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1. ®)8v @!;:_L,_@@GZ;T FLOGT LIT(D)

(Equation of Wave Motion)

§1.1. gPh@psn: % QUL sarug Gubhmauded
Boegib s DO UL wrar fs1pd Aaaflsh g armeth. vt
wremes TETH Brid QUTrgieurs PGeaurh. D &ryewrion S,
s THaugrsd @argHer Bil urifs anl B SBosdr
o e rdsarper ; e9%wr pebeogl auwslsr Ssmed sl L@l
Quregs shbsedr AHTss Polw paoe urajdpg ;s 09
@eveor QFid HEBWS DS S QeliBsdr ged LFlutiu@d
Gurg er ydossir mgi (Ether) sufCuw QerebgyReir peor ;
S UL fspums Gomeasear Ggeflairs oardd
Hesrpor. Hemouser & SHHGL QUTrgiars G LT LS
o erarer. (1) <ppHped (Energy) Gardvey QL RsErs G,
jereysirar  Hams CeusSHsd (Finite velocity) . Qegys sl
u@HsTpg. (2) 2L N (Medium) ASvwrer wrpysed
ghuLr euedrewrid, Herisd (Disturbance) emi ssHeir anf
Qestgydpg. @susurg, Geuaflliypiors offg Gedguh
fAppBoser (Ripples) sugpl.dr apppdy s@ssF Gasday
SSTPaT ; BpE)QIWL ML GLOTET BTt i 2 %0 @ LT
Qashgrai b TaT LG 055 Gl OSTaTGSGL RO SSme
Br1b Qi i Q&ebeurr,ﬁﬁsﬂ@;bg; Qg afioirdpg.

@) suedm Qufrgmmrm usu&rqassfrrrsu sSrpgl, Blpdsi
ucL s, Hreud, Ber sbl, Fai Jdeog Caig o155
oL & 5% fer eufiugih GHF&‘U@;JLD BB sl @[&mg@m

pipm 202, 0% 0% 1 ot

pxi T o Ten T wam o W



2 : &0 & 6ir

Ty S0 GrL.GHr FOETUTLLY. 6D aremsLBS S
L@ Asrper sreTumg Werart eANeuTsd STERTEOTLD. as
FSTUTL. LS 556 Tb®s sl @rur@sefer (Boundary
Condition) o.gefyLer Siey (Solution) sar® AbS Sitey
. meflsir efwurer o LQur@dr Qaueltiu@ss Gouair@ib.
BRI ¢ sterug Hari & ; t sTerug Cpriv; X, y, 2 T 6ir LI&T
QapdarL 1qar Qpwda. pissr (Cartesian Coordinates) ; ¢ sTsr LISl
SemesQoussHesr uforewry (Dimension) Qa&reri orHed
(Constant) eupmpd & P&Hesrper.

§1.2. qprGar b gy aar (Progressive Waves) : ¢ 6T65TD
foridd, ¢ Causd o x Y&Aar GCpisHmeulded (Positive
direction) Qeaysstiu@Aps eTeTGurn. B fori&H p
S5 GPRsRsTpe Ty Qeusliiumiwrs QG Fpd
Osmeindcvdv. o5 Bi &vsefer o _uy $msCuir jebev gl
wor pu@h BersarsHsir (Blectric field) L@ SjeramarGur
(Magnitude) @ fléascmri. Herisd psi b Qasdainsred o
SHET Sl Xs | Devouamsilssr sTiurs QGBS Gsuar @b, TarGau

=0 sTaiTp GBrofed ¢ QAT H X-65 Friurg. oo
f(x) srarQumib. f (x) ereirug Hoepsiy (Wave - profile)
TRTIU@LD. t =0 st GBErEHe, X-5& T AITES Heari &8
¢ ow uLb Ggés, p =f(x) stdrp eudwaimy {Curve)
AdL_&@Gh. DBosdr eug.euth (Shape) tor@Losd OEEVEE N
L@ et pear 61667 QsweiT Geurib. : .

o DX, H=fIX)=fx-ctd

N o]
, ) K AN -
! o\ \ "
'X20 =0 . ‘

4
B(X,0)ef(x)
- ’ Ul 1. . : i

‘ ,@sﬁmn@ﬂsér L eTETD @py.&;ﬂs’o uLh G saréd HmLdEin
@Bogaliddr uLh t=0 e@rp Gprsfed Qossmsn
GurarGp QBEGh. <W@D B WsLLy X I &Aer Cpid

- Aeweuld ¢t Qprivel Qesry  QGSGWL. X = ct TEP
yeirefluder gpBew (Origin) @S5S Qarar® Qbs 2

Weamh s Osrivajadr  Xapd  GHSsTED Cx=X+ ot



% QL L SHsr FwsTur® 8

srarGou, @hst yPw pHowl QuIrGgsSs t CHrdHled D&V
watdsr Fwarur®@ ¢ =f( X) eTaruu@. @IOGH S
1B &vuwirer Qq:su < Hewws (Original fixed in Crigin) Qur S oi.

= f(x—cf) S (D

BsiGa YA suy.suh LrE@Led x &fdr CpiSHameaudsh
wr@m Guskh c-uLdr QemSstu@n Sdoufdr el
Qurgisurer susrur®. BCs Gursrm wrm & ougeudb
Bar( x H&fer stHiS Hemsuish wr@ Geustd c-uyLar
Qegisstiu@n HSHouldsr WBsh QurgGiairer Fusrur®,
c-ufer GPeow 1-6b rPpsé AML-GEHPSH. DSTUG

p = f(x+ct) ¢

§1.8. geor syovsar (Plane Waves): o =f (x — c1)
sTerugl @@ ulurarddsd o sdrar Hydwaselar Fwsrur®
‘. Hodwr epsirg ufllarer $HH 2 drer sar v
s@pEGL QurGhgurg . Qurguu@sseorn. QEandsl
U@, FwssgF QsmGHETar R STSHarF sTebwrL
ysirefsafier  Heritéfuyn @ wrhf8Cueals Hen g
s Y wrghH. Pssomsw Geard I Ferd (Wave front)
sTerlitiB. & Ferh ISPG S OFnGE s Hwaudsh Hana
Gousd c-uyLsr Qe daTpg. Q&dgud HeneF x:y:z: = [:
min staTm@ed DHoGorH P Hemas RarenFear ser (Direction
Cosines), (I, m, n) pG. PsCou HAIogarSHear awsrur®

Ix+my+nz = Lorg9s8 (8)

@efl erps Cprid tulgud (8)g swsr Qe x, p, z-ar
LAHULSEEESG p R LT Hled. Tar@a,

¢ = f(x+my+nz—ect) , €]

sTeirp FLoedrLir () C—@m@ Couassgi e, Lrm agasCasr®
(I, m, n) Smeuish Qadbgin gor HHvuidwr (4) GPSGW.

§1.4. @we y&sar (Harmonic Waves): fens 28
‘@ LA S g 9 8&ouder ¢ eTaflwl &gy swor LT G 1D . ,@'n%;@
- % wsliy @@ Sine Bsbeog Cosine eudr eumrwrgih,
lt=oererp Cprédsd, % wsallddsr susbr susny (Curve)
P =" 'C08 mx eTeir(m b, tsrsm'p G,fﬁ;rﬁsﬁsb :

.' o 99 "—acosm(x-—ct) ” (5)
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@ « a ¢os mix-ct)

A
>

--" k;%.T—T
; m

r

BEBN
_‘L.7

ULt 2

Aoridd p WGar B0 Ou@LHOy (Maximum) a, ofés
(Amplitude) srartiu@i. S el 3”311 srsirp O5rBued e
a® wop AuEh enlaurgRooLug. @b &b

%, 2% B> (Wave length) X eTariiu@i.
T 6or Gsu =27 - (6
| N =0 (6)
(8)-Bmb S
o 2 .
S.oo = acos —(x — ¢t 7
p = acos == ) (7

26 Gk AW P ydralowus SLjg Qsdw TRSHE
Qardrenh Cpri sredé & (Period) = stordiu@in. psCal,
8 o

t el wHLiemu C ol (gg)sd ﬂ'n.l;l..,'—g}?—(x — ct) sTerugl @plp
 appAwrer wSiysdis Gerers Gosar Bib.

2#6722”
N
Db Gl L , ,
SN T )
c .

: ) oBoidar Map Qauair n (Frequency) sTdrugl @OW
&1 gHed (Unit time) ASvwirer Lysirafl G Qedgih DIV
SeflelT 6T &ubr 0ol W SUIT GHL0 - X



@i grLsdsr smdrur - 5

S S ®
n=——= ,

sTeor Gou '
c=n XN (10)

o srréHe  (Unit distance) e drer  HSvsedsr
st sl aoma & Qwear k (Wave number) sTarliu@®u.

1 T : (11)
. ko= —— .
A
(7)) (1‘0) wppnd 11.58am5 Sl
g = acos 27 (kx — nt) - (12)

Beof, p1 = a cos 27 (kx — nt)
. pe = acos [2a (kx — nf)+t]

6T6r D @@ mzq.@suvr‘a’sgs (Similar) &v&&r RUAGCsurid.
Pasp1 OGS S — k@m?ww B N b S805 HeAT P ped 5

C Beb Geucllyar(@h G aug.ejmL WIS, 1, @ @u QuUrmpss
pp ofsr wrpurl @Guip (Phase) startiu@n ¢ = 2ms dmanen
sTeiT s @11 Q& (Displacement) Q6T mis G T & (B ee vov oo
& Bermserr @l ; eueuryruder H&ossr o.6r wroUTL
.60 (In phase) @.6iremaor sTHTGUTD. ¢ = 75 37 wavesses ETAT(B6Y
86 Swsesh Qeraftwrgrurtpd (Out of phase) o _ererear
sTar@Guri. Geos Hdosdril Qurpss ofFaH; oo Berid,
&red snml, BHSPQeusir, HIOUIRIT ~ sueny E)60&E S suwrid
QEr@sslul barergl. e RupBISTar wpenpulsh B
@&y rmmsd Hmbls JmhlE Qo sTaialg D%
- sEpd@w Cud g Gevdsaortisst Qs b Sih.

§1.8 g% gLLgdlar soarur® :

x 2% _ 1 2%

AQ + azg cz 512 (1)

ay2

starm sty S fGEih. r@SHms Caush GQETebri
DWassir  YAIrsHn  GFsusTuri @b TOSHOrdst
u@dsrper.  srorCal, @& soflgddd Ba wdBuorer
suarur@seflsh RSTGGL. QeusiGaupy ol gorar YISl
upp prib Qerert sdflairs g rruybeurgs ¢ Fwsrur®



6 ‘ 5 L D &oser

PeURuTET Hlayih auBeumBSS srewreorid. wsCeu, JUueH
wsh @ Fswmerurtigsr STojedrd sar@, Comawrear GL b
sofio Wereri GsSioyadrl uusTuGSHE Qarer Gourid.

@;567560 ,@msmq_uusm_ef FIN6T LT, 19.60T (H Qp&cﬁumu‘m
uek enus & wor@umri.y

§1.6 @@rﬁld)?ﬁmeé@zb Cerilr® (Principle of Super
position): &% QUL SHar csudrur® QmLIgSSTTr S
(Linear). Qaroug b I s6r aumasQagdaesty (Differential
Coefficients) spwuig. (First degree) udsbgmeir Djemiodflsir peor,
S Sar A&Teurs ¢, wHYD G, sterer Idr G Sieyssr
ﬂG&T@Sﬁs

1 92p,4
Afer =3 gp
1 82ps
2, —
A P2 = 5 gy

apaCal, ay, @ BB MHEsigsbeor (Arbitrary) or el eTeflsb

: a 4z o2
@ apita A%y = g5 Sl ¢ G

g pe ) s (a0
A2 (a1 p1) + A%ag p2) =—é?'@—gtl%‘m+ = "Q*é'(ﬁt—aﬁ)-

i

, - . ,
S A (ay pitaspa) = e ?at—z‘(al pit+az p2)

sror@eu ayp; + dpps GTETLIGND Lt Braur@. G s apsoih
PMUy-SsTar susTuri.y.ar gofls Siejsallsr @m L&
Gaidemsuh (Linear Combination) yger Sfeur@id eTebr m
IPICm. Hszssmube OUSIrsGn Gsriiur®
sTarLiLI(Bid. - ' e

. B aiReurmi A& @t Gariuriigsr Wersu@gn  THS
s16 ar @ Bést v or sTGn. RCr of Fmed Qarai®

2Cr Heows GausdgiLer Cpi sThrrar Hmeudsd Qs gyih
aBw @sow a%v&aﬂm s lLBS Qgsfrmeﬁsmu.:& e Qurih.

k P = a cos 2 (kx-nt), (@@ Gm:r;s ;@mauﬁ?w Gl&sugym
euam) . : : » (18).

pz==acos 277 (kx+nt) (@gﬂ 6T,$1n‘ ‘ﬁsu)a’uﬁlsu LT
Q) , S (149)



5% @LLSHer Fasrur® 7

9 = p1t+p2
= @ cos 27 (kx—nt) + a cos 2z (kx+-nt)
= 2a cos 2 kx cos 2= nt » (15)
(13)s (14) ereiriacr qpstrGoor pith &S 6ir 6Teoria LB .

2 a

SuLh 8
parCer mith 58 & eir

Bspe wr@s (15) HHeh <& (Stationary wave) srer i1 LiB1h,

a0 QuuBr, @sials ABoseflidr K sy esrGear

psipg Qedgaufody adtumss Oselaursgipg.

cos2rkx=o0 erdrp QGEGH ysrefsaisd, sTeug
1 3 5 . :

x=1F g kg kg oerp yerofaslit ¢ Lopdpg.

Quydrofserée sgyssdr (Nodes) Djoevg o diafsd

m%_wﬁ%mnﬂqﬂr eTedrmr G,

o - Nsgpéai A.n—j\&&s@éah

-

oo UL 4
Bl @& : ,
A—sgpisadr; N—erdi sgpdasr



8 ‘ k o 8 weir

p wlsir WBOGUML w1y, cos 2rkx BHOLGH WHOL Quyd
yeroflsaflsb  @emioupd. = dsraum o AOS505s
sgmdEefistr FOL yearaflaailsd ¢ WBlenueh W H U o u
oL dpg. Guyerellser erHidsapydsar (anti-nodes)
steorin@w . B &@ﬁg@g’jg, s ssEnsCar Dbl 67 Hi
: 5@:&&@5(Sasrr @sm_(é’m 2_6ir or Glgsmasusq Lo H

2k 2
SBTOU S UTD 9%V gﬁavrmrr@m

(4)-H8%rs Qurearp mq.@mrr,&@ Ame &usafsie b g
apesrpr ulorewr A AHGUL  HBosdSTdS  STewrevrid.

p = acos %\f (x+my~+nz—ct)+ a eos 23\7—7 (Ix+my+nz-+et)
=2a cosz—7r (2x:+my+nz) cosz-q—rct ‘
A N

'@fﬁl@‘@ Gper Gl Ix + my '*‘;”z»"”'i%"i 3~4>l TS D Fomwml

saflsh aﬂ@unglé mndEng. BS STRSEESG Sgm
soriissr (Nodal planes) sterty Guwi.

§1.7. Srieysar (Solutions): %o @LL. & FuwedTLImL . q6r
Apviys Sieysdnr Gnig arawrGurd. Wsraumh SSHwur
wiseflsd AN L. NmedpEs 5655 Sioma a@dsrer

C@msuser vwsTu@h. Sioysdr psdwuwnrer G ums
asarral ffsseord. (1) qpsrGarpin &vsenssrarmel.
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(X, 3. 2) THTD QBSSTLLIRGT QU paalOGS S (415
Ga» g3 sTSHTD WHOBH Qsm@Gssror (Orthogonal) wpw & g

% O &G

x=x (91> g2+ ¢s)
y=y (41> 425 q3)
z=2z (g1 q2» q3)

starm SFwearur@sst eurudeors WrYLAUTWS g5 g g,
Hs@aafsd 2 drar Bors soflwmassr (Elements of length)
(yDEDK{DGUJ L1 dqu Lg dqgo L3 dq?, @TEST@G‘J

ox \*  [oy \* | [0z \*®

L2== =

! (541) +<3€1) +< 411)

=(5) (50 +(52)

L, ~(aq2 + ErR + 542 ......... (66)
ox \* , (oy \* (az :

L= 7— & il

8 (843) +(343) i 393)
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ox \2 oy \¢* oz
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2(Lr 22
oz 1 z
_ 0 1 op 1
e 2 + ’ or + ra + aza (49)

§ 1.12 o UL & gusrurior. Garsr - Gumrsoris
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62 % op 1 9%
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DEIG QSESTL 19657 Wik Tn iSsT (X, Y, 2)-6005 55 Carer
Gurerf PpuUSFH NSEESG WwrHpps Csmauurar Fusrur®
6T

x=r sinf eos &
y=rsin § sin &
g=r cos ¢

o (BEV L (B2V (02
L= () + () + (5
=sin *§ cos *5--sin 4 sin *}--cos °0
=sin 20 +-cos *§
=1

. ax él e _62 2
= () + () + (o)
=r® cos® f ¢os® --r? ¢os? § sin® &+rtsiate

o =r*cos® 0-r? sin® @

2

R
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=¢° sin® § sin® qlr+r sin® f ©35* ¢ {-0

=r*sin* §
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ST eor@uihe

aap+2@p+ 1 __5_<8m06§0)+ 1 2%

r or rsinfd ol o8 r? sin *4 9¢*
1 o 59
- cﬂ atﬁ ( )
p=R(®) (O ¥ T () — erars. (60)

(59)-6b 19y Huf GO &ww,

R (@)Y T+ -——~R’ O) ¥ T+ = (sind R(®)Y T)

¥ sm{iaﬂ

+ 7 R(O) Y T= ——--.R (ORI

r® sin *¢
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' 2 R 1 1 5 '

7" sin ‘9[ R T 7 R T/ @) af 3‘“"“”“”]
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- ¥

susoliyptd r, 0 efelr &riy; Grloypw & wer sriy e
r, 0 wpph ¢ @ETnsQsrdry sriuppemear. erarGou @
ypup Fowruinsdsord Saupen R br fleddes sFwwr
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RLE
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vin
Beofl,

R, R S N S

2 —— 252 H ’
PRt TP =g T i ® g @)
sueoLtLpih r-sr griL; @l pih G-efler FriL; QhEed ra_ b
f-ayi peErpsGardry sriuppemar. sTarGer GBypepLd
Fowridmssord @GUpwD @G Lrhbses suwrtins
&0 Gausnbr@. Fo 19NSSed wrfedent n (n-1) sTeéres.

o , m?
557..5@0 (sio (©)) + [n<n+1>—m](®) =0 (61)
‘ 2——”, 2 £ ‘zr“':’n(n DI 62
r gt +p + , (62)

Ba Qurglu@ssiuiL o Qg e L f&r  swdtur®
(Generalised Legender’s Equation) @gsr Sieyamsir,

©)(8) = P ’;’(c‘os 8)
(H)-@er vy steoor JLsfpin SerelpGLr Uty Gss n
om @U0 W e‘f@ﬁr@& Bméas GeustorHb. M=o 6Ts3rLI
HAGHES 1 SO Wy sTewT “657@36’.0?‘.1,':‘(_‘:05 ) <aper i,

cos §-e9eb n-Lig. usbgz;gu.’:q& Gasrrmmmrr@ﬁn (Po]ynomi‘al of
degree ‘n’).  m-6ir PP appQlou iy AL EDES, ;
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m — Qin M _____QZ_
P " (cos §) = sin "f 5 (cos By [P (cos 0)]
m>n s> P ’: (cos O)eflsr ALY wpOGEGEHLUTS

(Identically) wenpHmpsi. P’:: (cos f)afledr &so P Lyaseir
Gy sriinliy méher par, ‘
“Py(cos §) =1
P, (cos 6) = cos ¢
P, (cos #) = % (3 cos® §—1) = £ (cos 26 +1)
P;(cos 6) = } (S5cos3 §—3 cos )=} (Scos 38+3 cos )

P, (cos 6) = } (35 cos* §—30 cos* §+3) =4 (35cos 44+
20 cos 26 4-9)

P’ (cos §) = sin 8
P, (cos ) == 3 sin § cos 4
P'y(cos )= $sind (S5ces28—1)
P,? (cos §) = 3 sin® §
Qaf (62)-6r Sioysdrs srawrGurd

R() = r S() sreiras

/'—~.....—_- “ ! ] %
R=S0 =r S-ir s
2 P
R'= §,R by g’S+3 ~g

owousdra GArfui® Geww (62)61:@ Farur® Shé
& QT L 6w oy LT B i B At p gt

asl1+rsl+ [pr __(’n___l__g)ﬁ] S=0
- 89 (1+3}) ulews @ﬁfmﬁ_n_ Guenefissr Fwerur@.
" erarQeu 4 »
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. (59)sr Siey

=% Ty m cos cos
p=r Yn_;} (pr) P " (cos ﬂ)sin mi sin pct (63)

§1.15, p, Hsm&& FTijHS QFQeurgb@L.er (Axial
| symmelry) S@wpSTH, m=0 sTa@ry e drard Stmeudsrer
sTHSHs QarsrorGauar@. ¢, Garers Q& ekl Bleur gt
. L& (Spherical Symmetry) Smupsred m=n=0. KBS

Iy (x) = \/-— sinx; ¥y (x) = ,\/-— cos x; psGau Fbs
. susm&udsd Siey.
-+ /B cos_ cos
=7 “ "
P '\/qrprsinp’ sinp”

-1 ¢cos _ cos )
=T  &n PrsinPc€!? (64)

§1.16 wHO@m suLf :

op 220 ___'Q_ g &2
L or T orsing aa(smﬂ aﬂ) t
1 o _ 1 O :
s o4 c of (69)

p Garer& Q&m@mn‘@tﬂz@ml_ng srooflsir-fs & Eriupp
BTE @@&&Gmaﬁw@m ‘apsC@o Qs Fwearur®,

o, 20p _ 10% |
ort + r or c? or? (‘65)
sTeir @ AP St-
' (rp) 1 &°(rp) _ ; . R
B Framat v 6TGT @) ST BEVTLD, (66)

psir Ger guib a&us@&@rﬂw:gﬁ;‘q
ro=f (r—ct)+g (r+ct) | -
g p=r-! [f r—ct)+g (r+ct)] (87)
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foeh Awsamegiu Stay

cos cos

" =sin? in pet
. —1 cus cos
oGl =1 sin P in pet (64)

(M. Sc. Madras University 1962)

wiRf 8: Qasariysr Dpws sFapss  (XHp.z) 8@ b S
Spheroidal @pwd g psar (£, 7, £)-"0p

x = g sinh £ sin n cos {
y = asinh £ sin 7 sinf
z = acosh £ cos N ereirp  SwgrurBser  surud

TS Lom Hl(&)sv,

op o9 O _ 1 0
op O, O . 1 0%

ox* oy oz’ TS
Foarur® wrfedsr o 190s s penplivg Sfeysrear sfwrer
sug.suspliymLw g arsarBhs. Guaub & swarur®
Qsiurgy 905 s Curgd Gid%uwré e urGasdmuyb areabrs,
Fusrur® {(56) 8mb &

R AN R AN AN
re= (g¢) + (5] v
= a*sin *) 4 a® sinh*¢ |
_ [ex)y? AN o7\
(an) +<6n) +(av)
a® sinh*é + a® sin

o () () + )

eTeirn &0 U L&

=~ ,
|

i

= g% sin A* £ sin®)

swsgrur® (97)s8wmb 5 Spheroidal pwd  Fmgsefsh 8o
L& FUSTUTL 13651 LOTHDD,
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3, 1
A= sink’¢ F-sin®)) @ sin A€ sia 1 [af (a sinh £ sin 1 ag)
o { 2p o [a® sin h*¢ +a° sin’ 10p
+ankasmh§ sin 7 )+3£( asin h ¢ sin 9 g)]
= 1%
= G5a
S BTUB ‘
1 1 2
a® (sink®¢ +sin®ny  sinné B¢ ( sinh{ f)
1 1 8 (. . 0p
Tz (sinh*€ Fsin™y) sinn o1 (Sm 1 17)
1 o° 10 .
E=cgt B

+ a® sinh*¢ s’y oLt T & ot
p=X () YW Z ({) T () sreir s
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1 1 Lo (sinhg-‘ ox
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102 1 1 9T i
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fefl (ii)s8B b !
sinh®¢ sin®y [ 1 | (sinhf oX >+

Sinh*E +sin’y | sinhf X 0 ¢ EX3
I .Y 2 (sinh* sin®ny | = L &Z .
o7 Y 37 ( (smn—"—f,} ) + p* (sinh*¢ +sin '7)] ~Z 5 (iv)

@ Bed sweoliypih ¢,-n-efer eriy; @LOyph [~-@er eriy ;
QL £, N uHpd [ @5 pisETer g Friudpenat. sTerGeu
oypww sowr¥Gdseorsd, QEUpeL @G LrH8dss
Fsurl@mdssd Couetr(Bo. Quifgpsd wrPeeow + m*
ST BT &. :

'-‘ Zl/ — __ng (V)

Geafl (v) Sowhs

1 | RY.). ¢ m? s ia
—_—— —_—— | — sich
sinhé X af(“m hf, o¢ ) sin K€ T psiehtE
, 1 1 9 YN omt
= — sin p T—a—;’( sin o1 ——a 7 ) -+ SIDQ“I] D" Sl (Vl)

susoliypw {-udelr eriy; GLriypih n-eler eriy. Ha@ypeptd
FLowrwiedsord QELUDALL R 10r PeidGé FLwrudms s
Gsuer Gib. QUIINSH6b or pelenws +g° 6761,

S (vi) 8 b g

1 0 ) X\ mX e "
STVRAT ((smhf 5 «f) SR ’+ p®sinh f.X--qX (vii)

--—*1 o i aY——- m’ ’ 2 oin? —_— e ? ie
sin 7 ”5;((8111 K| 3"1) sin’g y+p®sin® 4 y= —gq% (viii)

ZbFOTD (€5 15 §) Wwé smpasfsh wrpBusmnd s
D& pULE sustur@® wrPsdel 190G ss0 wpepliug.
Sitajarewr sflwrer oy euamuliLomLw g ; Guogpih gi oo &
Fosrur@ssir (1ii), (vi), (vii), (viii) s o8v QUL & &FLlo6r
ur® 905 g B peLo.



