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5.1 A rubbar tobae in wvhich the spasd of trmsveazss waves 1a €y in joioad
snd-to-end to & second tube in which the spesd is Gg A ttain of sina wawes
travals toward the junction in tha first tubs. (1) What is ths spead €y

in terms of €y if tha asplicuds of thas reflscted wive squals that of the
transmitted waval (2) What is then tha ratioc of tha averags power reflacted
to that transmittsd? (3) Explais why ths sverags powsr ars not aqual,
although the asplitudes are equal. (4) What is the spesd c, if the reflected
power aquals the tramsmitted power? Ans. (1) ¢, = ¢,/3; (4) c, = 5.9¢,,

:: - u-lkln

5.1 A rubber tubs in which the spsad of transverss vaves is 20 w/esc is
joinsd snd-to—and to a second tuba in which ths spasd is 10 w/ssc. i traseverse
wine wave of wavalength | = and amplituds 3 cm travels in the firsc tube
toward the junctiom. (1) What is the ssplitude of the vave reflascted at

the jumerion? (2) What is ths smplituds of the transmiitsd wvawe! (3) What

is tha ratlo of tha averags powar transmittsd to chat reflsctad?

3.3 Two transverss cosins waves, sach of msplituds | in. snd wevelsagth
1 in., travael in opposits directioms im a string with a spead of § in/sec.
Construct graphs of the shape of the string st the following timss: t = O,

E= 2 paz, t = & mac.

5.4 A strecchad string is observed to vibrate with a frequemcy of 3 cyols/see
in its fundamentsl wods when the supports at ite snd are 60 cm spart. Tha
amplitude at tha antinods is J cm, Tha string has a mase of 30 ga.
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(1) What is the speed of propagation of a transverse wave in the string?
(2) Compute the cension in the scring. (3) Write the squation repressnting
the wave motion. using the constants given above and computed in (1).

3,5 The relation batween the impedance I and the refractive index m of a
dielesctric is given by £ = l/o. Light travelling in frees space santers a glass
lens which has a refractive index of 1.5 for a fraa space wavelsngth of 5.5%10""
maters. Show that reflections at this wavelength are avioded by a coacing of

rafracetive iodex 1.22 and thickneas 1.11x lﬂ-r maters.

5.6 Bupposs a coaxial tranamission line having 50 ohma characteristic impedance
is joined to ome having 100 chms charscteristic impedanca.

(a) A voltage pulse of +10 volts (maximom value) is incident from the
50 0 lioe to the 100 @ line. What is the "height” (in wolts, including the
sign) of the raflected pulsa? OFf the transsditted pulsal

(k) A + l0-volt pulsa is incident from the 100 @ to the 50 0 line.

What ars the reflected snd transmitted pulse heighte?

3.7 Light of mlnﬂhl-!mih incident normally on a saries of bwo
transparent plastic disks separated by a distance large compared with the
wavalangth. If the index of refraction of the disks is m = 1.5, what fraction
of tha light is transmitted? Neglect absorption, intermal sultiple reflsctions,

and interference effects. Ans, Ith._ = 0.85.

5.8 Compars the amplitude &nd intensicy reflection cowfficieants for light
pormally incident on & smooth water surface (index n = 1.33) for the tweo

cases of incidance from air to water snd from water to airc.
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3.9 Raflascticns is & thin film of air. Supposs you hive two optically flat
slabs of glass touching at oos sags and spaced apart by & shesat of papesr

at the othar sdge, which is & distance L from the edge vhare they touch.
Asgums tha papar has the thicknsss of coe pags of this book. {Hn:rnllrﬁu
maasure that without a micromstar?) Suppose you want succeasive fringes of
grean light to ba ssparatad by 1 o= so that you can sas tham saslly. How

long must the length L of the "wedga™ of air ba?

5,10 For ‘ight (ot other electromagnetic radiation) incident from wmedium
l to padium 2; we found that, provided the magnetic permeability of the
madive is uwnicy (or dnq not changs at the discontinuity) and providad tha
"geometry" is conecant {parallal-plate transmission line of constant cross-
secticnal shape or slab of material iz free space), then the reflectiom and

transmission coafficlents for tha slectric fiald l: and magnetic fisld B

y
etz k k: Ik
. 1
'1"-.14;1:1' r:"l*"l'h1+t='
L Rl 7k

z
- ‘r = l+- - —_—
By Wy K, B Ry T

whare k = nu/c and n is the index of rafractiom. Show that the reflection
and ransmisiiom cosfficlents for E imply that E. and al!.fn are both
continuwous at the discontinodty, 1.e,, that they have tha same instantanecus
values on either side of the discontinuicy. (By the field on the left side
(medium 1) we mean, of course, the superposition of tha ln:lduf and reflected
wvaves.) Similarly, show that ths reflection and transsdssion cosfficleants

for the magnecic fisld l‘r imply cthat B is continuous at the boundary but
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thar il’hluntm.hm il,}u.tmmub;r.tumr
(kyfe)? = (ny/n))? 1n crossiag from medium 1 to medium 2. It 1s important
to motice that we maan ths total fiald, sot just tha part traveling in &
particular direction.

