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Ex(z.t) = By(..t) , (<**L) 

- 1  1 4 1 @ I  

dU11.11~~51191:117PlLIUQIU1UIOJd7UD1n1P( ildllB~n)l dielectric  
I  v 4 @ 

conatant c utl: magnetic p e r u b i l i r y  p ~ U B ~  1w11 atn11auI ~ u ~ ~ r n ~ f i G  
/ 

v(t) li&!iun\fin~rnr:~wdu 
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s(2.t) 41 EX(zrt) r By(z.t) rn Ex(zDt) 
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i l n t d r ~ ~ u & t  s uu t ?u~u;uaumzud t 8, Jnnnifu hv r q n n a a  t = ua: 

- 
' a d  trunnnqhntdqnt re - k t ru lu t ra iu t  r u m l  r u n  ' d  u ( wan front. ) 

8 4 .. Z ,  ua: B(z,r) nlmCtmnfi : uaz&sinatfin?u 



Jh.ra x Y ara in c e u t h t a r s  .nd t is in seconds. What arm (1) the amplituda, 

(2) tth fraqwocp, (3) tth wavelength, a d  (4) the spaad of porprgation 

4.2 (a) Show tha t  the equation of a traveling transversa wave i n  a s t r ing  
I 

c8a be WritQen p - Y COS(~U/A) (x - c t )  . 
(b) kt Y - 1 in., A - 2 in., c - 0.25 i n ~ s e c .  Show i n  a full-size diagram 

tha shape of rtre s t r ing  ' a t  times t - 0, 1 eec, and 2sec. Determine from 

pour diagram tl)e diraction i n  which the wave is traveling. 

4.3 A trcmsvarse uinc wava of amplitude 10 cm and wavelength 200 cm travels  

from l e f t  t o  r ight  along a long horizontal stretched s t r ing  with a speed 

o f  I00 cdsec .  Take the origin a t  the l e f t  end of the undisturbed str ing.  

A t  time t - 0, the l e f t  end of the s t r ing  I s  a t  the origin and is moviag 

downward. (a) What is the frequency of the wave ? (b) What is the angular . 

frequencfl (c) What is the propag&mconstant? (d) What is the equation 

of the wave? (e) What is the equation of motion of ,the l e f t  end of the 

string? ( f )  What is the equarion of motion of a par t ic le  150 cm t o  the 

r i @ t  of the origin? (8) What is the (absolute) maximum transverse velocity 

of any par t ic le  of the string? (h) Find the transverse displacement and 
1 

the tran8verse velocity of a par t ic le  150 cm t o  the r ight  of the origin,  

a t  tSma t - 3.25 sec. (1) Hake a sketch of the shape of the s t r ing ,  fo r  

a l e n ~ f h  of 400 cm, a t  time t - 3.25 sec. 

i h a . :  (a) t - 0.5 cps. (b) u - r r a d / ~ c ;  (c) L - ~ 1 0 0  cm-l; 



(d) y - 10 ri.[(~x/l00) - wt] i (a) y - -10 r i m ;  ( i )  y - 10 sim[(k/2) - st] ; 
(8) 101 d e e c ;  (h) y - 542 a, P - - 5 r h  ~ H C .  ) 

8 4.4 (1). ~ i @ t  waver tram1 in v a c u a  with a s p e d  c - 3 x 10 drat. 

d r i b l e  . r p e c t r u  extend* from a n n ~ g t h  of about i x' m (violat) 

t o  about 7 x m (red). What are the f r a q u c 2 e a  of l i g h t  wavu of tlnre 

wavelangtho? (2) lhdio waver t raval  at the rpeed of light. Tha "broadcut  

band" u t a d e  from a frequency bf'510 kclrec t o  a frequency of 1600 k c l u c .  

What are  rhe wavelength. correrpondiag t o  there frequencler? 

4.5 One end of a rubber tube f r  fastened t o  a fixed support. Th. other 

end passee over a pulley at a distance of 8 m from tha,fAxad end, .ad c a t r i e r  

a load of 2 kgm. The mas8 of the tube, between tha fixed a id  a d  tln pulley, 

i e  600 gm. What i e  the rpeed of a m a l l -  amplitude tranrverre wave i n  the 

tube? 

4.6 A long rubber tobe for  which p - 0.10 kgm/m (weight about k lbflm) 

is stretched with a teneion T of 90 newtone. One end is oeci l la ted troneveraaly , 

with SIM of amplitude Y - 30 cm and with a frequency f of 1 o e c i l l a t i m  

J per eecond. I f  a l l  of the energy transmitted i e  'abeorbed at the f a r  end, 

what i e  the average power required? 

4-7 A stretched s t r i ng  i e  observed t o  vibrate  with a frequency af 30 cycles/eac 
I 

i n  i t e  fundamental mode when the eupporte a t  its ende a r e  60 cm apart .  The 

amplitude a t  the antinode i e  3 cm. The i t r i n g  hae a mees of 30 p. 

(a) What is the speed Of propagation of a trauevere wave i n  the r t r h g ?  

(b) ' Compute the tension i n  the s t r ing.  (c) Write the equatLon repreeonting 



the  wave motion, using the  constants given above aild computed i n  (a). 

(d) Suppose t h e  center  of t h e  s t r i n g  is pulled t o  one d i d e , ~ d i s t o r t i n g  the  

s t r i n g  i n t b  one-half of a t r i angu la r  wave, and is  then released. 

What frequencies would you expect t o  be present i n  the  resu l t ing  vibra t ion 

OF dhe s t r i n g ?  

4.8 The veloci ty  of sound i n  a i r  of density 1.29 kpw3 u y  be taken a s  

330 metres u ~ ' .  Show t h a t  the  acoust ic  pressure f o r  the  pa in fu l1  ~ o m d  

of 10 watts  metre-' - 6.5 x of an atmaphere .  