40 ‘ : D) &V as6ir
mlip® I .
(1) o=f(xcos f+y sin §—ct) sTarug x &ERNDBHS
) Garewri o orLrégn SHmsulsd Qegussiu®@n DG
ufilrsor S 9 &oQuwer Hnes.

(2) p=acos (Ix+my—ct) sTarrugj [alG) urﬂmrrsm.égz
SQwer fpejs. Guaih Gasr & Borsmss araws.

l (3) PeIQaur® (ngrnq,és@tb Geo Cu wrgiurl Gy
120° o dror apsrm PSS gLl Qs DAvsefsr
F (DS ST LhRaud DG sTar Hyie)s.

(4) x=0 sbev gl tzx'ers&r(gsb ¢ =0 ereufleb

& 5+ i gf 0 pE 96 Bimaud srars.

(5) x=-o0, g t=-+co T p=0 6T 6uflsb
o _ 1 O

prialcl BT R(H STeneud ST 6T &

(8) x-eir Soeogl t-ar Qi LANSBES P PG
Quraggith &b s eleod; wHpib X= 0 oGl t=c0 eTET(HEL
p=0 sTair(Bed '

O 1 9%

Pl ——a——l— @szrr Biemaid &T 6udr &.
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o’V _ov
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L @eir Siemoud STOTE.

(8) wpsrGarpih JWossrs HPGW a;&vas&'rru up
Nauf g, REOBATTEGL GCaruriig.er ApEOID ST EUSUT O
R 6T PleOmS S LLHPMS DLW b T LIS oo & .
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(10) o= —i;%’:— eTshrp Fwdrurleni.d Garer -
Quirsori pwid o gisefsh LT HHwmLS S, b LorH DL
gudruriig.er Siemes ¢=35 (8, ¢) R (r, 1)

& \l f{r—ct)d-g (r+ct)
ror |’ r

R (rs t);—-rl(

6Teir p auig sueminlifed QarHSss Guigid sTor Hpieys.
(M.Sc., M.U. 1963)
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@@ uflbrerds HHPCUriLE swodruriysdr Siomeud
&I QT 5.

(11) t=0ersrp CprsHsd o=y (x)s

= r(x) sreir(med

satrL. HlubsdwsEns @Gl Ul G &rers

12.

(i) t — cerar@sb uztc
(i) t-er erhs HNAPELD,
x=0, Sjsbov g m sreir(med u=0.
(iii) t=0s6b, (0, =) sTairp Qw1 Gsuafludsd
u=mwx—x*
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(Waves in Strings)

§2.1 yfieymb ew_smsaflsd, Husstul L. soaGw
g mnrear G Sms ouddEer p St @maswsu‘éiﬁ@m@g
AmesE DS UwsTuBGSsSOUCH  aupHSTPG. Bebrpid
BurGey, euwsdar Qurerp apdSunrear HenedsmelsensE
B g Ger Puismwir Ssrs o ot ml @ Herm S«

om s, GO L ahdudgrull of & s
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sSBTOupmt Qerert  urid@uri. s GUugHudsd Lo
Ber SHed Qur evremio (Mass) p 2 oL saTLOreT @@ Sibld
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§2. 2 &pishisar (Assumptions): sbiuder i 6TsbsOTLI
yerafseflsdr @ iQuisAsepn Cr sorsHsd o drarer
sterQurid, yedmiludesr (Gravity) el &repeult ypssambad



Sthifuded s v 48

&5 ey Gupefens (Tension) uder wHliy e o HsLomsr g
sTear@urth 3 @HewaCu penLenpuls, Caryrunrs, S
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Heysv swiuier upelems Fgp pLfsd @m wrpfeburss
Q&reir@psed FiNQwesr m Gereort B pieoyGeaurid.

§ 2.8 swulsr swBdvemw (Equilibrium) x @ sersa)n,
X HEAPGS OFRIGSITS ¥ émeujh, Omes @ Huirseyid.
ALuGuuissl Boswd sarSHsd eTBHFHE QarsirQeurth. |
uLgde swuisir FQ steirp Am ol s Hetr (Element) uid
ssma (Motion) prriiGsurid. PQedsir Fwf%o x a@y&dsh
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seflio PQaflelr Qurpatreny pdx. Qussd Fer_Qugnd
Quregg sefiwd PQalsr G wo&rsafigyn swiudsr G
afemes F Qewsd yRAps. y géasdanaudshd Qsuadm @ap
sdemasafisr al%re; efeme (Resultant force) F sin (b-+84)—
F sin ¢ @p@e.
Gafl, sin ($+8¢)—sin ¢ = sin ¢ cos # -+ cos Ot sio 8¢h—sin
= cos #d4 4 0 (84)°

[8f Baé APlg sTaTLsTsL cOs ¢ = 1 + 0 (85)°;

sin g =8 4 1+ 0(84)]
y d&Fad Hosuisd PQalsr Qudss Her FLossr ur(H

2

pbx %;2 = Fsin (#+54)—F sin 4

F coses 84 + 0 (84)°

1

—
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8y 8¢ \
P s 8x

Il

F cos ¢ —‘;-Jf; + 0 <a¢

gofiod PoQo aflsir  Serd  yhmudems S g SGSLCLr gy
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98 S uih QarerGeumrid.

L 0 )
“Ppyr = Foosg ——
9y
e, tanqb = 5

fevs x U OUrGS S UGLLY USSR s1gdks T T

2 93 i
Sé’czﬁlf—é—fg=‘5,§ | ‘ (1
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2 ‘_,_ ___L_ — | @_y_ 2= ",
cos’h = T tan's —[1—}—(6}6) .\ (ii)
cos 28 = cos'y 27 | [() Owha]
ox ox*
| or\° 14 & . .
=[BT 0 sess)
PHLLS SIl 6T L (-g—{) ;m YpEsauNEsdHds

Qere, GLU QuuitsAssr B6s APuwgruler,

0% _ 0%

cos ¢ il
azy aZy
P o Fax'z

ey_loy
oxt ¢t or : (1)

@aiaury, Qudstuul L soifdsr Goée G0 Quuisd
‘@ ulurerds JBCWNLE sugrurCeLg HeoSHo
v SRS PG BHAGH St THS ol UMDLOLILsir o HjVufib>
fulgauLh LT3 &l ,\/f deomg  CousggiLadr HOUDSSHaiib
p

Qesba susbsog sTsrm o PAG@LD.

- §2.4. CupQsrereriiul L mmmgtﬁw@é{@d, Garyw
whs@pd@Gh e ul.®, @ueles F pLUd. @ orHlsd
srer stargy @efld art GauarBu. Qudastiuli. &bl
W er Qupalensudsr wrpph, Bor wWrHpsHar rQaurds
’,gs‘rr@fn. (Proportipnal). , R

S @apelen Fudesr u:?r;bmxb oc Bariarppib= O5— OX
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B QUi Assr Hes F Puwiesraur seomrsb, % WS suf
wmes APw  wdHoyeniwgr (First order of infinitesimals).
sTaor Bou &) eflem & u sor wrHpih BrarLreug sufenes APt
LAIYDLIWSTHSLTS @S%T  Hrid S0 &g o _sorih,
sTer Gou @ pelenFenus mrid or fleBuwir 5& Q& eir arevwih.

§2.6 wowd sL@UUrQs6 (Boundary Conditions) :
snduisr @ yearefl AL SHbd sl UL (RsTer & 6Ter
Curid. @& sbiGsr Quéssmsrt urfsferpgr.  @ei
urpl S Ul @lug sTsbSvud SLOOUTLBREE om
2_gryarergh. Bgn sbulsr @ ysarefudd  srsbeor
CorrésHn, o _amreniowrs B)5E s G ouevdrig.is S BQUUTLT@th,
Osr_&sé s @uur@assr (Initial conditions) sveirier Gpyin
t=060960 Y, y a8r x-0r Friursd Qosr@ésts uGengrg.
swiudsr Qurg Quissi, HepGeusir, Wpsbwareupenp &
Sruralldss QOprisss s GrurGssr o9 sredog SR
Ur@sGer el LWL IWSTELD. '

SULLOUlyBéGL  BsTrd e phurarsrs (Rigid
support) @@ s S uisr CurdBed Qardvesdr @O ysrafd
Welwm b g ersasts uGurdear x=oadsd stebsur GBrsHayin
y=a  eTerugigrar Quigsrer Teddvd SUQOuUrergi.
Gsugiad Larar 6r6b &0 S G0 LT (Ba e B seflu gyih.

§2.6 et ufed 7 8@y refl iy (Reflection at a Boundary) :
X =0 alsb o gHurer BSTISMNSUHLUI  sToMUT. ilena
TohImw TOSSS Qarer Garh. @paGas x = 0 allsb y = 0.
Bs@6 swluisr QusssHsb Bawn o&raysdr @y rri
Courr.  y=f (x—ct) Sjsbev g Y=g (x+ct) srsirp Sireaysofsh
X=0efsb y=0 @& Qosselwsorsrensw s Beualm Siay
S@BL QuUrGhsrs. ot / RO
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y=—f (x—ct)+f (—x—ct) aabrp Biey Tevdvé &G

urilenL & Fuer Gelisuamsd srameord. x=0 ofsd srsveor
t-uder wALYSEEEGs y= —f (-ct) + f(—ct) =0

- ——

.t 11

(asn@fer wp@r Parrsded P HSoudsr 6Tl
Qrrafiienul uLth ST BEpg. IOS3055 Cprriisafsy
1195 iy UGS OB L ECaErHb, Sihiud b W BT B0
ured e S Her spHpuder  Blgleu yerelsCar@m
&r (0 Ser peor.)

tetairp Cpré P, f (—x—ct) erarug sw@ulsr o sy
lorsE QFbgih  HBoaug. auSmss GPsfsrps. @ g
Qaris Carlird uLk 11(a)-& QsrHds UG Eerp ).
epurar BsTr$HPG GLSyp SbHiulk®o. @ e
FG—ct) ereirug apsrrsdpe @Lg ypwerer spudrd
SHIId U GYPLLTES QFaad SvamiLd &SP & Rsirp .
Béspudor SWeugand ysrefd Carirsd uLm 11 (a)-sv
Qsr@Esiul (Bsirer &, (-5 wdoy yHafds, o abrennd
&1 goreir or D% QL FILy Lo sayih, &L d &1015u9 gy sit a7

S U GILPLOTEN L B i Betr par,
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Béroudvssr x = 0 aflsb permas Ho&wrfsrpeor. 9 = G o
x=0 eflsb @E&wrywQureg B ASosefdr ol Sreysenih
6t pis R sTer o BB QFiiargred Qb FLUQuUTESR e
winr@gth. APH CrriHo Quialm JYIvserd Rravp
Quirelrm s b & QFarp @ HSrper; sPpudord &6l b 5
%0 o_aremind sl gyh, o_arend snNuldmHS %
sPuBrs snlulgin Hepdsrpor. @ 0srid HAsped
BTG wui_th 11 sr@dpgs. Hspaypps. wregsfls
shiGudsd @LGypurss Qasrp OsTaTy.@hs & x=0
sTeirp WpBIr5H0 THArTlyHY auwvg ypwrs 6
aulg. eIl L L 68T B @)s 6T Sif & @ Puji_er HpuyAps. x=0
sTsir D DpSrrisdausrear sTodvd sGUUTrCL. §eitsuBQyr
el Qesr STyewror@h.  Bri aTOSHE Gereir. Guifs
sToflil sTb&VS S HLUUTIE6HSTET QU euenioliL|L_6r e d
Qrrefiy Hepharps. Coum algwrar sTebdud s B
urHadr sTHHSE Qeravrmrsd apo B e sudH @
sTHGFraflLy % sug aisdhGn Qurgeurs Ceaumur®assr
AméGh. o pIurar HSTFSmS %0 SrEGULALTLY S, ¥
phedwier G eusbrswriy Gupypid Isdeog Splypors
sndow QPpsTrn Qeess Ceauar@un. Gsusurgy &g
Srar sTHAFrofdy Hdvow o STLréGEp .

§ 2.7 oeralperulL. Sergpeniw S0Audsd HpGL
ouns BB Bryhs sh s Berapsrer swiNuded wpeirGer pib
DBVSBru|d pyritGaurid.

§ 2.8 wredrar &9 (Finite String):  @uugHulsd
x = 0, ] ysrefsafsd GAwrdsiuly @dew I Bargpsirer sl
uded  flaagd Bosdriups QprrlCeaurih. @petrroug)
sT6bSVE SL@QUuuUriiy.sr s o &rea) smudsr @uidsid
sro el uigmwg (Periodic) srdrugrgn. x=0
ofedmbg Heariyd  HHfeyx =1 TErp BPITrEMS
SmLpg, 196, T AQrrafidstioupn. x=0apes Hmby
Arpgl. Gp@ x=0 ol wppepud TRArrafsstiu®
Heirp &1, o STIEIGST 2 pFLTraremarEsd T Helyreflliy
sEpd Gl Asrarit S ielsdr  augeud T UL L. aHsbSv
@@ Qussd &reo el L. UpEE L. LIGl.

T GBrEissr t-dEin x::O._léfc&rp qsirswﬁaatﬂsi:y":()
sTairp @5 6TLHVE SLLOUrHsErSE o LG
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B019uded 5% ssir 49
oy _ 1 2%
axg "‘.‘cg at2 (1)

srarm HBBuim’ L. Fwnsrury.adr SFaeud srewr GousvhrBHia.

(1)-sr &iays

cos  Cos
y = pX pct
sin  sin

fhd erbeor -SGL x = 0 eTET@@e y; o erairp eTsLIVE
SL@UUTL 1368055 Sl p-6d cos px ey BBSs elweor .

S« y=sin px (a cos pct+ b sin pet)

a b, p ereirp wrpPedsedr o9Hd,sLq.beor Lor Hefl@sir, 6T sbeoT
t-&@h x = [ y = 0eretrp s RUuriyedmba sin pl=0
g a=b=0; Gravrreug sumasuisd 0 <x < | @_drer
sTober x s@dGL y = 0. seryupp (Trivial) sumseow
e BOGurid. ‘

sosinpl=0
D] ST ol & pl=rms r=1,2,3 .........
rm

p= 7 sr=1,2,3

Sy = sin’—;r—x[acos rl;—t#- b sin rjff} 2

r-ar gni’ (B @p@p 6T ebr QeuGeursir pibeth, (2) P Sit our g Lhe
(2) 26 QuoFo aums (Normal mode) startiu@ud. (2)-gyos
Guredrp eug oy sTebeors Sieysoesr Mm@ Osrens
s’ Qurgsurear Steurgun. & s :

— oy P 'LLCI . rmely
y_rzzlsm ] ga, cos 7 +b; sm_.[_}l (g)

FaXx rir

rwct

o 1
4 .

[P yr:/si‘n ] { ar cos ~—~£t—+b,sin~——-} (4)
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sTefrug r-gpag HuebH& suenas (rth Normal mode) srert
wu@b., r=1eTarmed (4) By lum. Guish B suema sTsr Ll
"u@ib (Fundamental normal mode).

o) ‘;ﬂasuh.nrsui- yerefsepdHean_Cui s Cul Gerear
&bl Beugth RPGLYIVEEISES WSV FTaTEG
agSlomsadar

; §2.9. (4)&5)@,[3@1, reug Quisb %  suensudsir ,zﬁ]asg:
- Qe (Freqyency) ﬂa&@mm;ﬁ@ ﬁesy,:@mmr@m =15

&Lq.uumn_craww (Fundamenta]) eTerm Quui, ,@suwas
s%oued Geireuly riLienL ,ﬁ&y;@susm @enauder Pitch srerd

u@h - wHp [Heh6euebrssr 21 as@as@ Gusbarmsear (Over

Tones) stérgr Quuit. HsCeor GBS Gusha Frlssr g
UL FHTEMS (PP 6T v 6oof (@) 60 QLG & 5 Hem L LI LI ST GLo.

DUIUDLEFRTSSHL6T QSSmaw Tafl 2 pey Qerebr.
Gueayhast @bHemeser (Harmomcs) sTeTliuBio.  Djgd
kLIGDL.. ﬁesyg@msm Wwsd HSHmF ﬂmuu@m. s




- @hfuded v &1

Cuerarh (BliumL. sriHHar G Wwi_ME) @rarreug
Psdme  aartiu@n. Guaib Qelur@ed . AsF Ao
S Siaymih ety apewp (Vibrating system) seofl Gevg rer
9sHme Quéarhisdr GMddAsrpar. G eneussrsrer
srsbeor Heanad swmpelsaflsdr Dy lUmLWITS e inferper.
Sisroug Cued Srhsdr 9sHmFLrs oy OUreys
sTapih  gpelarssr Apliurs o starg; el Caluzpe
Blellenwiirs Hemwdsdr p&i. DjgLueme. uied v suemsud dbr

Pap Gauair= =7 20R k39 %ﬁ,ﬁtﬁ?w

__,L\/f_l" ( - f_)
=37 P A -

B¢ suwsrurent. Guisvefl (Mersenne) 1686y ) abr(®
CargSwadr apeolomll s HEsri. &) S6r epsoh Frid
@ Peoug Syl Guisd v suenasullsr HshQaisr Qrrrs
(Directly) @ alemsuier suissaposmast Gursasrpih, Gpi
wr@s (Inversely) Berw, wphgib, L idHuldsr sufdsapsord
Guimsdr gub wrpuG st p Hi. 8 & Cuoievssdr afd (Mersenne’s
law) stardu@ia. Guisvefler ol stsbeorals &1 Gavad
smelserrayn peirg elarSsliuBumss Srawern. o gr
yewrior & euweddr GomsSGULAUrWg, @Cr sbINuIAmE i,
B BT Borsems wrPPumndsorGor Hyowg BSar B
slengow ‘Cugu@ssorGour GeasuiGsug  men eQulens
STl Qupeord TETUG Wwraumh AHPFSCH. &b uler g
FLLQUT e, Beorid, QLir@eiren, wpsdwer Qsr@d sl UL
L.rsd, @@ Qi dra L sl Goss sepelaw Gensd g,
Gauabripw e erpliu Qugid; Camawrers s
'L 1 ou BT ST 66T !

9% Yy Bialeir Gorafl (Tone) Bebew g Lstry @ei@amrms
Gusd arsdgin o dror SerQaurss < ppsdesd (Energy)
SLGLUUOSsLUBAGTpG. DISTHT QRUQurE Gmed
sGaiuisr Aplyl uarurg. @S (Pitch) starug Ggref
(Tone) STl Ligeollsor g Geargral’ Beir or gis sHE Dy iuspL
arsder BopQeuarGewr, - | ’ L

. §2.10 ngu&s&',aa@ﬁurr@aarﬁsﬁ@ﬁg (Initial condi-
: tlons) (4)-5@@)5&6“‘ Ay 'Ibr (r‘z‘l) 2.&. v "ﬁ.,.") . mﬁﬂqéﬁaﬂr& .

s fweorih, ’ SOR b TR

EOL N

i Puﬁuag ‘
’ %
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T dsSSdrer—BTreug t=0-60 SNuAT g 6uLh
Yoo =F (x) ersirpud Hems Geusmid j’t o & (x) ereir mith

- Qa&mreir .

S (8)sm b s

b . rmTX
2 (x)=yt:0 =G Sil—— ()
= == b I7¢ sin 17X (6
EW=y =0 ] v (6

o Guirw Reir uguumrite; Gursrgy (Fourier Analysis)
(5)-ar @uupsSmsiy sin 57—;-{ @pd QuUEHSH 0-aNelwm 5 S
l suswyujeirer Gemi.Gauafluded (Interval) Qzrens smewr

.

I
f ¢ (x) sinf-"flﬁ- ox = a,sinﬂ«-rflf-—xax-[—
0 0

)
b a, sin f_f_rlj sin Elf-xd

l .
T]+°

i
)
| e

l

2 f N L .
. ar- =7 [ (Jé) sin - dx 7

Q

i

| I
@G5 Gursrgs b =72-Ef¢ () sinL7%. gy 8)
T |
) /]

GOLUrs, t=00l6d 01T pdia) AFouledmb S (Rest) «I®
L efdst ulLred & (x) =0, 1 b=0,r=1, 2. o
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wrgf 1. x=o0, x=I ysroflseled @)o&wrsalul Berar
1 BorapewLw s1fuder pOOLsrefl FwfBouldmhg oiGeals
shucLrs, War Curhiisafish o el rguy LOQuuisd
ST E Hir SUOT H

(3)6\9(’515@ y= % sinr—lﬂ'f (a,. co l + b, sin rw;‘t)

J/Jr
h
© 28 /2L ——
urwm 18
QaFrLdas sL.GUUTrBssr,
2hx 7
¢ (X) y l s 0$ xSE
2h (l—x
- —“(lﬂ)-) ’ ésxsl
‘l&(x):'];t:o =0, , O<x<l
I
(7) amp 1, a,= [¢ (x) sin 7% rarrx dx
o

I
2 [ 2hx g rox 4 +2 jé’h(l—-x) g P

1] ""r-Sln_.__ ____dx \

? il
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uUGEL UBSHS Garens sitanr (Integrating by parts).

