfﬂ:mﬂmh}
h-l.ml:u:-h-hﬂ.

il-:.ml:u:-u+{}.

Find the time-averaged intemsity of the superposition of ¥, end 12.

#-20 Three plane electromagnetic waves, given by

E - l':ul{k:--t-ll_l = B

1x ir*

By = B, con(ks -ue-6) = B,

lh - l-ﬂl'm{h-.t-':l? = Ik'

travel over the sams space. What are the maximm- and minisum asplitudes and



175

soargy fluxes that can be produced by sdjusting the values of the constants

'1" I“ &nd ‘l'

4.21 "Gauge pressure” for longitudinal waves on & spring, Derive Eq.(4.70),
which is

Pilon®w = F -kalinG)
Scart with a lusped-parameter beaded spring. At equilibrium each spring is
comprassed so that it exerts a force ¥ . The spring constant is K. The bead
saparation 1is a. Find the forca om a glven besd sxerted in the +z dirvection
by tha spring just to the left of that bead. Co to the comtinuous limic,
and thus darive tha desired ralation. Hote that in cthe continuous limir the
product Ea is & property of the continuvous spring and is independent of the
langth a.

4,11 Are wound vaves perfectly oondispersive! We found in sec.d.l that
tha phass weloczity of sound is constant, independent of frequency. Tha

disparsion lsw that geve that rasult was

= 2
u -I:E:uh,

which is sdmilar to tha dispersion lew for lomgitudinal oscillations on a
continuous spring '

wvhich lsads to a high-frequemcy cutoff. By snalogy and by physical resoning,



17a

gusss & valus for s high-frequency cuotoff for sound in sir st STF (standard
tesperatur and pressure) . Would you sxpact ultrasomic wave of [reguancy
v = 100 He to travel at ordinary sound velocity? Ans. Tou expect s high-

frequency cutaff v, = ll'.ll":I He.



