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5.1 A rubber tuba &n which tho rpaed of t rmrwrea  wavu i r  c1 i m  joilud 

md-to-ead to a recond tuba in which tha r p d  i r  c2. A tr& of rim wanr  

travolr toward the junction ib tho f i r r t  tuba. (1) Wht i8  tho 8pmed c2# 

i n  tarmm of cl, i f  tho amplitude of tho reflacted warr o q 4 8  t&t of tho 

truupdtted w-? (2) Wht i r  then tho ra t io  of tho avarala pawar rofkcmd 

t o  that trurmittod? (3) Explain why tho awraga powrr ara not oqurl, 

although tho m p l i t u d u  ara oquil. (4) Wht i r  tho rpoad c2 i f  tha n f l w t o d  

joinod 8 u d - t o 4  to  a mocod tuba ia which tho .pad Ir 10 m/mce A tr- 

8%- wrvr of wavolmggh 1 8 r d  a m p l i t l i t  3 cm travola in tho f k r t  tub. 

toward tho junction. (1) Wht ir tho m p l i t d .  of cb. rnw rufl.ct.6 at 

tha jtmction? (2) What ir tho amplitdo of tho tr8nde.d vavot (3) Ybu 

i r  tho ra t io  of tho avoraw pauor tran8dtt.d t o  that r o f k c t d ?  

5.3 m trclu*mo comiru warn, u c h  of m p l i t d .  1 ia. 4 w-th 

2 in., t r a w l  io, opporito diroetloua ia a rttw vi th  a wood of k &domeI 

t - 2 H C .  t ' 4 8 . C .  

5.4 A r t r o t c h d  rttiry i. ob- to *t&tewi,th a fnq- of S ~8ld/w 

i n  i tr  fundn.aat.l d a  ;rha, tho rupprta at ik ard a n  60 a W r f .  Zlu 



(1) What is the speed of propagation of a tranaverre wave i n  the str ing? 

(2) Compute the tension in the r t ' a g .  (3) Write the equation representing 

the wave motion. wing the co&tants given above and computed i n  (1). 

5.5 The relation between the lm$dqnce Z and the refractive index n of a 

dielectr ic  is given by Z - l/n. & u h t  travelling in free space eaterr a glasm 

leas which has a refractive b&x of 1.5 for a f ree  space wavelength of 5 . 5 ~ 1 0 - ~  

mmters. Show that reflections at th is  wavelength are avioded by a coating of 

refractive iadex 1.22 and th i&ubr  1 .12~ log7 meters. 

5.6 Suppoae a coasial transmlrs5oa l ine  having 50 ohnu characteristic kmpedance 

is joined to one having 100 ohma characteristic Wadance. 

(a) A voltage pulse of +10 volts (moxiwlm vdue)  is incident from the 

50 SJ l i n e  to the 100 SJ l ine. What is the "height" ( in  volts,  including the . 
r i m )  of tha reflected pulae? Of the t r a m d t t e d  pulse? 

(b) A + lo-volt pulse is  incident from the 100 to  the 50 SJ line. 

What a re  the reflected and transmitted pulse heights? 

5.7 Light of wavelength A - 5000 2 is incident normally on a rerses of mo 

transparent plast ic  disks separated by a distance large compared with the 

wavelmgth. I f  the index of refraction of the d i s h  is n - 1.5, what fraction 

of the l ight  is trammittad? Naglect abrrorption, inform4 multiple reflections, 

and interference effects. Ane. It/Ia - 0.85. 

5.8 Compare the m l i t u d a  and intensity reflection coefficients for l igh t  

normally &acidant on a smooth watef surface (index a - 1.33) for the two 

cues of incidenca from g i r  to  water and frtm water to a i r .  



5.9 I l e f l ec thm la a thia f i lm of .ire Suppo8e you h v m  nrp optical ly  flat 

slab. of glass touchfag at one ea$e awl apaced apart  by a sheet of paper 

at the other .dm, vbich i. a W t a u c e  L f rob  the edge where they touch. 

ASS- the paper ima th, thl-a of oaa page of t h i s  book. (Boa can you 

measure tha t  vithout a dcropwtert)  Suppose you waut auccesoivm fr inges of 

green light: t o  be separated by 1 mm so that you can see  them eari ly .  Bow 

loag must the length L of the 'kedge" of a i r  be? 