” Ils Iy
4, - m(..._)g X cos r? — jcos r:;_\ dx

2
B \re
) o

+ (l—x) cos [T /+ cos@- dy

afy e
= 8}1 N
-]
8h
7'277'2’ r=1, 8§, 9, 18 ...... 6T 63T (13 6L
Sa=-8h
’ rzﬂal’ r=8,7,11, 15...... 676'5’1‘@61)

0 , r=@r enL. sreir (Even number) ersir3 b

_ __8h . (@nt1)r ~
a-zn‘—H - (2 nt+ 1)2772’511'1 2 » Bun :95 Tl‘: 1,2 o

(S)ﬂ@ig!br :O r'-“—l, 258-- ..

a, s br wAHLysSrd Ariul® eedw,

’
Sh. . P . roex ___ruct
- Y= ? —;3—? s,u?-é SII]T COS8 7
., 8h 1 (2 n+Dwx
_ ngo o (2 +1 281D(2]1+1)2 sm—————————l
(211—!—1) nct ' (9)

i



& i udlsb ) v &6ir

Bsvaurg, o A oféasepsr o sdrar Qued Hdv aenssdr
PEEEsr s y-ulsr wHULY uGADG. QHs FEasMmEG:
uEliy efsassr (Partial amplitudes) erérpy Guwif. reug
QusrHdv sumaswiasr ugly F&éxd&0sy o PpGL. @b
tor B sewrsdsd r GrieomL Qi sTar@med a empdp .
Gogiid aps —rl—-sﬁr ImOaUrSsSrGw. PpsCeu, o Wit eTevhr

swfl&ems o e Fursv ﬁ%u suemesas@ﬁ@, af & Aadr gy
Hes APwsred.

pr#M 2: GLUQuuiFréd Qedulinirosd g HSould

o drar ®biI9E@ =0 esrp CHr&5fd @’ sréserams
4V . '

(Impulse) egmnm & (x) = Ix—x* ST UFeuBmTwd

(Parabolic) SmeGsusty uymeb (Distribution) @&sr@ssy 1@

dpgl. @Quiep Verarug pEL yeraf x‘z——é—-sﬁr Sena Gous

wrguw., Gar QuaiGap Gprirseiss o arirgn Gl
QLT FAS TS ST QT &5

BE6 ¢ ()= 0 4 () = TV (r—xy

(DebGHE o = 0
I
8)ebwhb gl b, = 7_2.5, J‘i’_ (=" sin 7% gy
[

= 7o [1= (=17 |

rnoc

320V , |
T (mmbmmuu@; sTabr 67 uflsdr)

=0, (r=@r e tiuamL ST &ir 6T &oflsBr)

3207 e 1 . y 7X
= I, e @nt1) =

608‘(211:!—1)—‘-11@
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§2.11 spppsv (Bnergy):—

Qués gppeo (Kinetic Energy):— aswbhi@uler dx Berg

ST Quratrenn pdys HawaQeusih —aa{— &Cou G55 seof
) 2

s Ser Quss popsd § pdx (%) . O-a9e8@mba ! susmy

Qarans srewr pdsndullsr Quis QHpsd T AL &Ap g

oy \® B
"'Tz%"f(a_yz) d (10)
(4

B g ppd (Potential Energy) :—Q@pisGsri(Bé & Hdv
1sdmb s sl QLuQuuisd Hewu@ureys skl
wieir Bord AP G yHsNugred Gueloms F-§OHE sTHrrs
Coudv (Work) QewsbuBsstiu@apg. Hsi@eaudv S Hufer
Fun-misr@gu. QauGoudv snifuis fdvayppoorssd Clg g
mausstiul RHerarg. o9 wpugun CpiésGary Hé& &
&oé @ sumuturips Smss Smpnul Qupudps.

dx @uieb (Original) Bearapew w1 sb1ulsir @ seoflwsHer
By pped F(ds—dx). @psGeu qpupdsinfudsr 5oy, psd
Vs 0-00mb &l [ aueny Q@rens &rewrd Henl_&Ep .

x=1/
V:f F (ds—dx)

X=0 ' )
I -5
= F{\/1+<g;) -1 }dx

]

; ; L
C=F| {1+»§ (%) o1 L
o .

J
I 3 | o |
= fF %(%) dx (@sryrwuwrs) (1



ashiduled Hdser 5%

LEVE ] ,@mm,ﬁ&u sl &bl Bt Em Oarairg @éeh
Quripgl, Quiss, B PBHDOSETS srawrGur.

.. Inx
Yr= 8 —-— [ a, cos

(4

t
”; + b, sin r"ct}

/

rmct

. FmX ’
= A, sm———l—- cos ( + Er) (12)

@'ﬁl@ A}- ﬂﬁru@ 5’95‘7&; E]» ﬂﬁ&u@ LD"‘@L”’-L:-@L"L”,{}_,

I
v 2
(Qués ppped), = Tr=ip f (%) dx
0
| roc P 2 pmot / o
=13p (—A ) sin (m_”z...+E, ) fSin“ ; dx
0

! 1
Oy SRS =
o o

o
_1
2 , (18)
ST = pz;" ¥t A, sin“( ract +E ) (14)
(1 1)e8(5 5 i :
I
(,[5?&0 %mmﬂ))r = = hg_f ( ayr) |

(/]



1 1
” , rmX ) g ! /
| cos® -z—dx:f<1~q2”;‘)ax I~ == == (15)
0 o
Fr o . af FmCt
V,v-—4—l-r A.*co ( ] +E,)
L el Tt L a o [TTCE .
=2 r* 4,° cos (WI FE,.) (18)
<‘.. F:PCQ)

(14), (16)-c0hg. r-Ppoug QuOH& aums i Hiedsr
g BPHP® = ¢ = (Quds YPOPd); 4 (H&O 2 P ped),

= Tr+Vr

2 2
P;;’ FPA2 (17)

= &(H Lor Hlsd

- _re
BapQaimr =

2psGor (17)-0G5 S, oty BHO® B ShGleuair il G Ly
Guirsrpis, of &Asir Gy Cureargnd wrpu®Eps.

DB saTas Qurseuamsuled Qb Hpedsdrd &rebrGurt
Quras ,ﬁrisq,‘

p= $  sinJ7X a; cos T7CL Lp, gin T7CE €))
. I ; I} : ]

= "% A, sin
r=1 !

s rox cos( rmet —{—E,) sTar@urd. (18)
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(10)s8m 5 5is
2.2 ! rox : 2
2,2 co TX
T - %gf_, f {r}’:— err sin“‘T‘ sin (L?E +E,)} dx
o

(19)

@& swarur’nsdr Qg ussSHausirar 5105605 Ner
sutds srewr, uidas o piiyser (Square terms) GG
Qumpssd e giyser (Cross product terms) srsirp BB v
wrer 2 piysdar  (Terms) S sfsirper. B v susaisr
x-gpu Gurpsss Qsromsomw 0-6060m 5 g | suvy @remr
G 6u b (PLD . '

(19)-60 @Gy o pLILSAE G 7B aid ari(,

s 4.9 PTX . [rmct .
r~A,-zsm‘~IE~sm“( rl +[;‘.)

(18)mi Lwsr LGS S

l :
f re Ar2 sin® r?A Siﬂz( rWI'CI “+ F ) dx
P |
» 2 42 }
= A 54, i sin”(ml“ lE) (20)

(19)-6b QuEpssed o pitiyaeiar D@ 0556 ST @,

75 A; As sin r’;x sin Szx sin( rzct +- Er) sin( ST' + EA}
| | [rss
q&%@dla
J‘ain 'il-—f sinii}r—": dx=1] j{ cos (L;;S) 7X —cOs Q——l———*}'s)m] dx
0 0 ‘ =



S Svadr
)

40 —
! . (r—s I . (r+9)
[ r—s) 7rsm—7_) mr —— (_):—}—S)TrSI -l wx] /
o

=
=0 (21)

G 5Cou QUEHHESH D PIILSEFSE QUG PBDOHDedsd Uk
Gagilsbdv, (19)-6b r-sir srébsor wHULSBERSGL sulids

o_mtigsdr, (20)gpl vudsru@ s L

et R o gage [TWCE !
T = 3 rjerlsm< j IE’)[ZJ
. plir? T 2 42 gin? rmret
= = r:lr ¢ 8in 7 +Er) (22)
(11)-68m 55, QuIrGisuamsudsd BSv < Hpsd,
Fa? !
oo rox
=V=’7%‘f{ b rArcosJ;-
o r=1
- 2
(28)

€0s (rfl—q—i—E,) % dx
QL& ussSHe i ds o piiysefedr g sr@fsg:ésasrn;m.éﬁr’
QBTEME & 6WT 5

1 ,
f ¥ 4.2 cos? le

o

X s [ rmct
cos' (12 4 1) i

(24)

ride 1 cos? ( mft + Er)

2
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AL Usss GMEG QUBGESSH 2 pliysafdr o oTBS 5id

rox S rmrct
STL@, rs Ar As CO8 WI cos —3 cos( 7 +Er)
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FLOSITLITLL LT 6D gyﬁur.‘.l_lrsb.

1= (4 pe(fyax
=%Fj(f')°dx [ F=pe']
V=1F [(/)dx

Qo Buss ot = S 2o

@i Rppd =e=T+V=F [(f)*dx



&1l BSOS T ‘ 98
y:f(x—-—-ct);a cos [x (x—ct)+E] starmer, @@ v Leorh

a-oflsb T= V=10 i’ca'r

2

_ Q2 pz c?
= )\9

werGarpith HAowdstr QL LQuUuFEN y = g (x + cf) stérp
FLOSTUTLLTH Qar@éstuiLrs, T=1F j‘(g’)gdx

V=1 F J’\(gr)z dx
Qugh, Qubs 9pDPPD=HB @b,

W @b DD E=T+V=Ff (') dx

ALy Quuisd y= f(x—ct)+g (x+ct) srebrp ensirure
L.T6) SrihL.med

T=4%pc f % [f}(»—-ct)]a — 2f' (x—ct)
g Gsten) + [g/(x+en]? } dx

v=irf { [f G—ctf® + 27 (x—ct) g’ (x+cf)

+ [g (x+eHT } dx
S BwEs pHped, B0 o PHoedGF FOLTrSTSI.
@ oo e=T+V=}F| % [f’ (x-»»-ét)]a +

[g"(x+ct)] ; } &
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Cupasrapih &l e eSeflsr gib Aerouepd (g eys S
O B G1Lh.

) 26 9@ wlggib HeyiQurys Quis appp
Wb & PpHOYDL FwwrGh; G s Bawueureyg
B o o arennudsbo.

(b) 86 Iwsdir feyuOurys Quis (HEv) wpp
sder LAULS gofd sefllurs Gaielm o Svssr Baqpaugmsy
e_drer Quids (HZv) o dpsdsaisr all(hs Osrmadss
F10tl eb v,

©) Q6 gtvasd HsguOurge ey @ p p A ar
vy saflseiliurs Gaialm Sbvser Bsugeusresd o_drar -
Gl BPHPOSANGT Rl B Ogrenss@s Fureh.

§2.17 Qo yowsalsr Héaan 2@y : (Complex
representation of Harmozic Waves) :

Brid QhrTud QU LITeoreT % ssr Qe Yvasarrs
Q5 3%5 sremeorn. QUL & FLOST LT .6 Biay
s6r Genagd griysarrs HuphaasudGeoGu DjemLo b S L L1 g
QopQarm sryerorgh. Guayh, SGUTrAufsr LGl
urdiefleruy. sTéeTienun HomaEs Friy o pliyserrad
&L edwgyor seorsd, RLIE T S0 Gl LTl ig e Lig ,
sTateudvenwinyh  Heove %G QsrGUysisr o9%raras
(Resultant) sri’ L eorih. f

R uflres s Hsd, GrisHemeudsbd peErCarmih @enes
D &Houdeir & Loar LT L& SPpEs b auT P G Pl seorih.

y=acos {2z (kx—n) + E} (56)
Qi E orgur @iug., ™’ 0= cos 0 +isin 0
STSHT LIS @ 6Ds @ 08 { 2 (kx—nt) + E} stefruamng,

B P PN J T
e ’lk[ &m (kx—nt) +E] T ASEed & ewhiw S Heir
G)mu‘.:uu@,@uﬂr;sés (Real part) Qareirereorid. Geof QLD ugH
&ofleb @01 QL& Audssr TUETLI® R Adssd @
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wreyed GLU Quuisd ser QUi uGHurgd s ayh

wroud QarsrGeaurn. G wrmuuriy (56)aye g Fwner

urt & Shésadr. A5 o Goumuiie Qsr@aseri.
y:AeZﬂ-i (nt—kx) l

. (87
B, A=ae * £ ’ )

E=0 oebeogl, nrereimed 4 @ QuiiQuwebr. F-eir wphp
wHIyserE@ A R FAH@EO 6T evhr. swsrur® (87)e8m 5 s
o_airwwwrer ofds =1 A1 wppn o erewwrer wrg
url Gouy =—A-ar Garawr afésn. @i,

. n
FeneF Cousth = —

k

865 Cursrg, @m uflor e Kb sTHi S Heweudeo psr
Carpir Goos &l swaruromis Shssatr. Adash
2_Hauml s GlerBdsarih

y=A 27 (nt+kx)

(58) -

y-or fléasd e Gumwlimuds Qsrebrd Bs1pd s u@e
QFitenasuier (Operation) o9 Srsursh 2 BGeaur@h Quiit ugd
y-6ir Quods 2_aumuloud Qarair® fsphs sl uGn Qe dims
ulsr 69 8o G & F106eolair, p-sir A Esd 2. (Hsusma s Sor Gus
Brid sTHSEE Qsrerensord. @il (b, S & Seby Quois
S SSTe0 CLImS S6d Ijsbsv g UGS S, Quows orPHenwcs
QUIMS S UME BOVG GSTE &I ewrsh sTeiTLigoT, @&
SOSU QFLDSSMTTGLH. YEd B Hdsed &aofiwmies S
20 Cxri QuBSS (g e Adadhd sug. enninisr G
ugows sar@) Weér QU QUEBEGS Qsrovsudsr Gl
UGS é &6 &emiluimiser g Quiliting feefsr QUEBSSGS
QEBTdSLITSS Qardreug (@suisurg (a4ib) (c+i d)y-udsr
QuUEBSGS Osrens ac—bd: e @eiad@m Asssh . 6T ehr
sofldr Quiliug duisr QUESEGS Qsrms ac-Guiwrrgh.
Go0urs siuisr @ sl dSeir 2 Hp&oE STeRr euriii

LT g 6b -%};, %{E sofldr WAL &S Fosrur®  57-gpu

L@ &8 & T T & G L1 OV 63T LI 1 @;ﬁsrﬁsu. 4
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§ 2.18. so9lar HLirgglular GQgrisd g pPeled
(Discontinuity) & Hu®@ b < v safl it 67 1@y rafl by (Reflection):

@gisrmn swiuisr atard ysrefudgith 5B
Erre @8r wrdfl Goriusrs 7@ HSCsT o GLrid. B)eof
A ugHuis swlar @ ydrafll@d HYLisd Asriisf
ap Py o sirar rad QarerGaurib. QU yerefomw o Huirssd
QarsirGeaurd. B\ UMDSHST 6T () HedT PEUT :

) GasiGaum SisHumL B SIS (9 Suo)
@ &wr &1 L Bl orer.
(i) sbudssr @@ udrefulsh (@ Hudsd) Gl eirenin

Quirssr g S LU (Belror Sl

Heuelm cumssaiaih @@ ofp % (Incident wave)
wrer g, @ THOrrald@ (Reflected) @j2vemwiunyin, Q&sy g
gib (Transmitted) D&oujh 2 (HoursGL eTeTUMSS ST awhr
Gumi, ‘

Y
$

aBgnaféed =i e b o2

a9 2o

utw 18

wms (): psad, spsf Borgperer  QeausiGap
SLigBuymrw Qo snifsdr HRuisd Fowrdsl UGS



Sl 60 B s6ir a7

- dgrper. eresr GUrid. @) eup Heir O SRS py, Py eTedr b
Bl QuuisAsdr y, 3, sTarmid Garer Geurt. Bews
WG QST &R x-9 & Asdr sTatSHmsudedmpbg o B
pgl sTar@urib.  swudshr wrppSens DL LJh@ LT (g G
Bsi uBvssflsr e LgDHser T EQyrefl s Aeir peor.  Pev U@ s
s6r Cessliu@hAsrpar. Qedrp 1AMy d saml (Article)
§2.17-a1 g HWBEBEGE Adsed 2 HoumIniL aulg.6u Fem S
TS S Qare Gaurih.

Y=Y +7
} (58)

Y, =7,

Y=Y st A rraliug = B, 62771 (nt+k1 *) (59) :

Y,=Y Qegydats LT o g :Az 627” (nt"_’kz JC)
er
v 2

€, C2

X Ya
O A X

uL.th 19

A, Quody sTedbr 1 By amsd B, A, Assed sTatrsarrs Bwmés
oor. 19NeyE gy § 2.17-sr uig. By, A, sfldr Carewr af s
FRISHT  afh - Svenuils Qurms s LrourlGo g sdrs
Qar@égh. (59)-Omsein WSELY HABsEsh Gy D A
Qoreir n e L wer. e Do swdseigyapdr ar Ama

; ‘ it :



88 3 v & 6ir
Qeausmasepn Gargull_er aurgsorsd %o Beormisen Cougy

u@w. Beupsdp %— , l’i; sterGuirth. eTHQrrafiliLy o S&vudeir
1

9% Borh, o H&oudsr D% Sord GurarpGs. s

swudcd Heng Causmid %@[domgl \/.g_ s BrewiTeug
: N -

sG> Hemg Cousth % D] 606V i ,\/,g_, B eusaflelm b o
2 2

. kPP
n, F-gn B&s, k2" Py (60)

sTeBvd sl @Uur@ssr epeolrs By, A, sefldr wfiy

| &%rd srapreorty. x=0 eTebdurt Leirof, SNl G grLitEd

WTeh, x=0-6060 6TsbOT 1-E@GWs Y, =),; Cogid HBHuld QG

sriia) ofshisenth (Slopes) Fwnrul@mds Gouar Gilor eorsd

x =0-a96b 9% _20% , eTeteor -S@Lh Geusdp o7 &S S B
ox 0%

ur@Gsefedmhss A,+B=As

i (—k, A, + k, By) = 2ri (—k, A)

. B _k—k

R Wl
A, _ 8k 81
A, = kTk, (61

kys kys A, @p@efwer Quodiwirer sred B, wHpih A2 th Qs
searm@lh. k, k, saflsr srebeor wAlysepEGL, A4, FmL®
nduymLwg (Positive). @6 k1> k, starmsd B, swl (B
wArymLwg. ki < ky sTar@e By sifie] WAL WS
(Negative). @susurml Qs sliu@n & sTHQuUTrepgd ofp
@ BoujLsiT @ sr L puriig.sd 2 6 argl. K@ 6d, & 1p 2 &v
St SH I HEpelrom o &8558 fewbCurg wl GG
T BArrendsiu@n 80, afth SBoujL.ar 2 6 LrUrCi®
o_drorg; @odvouefdr @& shurs Qeuell or pILITL 1460

BnpdG.



Sthiud b qBo&er 929
sTA@rrafliys Qseg R (Reflection Coefficient) srsir gy

[,ﬁ]gﬂﬁr‘m A BOrs euenyitmp Qe il uB Heir p 1. per
1

Garpd HTouldT QP BOPYIL Jyssr F&AdT Gy
wletr SrQurSssTH, THOr1afllyS Qweg eresrLig & HLo
BarsHev, sTHQITANEGD BPpYSGh, Addrp @ Hp
W&@ oL Guinysiror ol Bgwor@Lh.

B, B_[k=k2_( yp, — 4P,
S R= ["‘ ] RN "_:*“""‘"—“:)
NP+ WP,
' (61) 5 51, (62)

Qrandgimsd Qe T (Coeflicent of Transmission) s siriigy
I—R eorar eumgwinp QFluiu@ASTDS. BHDO of @ ou
Hebod. ererCGou Hoowrer ysiefl aufGu oL CprdHeo,
Qegusstiu@n o, af ) Aqdoujd, TBHSH& Q@ &Fsbayth
P pedsr fldlsSHpe T suwrgw. wpoib of p BSvseafsr
Sma Cousy Coumearsred Feiolfsh @ SordHi o_drer
g pHposafist N85S HPGE Fuersrg.

T=l;-R= 4A/P1P_~z__
[.5/Pl+»\/P2 (68)

HUuedulisd Qubs gpHped JvvgG B B Hped
6T DI 2 PPV LGS ST wpp Db LP HGuw Fn 1 B sm1h,
o Qareflst, HqBouder ey opPppsd LIGCL &hiGug b 3C8s
ugHuded sTAFS Heweulsd oumpin Cuom®m D&vul@s seorsy,
Lrpiur® Seniwriosd &GS g,

ums (ii): spsf Bergpsror frrar smiNuler b Flud 6y
M Qur@atrents &L L Gl (e or &l sToires. <%b Hulsir By
HDEph e drer GLUAuuisfow p,, Yy 6TETS. oy Hufed
&N QBri_it b g 26l 6T S 6b sTobsO 1 &@hy, X =0 aflsh ¥
eariréflurs Qmss CuabrGb. sreug x = O-6fsts.
=Yy ' k * s ' (64)
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M-sr Qusssd Fwoedrur®.

M—-—%?—Zl— ==F[ sin &, — sin &, ]

= F[tan ¢, — tan ¢, ]

(¢ Aplwg srermed sin & = tan ¢ )

= F (0% __O¥ (65)
_ ox o0x Jx=0
ur1h 20
Y,=Y+7, } (66)
Y, =Y,
@fﬂl@ Y, = Aleg'n'i (nt—kx)
Yr - B : e 2’]Ti(nt+kx) (67)
Y, = Ag eQm,('nt——kx)

(64), (85), (66) wppih (67)s10shrLir Gaensdms s
A, + B, = A, \
2rik F[A—Ai+B] =4 M A,

an® M|k F = p eTeiras o B (88)

A et ‘ {’;\




sl e DBoser 101

B, _ —ip _ —p'—ip (89)
A, T 1¥ip 1+p*
A, _ 1 _1-ip

l

— = £ (70)
A T 1+ip 1+p

susms (i) Guwevsirg) @i B2 1b, Ao 1b AEsed semfwr
Sarr@h. ReupPer Gsrewr efFerisdr (& heys & Py ar)
of p G&oewl QUIpSH LrPur Bl UYSST o meurss
| —1
Aerpor. JpsGeu, Gemeussr apenpGu fan-! (_;_ )‘ tan-* (p)

T

G, p=tanf, 0 < 0 < 5 oTedr@ed Qb wrygure Go

Uy &er peop Gui %4-0, 0 @b,

| By |2__p*
sTHQrrafliyé Qs R = '-Z-i-* l = i = sin® ¢

QessImEds Qe T = 1—R = I—_i———p, = gos? §

wudp & III

1. sgmlicm SLisHuysrer sb19 50,000 dynes. @
oflem &L eir @@a’sa&ﬂu:.‘_q.@ﬁgrrsb Bagib Bvsafegr SHma
- Geusid sTeirer ? (sflwi_: 100 cm/sec, )

2. Qo silselsr g isHssr 96 gm/cm, 18 gm/cm
STATM6d eTHOFrofliys Qaigewoud &redrs, :
1
afl : —_
( o L )

8. spaf Beraperer SN G &7 gy X-BpSBed Byemin i
glorargl. t=o0 ereirp Crrsfed Qésbi9ulsir x ~ ® g &g
@@Lﬂuauu@ﬁé@a“—x“nmm‘@u$@i BensCeousid
Qar@sstuGHbrpa. ABCWIL LS Befr  Beapg Cousih
¢ sTeofledr swiudsd Hsepid Qussims m‘ﬂmrﬂa&&s\‘m. ‘



iog Dol

4. spsf Beriperer swQuirsrm, y = acos kit stettp
oy eud e Busstiul (B t=o steirp GprsHed al@HelssL
u@dpa. suNuisr Fugelmes F, S_isH p ereofler, 1Reir
eri @prth t-sv &swiuder eumgeand y = a cos kx cos ket
(c*=F/p), stoor Pmieys. Quaith, &bl @mw BarsdD G
AL Quss Hmd v P Hps BT S Grers.