4.9 Show t h a t  the  displacement amplitude of & a i r  molecule a t  a painful  

sound level of 10 watts  meter-' a t  500 Hertz - 3. meter. 

' " 

4.10 I f  the  wave on t& a t r i n g  i n  f ig .  below propagates wi th  a dieplacemeat 

y - a sin(= - kx) 

Show that  the  average r a t e  of .working by the  force  (average value of tran- 

sverse force  timee traneveree veloci ty)  equals the  r a t e  of energy t r a n s f e r  

aleng t h e  s t r ing .  

Foe 
4.11 Show t h a t  the  c h a r a c t e r i s t i c  impedance f o r  a p a i r  of Lecher wires of 

radius r and separat ion d i n  a medium of permeability p and permi t t iv i ty  c 

is given by 



4.12 The end of a s t r ing  a t  2 - 6  0 is driven harmonically a t  frequency 10 

cps and with amplitude 1 cm. The f a r  end of the c t r ing  is in f in i t e ly  f a r  

away (or  e l s e  the s t r i ng  is  "terminated" so tha t  there  a r e  no ref lect ions) .  

The phase velocity is  5 meter/sec. Describe (precisely) the motion of a 

point on the s t r ing  located 325 cm downstream from the driving terminal. 

What is  the motion of a second point located 350 cm dmet ream? 

4.13 Assume that  the piano s t r i ng  Of length 1 meter and with frequency A440 

(440 cps) for  its lowest mode, and has diameter 1 mm and i s  made of s t e e l  

having volume density 7.9 gm/cm3. Find the tension i n  dynes and i n  pounds. 

(980 dyne = 1 gm-wt; 1 kgm weighs 2.2 lb.) Ans, about 1100 lb.  

4.14 Coaxial transmission line.  Show that  the capacitance per unit  length, 

Cia, fo r  .a coaxial transmission l i ne  with inner conductor of red im rl and 

outer conductor of radius r and with vacuum between the inner and outer 2 

cyl indrical  conductors is given ( i n  esu, 1.e.;-cm of capacitance per c m  of 

length along the axis) by 

Show that  the self-inductance per unit  length, L/a, is given by 

To obtain Cia, use Q = CV and Gauss's law. To obtain ~ / a ,  uee L = ( l / c ) @ / ~ ,  

where O is the magnetic f lux produced by a current I. 

4.15 Show that  the e l e c t r i c  and magnetic f i e ld s  a r e  zero outside the outer 

conductor of a coaxial transmiasion l i n e  and inside the, .inner conductor. 



Show that  the e l e c t r i c  and magnetic f i e ld s  a re  zero outside of the  region 

between the plates  of a parallel-plate 'transmission line. 

. 
4.16 Show that  the self-inductance of a para l le l -p la te  transmission l i n e  

is given by Eq.(4.48), for  a l ternat ing current a r  well as for  steady current,  

ae long as the wavelength is long compare the p l a t e  thicknera do. 

4.17 An i n f i n t c  s t r i ng  with l inear  mass density 0.1 p / c m  and tenrion 100 l b  

(1  l b  = 354 gm-wt; 1 gm-wt = 980 dyne) is driven a t  e = 0 i n  harwnic  motion 

of amplitude 1 cm and frequency 100 cpr. What i r  the time-averaged energy 
A 

f lux i n  watts? Ans. About 40 watts. 

4.18 Find the rme (root-mean-aquare) rlectris f i e l d  (amraged over a11 

f requencies) at a point in space 1 aaeter f r& a 40-watt l i g h t  bulb. 

4.19 Suppose two traveling waves  on an e l a r t i c  s t r i n y  with To - 1 dyne, 

3 p - 1 gm/cm, and co - 10. rad/sec are given by - A cos(wt - kz + n ) ,  . 

Find the time-averaged intensi ty  of the superporiFion of el and q2. 

4'20 Three plane electromaguetic waver, given by 

Hlx - Ho cos(kz - c o t  - 61) - B 
19' , 

and 

Egx - Eo c08(kz - c o t  - 6 3) - 
B*@ 

travel over the rams apace. Wt are the amdmm sad Paidrun .qlittdw a d  



ouargy fluxem tha t  can be produced by adjusting the valuer of the  constants 

4 -21 "Gatqe prerrure" fo r  longitudiaal waver on a spring. Derive Eq . (4.70) , 

S t a r t  vith a 1umped-par.aarter beaded spring. A t  equilibrium each spring is 

compram8.d 80 tha t  it exerts a force Po. The spring constant is K. The b u d  

rapatation i. a.  Find the force on a given bead exerted I n  the  +z direction 

by tha mpring jwt t o  the l e f t  of tha t  bead. Go t o  the continuoue l i m i t ,  

.ad t h m  &rive the deaired relation. Note t ha t  i n  the continuous l im i t  the 

product Ka i. a property of thr continuom rpring and is independent of the 

4.22 &a m o d  cnvor perfectly PoadbpersiveY We found i n  crec.4.2 t ha t  

tha p h u e  velocity of round i r  colutant, independent of frequency. The 

dlmparrion law that gave tha t  rmult was 

which i. ridlrr t o  the dirperrion law fo r  longitudinal oecillationcr on a 

I 
continuow rpring 

t o r  a l\nped-par-tar beaded rpring, the dirpersion law is  

which ludr t o  a high-frequency cutoff. By analogy and by phyaical r e son iq ,  
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g w r  a value for a high-freqwacy cutoff for 8ormd in air a t  STP (.tandud 
1 

teaperatur and premure). Would you expact ultraeaaic waw of frequency 

v = 100 Hc to travel at ordinary round velocity? b e .  You expect a high- 