5.11 Show that for waves on = string ths boundary condition that is analogous
to constant magnetic permsabilicy (scross a discontinuity) for light is that
ths sass density of tha string ba constant. Show that sm incresss in dislsctric
constant for light im :lﬁl.f.ni tha boundary is snalogous to & dacreass inm
#tring tension, Show that cthe transverss string velocity behaves like the
magnatic fiald in a light wvave, in ths ssnse that it is contimwous but that
its = derivative incressss by a factor tk!.r'kl!: in going from medium 1 to 2,
Show that the transverss tension -T 3%/3s behaves like the slesctric field,

in that botk it and ite & derivacive are comtinuous at the bowmdary. (In

all casss, wva are rafarring to tha total fiald, mot Eo components travaliog

in & particular directionm.)

5.12 Genaral siouscidal wawva. Write che traveling wave ¥i{s.t} = A cos{wc-kz)
as a suparposition of two standing vaves. Writa the standing wave p(z,c)
= & cosst cosks &8 & suparposition of two traveling wvaves ctraveling in opposite
directions . Consider tha Iollowing suparposition of traveling waves:

ple;t) = & confut - kz) + RA com{wt + kz).
Bhow that this sisuscidal wave csn be written as & superposition of standing

waves given by
#lz;t) = Al + B)comst cosks + A(l - B} simwt sinks.

Thus the same wave can be thought of a8 a superposition sithsr of standing

waves or o. travaling waves.
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5-13 guppose you want to match optical impedances betwsen a region of
index ny, end you want to sxpend & totsl distance L in the impedance-
matching transition reglom. What is che optimum = dependence of the lodax @
batwean tha two region? Is it exponencial? Why nocd

Ans. The wvavelength 1 = l{:.l"u}.ﬁ.i should vary linsarly with z,i.e., iF tha

transition region extends from® = 0 to ¢ = L, we want A({z) = }\.1 + {ﬂL}l’.lz-ﬁl}

S5.14 Huleiple reflatien. In the following derivations you are to use

compléx nuzbers. Supposs I'i“ is tha real part of .i.t”“ -

kz) 4 where A ia
real, Thus rm: = A cosf{we — kz), At £ = 0 the impedance puffers a sudden
change from =1 to Z,. At = = L the impedance changes again from I, to 33.
Lot By = (2) - 2, ViZ) 4 Tp) = -Ryy. Ryy = (2, - 20/(2, + 2y).

Assuna that in medius 1| thare is a reflectad wave that is the real part of
mael®E + K5)  pore R is complex, and may be written R = |R|e™®

(a) Show that 1f we neglect all eomtributions except the reflection from
z = 0 and the first reflection from ¢ = L, we obtain

24k L
R =Ry + TR, Te ",

vhare Ty, = 1 + Ry and Ty, = L+ 25 = 1 - K.,

(b} Show by explicit summation of the infinte series corresponding to an

infinite nusber of multiple reflections that the exact solution for R is

2 -LE;I.hll'..

{1 - R, IR, @
E = "12 * _Lr,l = :Ea .Lzl..
Baafay
wvhere the first term, Riqe 1 dus to the rei.setien at the first discontinuitcy

at £ = 0, and the rest is dua to one or mors raflecticus at £ = L. Show

that in the ssall-reflsction approximation this tesvlt reduces to that of



2038

part {a}) Show that the sxact result can be written in the form

B * “;3‘-2”"1'
= 1 # lu].zjlqﬂIL ._

5.15 Transmission resonance. (o) Show that for reflection dua to two
discontinuitiesths fractional time-averaged energy flux chat is oot reflected
(and hence by energy conservation must be transmicced) is given by
2 2 2 12
1=Ryy =Ry ¥R By
1+ 21111“ nnllkzl.. + Ilulluz

(b} Show that 1f medium 3 hes the same impedance as medium | this becomes

1 - |g|? =

2.2
{1 = 113 ]
3 r Tl

1= Ilu -r:ﬁlik:l.. + I.]_2

1= IRII -

{c) Show that at certain values of kyL the fractional time-averaged energy
flux not reflected ia unity, i.e2., for those values, all the energy is
transmitted and none reflected. Call any one of these "resonance values" of

li:.1 by the name i‘..-. Show that the resonance values are glven by k.nl- - T,

2w, 3m, ece.

(d) Show chat for k., sufficiently near a resonsnce valus 'kn the cranssdtted

F)
vEime-averaged) epergy flux is glven by

2,2
(1-R,,)
L 12

2,2 FJ 4
(1 - R, 0" + B, 2k, - k)]
3-18  guppose that a point & on a string &t z, = 10 cm oscillates in harmonic
motloo at frequency 10 cps with amplitude ] esm. Its phase is such chat at

£t =0 the point on the string is passing through ite equilibrium position

with upward velocity (posdtive displacement is upu:-.rd}.

4 LI



(a) What-is the magnituda and direction of the velocity of point a at

t = 0.05 sec? Supposs the string paramatars(mass par unit length and tanaion)
are such that tha vave velocity is 100 cm/sec.

(b) What is ths wvavelesogth of a traveling vawve? What is cthe wawmlangth of

& standing wavel

(c) Another poiat b at 5 - 15 ca oscillates with the same amplitude as that
at a_ = 10 cm, but with & relacive phass of 1B0 dag with respect to tha
oscillation at LA Can you tell vhether wa have here & purs traveling weve;
= purs standing vave, or a combination?

{d} A third point ¢ at 11.5 cm also n-fi.uuu with the sams amplitude as
et at . but 180 dag out of phass with point a. Point b cecillates aa given
above, Now tell us vhether the wave is & traveling or a sfanding wawe (or

a4 comblnacion).