[ : T=¢ Fa®k®s1? ket V=% Fa'k® cos® ket ]



3. Foualov 9|VEH6T

(Waves in Membranes)

§8.1 & Qarsronsudsd aTOSHS Qamereriru@in,
whHharh gseusir® QpShha udrwdsss Qedsd Feiiny,
Frrer apeols Qur@wrupb, Frror u@Lorwd e L wg.
Baag gHiayssr whHpd G QuuisfsafEsd Lr@s
gjerey Hseperar Gupalensud@esd Fsliey eTsbeoTl USSH
soflgd Rupdgid s L’ Berarg. Feualsr o Hiesdrs
sl ampuied sTafFTs @ IriliusHETEs Q& T arty LB
SOAGBIssr Bl qpempullsh 18s sTeflHsd QFurgymeursdHd
Qardrard Sosmauwcben. Qarereamsuigysirer & ieniowirer
Feualer urlfsh sumrwin®Guw @ Csri(@d geoflndSear
&n&Csusitar Zemaey (Stress) O@rBsor F HCo@w o_siror B
stesr@urid. B FHiaym Adoudsd Fehelsr LTl @y SorHHd
etk euensudor ity G S rriiGeurid.  Guogyid,
Felay Fyrar Ly Ssror SmEelsh @ ererg eTerGumrd ;
NFroug B Fuwrer Gwrasr@esaflsr &mdGsuysrer
smaasir Gy Hmsudsd Gr uwwSdwd G SmrL.cr 6TeT
Gurw. erefllemndsrs, @@ Car®d safinsSsr GusGs
wsrer smsa; IJYSHGF QFRGSHS HmFuld o srearg
eTeirGumid.

Befl £grer Gupalens T-wLer ASowrer, epyur, seor
ThdsEnsGir USss L LUl @erer Feralar & ndG
D Aioyadbr prriiGeurd.  Fdiadsr urlndsd eusmrwariin’.
@dror L BarsCarlydr m ussdHidrer uGH Lo
usssdaisror LuGHuSrCust T smamauds Garl BRéwms
QehiGssS Amaudsh QFwduBSH@d, Gupedams T-srard
u@ib.  sFeueler serSmsu)h e mirndedr, (Gravity) o9&
meuuih Ypdsafltiugrad QardrGeurh. Fsialdr o B
SMGHDL x. Y, SFHshr THGHE Osreir@ourid. Hiey



104 ‘ ' By aelr

sor z HFADG Qowrwrs HehAedr per st Gurid. X,y HoTd
Hd ox, 0y ussHE®rs Qoraywi. @@ AHu COFdinsd
gofiwtd ABCD-oow st@S5E Qaerer Gaurd. A, By C D,
S HieNed @B 616l .

T6
| T8 Ao ) =1
&———\:—/ \‘TSy
To&x
0 - > X
¥y
A B
Sy &x
b c




Feuafe @ySoser : 106
@b Qur@s 4B, C, Do Gué Qowed LAyb eles

B 4T I 8 6T {

() A Bi-s@n €, Di-&@Wh CFnGsHSTS B oenassr
Tox;s

(ii) A, D,-&gw B, C, 6w Qesugdsrs QG afmsser
boys

Bis prer@ oddsseshd goflndddr e gy erer
prerg GsrBserhssfiss (Tangent plane) Qeuish HAAS per.

Qadrp osSurusHGe Guirsdrp z Aenaufed (i)-6b 2 _drow
Am olmeseaisr ol &rey elme

oz oz i 0%z
(8] [8)1 8
V[@nyray 57)y ) TOF 530

BCs Gurerg, z-Hosudsd (ii)-d e drer G almes

,322
ox*

sefledr o arslema =T Oy, . dx.

sausler LFOL-L-ifSH, Israug, @l urlnder
Qur@msirentn p stesrGurd, A, By €, Dy-aflstr Buuds ¢ woesr ur(®

0°z . 0%z

T rr ox.0y+T1 57

Qv[Qa

. az
B T[M + ==

Aozds UL agaidSed

¢ =T)p eY

&7 65T M) @ﬁdsasemrw Peuairg Feusfss Aeug Hdbossr ,@dy
ufltor e s gl HBoBuirl & Fwsaruri el b ,cﬂ@u,ﬁ Rk
Hsor peor. B Bv s efisir @ma@mam C=NT/p.
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§§ 8.2 Qapssriger gumsefied (Cartesion Co-ordinate
Axes), x=a,y=>b eTatrp Car(Hisdw TOIVSarTES GST T L.
Qs Falefldr GnEsdiasdr o rriiGeurtd.

‘y“f
D C
b
A a- B - X
uL_th 28

aThsCar@ssr o phurs @AEwEsiulL HAWECsr(
SarrBeored BECariig gierar Lsiraflser o Hi ey oo,
sTar@eu x==0, a; y=0, b-&aflsd ereboor @privasfigyt, z=0
eraruer sTebdvd SU@UUr@ssr. s SHurwsH

Owb G, Fwsarur@h (1)-sr Sieaysdr .

COos Ccos cos

2= o P* o 77 gin

rct At gr=p?
sin £ sin ’ phg=r

GuoBev ‘@;ﬁm&t_.ﬂuc.@sfrwr 6TL&v AUupslrserse o L
U@ z-60 COS p X, COSqY 2 mIdiL&er Bpdselweor g ;

Gugyib sin pa=o0, sin gb=o

S p:’%ﬂ q:'—zg, me_ib, ne_ b GEEF qp1p 6T ey Ssir.
S z= Ay, g sin "%Tf—siu"—? cos (rct+Ep,n) (2)

" (m* . nt\
rr=n? (Zr + B‘?:m%m,na_m @@agoﬁra‘m‘. -



Felails BBvamsir , io7
Sieay (2) (m, n) Qus HAvaums sTerliLi(Bd. @) Seor

Bl & hG e vir
e m '\ T
T 27 '\/(Cfa 1 BE> 4p (8

swgrur® (1)-ar pugdditea, m, n.er ersbeor ALY
sepsgn (2)-gu Gurdp sTeeoord Sieysaflsr sl DS
QBT ENBHUIT LD,

wyd Siey
— . M X . n
Z== mznAm, n 8in ~—— sin %}-’cos (ret+Eun)  veo(4)

Gari_das sl @uur@esafsdmhg (4)-0 a_drer worbsafler
wAL s SHGurflwfsr (Fourier) u@Uumiemeil  uwedr
uhSHE STEOTETLD. :

(1, 1) Qusb HBoausna Bjig-Lueml. ausm & Qurer Lt L(BHh;

B @ r mggasusutr:\/(_g +..1,,)l_. @uosd @ yiimer (8)-d@ib
a® b )4p

GQopen sTear ereled eraflgrar Gariiifsd. Gugyw
U Gueb B0 AIDSEST RETMSS G T LI LB Hlsdr peor.
BspE wres; sb@dd Hewb HEosais, Gud oy
LU D& &y SS_er eTaraureralsh  eTaflw OF3 J I ¥
Q& T subr (B6iT O 6T Gésryeorn upHGuw, HGL & 61 ol 63
pedemweiL., G0 sniulear @6 CaslusPHe Geflamio
wres 26 ear 3.

§§ 8.8 (m, n) QudHSd sumsuist, SamsCar@H &

3 9 |
(Nodal lines). x=o, %1, —n—f, vevies &)
y=0, .g,‘ %’-?, weveier by p@sBETOIT G
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8)& CasrBoollgusrar Lsireaflassr o Sifoudsbduv. & Q) &
CarGiaaflssr @GUDepL 2 sdror GLUQuuTsAssar sHArSH
Fre Gmnddrper.  ulth 4, Ao GudbHE& suemaseafar
S Fifeyadr Hymuwud opows QerGsdAps. Soms
Car@aense QouUpwser ugdssr THATHrre HLib
Quu@eldrpar. UL sHd Garnl L ugdsar GargLrgs
uGHasens® THrres @ Quueddrpar. (s, n) Bued
B0 umswlsd y-&dpE Bewrwrs (m—1) Sam &CsrH
&@hD; X-FAPG QEIwrwrs (n—1) sané Car(®es @pih
2_s6iT 6w 60T, :

¥ Y

o 3,3)

LLth 24
$8.4 QarsAwgey aimassr [Degenerate Cases]

FLHTLUTE  (8)- 5 1h 6 su b & i s Qar@édpg srarGeu

"gﬁgammam m, n ererm B . worHsSr& Fribs Hp
Harper. - (8)-60wm b i, %zsrsﬁrm oA Sh BB Ly 6T T Berfedr

MASSIDGE FLAbBRiuaisr, sreor BapQeasirsenh
Caumarensy. Ribs auemssaisd S@IECarH s updrsEns G
- Q%wrwrer Gﬂiﬁ‘é@&i!)‘@&mﬂ'@ij. @0 @’ b Qurgiauer
ajsiror 575 (Commensurable) “@midsr Ao Bl& Qs sbra it
porguLrh.  AME QusGumer wus Quish A& aiena
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6ir, Ssroug (m, n) soflsr Caumer wAHliyadr Gy Asp
Qeuerir o & QarTHSSSrpar. 2 STTETLOTS, FSIT 6uiq 636 6T
Feieflsh Haqg SAuasafs Spésari. @usb B UG & & 6iT
QCr Hapaeairdurs Gar@UuUms S Pfluicord :
() (25, 10), (10, 25), (28, 14), (14, 28).
(i) (14, 86), (5, 14), (10, 11), (11, 10)
(iiiy (11, 2), (2, 11). (5, 10‘, (10, &)
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z=A T (nr) cos (m 8) cos (n ct+E) (11)

| gowE sLOUUr®: sl Ll ufSld o Hiedddvwrs
Fsd r=a-6d, 6Tebeor, f, t SEHEGW z=0

Tm(na) =0 ‘ (12)

Z @@ soni@ugoreré sriurs (Single Valued Function)
Bmss CauatrGrudsrs m @@ LB Pl sTITEN S Qhds
Qeustr Bib.  m-66r GO L HLIPGF Fwarur® (12)-ar
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el @AUGUTD. (11)-8Ghs Hsplosir 35 . n.sr
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udisdr 26, 28 Fsory.eofludssr (Chladini) v mbiser 67 6T
u@. QFil grempuded SHFeypd Felialed sgmisCarBadrs
srarushE, Forgeiulsr qaopluyg, Fdield e 5
weor®vs  gredunfsr i  YHieypd Qeizre,
I Hiedeors sgysGar@aeishs weaTd Goloumshsraur
GOITLD .

QFdiauss Faiameaull Qursr@p, el & Fueigyh G
SRS SLUIUDLE STHSHILeT 6T ewrersdsd eraflul
Qarfy Oararg Gssalddy. STy Ssred wproered
Ssisuare) Geflomwurs EluHddo. HHwmh el Gaomsli
Qursrp aumsarCGauriigyn oHd Ao apddu Gud
SR UL TSI eTabrewraraied GBrify
QeraRrg@GliUmS Hoejso Quain. pETG Hinrafl&s
pL. wenfluder gome Gaflmwuwrtessd Ga olarég
Apsl. weiller eug.eud wrQuUrlimss Frrrg APg
wor puc g GUAgh weelGurames aupssurs Geflowwrs
eyl '

i p® IV

1. m Gsshouss ssieldr ussmadr 6, 2 eTer@ed
Fers  fmGay gpu@n Qo QuoHd amssbrd
BT EH, -

2. 25 Hrrih Qur@aTmLLmLWY 25 QF.18.X 15 Qs.f,
a_drer @ Qesiuas Fany 10 8, Arrd ey sdr §us
S& SUL LU LT 3 S6r ST aflsdr Jjg.0umL. Haholas wir
wir g ?

8. x=0, a; y=0, d ererp CErGE%br TOMVSMTES

X . . 8xx . 4my
QaravL. RO FHTF T z=4 sin - Sin—= eTarp ey
wupSpe e-GsSNsatul B gilie] FRGAGS S NGNS
uGEpg. @er A QUESSHS afleufl. Guogyth ¢ eTeiT D
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4. Fsue)s @ b udshaSdTLmLIL QFfius sulg.aemLol

yoLwgrudsr z=A sin pz. sio ——;—T— Sm’l“;?y sTerugl HHGL

G Fvdeir shwrer Q@ aulg. U STET 6Teor Huies; DG
(B) _cs( + b2> [MU. 1967]

T
5. a 17% Lsohelbrs Qerawl. Osaasd ssededr

@i 1L S STeodsay T eTsflar -:/—T_i—.—-_ggés ETE0E (g B
1

QararL. G Sud A aumassrd srers.  [MU. 1967]
[Qﬂml—: (59 2)3 (19 4)].

6. a» b uasasm:&@mu_;ao)t_u.l @ QFtiuss Fdaeied ok
apih GoisHitasefsr (ms n) Buso Hd0 susnaud ar 5 &pe e
S & arews. a=2b erer@med (2 M, n), (2n, m) ererp
B o HE&0 auemsSeT Bers Hen D] UMEHIT 6T T Poes.

[M.U. 1962]

(7) @@ ufvrarsg HFBGUTLL & FLogT LT g 67
Siremeu .

b = sm( pcos(ix)sm (psmﬂ y\)srsarpamq_su,e‘s

cos ¢ cos ¢
A Qar(hEs Gugud srords sri(Gis. @66 ,rﬂ&g:@msﬁr
p|2m. @rii@sr @) &uwr &atiul Beror G FILSSE Qam@asir ewor
apsGarenr sulg-ef gy sir ar Feualsr eTedvsé s GUUr®EdT
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(m--1)my
2a ]

Awud QeEldpg sTear ﬂmmm. ,@:ﬁr@ ﬁasgp@susm FLO6T
urrL_xq.amrde &I 6T B M. U. 1966]
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(8) onse SHiaypn el deaalar Gud B ams
z =Jdm (nr) cos mf cos net-méb sraws. Gugud (2, 1),
(0, 2), (0,8) srstrp BusHPd umssEEGE Feory.eoflullsr
UL BIs ST auemnys. [M. U. 1862]

(9) ufNAHuss Howraéstul Herer @@ suill Feadiald
syt @mée Sifiasdhr sprrlbs (1, 1), (2, 1), (0, 2),
Gy 8),(2, 2) erafrp Guebftv sumsardGdE saorigefuler
UL RIS BT auemys. M. U. 1864]

(10) ufNFHuleb & sl Herer @@ sul L Fsshelsd
Payn GossHiajsaflsr Hah e ar wearur®

Ja (aw\/_’;‘_) =0 eTard arlHs. HEG a srerug

o LG HebT QpTL. 1 6TET LG @MUy Guir s e smlo.
T stairug Hupelams. Qgri.ds @Ld Quuisd Qar@Gss
Ul Lred QEsulaurBigl.cr Ssugin Hieysefesr qpupd
Siemeuuylh &r e s, [M. U. 1966]

(11) 72°Garorsmssd srm@Gw aul L& @& swr i HuGH
aigeficd GupdsstiulL. Feuellsh B HHFasaledr Gued
B suemnaasdar s &meors,

(12) S H®h el L& Faielsr @uds, B Sphpedsafsr
Gareeusdnd (Bxpressivns) srabrs. z = A J, (nr) cos m§
cosnct etarp QuebHdv aumsdg f-omad QUIrGd S
Qprovs &aw® Seuourppiaaiiar wHIYSSTS ST ebrs.

(18) antL.& Feualed samsCarBHasr r = orHed starp
m;_L..mJai@m, g = Lmrg‘)"e@ STETD QBT QeUSL.Ii &S @HLD b
sTer Hpie] . _

(14) €y £rrs GusstiuLrs a, b uéssrﬁ:as&mqem:_u_:
seuaier Rupelms x Hameuded T,y ﬁs@&uﬁm 7,. Quéss
Ser FoeTur @,

N
: '”L;, o '&aﬁrm‘ q;ﬂm mzrp‘ﬁawﬁsb',‘m;rbﬁ
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wepss @&suarur® Hi- ulg.ulh jewL_ijih sTar B ooy s.
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(15) a, b ussrsdrd Qsrarl Qesiouss Feuad s
AapQeaialr N=&@d @ peatTer Biusd By auensseflsir T or

2 2 2
sofdemes Garyruwrs Baranlii (Ellipse)-g—,;m{— %; =—‘1%:]Y»

Fer, ard UGS (Quadrant)-ufer urtnipE s Fnn  sTer
2
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(16) 100 gm. Qur@ebrsoysrer 20 cm. X 40 cm.
sTepih Gsiouamd & suelelr B) (LIS M & @5 LD wpsmpGu 50kg.
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(Longitudinal Waves)

§4.1. &% OQeausstiudGh Hmesgs OFBHGISTS
Beag L QUUiFAsdTS Qarar. GOEE I a)s s
upsl Qedrp sHurwbmseisd asowrGrod. Gofl, GO
ugAuls & QFdgid HosiiGoCu Ao LU
QuuTEAsrd Garedr. Seartiurmeg Bosdrd  vpH
g FriiGeurih,
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oL Sorsldr QuUIr@aTann P-o/L&r, FIraT GOIES
QauremLujemw AB eradrp Gardv siBSsHs Qarer Gourih.
Garsficr e rad Qadgyn Sferliiurdg & Gsreledr e
Qareg soflusSar OpH Barurar JyHial@sd QarBssl
u@Epgl. Sx Beraperer PO stérp 9 Ap salnioms
@S5 QardarCGoart; @EG AP=x. IYHieledr Quryg
PQ f%> P'Q’ sterGurin. P-ule8phg P'-$@ GLuQuuis s
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P'egp o_eiror @ugelens Tp'-pé saursABHCourh.  Sx tpshad
wHHHGE sERGusTEs Qardraufdcsis Gws & Pfw
sorth., ew9&Hesr a9y (Hooke’s Law),

_Bea | Lim (6x+38¢) —8x
=N BuoBarn '~ Sx—o 5x
o¢
=Xy (1)

P' Q' -6t Qur(metremin PQ-&ir ‘@u:r@@%rremmwrrm PEx @b,

ut_iy 80

P'Q -ér Quéss Fwsrur®

pdx. atf Ty —

T‘ ’
= [ » 3(@;) ax]~T,,

Ty o° b &)
e S T O CO Yoy
o _ 1 o _ 1% -
et T b X c fk/p | 2

25 Cau, Garsdayr CL Qesgud H&vuisr HsneGeusid NN Jp
85 wuey swulsr GpssHiafar SameGasn Gurer gy

Bsdpg.
$4.2, el sL@UUrG S :

srsuasuawt_@uurr@&m G?gsrﬂ;r.;srrsu (‘2) - 651 @Q.ggs ﬁ;rsmsues :
&I 600T 60T LD,
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(a) sorpp @wmdd (Free End) @ueiws wopuw

of _
ax
O EHE, QUT ST S, ALiQuuisfuphs GHE  loepuw
Bouevirig. i Heb o, '

Bauatr@h. aBes (1)-0GHG SLLDHD (g Ssor ufl by 0.

() BHovwrer apdurudsd (Fixed End) @i@iey Ssbsorenin
wreo @LnOumidd ¢ wmpw Cauar@n. QB E6d, Qurg
surd@ss @apelersun FBi@ waopw Qo ol ig- 11 5L v,
4.8, oper py 6N & & T

1 Bargperer @@ Garedd Sayh Hiaysdr Qprrw
(2)-siT BH@D uemsd Bie)asdr sTHSGd Qarer Gaurid,

cos cos
f= """ px. i pct‘ (8)

() CGordssr Q@G WEATEE@WL SLLL Hpeme eTasr Guirih.
@pHow  ewm  wpdruded 6 QS HSQasrarirsd sTeb&H0d

st@uur® («)-198mhs, y=0, x=l-sofd g—%msmmu.l

@Wﬁﬁﬁ@tbw X =06 g—% =0 sTerLBE, £-60 sin px e miy
of

 @mEssfwsorg.  Gogih = [=gb 7 =0 6TEr LGB En6

sin pl=0; Sysreug pl=rm r=1, 2, Buviron
s E=a cOS y—;fcos(@—lc-t +E,) (4)
B &i r-Wpou G @ uisd 5w arspa@uaTliL@b.
@@rﬁxﬂ%més@xb‘i(s?asm;umf_q,eﬁrwq-, sl G’urr@ﬁ Sy

€= Ea,. cos'iq—;fcos(%'-k Ef) ‘ o - (5)
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B £ = Zgb,. cos T_z_;i sTT@med, ¢ = a, cos (Lq-%»E )
r .

Bys Pooees 6T LIGIT @)1 50 580 S 1 & . ) 5 61 ST 6T 1 LD . F o 60 G

. 149 . :
Bui iz suwsdar fap@aer = = . paGo g e

PapQeuasr = ¢/2/. @@ Cud srisds Julumi. srd
SL&r sTaramroralsh Qariify Qarer@drerar. x=I/2r

— 1
3131 (_z._r———l—-’ls,—rsérum (8)-sir @gmy ) 1jar el Selr 3 X =0,
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20 41 , . . .. .
LRI TR ] sraruer (8)-sr sTAid  @gmylinysir el Goir .

(1)-e8mb Bt» BT L SHer Samidser @ g elonsudsr
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Ssir T HissgmysEst Tarny HPEHC@mL. HCs Cursrp
GHNI_S5s5 uamAdr AsTouGh R duast B SHur
WS H@UD ST ver soTid .

(i) Goredsr B wdwsEph Barg o_pHUrsd
98 Sl Rerarar sraor@uird . qer GurenC s g Hepi
2w il T@SHS Garairird, o7 dvd s Guur®
(b) WABmB G ¥=0, X=l-safld =0 D% ,@@m&@mm@m

. (8)-s8(mB &I £-6b cos px e piliy BwEseiwieor gl ; opmih,
smpl 0 Sps@eu, pl=rm
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f_a,smrl cs( 7 ”I“Er)’ : .(6).'

fsdita), Qrevirug GsHurusHgdor GDES
o Hielsir Sioysdrl Gurarn Hdsdes areaTarid. QU5
B S @b Garuriiger g Bsh G?urrg,t;é; &rﬁu
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Ama &= 275' sin " ersir s 9r=a. cos (" + )

Bys Pusres eessee6T 60T LIGTT BiL16b HEV Bl Gn. YIS 6T 6TETLILIGLD.

(iii) Qarelsit R@wapdwr wWyaud Farg o-pIursyy
Gowmrssoul.(h by oo sl pm 2 srerg. eTer@uirid.
gpdeow  G&wrEslul Herer wauruisd TOHSHE Qarer
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= ]-6b 5 =0 & s (Rluriige8mb s cos pl=o.