5.10 For l.i@t (or other electromagnetic radiatioa) incident from ovrdium 

1 t o  medium 2t we f a d  that, providad the magnetic permctability of the 

medik i a  d t y  (or does not change a t  the dircontinuitp) and provided the 

"gaometry" is conbcant (parallal-plate t ruuudraion l ine  of cona tan t  croes- 

sectional shape o r  s lab  of m t e r i a l  ia f r ee  apace), then the ref lect ion aad 

tseasmiaaion coefficients fo r  the e l ec t r f c  f i e ld  Ex and magnetic f i e ld  B 
P 

a r e  given by 

Ir2 - k l  2k2 . 
a - v1 , T,, - 1 + m g  - - k2 + kl' 

where k - aw/c and n is t@i index of refraction. Shw that the r e f l ~ c t i o n  

and &ransmisiion coef f ic ienta  for  Ex imply tha t  Ex and aEx/8 e are  both 

continwue a t  the diecontinuity, i .el,  that they 'have the same instantantow 

values on e i ther  s ide of the discontinuity. (87 fke f i e ~ d  on the l e f t  a ide 

(medium 1) we moan, of course, the rupsrposit$on of the incident and raflected 

waves .) Similarly, show that the reflectiorr and transmission coefficients 

for  the magnetic f i e l d  Bv imply that By is c u n t i n w u ~  a t  the boundary but 



tbat a B  br i a  lrot conthwm~'* %b# that $0 jlr incruoea by a factor 
7 7 

2 ( 1 c ~ 1 ~ ~ ) ~  - (n2/n1) in c - w  ~a durn I to medium 2. ~t i e  i q o r t a n t  

to notice that  we lun the taUl field, mot jwt the part t r awl iag  in  a 

particular direction* 

5.11 S b u  that for  wvem ma 6 at- tba boundary condition tha t  i a  oarlogour 

to coartant magnetic peLPUbfiity (acroaa a dimamtbuity) for l ight  is that 

the mar  density of tha at- be corutant. Show that .a increase i n  dielectr ic  

corutmf for light in cno'airr8 Lh bomduy i a  8nalogoua to a decrsua  i n  

at- tanaioq. Shar that tba Ltuuvarae atr ing velocity behaves l ike  the 

magnetic flold in a l ight  mwl: in the a a s e  that i t  i a  continuous but that 

2 iu r derivatiw i n c r e u u  by a factor (k2/kl) in goins from omdim 1 t o  2. 

Sbov tha t  tb tramverso tawion -ToaJl/aa bah8v.e like the alac'lric f ield,  

i n  that both it .nd its t derivative are contiauow a t  the borsrdary. (In 

a l l  c u u ,  m are referring to thr  t o m  field,  not t o  component@ traveling 

i n  a particular direction.) 

5 . 1  Cararal ainruoidal wave. Wrlta the traveling wavo $(r, t )  - A coa (wt-kz) 

u a augergomition of tuo a t . o d i q  waves. Write the atanding wave Jl(z,t) - A eomt w o h  u a auglrgoaition of hm traveliag Gave@ trawl ing i n  oppoe$te 

direct- . Conrider the f o l l a r i q  auparpoaition of traveling wavea : 

*(r,t) = A wa(ot - k t )  + 1U coa(wt + ks). 
1 

Show that  thia ainuwi&l wave can be written u a auperpoaition of atanding 

uavem %ven by 

Jl(t,t) = A(1 + R)coapt c o r k  + A ( l  - R) aiawt ainlrt. 

Thur the a m  waw can br thought of Ca a auperpoaition either of atanding 

~8-a  o r  O r  t r ave lhg  wama. 



5013 Suppose you want t o  match op t ica l  impedances between a region of 

index n i ,  and you w a n t  t o  expend a t o t a l  distance L i n  the  impedance- 

matching t r e r u i t i o n  region. Hut is the  optimum z dependence of the  index n 

beweein the two region? Is it expoaentiat? Why not? 

