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The logarithrn'ic d,er:renzent y:s &sfln*d in terms of the ratio
malrima
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1. In a plaxm* rh* *hargex arr: fre*. Cnnxidcr *,. ht*
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Equation of nrotisn *rxil: ?trtrJu forcecl $mss spri$g danrpi:ig l{uuld't*u
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Prublem &.12
Ttre figure belsw shows nro iderb al IJC circuis couf,ed by a comman capcitance C with th
dinscti6trs of current ffow indbded Ql arc$s. The roltqe equations are

V1- Vz: L*

v2- v3-- L*

whilst the curnonts ere givut bY

*=ro*to

o?' :,u
dt

$olve the vatfage squstisr$ for the nornral cuordin*te$

ntrrmal modes of oxeillatis* &re given by
tt * +I5) md (I o * 16) ta show that th
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Prabtern 4,!3
A generator of e.m.fl f is coupled to a load zby mwns of an i&al transfcrn:er. From rle diagratn"

Kirchhoff's L*w gives

E**cr*iuLplt*iaWIz

and

zZz * € 1 # iuMIt * iusLtl 2'

$how tt &t Ell t the impedance of the whole system sren by the generator' is tk surn of the prirn;ry

inrpcdance and a .reffected impedance' from rhe secondary circuit of uzM? 7z'r where
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?.rs,blem 5-*
ln ths figure, mdia of impedances Z r and 23 are separated by a
medium cf intermsdiate impdance Zz and thickne*s il4 msa-

surcd in this medium- A normally incid*nt wsve in the first
mediurn hm snit amplitucle and the reflectisn *nd trs*smis*ian (r

coefffisie*ts for multiple reffections arc shown. Sh*w that the total

z1,ze,zg

reflected arnplitude in rnedium I qihich is 8t

R + rTft'tl + rR' + rzva .. .j

is rera at rt * fi' and *row that this defins the mndition
(u

Zl * ZrZt

(Note that fcr zefi) tatal reflectio* in medium l, the first reflectis$

fr is cancelled by thc *um of all subsequent reflwtisns.)
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Problam 5.27
Sh*vr |irat in the DnPPler elfect

that the frequencies

*,hett the source and trbserver are not rnoving in the saIIE direAtoo

, ttt' tl
l./' t:::: ., I t

t: "" t{'

and

3r"' .-' ,r f '' " 
'

\1' tt/

atr valid l{- a anql .t} &re ni}t the iKtua} ve lg*iries hut the r"r}r}rtrX)ntnts CIf the$e v*ktrittes atl{}ng the

directinn in which the waves reaclt ilre *b$cn'er'
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Frobtem 5.28
In exterdlng &e D*ppler pruttipt* cnnxici*r the arcelnrpiulying hgwr* u,here {} ix a *tatinnary
obserryer at tf*e *rigin nf the rrnr&inate $yftem {}lx,t} atrt 0' i* art *fuxervrlr situ*rei3 nithe *rrgin *f
tlle system {}tt-ro,ru1 which fil*vas&'it}r a c#nf;,(ffnt vetracity r:in the t dir**ri*n rs}a{ive t* the r;yst*m
0. Whex O rctd ()' we coitxcidenl trt t *'; tt :;,: t\ aligltt ${;trrc{ se*ds w{wtt in the.r dirr*cti*rl rryith
c*nstant ve\*city e" These $,al€s. *hey tbe relirt:<x1

til *.r= '-r.,lt:lseen hy't,")j,*.\'2 -" n'Jt':iseun hy {}''1.

Sinee tlxre is or:ly ane r*lative velscily u, the transk:rrraf inn

-t':ki-x*t;t}

.y :::: fy' 1, "\' 
t I t,{ 

o ' 

.1

anel

iti

t'r\

t3)

rnt.rst itls* llald" Us* i2l and {3119 elirttillr*e .v' rutd r' {r**r{ll nnd *hnrv thatttzrx id*ntity is satisfied
only by k *'*' * tltl "" $1j l"l. rvhere ;l ,*, rir'. {Hint*in tlie ir.lcntity *t eq*atrun {l } eqr:ate
coefricients of the vari*bles to ;,eril.l.