(2r4-1)

Sopl= g T 6TET LI G (Lp(Ly 6T &udr .
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(27";; Yrx cos [(Zr‘;;)WCt L E"i (8)

B & r~2poaug Guisb HEO aUMSWT G, 7~ 6u G Gwish H3v
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- REEEETEGL Care ure.
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2 2l
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§4.4. gHposT
sofnn  PO-oder Bubs &pHPD 1poxE.  @paCe
!
Caredsr Gumig P, T = f%;p Edx (10)
o
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o
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o
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s auL.@erer I, Serqpent-tw Goredsir Berdiurmeg oHfea
&% <prriiGeurid. Raredsr swfdo Hupalens T, sTer@mad

N

(18)

b {29)-60 P’ Q'-air & BA&ouich gyseh Hapsesduil L
Bord ox pGw. Qefl P’ Q'-ér Gupssliurrs Berdemss
srasGur. Gareddr upsstiuc Berid | sefler Qs refssr
Qupdstiurs Guid Borid lo; star@eu Hx-g8 Bgdsin

ﬁmmrr& ol solnsdsr BusstiuLrgs Berh _Z:,.‘. dx
- oy, BeiGeu P Q-sr Budstivrs Berih. opaGeu

P-sv o drar @uedmsomus oraor (1)-Spug surdiur®
Qurghsrs. SesdumusstiulL Qs e pey,

Lim px+0¢ — l; ox

T =
P ax—«+0 lo
T ox
- o) ~’-~~£”-§_—, (18)-dmpa  (14)
I

AussiuLrs Garddt LisH p, sTolar P’ Q'-sr

Qi gpevtrenin = ( L ?x )Po
s P Q- Quéss ewsrur®
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Toxt T ¢ at“ ¢ “pols  (15)’

«@@Gm ﬁn_z__smq.su ep}&v(?unrut..é acmsorurr@



128 ' TN

Qsridssddid Qusstiurrs H&Buls o srer Csrad
aysiroar HSBoGuwir LG Hsir HemFrGeausth C, sTovfl6ir

o = A o= (»—%—) Co (186)
Po e

pECor Qusstiu@eusred Gasrslsr &v Gousd gHahs
Apg. GCared Hupdsiin' L HNA&ouded o drer sred 3 seir B
po&rsepn &St uly Géss Cuar@ll paGa Gdieaim
worsafigin ¢=0. o wiwmu opHuiayn wLpepdraus
x=1le0gud st RS Gk Oasreatrmed (15)-sr Biey,

{=a, sinlzl—x— cos [—Tlﬁt—‘I—Er], r=1,2 (17)

(17)s r-oag Guofvaumsmud GHsAD .

r-pou g Biied B suemasudesr Hla 1hG e e = _%..: %;"— .

(16)-c80(55 51- @&, HEPEautr GupaaliuBib jar s

‘Frioudlebdv sTard Qgsaflourdpg. v=0, .Tl_, -%L, veerirane 1

erstrser (17)-s8r &g L1isir ofl s 6ir . ep b B &wr @b Cares Lim’
geirug, QuUrgls Siay

£ = Ea,.sin—%ic—cos[—g—r—;—t——%-ﬁ’r] (18)
r

§ 4.6 Gusd ap2rTudedmh g SLLOUL G QSrisediul
@siror s & Hsir eNsbefsir (Spring) ‘g wpderudsd G L evhr L
M slobu @Qererg. @& ameralsvefsir oy aysm
KrriiGeurid.  wHedsh g peir oflsbefsdr QU aiTenD Lipd-
sofdsssdag aarGurd, Femmalsd M-or Qubss
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M a}-;"—= Mg—T
_ (x—1
= Mg—X\" TI
a M
ax N[ .y gIM
g E TR T T
' Mg
et 81
ax X giM
s e ] R i it 19
T gl A=l (19)

SpsCeu, arovdsn 271\/,%_1_......(20), 2 _srenr geoll Gams

efwdssHsd (Simple Harmonic Motion) M @umig Ssbrp gi .
QL raugra,  G@meTeldhefdr Qur@arenn  m . eTard
Qarsr@eurid. GupdstiuLrg BSvuisd, o @wer elebedeir Beorb
l eresrmith, Lt SA P oTer pibd Qaswer Gaurid. °, m=pl. s@msir
Q6080 apeir g HAvaafied srer@urib. B0 (i)-6b & @meralsd
AugsstiuLrs Houled [ for S sr o drorg. Gosdbap dor
A edmbs x Qaprivelgysrer geafld PP-sr Berw 8x
ereir@Qurih, B8 (ii)-60, s HeirafLBar Gl sTOLITID, DS
orig.uded slLOul@erer sTenLurgin Gupsslul § sioHE&o
Weydrergl. @ seflon PP, 00" Ghs GL.w QL b gier
arg. P8pre X Opriveyn, P’ Sipra X+ 5X Qardven @i
Quuipgererar. soLAurs, B (i) s@sralsd oHmn
Bowrgh. geflin 0Q'> RR' @ps @b Quuui f gisr or g
Qo b Qe b sg FoAIEMBGHE QopCU £ E+5¢
Garivayssr L Quuitpgisreorar. HsGeor RR'-dr Sard
Sx+8X+8¢E. ‘
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5 c @l RR'-ér Quéss

FIGT UrL.eml.d  &Tevhr
x+X x+ %X +¢ Gurrid,

RR’-6fr  GLIr (ip 05T LD
PP’-sfr = @ 11T (5 0T 6w LD
~. Gurerparseorsd 8 &
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. u@w sfems ssir, S Cprd
ex+bX+6t AF GQEFwOLID ) BHsr
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c'@lim Tr 3% STEmTSOTLD.
U 82
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Tr

Bra_
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g‘f — s sefisr sl&ra), EPCETES
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RPIRRE: )

@& swsrur® £ =0 eretrp &0 [5i&v B\ e LujLh SHpra P
Q &t Geuahr BLb.

'.O:g+Paxa

gusrur@ssr (22), (28) Bnba

oy
>
Z

ot _ 1 ¢

'é'_:\,“a = 0 5?2’ ¢ :-{3‘:7;{ * (24)

Ha HLaigal OB E FoETUrLrGwn. &
swgrurilger Siey Seld QetuCaabry. w sTebdod s Gl
ur@esdrd srem@uri. pasoragrs, GuGen @i v’
@erer PETES S S o B wT g, STAIG eTebeOT t-&@th
x=0-60 £=0, x=I-60 M-ar Quéss Fer U@

M[.a.i_f:l :Mg-—Tx,,_Z
x=1 -

= Mg— X[aX Q§] I

ox X |x= [(B1)sb®Ha1]

- (28], A[2F 2] |
oo x=1T8 MLOx 09X [x=] (25)
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swaTurBodr (28), (28)ems s
261 __a[af
{ata ]x =l M [5x]x=l (27)
sugrur® (24)-sr Siay,

cos cos
=" px _
sin sin

¢ pct.

erebeor ¢t &G, x=0- =0 ersirp eTeb& & . Bliuriy
BBEH £~ cos px a_piy @mssadusrg. ’

£=Asin px cos (pct-+B) (28)
BrawrLreug sTeolvd sLl@uur@® (27)s, Siey (28)

Swud Q&liuGoushbrGRuwsfler p/tan pl = (29)

m
M
PG

pl=xerers. ', pl-eir iy, x tan x=’—ﬂM— 6TErm SFLn6r
urtiger $reysaflsh stgiom Saud PTG S Godsoro.

shsf Taramismaymly Siasdrd Qaravrl. SLpsE
FuSrUrLrGh, §ssr Siosdr sumyluL $Hedr aurudeorsd

Srewreor, y=tan x, y:l—\—}% sTerp sudbraimyssr Geulnd

Osrdrepd  ysrofsefsr y-apuidsm paedrsrear @& soar
urlig.er Sifeysarrgn. ULSHAGHS x-dr HOLs6r

[0, g«} [ﬂ-,»%ﬁ] [Emk 1?';] [Sﬂ, %—fl sTairp @enL.Glsuaf
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o ot e svsAlsir ot ud g sir e M-air Buwish B2 DS ays B
Sg-LILIDLs S STGt Bas Gmphbs HepQesh sme
STeL Brib QUT HIOUTS Spg-Liuenl flep6 e sir ewfled & 6UST LD
GeaydbsGourid. Guosd srRssr & erelssagierer BHEo

m

&y Bva ST Gouafi L 5 GiHsr peor . i AP gl 6T M0, FLOCH

ur® (29)-sr s GO PH S apoapd (Root) AfwsrGu.

x tanp x = id
T M
. x* 17 m
tan x-mp o9RNG GspH, ~ [x-}- —S——l—......J =
m

-2
G&Tyruers, x? {J —{—%} =%

o m

x* = ] pHed GFryruiors,

@ HNNA®mE S BT ATLTaUS Garyrwors

m
o= 2 (30)

L+gn

(£8)-6r 10&& Gophs HepCeesr

m
27 3l . '\/I(M+'§‘)

pc cx N
, ! : '
[ ¢t = 2‘,;; wp b (30)-s8w5 &

& (yoir 61 6 60637 @\ LT (1 605T EDLO mypésaniléal LlLTe, @;ﬁ
A@pss Surum Asp@aue = 2w \/’%— _ Bgigrer

- guarur® (20). Q{,&Gsu' &@siraﬂébeﬂsﬁr @ LT (75 635T LD EMILS
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THSH5SE Qe ou Hetr o & ey LERAICIELT CaryriwdHed,
au @ LT (i T Lo U 68T apstT N QEOTH LIBINS & & (I 6r 6 6060 60T

Syguded @owriusHS pUurerem sl Gursd Garppusfld
Ap sl

unip® vV

(1) 96 S -& b S (Semi-infinite) Berapsirer Garebaselr
@&vﬂéaﬂ@umg} apofl Bereperer CareordsLiuDE s peur.
eisdm Gar s St SESI P Py Bi A& @ e ST
a1 A Qpao parl_ &g & e 61 6T @) & urdo & 6ir Gamwsbseaflsr
Bty S@LLBAUTGS THUG T HArTAUTST 1T g
urru'_@ﬂuuq.smtuu.u.b &I GOOT & « (M.Sc.M.U. 1968)

— N A |?
{aﬂm:.: R={"/ Ay Py r\ap.}]
N /117::— + N A2
(2) m QT (BT LOW 6T oF (H sudmsd M @6 e

uj&ir o G Seir (Particle) erpy sL19.5 O sriisel Ll (Herar .
powsgssTs (Vertical) @daiadré SAhsl @ Quuisd -

Qe sred oA &b Sy S afsofer STobS.DI= 8m ml
z A
ztanz = -——A-'Ze- ETET D FLOSTLITL. I3 (€6 AL EApg TS

sri(a. QiE sulfer Bord I, LA @eoran X . (Modulus
of Elasticity)

(8) 2l Barqpis 2m QuUIT(HTEHLLD D LIl R & (i
aQevadssr b porudedmb St Oariised L tiul.®, B B6T wpl
ap Sorud g, B@L1Lysir aflud goith G LIT (60T ewLD M s Qup

pis ot Sl PoEeSs Sl &Irsv&en. I ==712§ 6T 60T ( 6

Min
m

K*—3K cot nlt-cot* nl=1, K=

sTET ;ﬂ@aqés.



(4) 0, St Huysrer Carsded &5 HAulalm b g U Lh
Berliuriig %vadr, [ Sargpd, HLiSH pi-2_1h o ey
Barsdsh Gegudsuc G, 1Qer, p, BTG Huerear LH @
Garsdsir G af g fsGE Qebmddrpar. GG, ofda 4

2 2
4 C a nl C, ¢ in? #
(1—1——————“ 2 cos‘———‘f‘(_pe_:— + L2} sind 73
Po C, c 231 c; o € Y N

statrp A5 HD Gopdpg Tard T Bs. g
4y

P

C, = s (n=0,1, 2) (M.Sc., M.U. 1965)



5. Brausisais j2%vaer-1
( WAVES IN LIQUIDS~I)

§5.1 Gre Jroubsaisd Hegd 1% Cuir L mrs &L
upPd eprriiGeurth. Hyeud SpbBErs seremnwsr (In-
compressible) r@ HLisS P e-omwg sarGurin. Qbs
Aupsdoew gpssryp sTeor Srudsesh JGUS Qe
Adrper. SrusHe Hawd s QurHears, srHpuyd
sih, yoll mitiy Gursrp Heri & Qediuyih eNens @elr, &LILIED
Doy pHHST Erpp SgBuBoms Cursrpad@h Bep
Agrper. PpaGear, urgHav (Viscosity) @sb&v o7 py Qe esr
e Qush sppAupps (Irrotational) pGw. Qussid
sppAuppsT@d SmeGust Qurisreflus ¢ (Velocity
Potential) 2_drer srad Qardramarn. Qi ueHses Casmel
wrer aurditur@sdr @ug oNeuniGuria.

() wurd@urmelisr sThst ugHulsr HamsCausepn U
sTaiTp Qeudirymrsd (Vector) Qar@siiuLmred

-

29

o =(u, v, w) sreir(mped u= —
U =W v (U] EE
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S

mlm &
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(i) sHd sLALUIr®: RoBbowrer srsb@oulsdr Qam
Gsss SomFudd DnsCussdpes &g (Component)
SenL_wir Hi. srsur(:?su,—g—; TATUG QG H5IE Hmeudsh

AUMBHO SN BTEY SIE @GD S ST

17
-a—f =0 (2)

(i) Q@@rLiédé swarur® (Equation of Continuity) :

Areund 2 arLréstuBaulasr oog SPEsOuBaulsr
Sem_wT g sTaTp G&TshsuBTEnsd, QGrisHF Fwsr ur®
Qurp el Guapmasmw (Conservation of Mass) Geuaflt
UG s5CauarBi. H¢ sudrur®

—’_:_Bu ov 9¥ _ o ) .
s.U ax+ + (8

1 3 aserﬂea@pjgj ¢ Qeotisoredsir Fwarur@ (Laplace’s
Equatlon)

>

_ 0% a2 o _ _nd : ;
= o5 [ 57 + o = 0 (4)-mS5 Aoud Qe
AIEDGS &I ErsOTLD,

(iv)  uribQur@efisr @ g seflar HsmaBeusid, I SSW
v G LT S5H (Burrsvrm ewm usary H(x,y,z, 1) eTérp
Z—ffam L g Qeuafludsb (Space)
o siror @ GOAUACL  ysreluds H-sr orpurlels

FridEsd Qar@ss Ul Lred,

s, PD-? sTer g uril Qur@ efsr @ gws@é@ ©_sirer
; . : .~ DH
H-sir nrgrureni& sril(Bio. Pr TETU S ppeumEs a1

(Total Diﬂ“erelltial Co-efficient) stor iu@id

GoaudLri @l sSSAm 5 St
DH
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sToor (B gisueorio.
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DH __a_lfl LOH, oH  oH |
Dr oz oy T ST (6)
() wdefdsr Quéss FoaTur@ (Buler’s Dynamical

Equations) : wumii@ur e e RHLoL Qur (et enLo udsd Q& iish
-

u@h yp sdemsew (External Force) F erarp Qeudirf@sd
GDSGE srLig @b, urdiGur @eflsir L L& Fosrurt. e
GrousLri jeminiish

sTelr it OsrGHasord. Q@dsriigsr ol @i

Du_ou, ou  ou, ou_p 1op

i ~at+uax+vay+waz—Fx b ox (8)
Dv_ oy _Q., ov_ ,ov_p _1op

Di=ot Yax T ay"*'waz"py P oy (®)
Dw 1 op

D-E +°-—+Vay+ +Fz 7 oz (10)

sTEDILD  epedr I sustur@sarrst A58 Hhumss srewr
gorid. ‘

i) @QuiC@eluldr snsrur® (Bernoulli’s Equation):

e >
ypoime F-d@ 96 GQurLsarefus V Galifar F=—AV.
BesusmaEudeh L L& FLosir UL lg.6ir Lﬂdﬁ (gaasﬁu.lm;rsur Q@ rons

QuirsTgerer Gl. St

=

DUy 20 (11)
8BS Osromas QuiGwsduisr susTtur® sariu@w. I €.
Cpréder om o Hssiigdeors &riy (Arbitrary Function),
¢u_;x_.sur,(8.uww t-65r 5 FritewLECaiiiugrsd, pui@ed QarHs

~&0 u@n ﬂemr GoausgHeir uysush (Distribution) urHést
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(I1D)gs Spésatri.eurp EmsHuamndssori,

U’ -f—V-—-a—? = Lo fef) (12)
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§$9.2 dSrousisefed Heoyd AWOWrlL_Sws Bwm 19Nay
&arr &l fNEseorh.

. 1. Bor H2vsdr (Tidal Waves) wsboog @ppopp £he
Ber H&vser (Long Waves in Shallow Water).

2. Gupurdiy %vssr (Surface Waves) 1

_ I. Bor gy%wasr: HrsusHer GBIl B0 Ber S il st

L RUILE Gmpeurs o drar SBvest Bar @Bt eTeor U L(Hib,
Blsisuans % solsd Hemr WwB&sE g ar (Horizontal Accele-
raticn) @U@, P S o w@ssseng (Vertical Accele-
ration) ypdsswil S gall_sord ; Cugy, fécsss sorsh
Awbs Sroud SyAtlsrOUrgs om Pvdssss sord s
CoCuw Qméown. Gaeurg, Qeubeurmy Sreud serepid
tpyuursGa Quibigh.  Hreun wpegsmoulguh  dlari &
Wer ol8wre QGEG0. &L Hsmrudd Baegn HSuassr Ber
D& EarT@in.

2. Cupuriy ywadr: Bssmew DB safish Aard & A
Gued urdfedr Gsug Qardvalpes SCy T @auHidv.
Gugyid QG ﬁ&ué@@g‘@@&ﬁmqmésmﬁéﬁﬁs SES B0V,
Y% Berd  HreusHer BYimsai 1ss GopaurgL.
QuEBLE LT sV T T ETHPIVSEBLE; Lpl urtiy gepedens (Surface
Tension) Pvsepn G eduumaamud srifgar. QGupuriy
Gosaflar wpyejssfedms s Ao SLQUUIBsSrd 1yesa!
aurdedr apeoth Bor G SHvsafedr Qg esdrd Caryritiors o -
eorr-  Aefl, ol e Gur Qeiedmaims %0 s 8 L1 o
b rrii@eurth. ‘ Ty o :

‘ §5.8 ',zssirg/&vasa'r (Tidal Waves): @pgefsh Beor 00
&&rd um P uriaGum. z oéeme IEG s Hmeudsh
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THESS Qerdr@aurid. gusTur® (10)ebmpg -z Haosudsy
Budsé suodrur®,

Dw _ _g_Lor
Dt~ T8 TP oz
Bémssn whsssmal Ypssailsasars STET QN Q&I evor
o 22 _
) Y egp
Qprens &m e, p_—..—g,pz«}-m:rﬁaa , (18)

X Y por pemg & sevet Websord SLLHp Cuopuyined TS
Fi& Qarar® (X, y, 0) etarp ysrafldg Guosb Sreud Heir
srapSFAenw [ (xy ¥, 1) e @O0 Bumrh.  suefosoir_ e DS
sth (Atmospheric Pressure) p, eT@r@ed, z = ¢-aflsb P = p,.
Lb&Ceor; (18)s0BHg: AWSSSIHar werur®

P=Potg P ({—2) oo (14) orsbrpApg. o Qubss
FLogrur® (8), (9)-soflsd p-sir wHltemer Gr_,
Du oL ’ ,
Dv ot :
Dr T T 8Ty (16)
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§6.4 Am_Sasrsog D)L LSSIDT S th, - B) dwr wirer
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Bawn Sor H%vadrl upH SprriGaurid. euriidsredsr
BnEEau® (Cress Section) A, QLsHP® G-1b LroSpa
sTer ph, uriid ey eflsr Lo Lor el sTeir b Oarer Geurd .
X B&me Bllsr gevarlsvsor s L Hp CuPurindsd surdidar
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X, X+8x Q@ardvalaydrer P, Q stadrp yereflast anfGuw
- Qesbgid A AREGSHS srhIsErSHmL Guusrer Hpfw
&er ooy Freudfsr QuEssE swsruriien. HpeyGeurid.
Poyf Qg fEvé@s8d swsIgisrar Hyend, pwsd
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&ih @ebeorg cuenauisd GusGaul.B 4, Gurgiorar earey
Qugiaurs rgidp gl sTer pith GarsrGeurth.  Hevi. RQussF
swsrur®@ (18) wpmpd QgrLdséfld sFwarur@ apoowrs
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Bena@Gouasid u (X, 1) PHWPSIHSr, H@reug z-or Friup
pa, amGe 2o = 0. Gugis, SrousSer oThsh sofios
Hetr Peowe Cousepd BsEFAPLG Tar&osrawr @B @y‘soisrr__rnb
suflened HPw wHoLen u%‘;@a Lpsasenild g eNGHCsurid.

stor @ GupseirL. Ferur®

ou_ _ &L
B TR A (17)

sreirp FmSHwuemnssIuBA DS,

QgrLiédlé swearur®@: §5.1-60 QarBé sl
Qariisflé swsdrur® (8) @uie Siey srausPHG il steflw
gmulidsd Geoeoremwwrd Caul@® 5G5S QBTLiFsds
FusrurtemL. @Big srerGur. P, Q-sefldb o srar Ha&vs
GHoIs parBsEdse Qouliule Sroudddr sar Heramaud
saTSAH BSOsrLisdd ewgrurientd Qupgsd Buw
s, P-uled Bher Gupurinisr Sseow b (x) starGur.
@afl, P s> o_srer SigssordHer urtiy=[A+b],. QpaCsu
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9 &8osus  Bor dowler e wrd ugd, srp UGHemwead
AP g s CousdgiL.ar Qsbdpg. HHaGot, Bor &vemw
aug.6uih Lor@@iosh QFaiS s FuoTSETGHL.  Ber v
wissr @ &8 g6t I eowel. Couswrasd G FsdaealseEnsd
Srer sLst HE0Ser BYPWHD SHFY UGHm OGS
ayL&1 fAgmderper (Break on the Sea Shore).

— smndl) ——3p ——p

ULt 86
'(asL.Gsu;ry;és,é)sb Bor o&oseir g pfsir peor)

§6.18 Qeusu@eum LiFsHujsirar @@ Hreurisafsr
Qurgitiuyindsd Besagd (Common Surface) Ber o Bvaeafer
PmeCaussmzs FudssHhG LorpHumodELd apenpl Lig.
srewroomrd. Py P ILdtGHeSrun, 4, A' o Sreurisefsr
suriiGsredsr  GREGOeuLlemi i, b Qurgluriusr
SsRFGMBuh G PSS B, HBBUTIL SH@ed QurgL
ura@er erpdd { eresrGumid. apeir GureoBeu, HyeudHeir
e wrn { e.stor GG (B FLhiselss SenaCousid
Qw Sroumisefign ¢+, c+0' star@umrd. @@ Hroubisen
QI QT i FAF Fnsrur® '

(A4b0) (c+0) = AC
(A'=bL) (c+0") = A'C

S g, 40+bc§;’:0 E S

A'G—bel =0 - (46)
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uL_ta 87

Qi Gey edudssr F ST LI 1g.
BG5Sl .
_c;_y_ TeltE(cti)y=%c

St gLt +0y =i
Hpougrday @epelene (Surface
“Tension) §)sb&uQureoflsh 8p=46p’'

glo—p")E=(p'0"—pb) ¢’

(47)
susrur@adr (46), (47)-aaedws s {, 0, 0'-atr Sés
2~ 8(p—p') '
o e, 2] B (48)
b [7“‘“ 4| | | s
uip® V]

1. ! Beraperar Qsriti uid, Ber a{f&vés@és@ B&v
R DpBouh, Quss o PP ST e, ‘

[ efeL : V=t gpl q,? cos"*i&( rmet +ﬁ_r ) H

T =i gpl a;’isin’\:( )"7;01‘ + ﬂEr‘) ]
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2. @Elo  SSOUpIL L uriidErefssr  pipth A=Kkx,

(k @ wrHed) Hih@ e e —é’;—mml..uu Beor oBHvser

{=A4J, (ay %) cospt; a’= —;:—g- STErD & Lo6r ULl g @) ed
QarBésriu@Adr par sTerd ‘aur:_‘_@as.

8, x=0-15 906G Wwhrurss Qarari. G ;gg,bow.a'm
Q@i uler apipth h=h, x5 wseoy b=b, x", H&poeseir
._227—7- 2 oLw Sar HBs@ESG =4 x4 Jy (r x°) cos pt, GEHebs

2

: P % o 1 omop o= LY
s=1—m, a’= i re = s Qu=1—2m n,qm_l s\
sTer Hpieys.

4. 2a Berepid LI@ SV e_erar airiidsreder

2
@i h= h(l— ) Aue pOAdnhgdar grrsms x

@gﬂ&ﬁahmg. H&ho euabr "211“ o _enLiut Bor JBSEHES

[=4P, (—;f—-) cos (pt+es p=n(n+1) Lo eror

Boes.