A w  . The wavelength A = (c/v) /n should vaty l i n e a r l y  with z , i  .e., i f  t h e  

t r a n s i t i o n  region extende f n m  8 - 0 t o  z = L, we want A (a) = A1 + (z/L) (A2-A 

5.14 Multiple re f l e t ion .  La the following derivetione you are t o  use 

compldx numbere. Suppose Jlinc i e  the  r e a l  pa r t  of Ae I(*' - '2) da re  A 

r e a l .  Thus Jlidc = A coe(wt - kz) . A t  z - 0 the  impedance puffers  a sudden 

change from Z1 t o  Z2. A t  z = L the impedance changes again from Z2 t o  Z3. 

Assume t h a t  i n  medium 1 there  i e  8 re f l ec ted  wave t h a t  i e  the  r e a l  p a r t  of 

RAe i(*t + ") , where R i e  complex, and my be wr i t t en  R = 1 RI e-i6 

(a) Show t h a t  i f  we neglect  a l l  cantributione except the  r e f l e c t i o n  from 

z - 0 and the  f i r s t  r e f l ec t ion  from z - L, wa obta in  

-2ik2L 
R12 + T12R23T21e 9 

where T12 = 1 + R12 and T21 - 1 + RZ1 - 1 - RIZ* 

(b) Show by e x p l i c i t  eummation of the  i n f i n t e  s e r i e s  corrceponding t o  an 

i n f i n i t e  number of multiple refJectione t h a t  t h e  exact  so lu t ion  f o r  R is 

2 -2ik2L 
(1 - Rl2 

R I R12 + -2I%L ' 
' %3R21e 

where the  f i r s t  tam, R12, i e  due t o  the  rer+ection a t  the  f i r s t  diecorrtinuity 

a t  z = 0, and t h e  r e s t  is bur t o  one o r  -re raflectiorte a t  z = L, Show 

t h a t  i n  the small-reflection approximation t h i r  r a e v l t  reduces t o  that of 



par t  (a) Show t h a t  the  exact r e s u l t  can be wr i t t en  i n  the  form 

/ 

5.15 Transmiesion resonance. (a) Show tbat for  r e f l e c t i o n  due t o  two 

discont inui t iee the  f rac t iona l  tw-averaged  energy f l u x  chat  is not re f l ec ted  

(and hence by energy coneervation must be transmitted) is given by 

(b), Show t h a t  f f  medium 3 has t h e  same impedance a s  medium 1 t h i s  becomes 

(c) Show t h a t  a t  c e r t a i n  values of k2L the  f rac t iona l  time-averaged energy 

f l u x  not r e f l ec ted  is unity,  i.e., fo r  those values, a l l  the  energy is 

transmitted and none ref lected.  Cal l  any one of these "resonance values" of 

k2 by the  name ko. Show t h a t  the  resonance values a r e  given by koL r, 

2r ,  3 r s  e tc .  

(d) Show t h a t  fo r  k2 s u f f i c i e n t l y  near a resonance value ko the  transmitted 

(time-averaged) energy f l u x  is  given by 

l 6  Suppose t h a t  a pa in t  a on a s t r i n g  a t  za - 10 cm o s c i l l a t e s  i n  h a r m i c  

motion a t  frequency 10 cps with amplitude 1 cm. Its phase is such t h a t  a t  

t 0 t h e  point  on the  string i e  passing through i t e  equil ibrium posi t ion 

with upward veloci ty  Cpositiva displacement is upward). 



(a) What-is the  mgaituda mad direct ion of the velocity of point a a t  

t - 0.05 sac? Suppose the s t t i n 6  pa r .nu t e r s (ws  per Mit length .ad tamion)  

a r e  such that the wave velocity is 100 cm/sec. 

(b) Wtl.t is the wavelength of a traveling wave? What is the wavelength of 

a utanding wave? 

(c) b o t h e r  point b a t  ab - 15 cm o w i l l a t s r  with the sau amplittub u that 

a t  aa - 10 an, but with a telative pham of 180 deg with respect t o  tha 

osc i l l a t ion  a t  tam Can you tel l  whethat we  have hate  a pure traveling wwr, 

. pure standing wave, o r  a combhation? 

(d) 4 th i rd  point c at 12.5 an a lso  o y i l l a t e s  with the  game hmplitude as 

:hat a t  ea but 180 deg out of phese with point a. Point b otacillater u given 

above, Now tel l  ue whether the wave is a traveling o r  a taganding wave (or 

a combination) . 