This i* th* L*rcrfiz trtrnfit#rx"n'&tir,2r1 in th* tlt**ry *{ r*lativtty givitzg

, {"t ^ t:l} "to -l- tlrt
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tr -" {t:l*''}"r'.?
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Proful*m 6,t3
fin p. I2l we dlscurx*d the pr*blent *{ *r*tching twt: ntrings *f ircpedances Zs and Xt by ltze

i**erti#n trf a quarter w#,ve *letrtent *{ impa3itnct

Z, ,,,, tZ1zrtrt":

Rep*at this pr*blenr l*r the ar:{rustic cii*e rr,iherr the expressinns ft:r the sfring riisplac*ments

Jii'-ltrr"\rr

nsw rspr€sfnt the approprice et{],&stlf, tlre$sufes /3;, $],. dstd pr.
Sh*w &at the b*utz*wy cnnditi*rr lrlr prcssurs c*ntinuitry x "t *" {} is

' "l t l" 13 1 "'"'' A: l" I*:

anel that ftrr s*ntinuiry *l'particl* v*lncity is

'X:tA t "- # 13 '* X,1\,A 3 *' # ,j

$imil*dy, irt x * l, trhtlw thnt tltt h*undarl' cnnditinnt; 'are

A: * *te t{ t {l : t&'l ,'" fi, '.q

Zl{aze,"ik't * #te,tr'l} ,',-'" f,1917

Henee prsve thtt the to*fh*i*rtt c-rl'stttnd tranxrnttssitlcr

L4-,,,,
t,t A1

wlwn

li =- )l rZt anel | ::;

ff'lote that the expreasi*ns li:rr h*th h*urtdary **ndtti*ns a

th*xe in the casc *f the string.l

Tqrrt, 6or..tj c,sadifi'.',. .r ttailo'J 9q sut''tr <n^- rr.?oi ,!v mr t lro{u 1u n.r dtqtnt

)n q dvms df'n*.!rv

4r + Br =
frz +82

2r ( At-Sr)
ikz L

-o
2r(1,-B r) = -Q)

+ |rL = A3

At

4

rrd tritnxrrri s*i*n *s*{ftcient diffbr lxrrn

t, j' L'L

i lrrL
7E( hz L erJ\L), ,LA"

-@
-@
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Frnblem 6.t7
Wnvss near the *v$ate
givan hy

L

rf a ncn- z,ist{ttts int**t*resrible liel*icl *f cl*mity yt ltav* a phase velm:ity

t,3 k1 t;tnlt kh

wh*re g ix thc atreelent\xm due t* gnlity."{'i* tlle surlace, trlnsinrt. * is ths lvave *unrher n*:d h is th*
liquid depth. When h ,a" S the liquid is xhalt*rv: rvhen h '#, h th* liquid is de*p.

(aI $how that. lvhen grnrritS, rurd *urlacc teflsisn iire *qually irlrpcrtafit *rlrJ h iir, A" ths wavs vekxity
:,- .^ -^-l--'----.'..^* .."t .at .1 ,.-t'f'| ., ,..L-"--., t\---t "L'".. 1:^^ .^ e."i*i"-,"1! -.,^-,.*1.-"'^ol^i* & nrirrimrrm" at t:"',-.4g'l',: st, nr:d sh*w th*t thir gc{*rs l'*r & 'criti*ll' wavelrlngth

{b} The canditian A Tt, A,," &fin*s a gtztvit1 wavc,. and surfa*e ten*icn is n*gtriglhtrc" Sh*w t\ret"
snrvitv rvaves in a shallnrrn liuuicl ire non-tiisnerxive rvith a vclce itv t,' ::: 1/ffi {see k*hlslrrgruvity rvitvss in a shallnrrn liquicl ire non-tiisperxive rvith a vclceity r *" ;'th {see k*hlsln
*.t6t,
Shqlrv that gravity u,aves in a deep liquicl have n phase v*l*ctty 'r ', yig,:k rurd a grfiilp velccity
af half this value.

Ths*on<iiti*n.1, '- ,\,.d*fin*r"*ripple ici*pfaled ir1'surl'*c* t*nsi*nl.5h*u'that rhrv't r:zpple*in

a deep liquld have a plrase velncity 7, .,,,, yf-fk I 1t *nd a gmup v*,Itlcitrlol'{ ,'. { f*lutt- the anqxnalt;u*
disp*rsi*n). lo-hr,
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