5. x=0-8mEgs Xx=a oumrusrer SO SPWLESSHb
(Estuary) X Qasrr&umﬂgydrm QEdiauad @& nid o eull i er
Srrar piptd h=h, x 3 ojaeoth b=b;x3 @m@ hys b, orPlefl -
seir. (=0, cos (pt-+E) steirp Beor ySvaser Q@ rL.ipgs Gw
smr;bg)u Qupib Aphs SL-8v, &;ﬁ@,wm X=q-s0 FHASEp G,
sfpas e '

Na J (BJx) : 4p*

{=0 v, (KJ'E“) cos (pt+e), K =~“’ o

sTer Hoie|s.
‘ 8. Bor oBusdr Bengh a Qprapsirer e L suig.6ud
@or § Beir ;ﬂrﬂsu E,r,ﬁrr@gym R Gealdrdans Guassmad
ST S,

[ef oL : ea,y'g,@aw Gmasm (Rad1a1 Velocxty)

== gCA cosmb Jm (n r) sin (nct+e)
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onéed SmsGaus (Transverse Velocity)

= g;,‘i :n. sin m @ Jm (nr) sin (nct-+¢)]

(7) sl angeud @GarsHsv Bor Hosaflssr QecuBaur
whg Quisdhd, Dsreug swsarur® (89)sb m=0 srarmed
T @oTsaiLer Qurg oFss (Co-axial) Qarawi. o mBTuds
WPSOTUBTS L 6Trar FiGerser, eaFoor@h QBT C\&Tsri.
W OUrg Séa e B&rudsh Gmiuoujd star Hpins. Gogyih,
@eiaurysHev amsor@ of Fanerd &radbre.

[aﬂml_:-—%i Jo (n+r) ]

8. h@prapib, a USSP DLW RO FHTS OSrLily.
udeb Bwgin Bar osensr @tueu;ﬂ&u U S Brs & b (R,
D WUSH  ReIQeursir b T BB o Hmith Bluds oppHped
s%rd STewTs. RSTYSG CupHul. Guish HBveusms IGES
@@ LIy gisir ar W PP, RMGuTr®p FubdHA umss
udlstr gmﬂggsuﬂ Q.p@ Qb M m 68 68T aa.n..@,as@grrsm&as@e FLOGN Lo ST
IGLIE

mmx i rod W
afeor : £,=A, cos —= cos iy cos n t,r*zm”—}-n";»
’ a a B
T, = %gp A2 a* sin® mact s
v, =t gpd4’a cos(narc‘) ‘

5¢5n+n;EuxﬁgE:n+m]

S Ber Bvssr Baugin FHTS @gin":_.zq.ufdsu ;Bzrgg;&m
dGGIﬂSUT u:rsm;smw& ST 60T & ,

.

. . " . . X ; .A “ ". v . : ‘ )
[sﬁlml_.t -—-;-;—: ﬂtanmcotm]_
n. oea

10. mrru'_wsasn'sesb ;ﬂasqgm S UMorsor ;Bm cgyamasrﬂsﬁ
TS & TR 6T sras@@ai@ GTmL_.Lq.gyLo ;Btﬂwr ,@m&@m&mlﬂm‘@.



ﬁr,rmrﬂl&svﬂsb D B0 & 6T 161
FoR%sECud Bfsr sTapdAudsr SerQuTSSH 6T
Boie)s.

11. sLpp Gupurlnisr SSoeptdy FoTeT GOES
Qo (& Qarer eurisdsredsr p@mwBorsHgysrer Gher
sar Sjereylh QarHEsl Ul b ST, Bor SwoEer QFgd
sULGh HemeGausih G DISEEe L 1g.60r 6TeOOT sulgouSH PG
ReTGpurg eTar Hpie|s.

2

12, eumblisaredsir Qppd h = —gB— 6T GT(R 60 E;L Aap
QeusnrQar swr. Bor HHSEHEHS
A 26 1 .
{=ax cos | p “0_ _~_ log x4ty e feveur
g 4 i
Bmeys.
18. s t_pp Copuglifsr Hseowd b-2 i, @S5G uC®
S-0_1b o_sLw surtidasreisd Ber H&vsearmred Bfsr eTagd A {
0L ., 0 (592 qs LT LT -
57 <8 % ( S 3 X>srm;o FLogr LT LT sb Q&rBds
u@GEp S sTar HHes.

Bt



6. Brousisaflsv 9%V 6
(Waves in Liquids - 2)

§ 6.1 @ofl Cupuriy H&0sdr BprriiCeurd. Ghg
% Seargemgel. S 10s JHswrarsr@gn. WL G
apeirer s L.pp Bi H&ouder Cupurinfsh Beephd & Qué
sgmsll uriu@urw. @i HertdH o _drer BMer ypid
@2 Tedvs GLul GL Amsgh. Hismsew HZvselsh
s sa @pEGss ypssaofdsd ssasscbe. HuEsn
o ufurarssg. x y gord SarféAuwpp Cuopuyiindgid
z- D& fsGSarsan a@SsdE Qorerert @R per.
Ama Gaust Qursreafusd ¢-or epsold @ geir Hieldws
& 00T GLITLD,

Aupgr (i) : ¢ Qeodeoredulsr swer urloL.s Hmpod
Qeibw GauatrG. A*¢ = 0 (D

B s s (ii); ,@%umrrmnsu&uuﬁlsugqb 0 2)

cEEl;_[_jf);D Cupurusd S Hubsdrsst  QurmsH
S mwds Busddrpar. (polsh Fisearsafisdr HmEGoausd -
Seir auidsn ypssmildss sdeg Tars GQarerGeurd,
sTarGor HmerGuan Bad HHLSTED sz Ypdsaidsd
5&551. QauaflGuiyerer D@ SSepids el FFLILLD, WL 19 5y CLo
Bfsr Gusb Qewebu@®id p elemeser (External Forces) steoflssr

QuiIG@euladr eswdTurysd V=gl @pegb. PG

(ii)su gl B b S o wr s, QunG@sﬁuﬂm FLOETUr® SLL DD
GupLringsvy

(=1 [M

: o g
g bt]m_:_;ﬁm Gmmuyuﬂw ;()

6T 60T cﬂbeﬂmg‘
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oGS5 Hupsdor (iv) 8BS S1pd & shHrLaUT DI ST G0 SOT LA,
s pp Gupurlsd wpSOTaSTS Bmh s urii@urpef e
@@ SIS TOGUTQSID ouarCp Qwese. z={ (X, 7)
STETLISESH SL-L DD GuoHuUrLnder FLer Ll
0 "——‘f(X, Vs Z» t) = é (Xs Vs t)'—Z

sTarm sT@BRTD. G s of I eTs, sl pp Cupuride
o_drer 9O SSEES [ TETD Friy sThQuUregSId hRw
wraGeu Gusgw, eTearGe Qedrp S SHwrwsHeo  Floedr
ur® (6)-s0 Hsgl udeors f 6TeuT S O BT GUbT LI 6V

_Df_ob 08,06
=57 = 5t “+u +v 2y w
Fusrur® (3)edmb s, SL-HP Gupurnieéd

oL _1 (ae\__Lou 2 (. 09\,
ox g \ox g ot ot \' ot

0

%%Q_Lb u GQurarp A HLUYS SalULT@GD. G Bo0TD

u g_f, v%.i srairp @y reug aufloes A PHus 1o By &8l
L p s S Sl s L-surrih,

28 _
5—;—‘ “?—0
. s ae 08 ¢
(g Lﬁ] -
s L pp GupHurlned 71 W 52 (4)

snsrur@ssr (8), (4) =ald@ms S (0T H NN EUITS
Aupsdar (v): f
| ¢ 00

(8), (4)s (5) srébrp Tyl suerur(haeflsd g roug
Ay Hup s aEsi g euGn e psQsTary Friupp
srEh; we@ag Hupsirow @ade Hubsdwed
eLpsL LD QupeoTLd. : ; ' :
- §6.2 @@ uforersgle psrCar pb Copurliy
gWaer: h sppepsrer sHBP Bord Fiiass Q@i udsd
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Baqgy Gopurdyy SBosdra uph prriiGeurd. Q@ ri
wuler Berh spsPurevGwTd G B G ¢ CusgamLw
psirGar b JAsErdETer Simeud Qsrer@pGaird. . %o
Curl itk Ogriguisr BertiGurédsd DmwdEps. DS
Soaudss x Fms THSHS QsrarepGeurid. X y-gerih
HoriFAwpp CuPHurlisd emwdpgl. Fwear ur® (1)
o8 b Si»

09 ¢

¢ = f(z).cos m (x—ct) TS,
Fuogrur® (1)-sv @rHuf @ G,
f"@)—m*f(z)=0
. f=Aem 4 Be-*
¢ = (4 em7 + B e-"7) cos m (x—ct)

wpp Hupsdwast epeoh A, B, ms ¢ dssfler AL S ETE
srepreorid.  Qsriiguisr s sersIe, (2) 60@15@ a¢ =0
D Sreug Ae-mh— Berh =0

Aot = pont b adra.
¢ = ¢ cos h m (z-+h) cos m (x—ct) (6)

sCLpp Cupurinisd Hupsdr (v) - aromurg.
fearisd [ B HPHslcdoCuellsr, s L pp Gupurinler
FugrurceoL. z=0 star sTOS &S Garsrereord. psCou,
swsrur® (5) sdmps, z=0-
[—m® ¢t £ cos hm (z+h) cos m (x—ct)
4+ gm ¢ sin hm(z-+h) cos m(x—ct)]=0
= £ tanh mh.
m

.

DB Borid \ @D, m = 2a
i c’z%—z;"tanhgfll ; S (7)
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Bupsdr (i) 8wmb S {-aabr ouig.oud NGBS & IT GUUT 6V IT 1D,
FusTur® (8) e9mpb Si»

(-1 (29)
g \0t )]s pp Gupuyiiy z=_0-.
= n_z_g_é cosh mh sin m (x—ct)
= g sin m (x—ct) eT&rs (8
a="18 1 cosh mh. @@ astarug {-aler

of&Er@i.
ggrur® (8) 8mb g,

_gacos h m (z-+h)

“mc coshmh cos 1t (x—ef) 9

- eum& (i)
OBy udsr Qph e D Heih TS, § —+ 00 ST

tan h @ —1, Spmeowed b — oo eTST@L tan k ‘.2.1’11&_,\1

.‘o c’:%(ﬂ& &bwmwm Qﬁﬂ'L‘_Lq.ug]é‘b) (10)

B, HFoudsr Hene Gausia PSS QLT (55 S & 6060,

60 & (ii)

Q@ ritig.ud e pph SHSE TETBO Srer ¢ = %3
sToTLS®. gy urd 0 Serdmpei BfsCoafigin
c*-eir WALy & qar ;ﬂ@sq(gmmb.

2r
tan b w-eir AL (Bglru'fru.jmtras RRTDISGHE FWibh 6T gy

SfGarh, @paGai, hz j-sTafldr = %;-’: G-
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s (iii)

Cupuriy asenée c-or wHNAOGES Sar &
sEESE@ c-or wIHious Caryrors Q) Hlweorin.  f-eder
wAly APwg srefer, tanh §—0 eTearp HCeurw. Feor

I EEHEG -—?— AP gl

——}1 A hw g sTeflsr, tan i %—T-hm»g—"-é .
A A A
Jo Ber DBV BEHSH G 02:%‘ _2_”_}3 = gh.

&I 60 Fn. Pl —-i—-d'ﬁ@ﬁ). S ferih A-edD@Gupsitar QL
wus Fusrur® (7) Qsr@édpg. Fwdrur® (7)-sr augalsd

ﬁtanhx T HHOT WLGmE MBS Q&1p Srewr,
x

y =
1y _ L, 2
Ty dx x | sinh2x
' 2x)* . .
ENOE sinh'2x=2x+€-8-)% Frrienn, CTRTLISEEDs X > 0

stafledr y-sir eumad Q&g sfas GPymLWLg ; psCa,
x-sir WIS GWPHSTH, y-oir WAIYS  smBhdT .
<ap &Ge gusrur® (7)-s00 5 3 GO L. ppr h-6b,
H&oBerid  A—edlsir wAHUYS s @LOUTrRS & QFrgrsst
LEh  SmeGusd csr WHIYE HBRGTPH.  P@D

tan h 2 ey o930 B3 o-or AL T R A1 DB

Qpilg I Sl @ Sy, Ber Bosafler ﬁm&Gm&@ 6T 657 I
apsireor Gy & sbr @ eir Gor b - ECuysirer DL L 6uur Haifl6d
BLhpig- & S6ifl s 2@ s s rewteomid.  hy A-gefldr fso
et LANYSEES Bs0srLiy Epsasari DL T ud o

QarGésiucGarorgl. (G g=82.16 3. [@5Ts"] '
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Ber

%0 Berd (Byn.sefed)

(31 . . .
safls:) ool ered Fap (o8 @y safled)
1 0.442 1.878 | 17.645 | 176.88 | 1768.8
10 0.442 1.898 5.928 | 55.80 | 557.62
100 0.442 1.898 4.420 18.78 | 176.45
1,000 0.442 1.898 4.420 18.98 59.28
10,000 | 0.442 | 1.898 | 4.420 | 18.98 | 44.20
gt S Bord (Ijy-saflsh)
Sappid i ] 10 | 100 | 100071 10,000
(Y- . . | —
sefeh) @ Zoudsir Hens Cousih (Vg /@pry) |~ 8h
1 | 2.262 | 5.889 | 5.667 | 5.671 | 5.671 | 5.671
10 | 2.262 | 7.154 | 16.88 | 17.92 | 17.98 | 17.98
100 | 2.262 | 7.154 | 22.62 | 53.89 | 56.67 | §6.71
1000 | 2.262 | 7.154 | 22.62 | 71.54 | 168.8 | 179.8
10,000 | 2.262 | 7.154 | 22.62 | 71.54 | 226.2 567.1
tanh x . . . . .
y= sTerp FLGTUTLigef®S S p-eir gpm@suxr@

wHnd peELo @ @rouwr s x-6r AU SSTeT 2 _sirer g, gpsGou
Flarur® (7)-s0G b8, Qar@dsstiucL. me@ausn c-d@U
QuUIr (HSSLaT T Do Berih A greir gy oL g g Glo Bmdaseugiin.

- Gugid Jgh ausmgujsirar: HeamaGeausid @GUG)GHB‘EBTQJLH THTa G

1) aﬁmuﬂm ,@m&@meﬁer@m

c?
gh

A

OEIGIIDIES o

htanh —}:—-sor sueFLILLh (89) efer&@Asrp i =
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l .
1 C 2/ gh

N/2Th

uL.th 39

§ 6.8 gisaraafldr ur®mg: uUGH § 6.2-0 PrriiHs,
Cprrar absf Barapsrter auriibarelsd feswglh psir Geor myib
B QuEsSHsd FreusbHar gGisersafiasr o sbreniouiTer
urengenwd Siwrerd QFlwieord. (x, z) eTarp ysirafluded
Qoo f%veow (Mean Position) 2 e gisefsr G
Quuir &Aoo X, Z etedrgy & Guirid.

.odx 8¢ ga coshm (z+h)

oAt T T ey T e coshmp B mv—ch)
dZ _ 9¢  ga sinh m (z-+h) .
at ez c coshmh 08 M (x—ct

Q@rens e,

ga cosh m (z-+-h)

A= mc? cosh mh

cos m (x—ct)

788 sinh m (z-+h)

mc® coshmi . S0 1 (¥—ct)

Beually susrur@safedws s t-p Lo, Slaafler Lrang,
. X - VA :
cosh® m(z+h) + sinh® m (z-++h)
2 aﬂ : aB
= m c‘gcosh2 mh = “sink*mh [ el= _g' tan h th (11 ‘

QeusiGougr glassrr&srﬁsur u:rmg.a;m swrluasemrsam (?urras@as@
: @&mmn-sbr B&E@ 5o gmg.@m ;ﬁsrr QULLLBI&OT T Gib
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(Ellipse). stsbaor Boir o™ LiasaRguh Guydadasr (Major-axis)
SeoLwres oudsTpar.  giedrsafldr Gppn yHsNES
YHsNdas Eassir GOPAGTPAr. z=—~hed Appéa
(Minor-axis) weppApg. sTHOT Beir sl Misefayn G
Galunsesée (Foci) Bewvr_Crul L. STy
=2,/ —pB* [24, 2B srabruer Ber sul L sHer Guys g,
(Major-axis), flppéa (Minor-axis) B ermiseir ]
__2a
~ sinh mh

= mrrg'ﬂmﬂ

GarpEstuc Geror SiSEEddEG, mx—nt, Ber eul L &SHeir
QGariLd Garewrt (Bccentric Angle) Gursirpysirergr. — sryrg
msl Qures g wrpu@dsrp eowwelome (Central Force)-&
o Lul (B Qesbguh usdsd (Orbit) Qursry @ueninwds
Garswrid Fyrer of 55 b Yy HaNsdpgi.

§6.4 9@ ufvrarsgle AHGw Hqwear @ gmmnHdors
@b Gariurig.er L., 6T AT 6T Hif & demaseflst Qesbaih @m
apsir@eor pith B0 & & REHB A& & RHGL HBoser Hewi s
G, B&Cou eTevoulsiTar ATy wish PG SSEESG

{ =a sin mx cos mct (12)
ga_coshm (z+h)

= sin mx sin mct
$ me coshmh

sretrp @eued@ FwsrurBsafisr apsod Sieysr ewrsd
Qearp uGSHudsd a_sirar @ Hud i 6 Ly

. o6 __ga cosh m(z+h) o
X = — o = p cosh mh COS§ 7mx 81
. o6 ; ga sinhm(z+h) . .

Z = — S T ¢ eoshmh sin mx sin 7

Q@reme &I 6T,
ga cos hm (z+4h)
mc* - cos h mh

ga sinhm(z+h)
“me? - cos h mh

X = €OS mX cos mct

Z =

sin mx cos mct

%—;tanh m (z+h) tan mx



Bssuearur@ t-60 FriuppsrovEHwrs, @euGaurg ssofar
fudsepd CBisCGsriin e e, EHECHIdCasr iy ebr
Seons, st At dsgndser mx=(k+%) m-b ABéGS a5 Hemeud
e b & Samt S seir mx-+km-6b HemL.gHewas ausny G min(D Setr
ol BHHCou T HFSsamydaafiadr Bjgulsh gGisdrasr Howd
GHarsa)h, smdsfsr I udd HoLwrseyd Qsbgy
Hsir 3 60T

\ - . R /
\ .
\‘ / ‘
\‘ /
T —
\ '
\ /
\ I
\ !
\ 1

uL.th 40

§6.5 gporar ariésreld @earCormn WS
& Barid A et QUIrGS Sl surilidsressr oo hifs HHs

wre b sl ok YpésaNsss 55T @6
p= (4™ +Be ™) cosm (x—ct)-sb B=0.
9= (4 e cosm (x—ct)

Gy &Cair swearur® (5)-e0(% b i,

& 84
i T B

m

@Lb@tq.sq §6.2-6r ouems (1)-60 srewrtiuc L Gamurgh.
Guogyih Fwsrur® (8)-0wmH S, sL.LHp Gupuyiidsy,

‘(::%[—g?‘]z:d

:Tgcf—l sin m (x --ct)



Arounsafiso 5 asir id
=q sin m (x—ci) TET &

a
RNOES 48 _ gnzgos m (x—ct)
mc

Cugyd, (x, z) steirp st afluisd Gevr. fdvemiws 2. eni.il
giseafier GLuQuuisd (x, z) 61 ef &r
X =a em cos m (x—ct)
Z=aqa e sin m (x—ct)
< 5Beu gjaserﬂs&r ureng X°'-+Z'=a'e’ starp sutlL.
wrEt. \gm starp Frrar Garar sHame Couadgisr @
Ul LU uTengudsh gissl BEHHAD S
§6.6. @@ uflvransgdled DGD YV &Her -

(i) poswrausras a, b usshsdruysmLw h Qppeperer
Qasiouas Oariiguis Haed Cupurdy oSvsdr
aprrii@aurth. Xy gorgmasd HerisAwpp Guduglndsd
Qareir Gaumeb.

NN TN A
fal (/)— axz + aya + aza =0

Apen JBsardsrar Siey &rewr,

L Cos 0§ w1z i a4 a
“sin PV sin 77 mret,  ri=pq
THESLQULIT B ST
(i) x=o0, a-sefsb, '%:?:0
. . 09
11 =0, b-@afleb, ——=
(ii) » & 5y °
R A o9 _
(iil) z=—h-d 57 =0
WaBrar@é sBUUrGsesg o ul @,
p= [A! <7+ B, e*rz:] cos m-gﬁcosggi sin rct,

LI n

Rinks [7,—';+ ‘B"‘] ,



1%2 ) B sif

s Guur® (i)~ 5 gi»
' —rh rh

A4, e —~+B, e =o
'o. A1 e“—"h:B1 el‘h :5/2 Teir e
S p=C coshr (z-4-h) cos B7X cos»—b—Ji sin ret.

m=1, 2:-.-......; n:l, 2;---.:--..;
m* n®
rZ:[ a’ +772_]
Fuagrur® (8)-615@,&@1 {-eflsir o Hliemir @y Huwrsomd

(:— a9
ot sl pp Guiuriiy z=0-6>

=~1- { rc cosh rhcos MY cos 72 cos ret.

g 0 b
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dr etérp SreusPér sardere selndddr Fubs

@pip = ip dr U*
—
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(Green’s Theorem) Lw s or Sr@G. Q&

Tt v
@y T LT o I @ﬁmm&@uﬁa ,ﬁa‘m;’s@&& @APOVS BT B o S

SmLb @ uridd aams AL D Cuar G —2- T & U g



176 o Boser
Bésereralsr Gealaf§ QFsbayih @@rﬁ:@ﬁ@&s@asrn;qm
B Fudsb ouem 5406 5 1p ST LUGTEY, 5 &owrer R0 6Ty
u§sb -%.u_ =0 staOrp 6THBVE S QLU g @) 6bd Qgrena
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uriy wlg.eGuur@b. @Pgin, [ Bsé Afug sTafldr
 @huglienud ﬁmrrefélu‘mm Gupurtiy z=0 eor TRGHE
CGl@rdrersori.
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8 yzé sL.QOur®, Gfeyésm g § 6.1-0 o dror sl.@Gu
ur@ (ii)-s@0 vdeorgh. Ofedammp § 6.1-0 o srer
sC@Bour® (iv) Gupurinlsd gphpuGh SHer wrHp S S Ensd
Caupiur® Jmsudebdowrgeorsh g @hr@gh Qurghs
augr@. §6.160 (V)eug asL.@uurrL.Lq.,m@u ué)st.fras (4),
(87)- asaﬂe@@,mgz,

2% ., 08 T 2, & ) 9p _
o T8 T % o T oy }7"0 (36)
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Gm@suu.;eirerr arbtur@adr @ne Ceidad Qar@uGurth.

(i A*¢=0
o 0P _
() - =0
iy 28 grq T 2L L OC o [acipp
ot Pt o oy ) Guopuyly 9sd ]
(iv) gf - — _g.?. , [SLpp Cupuyrings]
¢ ”a¢__T§'az 2y o9 _
W L gl - s o

[aLpm urindsu]
senL_ & aper g suriiturBaaflsd g sroig G air® g guGw

Friuppemel. —

§6.14 srgd yWser (Capillary Waves) : yplugoy
- Qulmeuisr ald%re) wddwuwrar HIEESGS shad
@ %oaer (Capillary Waves) steir g Quuui. b ZpLpapsiver o168
wpp SR s Garpih HEEEGS QeFaTp 1TNeayd . o Hlsir
(pig-6 & Sy L uB s s Gourd. apeir GureoGar, NNa S mi
§ 6.2 O@H S, WpsAraT® Hub s dors s

¢ = £ cosh m (z--h) cos m (x—ct) (89)

Fudr Qeiiddrpg. Hupsde (v [-ofldr aug.euSomsd
Qar @& STt

L= %— sink mh sin m (x—ct) (40)

Bupsor (v) 6865 &)
[—m*c? & cos h mhcos m (x—ct)+m ¢ g sinhmh

-c0S m(x—ct) +-—§—-— m* £ sinshmhcosm (x—cf) ]=0

C@sregl, ¢ = g+ ﬂ tank mh ‘ ‘ (41)
o\me P _ '



188 | By Bv s el

' Géswsruriiged T=0 srar@med, swdrur® (10) Hams
Apgl. h-ar oL yHsQuafsr tankmh=1 ;

TR (42)
Befl, A-afler sThgs wWHIIPG ¢ 1B&Ay Ln;ﬂusmu DIeBL.
Apg erebrgy urfiGum.

A-meuls Qur@mS St DS OESEET 4z
de g 2T

B =2 T T
%:o o, A= 4’;? (48)
Gueyd, 2c¢ j; +p( Z: )2 _ ‘4;;T
S = %’-’(—;—f sTauflsdrs %ﬁ >0; @yproig 1 = 4;;?

sTaT(psd ¢ B&EAm iy m_dpa.

« ypliugiy Gepeloe (pssrevnmirs o erer e;%uaaﬂsb
A-afler Al (48)-@psd Qar@dst u@ausmgalLd Gop
urer Sivsarses APoiuser (Ripples) ersir gy Quuwi.

C
A

Co

uLh 46
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T b 46, &ms&ruw@ (42)-6r susmpuL LTEGL. UL G
0w b i HemeGaisin  c-6r 1BéEfpy wAlmuaiL. B Sswrer
shs wHLAHGLe 96 s garer wperGeorpih B S&vser o_6r
srar, @eoupPo gorm APpplusart .

Hens@eousih ¢-&r 18FAP WHOL = (M)ﬂ,

p
B T=78, p=1.0, g=881. ¢c.g.5. SvGS6r
@@ c-&r m@ﬁam mcﬂuq (Critical Value)
~28 Q&.u8.) |G BTy (Csryrwwrs)
,l-mﬁlair wrpfleo wdly=1.7 Qe..5.

a“-’lﬂu.:esﬁgag,m@ wrpBf (Reduction to Steady Motion) suwer
ur® (42)-pd Srapib wsm pepwiLy 165 T ST ST O Lh L

g8.15. wuridisuelE Gxmr® (Stream Line): <curdisueid
Qar® staorusl @ udTainy; ThHs R Crrs5fguh Gei
cuSreuemrudssr @ yerofuld susmrwlin@ih QsrGCsr®E
Stiyeir ofudsd Hreuh Qesgudh HemeFuied Bewouyn.”’

uridieuefl& eriy (Stream Function): - & eredrp enriy
u=— _g%, v———g——% 6TEHT D} DML G BT60s & TR LG Lirilieush &

Friy sreu@d. uriieaiefd (Bas:r@assir b=c cpwm oNHs
s sbeor worPlel, sTrp Fgrurl.Lmed  Hani.sHedr per,
AenaGous) QurL drafitsd ¢ eTsir@sd

y= _iﬁ , y=_ 2%
oy
| w=¢+1 & srs&ras. Zz=Xx-1ip eredrs.

w—f(z) Bjoogl @i ¢ =f (x-+iy) T A urﬂm:rscmrgsﬁsn :
SsppAwpp QuUES GBS @&rr@as@m.

%6 16 Gm_muyuq—-q,om(%mmm em&uasaﬁsur sﬂsow Gm&ﬁ
w)gﬁ# FlwsssHHG wordPumind Hid sretrQurih.  19Neyd
smssir §5.12, §8. 18 Gurdrp SreudSer Gurmsbranio



180 9 &v s sir

Qpu s Qraissms SosCussdpgs suwrar Some
Cousgmg TAFS Dol QUIGSHuemwss Hubsih
FRwssn PApsH. Sowsoy Geusfuisd (Space) HZvwr
Apg. Qugsrar Sieuridie) (Problem) Qw wfwrewrsss.
Srougder s pp Cupurliyn, D lugSyn uriisueld
Garlgar sLGUUrGsSrd SAeld Geliyd sumsuded
HomaBeuastt Quricdrefuws wHgd urdisueld ori@ear
Caromeusdr 6T(HS HISQaETdror Cousbr(Hid.

w=cz+P cos mz—iQ sin mz (44) stards Q&sreir Bsumid.
ST G,
- @t+id=c (x+iy)+ P cos m (x-+iy)—iQ sin m (x+iy)
DHOmH G, QuitiuGBsSTn, sPudert U@ H e STy,
A& S, : l

S{:cx+(P cosh my--Q sink my) cos mx} (45)
¢ = cy—(P sinh my-Q cosh my) sin mx

Bs Garmeusear Qedieoralsir susruriel. Bapsy Q&
Arper. JOUGH urdeuels CarLrs mwesphe.
y=—h-v & @@ wrPkturs HwssCauemir@L.

. —ch—(—P sinh mh+Q cosh mh) sin mx= e wor Hsd
. —P sinh mh+Q cosh mh=0 |

‘ P Q .
o @, k= Tsmh k.~ & (T

.. P=A cosh mh, Q=A sinh mh
Quuliysdnr & swsrur® (46)-00 9@ Q e,

¢=cx+A cosh m (y—l;h) cos mx % (48)
- g=cy—A sinhm (y-+h) sin mx

stLpp Gupuriy e staflw emevesr (Sine) ma;rrmsu)ﬂ"
{=asin mx starsQarsrGeurtd. &) gl urru’.:maﬂés(?aatr@ #=0
il smsururr@ (46)-0(m b 5> ‘ R

ca sin mx~ A sich m (a sin mx+h) sin mvmo
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B Gouy H P 10 Barysefleir Q_UJITULq_asé’sn'u L p & el 551
[ca—A sinh mh] sia mx = 0

*, ca—asink mh=0

ca
A= sinh mh (47)

smarur® (47) 0@mb S

cacoshm (y+h)

¢:c x-+ sinh mh ccsSm X
_ casinhm(y+h) .
;‘[;f.c y-- sinh mh s mXx.,

QuiGeyedudssr FeSrur g edmh S LSSSHDSTar i

ur(®
S (B g oor-onne

st pp Cupurliy y=a sin mx-H G &l

£+% {[ camcoshm(asinmx-h) .

2
STk mh sin m x]

+ {04-

ca m sinh m(asinm x+h) . 2
sink mh s m x] %

- g a sin m x=1ow file8
eTer LrpdApsl. HANAGHS 6’5 s QU P ES S S,
p—.—l—% ¢ [1— 2amcothmhsin mx] -+ gasin mx=1worfsa.

&L..L..[D[D Gupurnis p 0 mrrgjaawnr;usmrm Qi sin mx-sir
Qg wapuGarsirBid.

m ¢* coth mh=g

e g *=g/m tahhmh L s (48)
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Qasinss GoeE Oan’(Berer Amiwrer ok Cpisd

2

Gwrusr Gupuriy {=a sin ;szra'rr,m @ peftajs dar (Corru.

gations) o_emL.w g sTelrGurih. Gég@prudsd By eT5d Coua s
Sl UrLERFL wpy.ud. P@L: Gruisr Gupugy
gysirer Qpsfajsdr B&d, sundrur® (48)-&pd Qsr@ss
u@D Couadgi_cr Gruisd Sord Qegrsdeead Cupuring
BmE s Opefiayssier angeuh wrmuwsd B LTy,

§6.17 puwrer Bfs, Gulauysrera gl Gursrmy

p=cx -+ Ae™ cosmx } (49)
b =cy—Aem sinmx

{=asinmx sreru gl s L. pp CuHUTLiL sTerE. Sl HD
Qupuriiy uriisuefd Car@® $=0. sTsirugred,

0 = casinmx — A endsinms sing mx.
cﬁp‘j!u_l wAHLIysafsr _wi g S8l ypdsenfld ol
ca=4 (50)
o sGeu (49)-60(5 5 i, /

¢ =cx+ca e™ cos mx ' (51)
$=cp—caesinmx

@uﬁ@@sﬁ:ﬁlsﬁr & L0601 11T 1L 19.68(5 b &Bi cs;ggﬁ@ﬁﬂ,rbmrrs&r
surisiLir(®, ;

L L) L (20V ) ey
‘,"P+2{(8;\') +(aj;\)§lgy~—m:r;ﬁsa.
sTor@ou, (51)-c8(p5 i
. ._E..[..’L ;‘3 1—9 my . 23 amy '
T, TE O ame smm’.\—i-m a e }4,.3,3,

= u:rr;aaa;
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a® @t ypssanflds,
%—l—(g-m ¢ y+me ¢=1om 50 [(49)s8BH51] (52)
s LBy Cupuyrly y=sin mx-sb, p=wrHed, =0

£
m

Soo= (58)
Guogyih, (52)-s0m5 st ¢* =g/m eraflled, PuQsurm LTl
suaflé Carly. sy HWwHsn @ wrfed sar o HRGm.

§6.18 @w Fraumaaisar Qur g urifeéd oavsar:

SmeGeausih V- er Qasbguid h Dppepih  p i GhHuy
apsirer ArousBer g A ppepw o' IL-TSIAuyapsrer
Sreuh 28y HemaFulsh HewrGousmd V- 6r O Fsoaydedr p gt.
Srousisear Cuanh Supd R B&owrer Sl g erBiserysd
Sjmi.ulBererer. Hyeusisaflar Qur gl urtnisd Hyeumiser
Qesvgyn Aemsullsh Qepidslin@n HSvsaflsr Homa@eausid
cereirs.. Seard&Aulsvsor Qurgd urdbsd HsSHwmEuldd x
D Fmeulh AsGEad Hosulsh y yFmuyn aOSHS
Qarsr Geurh. Sroumisefidr el Qur@aromn B Hoe
Gousih c-p poBEAT S35 Quiassmsd FALSSOrss Qe
 Geurih. §sEsd B&vaig suih Qauafludsd (Space) @iliey HEveouws
DL Bl DGl

WY

'y
! w3 AL C
I g! 1h!
1
] H "00 \-e/
i .
1 S h e V-C
g
L ih 47

eﬁcmumrm SHrauth I-as@ aﬁa‘sasm Qlirn L.avmsf,:lwsu (Complex
Potential) w (£)= ¢ +idh sraxra H ‘

13



194 3 &os i
Cu@eujsrer Hrauth II-&@ s QUL srafush (Complex
Potentiai) w' (2)=¢’'+i ¢’ ereir s, |
S w(@)=¢+id=—(V—c) z4+-Pcos mz—i Q sinm z } (54)
W (2)=¢'+id'=—(V'—¢c) z-+P cos m z—iQ’ sin mz
S ¢=—(V—c) x+(Pcoshm y-+Q sinh m y)cosmx } 55)
¢=—(V—c) y—(Psinh m y--Q cosh m y) sin m x

¢'=—(V'—c) x+(P’ cosh m y-+Q’ sinh m ) cos m x } (56)
$'=—(V'—c) y—(P' sinh m y-+Q’ cosh m y) sin m x

Ay Ssorh @ uriinels Car®. BsGou p=—hue
b=wm; wrpfd. BIOmHS, warCuraCear,
P sinh m h=Q cosh m k.

P __Q .
coshmh ~ smhmp — 4 oS
Jo 9=—(V—c) x+A cosh m (y+h)cosm x 57)
$=—(V—c) y—A sinh m (y--%) sin m x }

DO S55Ts, Cuidgeri pm uriicueisCsr® 2 &G eu
y=h-0, ¢'=p@ worHd.
QH8wb g P’ sinh mh' + Q' cosh m ' =0
. ’ . PI _ Qp L
** cosh (—m#’) ~ sinh (»mk')”“A T,

@' =—¥"—c) x+4' cosh m (y—h') cos mx (s8)
#'=—(V'—c) y—A' sivh m (y—h') sin m x }

Qurgiy urindsdr @ OOuWiEd [ = g sinm x STaiT .
Groutisdr INauHdd srallsdr Qo uriteuefl &EGerirg
DSreugl y={=asinmx-sv =4"=0. '

y=asinmx-& $=0 sreiruHeAm 5 g1,
—(Vfc) a sin m x—A sinhm (a sin m x+h)sinmx=0

APw wAiyselsr o wiug s&r §s4, B sin m x.cr
Qapemaity g@@wﬁﬁ‘m@& Flosir Qe

~(V—c) a—Asinhm h4+0 (59) e
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BesGursry y=a snmx-0 $'=0 erasruHeiG S,
— (V' —¢) a-+-A’ sinh mh'=0 (60)

OS5 s5THS SCusirer Sy atdSeir Flwss sH el QuiCe
Qulder Fwerur® :

Srore ] (3} = o
cg;grrsug;, T +gy+§{ [—(—c)—Amcoshm (f—]—h) sinm xJ°

+[A msinh m (y-+h) cos m x]a—l:wrrﬁssl
Qur giuyinisd, SSragl yé:a sin m x-eb, a*...B&SR
_IE3)+g a sin mx+% (v—c)’ {1——2 a m coth mkh sin mx}
=107 HsB [(69)mu st U@ S ] (61)

B8z Guwrer mis GuBmujsdrer Freusdear Fhudsss
Fheu QuiGeysduisT susruriigdGhs, QuUrg Uiy
y=a sin m x-60,

!L:»[—g asinmx+3 (V' —c) [1 +& am coth m A’ sin mx}
P & ‘
=10 f5ied [(80)gpcy st LB SH] (62)
ypou uriy upalams GeodvQuusfsr Gur i uyiuded p=p’
*, Fgrur@aer (61), (62)-aofedn b Sis
pgasinmx+} p (v—c)* [1—2amcoth mh sin mx]+ 1o flef

=p' ga sin mx- Lp' ('—c)}[142 am coth mA’ sin mx)]
~1om Hed

‘@aammuru_xq_sﬁ@‘ﬂﬁgh Soypeptd Fwwrs HonEs HeUD
apih sin mx—eir Q&g b &6r FOLOTE Hds Couabr(Bib. BT

gl pga—p (v—c)* am coth mh

amrrmgu = p'ga+p’ (V' »—c)‘ am coth mh’
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p (v—¢)? coth mh+p' (v'—c)? coth mh' = 75—(;)—\« p’) (68)

V., V' deme CashiseLdr @@ @ Sreumsels:
Qurgit urtnfed 2r/m Berapsirer Bosdr Qo siiuin
Home@ausid c-n& Fwarur® (88) fi awrudsHp g,

Apuiy e (i): WCBurliLib gely Sreusissr ey
Beouwded e_srerar starGuirid 3 Bygratg V=V'=0. @disumas
wiled Fwagrur®@ (68)-s80055 5 AHBoCurlLSReir Hane Cormin

g p—p’ -
o= P Coth mh—+p cot mh’ (64)

6T 65T D FLOGTLITL. LT 6D Qm‘@é&aﬂ L@ A D St

B HOmHES, p'>p srsﬁr@;m‘: c-&@ Qoo iy Bent_uirg
sTar D HEHCH. gpaBau p'>p sTarmed B (Equilibrium)
e mAuppsrEn (Unstable).

(i) CuGeoujsirar eumaulsd  Hroumiseidr oIS
& b @ iGuweflsir cath mh=coth mh’' =1

o & PP A
] = m P+Pl (65)
(iii) GupugHuisd e_drer HrusApdn udors,
P!

uLi$ S (Specific Gravity), s=Tn_sfrm sTHH ShsP
S o _erer gl sTeirGurih. @i coth mh' =1
. (64ydmpa,

P (1—g)
p [coth mh+-s]

¢ =

0q §im

(1 —3) tanh mh (1--s tanh mlz)

= ’% (1—s) tanh mh [1- s tanh mh],

: I rGOLYS CappsSsrun. oifle)
@&lhgh sanvnnﬁ&ra Hm&ﬁmi@]
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= %ta@h mh {—s (1 -+tanh mh)} [~ pésaof 5 gi] (66)

@ euaur g, T HH weiTL_ooh BG5S G606 o & ur & ¢-68r A i
&P Y.

(iv) c-str emsujcr V. V' saflsr Heneseir ppmpCut as
o erarp Qo e il o et LTSH @6,

p (¥ cos w—c)-p' (V' cos o' —cf =& (p—p) (67
gQarafs, c-ar HDEEGE QFBGHIHS Semeuded o _sirer
Vainx, V'sina', TOrD dGnmserred C-er Lnéﬁ;mfﬂs‘u wrHp
o &ir e SemLwir G

$6.19 slLpp CopugLyrer, QG B eu Bt & afl it
Qurgit urtigyn Mawh Y asdr: PG h aplpqpeirer
P QLiSHs SrausHar Bm K appapsirer P IL-TSH5
AFsuth o_erer g1, GhiE ASOBurLLD Bhsors QGAra
sEph @ilia) f&oudsh o drerer sTar@urih. @ur gitiuginged
Qs sriu@ih Houlsr Heovs Cuaseth sl pp GopUTL
Gsb Qemigsiin@in ulesr Foms Causeath ¢ eresrGuimin.
Busssmas FAwdswrds ool @ L (5 sobr smtoud b 1 Gitb
Sms@ousih —c.m @iIHwT &S Gouahr BLb.

}"

. e
T |h g! \-/
————

-
oy
W
(o]
1S
/
({r

b 48

S@puysirer Hreud I-&&& Aaad OurLsrefusd w (2) _-—.~. 
¢+igh erofairs y=—h uriisisN&EGaT®Hs F=1om Hled o7 alr L5 Eed
‘p=cx-+A cosh m (y-+h) cos mx: } ‘

$=cy—A simh m (y-+h) sin mx o B @8)
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Cu@ewsrar Hreud I&G&F HAsssd  QuIrLsroficd
w' (2)=¢'-+ ig’ srefler,

¢’ =cx-+(B cosh my+{ sinh my) cos mx } (69)

&' =cy—(B sinh my-+{ cosh my) sin mx
Qurgiiurinds G- tQuuiisd [=asin mx srefdr [
uridiusléd@ar® §=34'=0 G-
y=a sin mx-e0 $=0 6Teir LISEDs
¢ a sin mx—A sinb m (a sin mx-+h) sie mx=0

Sisraigl (¢ a—A sich mh) sin mx=0, (Apw Aoy
2 _wi Lg.a&ri péasani G g)

¢ g —A sich mh=0 (70)
y=a sin mx-s> $'=0 sTTLSEED

¢asin mx—(B cosh ma sin mx-{ sinh ma sin mx)
sinmx=0

D] Breudls (c aQ-B) sin mx=0
[sinh (ma sin mx)QgcJ Lpésanid g, cosh, (masin mx)=1
ma sin mx 8s& AP g]
ca—-B=0 (71)
@afl, slLpp Cupuyriiy y=h'--b sin mx,
Curdisuel&Car® §' = 1or Blel 6T LI HE6L

¢ b sin mx—[B cosh m (b’ +b sin mx) + { sinh m(h'+ b sin mx)]
sin mx=1or Hed

G Freugls [¢ b—(B cosh mh’+{ sinh’ mh')=0 (72)
SQupuyeiror Qym‘@@;o@u G’!urr(é’@eﬂuﬂdr ermsururr@

ook { () +(5] -orsm

B HO®H S, QUIrSILUTIL y=a sin mx-s’o &)pitu mﬁuqamﬁm
: o wif LS8 L Ly pdics ol S S ed ‘ :

-
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% -ga sinmx-+ -12-— [c2—2 A mc cosh mh sin mx]
=1 Hled (78)
QuGsuysirer HreidInGu QUi Geysduder Fwerur® k

7, 1 (_@.?;) (_fz@_]_,
o +gw-l~2[ 5% + 2y = om H6d

B Pl 5 B!s Qurgtiugliy y=asin mx-60s & Pl Lo BraL) serler
o i g.s dar Ll ypdasaiS Sl

~§—-+ g asin mx+% [¢>—2mc L sin mx] =wrfsd (74)

Qur gt urinds, p=p's
swarur@asr (72)s (78)moNeldm b Sl
pgasinmx+ip c”—‘pA mc cosh mh sin mx
= p' g asin mx+% p'e*—p’ me { sin mx
sin mx-eir O@pdiadar & FLo6iT QFiiur,
p g a—p A me cosh mh=p' ga—p' mal

9 STl ;
ga(p—pl=mc [A p cosh mh—p' 0] (75)

suarur@sdr (71)s (72)-s6Me8m b S
¢ sinh mh' =¢ b—c a cosh mh'
s {=cbcosech mh'—cacoth mh') (76)
- (75) Amha, (70), (76)s8rl LsTUB 5B,
ga (p—p)=me®[pa coth mh—p' (b cosech mh' ~a coth mh")]

g(p—p") =mc* [Pcoth mh + p' coth mh'— -f—z :
p' cosech mh’] 77)
sl pp Gupurly y = B + bsin m x-6b, p'=1or P

QL G @y sduder Fnerurg.60¢ b Sl sl pp Gupuyrnied
a2 b s&ri Lypéa s Sl
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!

—g—,—{»g (W +bsinmx)—me(Bsinhmh' 4 eosh m h') s mx
= 1o g6

P 0 1or Hed 67 s BiEnsd

gb--mc[Bsish mh'+{ cosh mh']=0 (78)

J. gb=mc® [asinh mh’»}-b aoth mh'—a coth mh' cosh mh']
[(71), (76), (78) sofelw b o]

=m ¢* [b coth m h'—a cosech mh']

‘g=m c* [coth m &' —-—b— cosech mh']
b mc?
** @~ mcicosh mhk —gsinh m k' : (79)

@& Fwsrur® B %o efsr a?er&ra:&aﬂm a?;ﬁgsmga
QEr@sBp gl

gwerur@® (76)-6 b/a-séT wHdenu Grfu? @ Qe
¢t m* (p coth mh coth mh'4-p')~—
¢ mg p (coth m h+4-coth m h')-++g* (p—p)=0 (80)
B & &msﬁrﬁrr@ c-6hr wHlmus QsrGsApgr. p > p’

sTer@eb Qar@est vl Gerar & farsHPG DG Qergude
wma G Hensr Cansnis & eﬂnmuw@ (79)-68m 5 & @ flwisorih,

dpuy ews: SCpudrer  Areud 18 ypiorerg
srooflsdrs coth mh=1, . Fwstur® (79) SO 5 31>
¢*m?® (p coth mh’—]—p )~—c mg p (I+cothmh')+g* (p— -p')=0.
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rA mmax
(= — cos —;T— cos’lg—y sin 2« ft.

27rf
@fﬁl@ mZO, 19 > S, s n= 0, 19 2,..-...;

m2 nB
= ”2(7{5— + e ); Greoddn piF Ferur®,

4r® fr= (gr + %ﬁ—) tanhrh. erer Hpia}s.

Guogytd, m=0 sTeirn UMM ol eufl& s b,

8. h Spuyapsrer BMled, cﬂg o _wrih Gereabri. Frinrsfiw
fRmedwss (Simple Harmonic Motion) Gupuriy &%

S@BHSG
2z , ,
w=4 cos ~ (z+ih—V1) sTelT UG

A& BO-QUTLdrofwsd sTar B oes. A-er wHdemu Gup
urtiy o Hiedsr efda a apeod GarBEse)n. Gugib,

’ L 2wh ' ‘
Vazg-z—z\—tanh% star  foeys. [IHO®bs,  V-ar

,\/gh ggsﬁh_as Gl yiFe] gpm@mrr@ Y INT T bj;ﬁlrm@,ﬁﬂ‘@
D Boudeir HmaGousid star Hhies.

@8Qaur®  Sisefldr  UTMFUD I SET  FloHAIvenwr
Quir g Bersul LT steor Hoia]s. '

BAsr @ppth sHsH ereoflsr Gmp.’)asmn._ c_tplq.s){&anr
Qurss (ynq.masa;rra ST &

9. SplpLoTar Bifsd @m@mg}m elamas@as@ @luam-
D pPsvs  LoPPid ,[ﬁ%u QbPHPOSEIrS &I 6T . Bsueil
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QpHpsesh sonri@ssd GuarGhn adrp Hubsor
WG5Sl
| DN

2w

Cc' =
6T p FLOETUML GDL.& BIT 6UbT &

yptiuriy Gueilme ypdsaidsd s&$56060 6reflar
Bbapigey eTelieur g LTy TTS STLHS. -

10. @ppuorer Bilsb,
¢ =% ch e~ 2™zl o -—2—;1 (x—ct)-=psbd

. A
Qar@asstiu@n EHHEESEG (—;—1—) ypssaflssd SEe65
T oofledr, BiF & Hiseir seir &yrear G’m&;sgn_m sm_L_.uu:rsm,ebuEﬂsu
Qasbgyfer par eTer Hpies.

11, fert uriig GnéG @mu@ Sine wanrmso)g'lqmm
G pofley Sy Lu@ensullsr Gued Bi Frrer ,cﬂsm&@su&gagn__m
Qeermed Spdaairi. oy o Hoies

[=a sinh mh' oo @i
N sinhm (W =hy " P ANG

mu=g tanh mh' ereirp FsTUrC.Lred i’ Qesr@ésiu@apg

12. h+asin mx (a-b, mh-10 HPwer) Ppyepsirer, Qpafey
S tu@asymLw aurilissres SameCoa V ujLegr Bi
urdifpg. @me APGL Jdusefisr sTepésd [,

a sin mx

(gh
(5-1)

u(H Hsir p gt sTeor B piey &

ereirp FweTurL L.reé QarGass

£~

Sur il & s eir ap@uu@mauﬁ]m @,msrﬂalaﬂﬂ@sb @sur(.‘?sm' .
i S &vseaflsir ﬁm&@m&m wrpu@wer ?
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- 180 hpypepsiten P, S-S HS Areud, &p S Qapst o
Pa (P*>P1) BILTSES Syeusdstr Gugudrarg, Gusd SHyord
Ser s pHpp Cupurindsd ypliurtiy ueloms T, 5 Qurg
urt@sd ypouogdy uelems T,. Geusal@ wrliLyseigyn

Qesysasau@o 2,: D& fergpeoLl dosefsr  Heme
Qeusih V,

Vik? p, (pa+p, tanh kh)—
V2k [k {py (Ty+T3)+p. T, tavh kh} +p, p, g (1 +tanh kh)]
KT +Pig ) (KT +(Pa—P1) g} tank kh) =0
oT6ir pr FLOETUTL.L T QarHdstiu® Ap g steor B e s,
14. spm @Ol ysrellemwr @@ HELSHdH 18.5

sLemouser sL_bg Q&g 100 9. Berepsrsr Bi H&%v
saflsir HengCousd wrg ?

715 2@ BT B 20 mph Hene Causd g ar Qaie
Couebr Quoruisr Bi HIoudsr %o ﬁmw sTeirar @55 S
QoustT(RD 6TEU S Hewr S H[DH .

16, @n BF H%0lsr HosGaussomst GCursrp
L HOBET Nssr Hems  Cousd G msTulsar G el 59;&3
6l sir ;Betr;s.@avr AP SMSE ST T &,

17. 0 Iouldr ofsFe 13 Dy ; Berid 50 Iy ser.
SdoudeT HemFrGeoussSmasiid, B Lh6 e subr Bwri)h &I 6T &,



7. a0 %bvser

(Sound Woaves)

§7.1 syppars seremwn (Incompressible) a_srer Hyoud
o Paegh HvasBriupPs Qsarp uGHsels alfourss
Gpliul L gl Gofl QuugHuld Djepdsd Beireniowsirar
uriti@urgerrer (Flaid) suafludsd (Gas) Fawh H%o&SHT
upP @prrii@surid. sueliupl &5 Heir o Gu 569w &V GlaFsbay b
Qureg gl suefludstrs Hider ser 8%v Qeaus st u@L HenFudsd
amssd QussdHeo (Oscillatory Motion) @ eirerer. eTeorGau,
@ssmaw Hyosdr Beriiurhie HwsarGh. aafluder
@i 3& (Density) p 9@ or 53 Geou it S Ps DNPSSh p-r
Friur@. p,p-sepddoL Cuusrer @& Gzriienu prid
Sy P GousrBih. eusflufeb Hpdsepd (Compression) SjLit
@opliyh  (Rarefaction) Q&wrhg e @aurdgl &dosdr
& 67 petr et @aT@ s Qeuttu HEv (Temperature) Lom (G 6 T &or b
B5 Qugirss 0T ieareurulsr ps p-&end SenL Guiu s or
Qarityp=kp. @& FwOuL A% Caupur® (Isothermal
Change) stariiu(®@. QpEsH, Gaulu H3v LOIT (13 60 6U3T 63T LD
BmEs Cousir@Qeau g PN Geutiudfesr uriie) (Flow of Heat)
Qurgiarss ersfuwpps. Goiaumssalis p=k p7; QMG
wr fedser k, y-sofldr Auyssr, uwudru@ssiuc@erar
serL_SIrRr  euelenill QUIrmS SSTGL. @eloudsE, LT
Qeutiu H% Gaupiur® (Adiabatic Change) stortiu@i. Cuameun
wrer GLiissfid wr@ QauiufIvg GsrLimuGu . prid
THSHE QsrerGeurtd.

§7.2 £yrew Gpi o @drs Guruisd Hswg oS S
upp eild sraGumb, Gurulder pdorssir epig G
o g ApEGar @mesvrn. @ug Stearde) (Problem)
Garefsh Borli LUrdeE HBserdGNug Curdrpgl. (Lppeied
 EpdaarL. sp@smisdr @SS QararGeurid : sueafludesr
giasirsofsdr  Quésd  Gprdsr AmedGoCGuw o.sirerg 5
eararQurid. - Gugid, GEruldsr GREGOML K  o_drer
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stevsort erefigefladr G Quuisd whpn HowsGausid
spatr Gpuin @b eTedTGUrib; D Breug Brib sTOS SIS G &reiremLo
Susdr gor y&vsarrgd (Plane Waves). gpruldsr omniség
Qe (B @l urliyesL g erer@urd.  urg % (Viscous)
aNSroysdrl ypdsaldasl Gurglioreor ojerey @&Lprudsr
e Quilwg eTeord QsrerGsaurid. Guaib @rudsr
Borgewsls QUImS gih, @Bwdvuisr Sorsmstt QUIr@mS g
Gprudlsr el L s APw g steirpid Qsrer Gsurh. @
wed  Greuiser 2_miHwiraTencs 6T Mt 6T(H S S SO T sirar L
u @R Eedr p St «

Sphs wrouwnymiw Gurudad QOwdossr ger
DB 6ir 6T 61 ) QBT 6T U Gl UGBS L. TOTeflsd B b S apSorud
Sm b S ReOwWSBvser LpSHQev @Guip b Gidr ar eart &G Hsd Cswer
SWasarrs el flousnL Searper. Dpseorsd @eduler o Hped
LypsCauerer st 5580 LS50 LEAD . QBE@D % Hmed
Qusstubdps. | Gieurm  Hpps  wpluubsd B
sTHQrrefld@n a0ar®m wpopuyd Gpsstin@m o DHped
60 GTudsh_ H.egd owsFdedr Dfsuenl.Bsrper. Gugib,
Gyrudsr Apbs wpdrubssr eNdraursd Gurudsr Qewsd o &r
oL  Bers (Effective Length) ofsfing  Hahe e
ewflesr ndlimud GomPEEADS. BECou AppHE wpdorijenLwi
GLerilise s ﬁ@ggm @;maﬂumrmﬁp@ Bl sy 196rer it
uriaseor.

Blefls @gprruﬁ?sb R ,nﬂasunurrm tysiraflu? e85 5 i X x+dv
@ardvasaiss o drar garmigdr P, Q-sendSmL Guwiujerear
suafludsir Qusssms prrlGeurid. P-&@n Q-a1HEw GemL.

P Q
x fdx

x4+t e ds
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Quuysir sar@ BT IH06y dx D Hi oS efssr QLT L) B! PQsteyith Gevoflinth
P'Q’ steirp HE0dGE QasdgySedrpgi; i, P osdr Bl
Aoouldsam b st & Qprdvajh, O s GoL fouldms g {+
d¢ Qardveyh G tb QuuwwRs per. <p&Geus P'Q’-ar [ erid
dx+dé e, G P'Q'-sr Quisss FLSTUTL. 6nl-& &I 60T
Quuth. P'Q'-ér Qubsd FuSTUTL L STURSIUE DS
P'Q'-sfr Qureairenwowd P’y O wp¥rsaflsd Qewsbyflujb
S sapih Comauwrgh, P Q'-ar Qe et Her i &
wpp HIoudsdd o_srer gl PO-sfr Gl (G L QGursrp
ST Georsy P'Q’ -6 Qur(h svremio P dx @b ; GG p, sTET
ug grref idH. P-eb Q&Fwed gy Y SsSmBS
C@remr dx-sr WAL BHFAWSHS QBGHGMUSTES Q & TeiT
enC@aurth. HHBBHSH P ILiSS p-ader wFliemud
sar&AC®, pr p-sefe_Quujsrer or@oaulL BE&oCeoum
ur®s OarLi98Ghs  wdsihb p-sir A 0w u
9 Plursorid. ' v ‘
o lim pydx
P= dx—0 xTdE

_ lim 1
T dx—0 Po(

- ox ox
wPoyser 8&s APuGGeTL ypdsanildal
UL @ererer. (1)

p—p,
s,

. :po(l -a-é-‘),-—@-‘isor o w iUy &eflar

a;g‘sﬁuﬂs&r 19eireor @eugyur® (Fractional Change)

6T68T O
- &ewilh S (HS S (Condenéation) s srerliu®i. "ewgwn’m-,

PAUIEEEE s-or WAL CHrFTwny S 10"*3'%@&“ L
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S P=P (148 (1), » (8)-aoflstgy 5 o, (8)
pQ-m GlewsbLyfluh efene - Pp = por
Pr = Fx) ersires
S Poo = f(xd8x)
Y Pp =Py = f()—f (x+8x)
=f )=Lf (v)+ 8 1 1G9 1 TR
===Sx £ (x)

B X ?,f'
ox

- BECa P'Q' b Quds s FLosT Lir(R

0% __op
Podk'—? ’mmmd
. : 9 '
QB[QH‘S)J@, IS _g—t_’{ :‘méﬂg . . (4‘)
dp aP
—de Dx
dp 2%

Podp px  (1rcdwia,

l laﬂ . d . -
ax{“'&?az’f"" dﬁ | - ®

cerarQei, @L,L.smq.su H&Cuire, & Q*La&)TU!rL..a»L. ¢ Beopey

G}am@pg. @‘@sﬂ@;&@, srmaulq_sum Qmm:._, S BosEph

,\/ df,’ oranith sﬂwfgmﬁwuw Aoupwh GrgipsiuL



el 9% amsir 2285
s g sTar SHACEL. 0°¢ GauiudSd FrETyERT & [
néE p-doh p-Hgh Qi Guuyser Q@rLfent LT
Qautiu A Cupur.rs adHSHS QareairiTed, GefirSoudsr
Sens@eush ¢c=882 L if/ed@y.. B iy QEligpenp &
Garsdorudsr wHUyL&r @S SieTor Il o @0, p-SEths
p-od @ B Guuedrer QSTLFmLE FLQauinfd Coim
urLrasé Qarawr® awudoudsr HoF@arsn c-6r wGlemi
BupCisir sollss5 suGs QGESS

-g-é-sﬁr o_wiug.sefer WHOYSST L DS auild e el st o

Quefsr, HSCWIL.L & &FLogrUr iq.6r g eugemng Wad
SmSslorsd sreureort. swerur®  (1)-a0mpg. 1Bsd
HBS ST F,

p= k Py
. kP?,
- 0€\”
(l—i*-a—;_)
| CurlL A Quissd Fosrur® {4)-60H bt
9% . _or
po ats - ax
7 kpY, R
- IRV RN N
(13
DB ST 6U Sl s
0% _¥p, 1 0%

ot 72‘(@_%)9’—%1‘5?’ (= ko) @

Fuearur® (6)-s —?—%-QQ perenpl QUIrGSH HpdSamlSSrsd
gogsTur® (5) AmL&@h. sustur@®@ (6) HSCurir &
Fwarurigdr @l ey asHd Geormuomrsd, QFard s
LG S Eoudsr HeveGausl D ssr Hopeearwrd Fritbs
Bren.  aTarGal,  QuUrgeurs, egend OIGLD - D&
QFaud SN, apig.lIT i ‘ ' SR
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§7.8. agodnd SLOUUr@sa: B uGHuIsd eToSud
s @uur@sbhrl uppfs sreawsorid. shgil  Berapsirer
oprudsd sddvé sSL@Our@sdr @AomLwrg. Ee
Guriar ol x=a adrp yerefulsd o pyHurs apL
ul g b sred (Rigidly Closed) @ s HZvwrer sTebdv x=a-6b
suafludsir giserser GL LUGLIFFAwUPPSTSOTed X =g-60 {=0
epruidar emudr deg B drseEsh aral LT
SiL-efr (Atmosphere) Ap b g Aouand Qurgiers sTebSod
sL.@uur@ss o ow®. Gruds feugb dossr @lorudsr
@&rdE QaueflCGuuydrer srpfed QeFuwssbyfwied dS&uG e
sTHSaS Qasretrired, Aphs wpdwselsd BupSsh  euaf
et Hyssh Gurrpsrgi. BpaGsu, p =k PYs
P = p, [1—- %{] sTaTURBGBH S Hph s wplorsefd =2 af =0,
ST -SGh. W (E6h, o abrentouded, oS s @g::nu&s@é
APlg QaualGuujs QeweyNAsrpar. Hsemsd CuGe
s.pliul ferers Grdsr Swps wowesehu  sTddué
sL@lur® eppiann Sossorarsihn. BasGear Grudsr
GSG QaulmL Qurgsg Gyruisr Quiiurer Seard
oa& APg U Bugs Qurgeurar Hopdsurgd. S
HmSsh uphur apig oyE s 19T UGSuIed sreatrGurth.

GuBwm g pLliu@erear sTeb&d S GUurBsdrls  Lwisr
u@SS | Benqgpsirer @@p GLoruded Qudasd Haysrer euafudsr
Busb fi%v umssdrds sraw@urh. GSsmew  oSossr
CBpEn dusst eTaTLG Oeflay,  psCa,

., cos cos ' o
(5)«6\9@;&@ é= sin ® gin P )

aums (1): ourisr Gouwdorasesh x=0, x=1/ starp
yereflaafeh e_puHwrs apt Ol g @isrsd x=0, x=l-safle
£=0. @ps6d TO&S SLQOUNy 8B5S £-60 cos nx 2_miliy
Amsaelwmrs. QUebrireg sTehdd s GUurl.g edmb g
nl:ra’r, r=1, 2, 3 TN

= a,sm l co[rzt+er], r=1,2,8 i(8)

@@@@&m&@m Gariurc 8 s oI Qurgis Siay,
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= Za, sin ”;x €08 [ ";Ct —%e,] 9
r=1

Crgpeugl @wsbﬁ&vmw)muﬁ?m B & 1hQeueobr = —_— 2! 5 g0

. . _ _C
vt H&pHoe eibr =57

ama (2): Gur¥sr oaupir x=0 sadry ysrafusd
o pduras aptuc @ wgigpdr (x=1) Spbgierer g erefsr

x=0-sb, £=0, x—-l-su—-a—é =0. pssd sTeLSHE & BULTL I

5\5}@;551 £-6b cos nx ereirp 2 (Bl GmSsewsor S,

By ey Lmeu Ft 6T 60T ﬂiL..@LlUﬂ'L..!@G&@JI;g] nl= (;-4.1),,-,'

)"“09 1 29 oooooo
§ = zar sin (r+%) "I—V cos [(M 1)ﬂ£+ & ]
r=0
r=0, 1, 2......

SORAGNSGL Carurlindnhg Quraddie),

| E= ia, sin (r--3) 1772(005‘ [( +3) E‘E*t—l"fr] (10)

"“&bﬁ“ @wm‘@%\)mm&uﬁlm ﬁasgp@alm_ (2!‘:11)(:;
G liumL HEpeael = 7
Cs=2r+1 ersﬁqusv ﬂ&m@mm&idr ) 41 — §=1,8,5

< &Bou, Gmsuary'uhassrr @mmmuuml_ m:ﬂsm&uﬁ?ﬁb o drerer

Sur g oorsh @ Pewp LiLiswL. Giosbar yiiSeir oL 1g gy GLo AemL_d Hesr
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per. L 8l Shuwqpssd  BordisSrujmLw  GLriissr
QeuciGoug AW HIo cusmasaish eBr slswrsr HeflGwirsd
wiensremmwd (Note) QarHésaiseog star YAACBL. R
W& apL il B woiepdr Appgierer Geml  fapL i
@eiror® @rorits (Closed Pipe) ster liu@ b,

s 8: x=0, x=]serp Yereflaaflsh a_drer GLruder
BwapBursemh Ep b Sisir aTer 6T 60T (13 50

x=0, x=I-saflsd 'fxé":o' WpsH Teb&vd SLHULTL I

s9(m b &1 £-60 sin nx 2 _midy BGdsselwerg. GrawLraig
sTebSud s GUrurly edmb g nl=ra, r=1, 2, 85u....

S €=a, cos ";x co (”m—l-c,) (1)
PEEAISGD Carurydmbs Ourgs Sieay,
é’ = Za,. COos n;x - €08 ( ’WICt +Er> (12)
r=1 ‘
r~apagl GuibHIaimsdsr PagOaar = —

g tiuenL. fspeeuair = -—261—; 3) 61 eu » & ud g sir e
@i cdpssiuul@erer Gwri® (Open Pipe) stariiu@io.

P55 HepOauars@rse, SpistiuGeror Guruder
J_ﬁmm apL_ Ll G or Guor ulsir Ber Semgs Guirsst pn @pLoL-mi
& @b eTar TN Heb Hfweoritr. Hpdsliu Berer Grudd
ereveor QuebsFBiE@sh o drorer ; @ apL il Herer

GyTuid @pampliumL. Gudariissr ilig a6l o 6reareor,
@m@m@urru..zq.@sugbrrm Bsualpausmnad @ iliseflsr @m‘:’lu
LI 6OhT Ly (e L0 Lo g LI (B 6f1 e 6T

GuoBsvuysiror  eLpsiT mI msu)r:a&srﬂgym @gﬁmerasm Dig-Lt
UL  HapQeusirgpisr sTefl  @penpudsd 6T svbr svr o ol 6b
Q@i Q& ebr (Beir areor . BE STy T S ST O ST ET abrr&sar

et ed (Organ Pxpe) @sﬂ @soﬂsmmwrrﬁ a_amrg: :
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wo¥r Hessn (Bnd Correction) : GuGe afler & ey L
@erar Qardramaudsh Gruisr Spks & @@ 1 HifSSa
(Anti-node) sreirpihs @ridldd 2sror ReAwrHpd HphHs
BT safish  @phH P RILOT S sTHQrrafdEp sl 6TeT YD QT svdr
@eirGorrid. @0 B)S sP9sh aphBerh Ffwrer 2 6orenen
e, @abarm eTHGrrafl b pelurppsd  HHGH
Qeousié Qaarm Gyrdsr Spbs wlowladoss Csrer 31 %v
sorra (Speherical Waves) urejdlsrpar. Sphs epdorss
uréd Gméen sropp SSiandps. KPHPD LpSHi6rer
o &5Hb s SSIUBEAD S < &ECeu SpHML FdsLiu@®
Apg. @escurn SphHs wplorulsd 8o srHOrraflis@h g6k
Qour eepuh QWsstudh G DHpA@d @ prud gl sir
Blogih 29 F O 6T B ouent DT POT. 2 ST RTLOT S QT & 63T
sourndsd (Organ Pipe) ewrgtin@®@d srpm SeGlyear Sogsl
Ul Lred, 68 ofmyelsh Spfbs HAGADSI @G rudesr.
o_siremwwrer Bergmgel Guruidr QEwsdealdra e w

Berih smBBoOTrGL. @b SerdHsir Caupur L& &eor&EGH
g Bed ayarh. GErdsr Pro R aar@d Gpruder

Sphs whws Bossn —- R s Helmholtz o ilissHb

sri. &psf Suerrese (Flange) o srer GYriis® wpdwd
HwmSsh 0.82R sTar Rayleigh Qursrans apsm pufed (Theoreti-
cally) sapr@erorrd. Quile S OarrEh s e drer GYrisE
W sSmssh 0.8R, [ larTEhe Geboors GUrisg s
Hmssb 0.6R erar C&rzlors Qadigpen p x6f € eb & T 6wt LI LI
Gerorsl. Sphs st sfdrel@d Gurudsr sTeboor
Gusva Frisafesr HathQeualr saflsr AL EE0 GMPE sl U@
Asrpar. S HBSs0 B orSouh AP FTiESSI
apaGe Gurudsr Guasrhissr sfurer @osauflomss
QarLfd Gouudok. ko @aGaupur®, poL
wpmpuled UrHdEGL Sere) (P EWID T 6T BELEV .

§7.4 s @uEcea @erer @ GRTIAsT m
e pdurs epliu@erarg; SHGSOLASTH Gprudd
Qasbevausber M QUIr@sirenwou|srer @@ 2 bgisar® (Piston)
Gyruddr npplorudsd o drerg. @EGWTUds Aswgn %o
S@HEEG QA% umadrd ararGurd. @ piHurs apl
U @erar  qplrudsd x=0 erarp srebSvedwuyd, o5l
Satriger FofHavudsd (Equilibrinm) x=1 ersirp sTsb&osmuwnyid
THSSE Qarar@aurtd. HBCWITL L SHedr S Loulgai Fosr
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ur@ (8)-ar Simal ab®vs SLAIUIGSEGEG o LG
sraw@aatrBih. x=0 o _mSuirs apL i’ Hlsir or W&Twrg
ored, x=0-60 £ =0 eTolrug @@ TOIESHrLrE. Bsh
QeusbBud sLZGHLUTL I @D, Fwarur® (5)-sr Stey (7)-6d
CO8 px 2 mté Sorg. opsCei,

¢=A sia nx cos (nct+e) 12

WHABH THOISG SLGUUTE e b g o ebrig.er BussdHesh
ADL_GEpgl. x=/~b Gurudsr e lypwerer oHe DS
BSHar D&BTours o pg sor® wHEsih (Acceleration) Qugy
dpgl. H&Cous, M Quirmarmwujdrer o g BT Ig 687

X=0 i x:&

uih 5§28
Quéss Fwsrur® :

9% i
Mgl-a ‘—p—Pos xflm’

o _dp
@ p—'pc_‘dp (p-po)
. 202 (p__“po) (..a ‘g%mcs)

TPy o [(D-aﬂ@m@]
C B a8
 sudrur Gadr (12), (18)-soRsim b gl
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M u*c® A sin nl cos (net+e)=¢* P, nd cos nl sos (nct+¢)

DiBreugls nMsinnl=p, cosnl

DS UGl
nltaa pl= —g——;l (14
= gpq LoF Had.

nl=x eTedra .

L nl-gr iy, x tan ¥ = ’;l.lJ 6TET D a=wsﬁrurr1;1q.é5r Siray

Saflsd srgiourdgin @drgs QodSsorn. @& Fwodrur®
shsf sTawanismaujmLw Sie)sdrd Osr abrL SLbSF
sugruriargh (Transcendental Equation). S ssr @ifeysdr
oI Sdar euruleorsd sreawreorth, y=tan x, Xy = %3}
STERTP sudrsueny e Qeulig &G Teir @pLd Ljsh afl safledr X-opwd
Sagser Srer @& Fwdruriig.sdr Siej&dr. x-&r wdiy,
WB® CHryriors, ro eTarPid, e roug Carrrunrs,

Pl ' ‘ o

Mrm

Boeoug wrevreaufs@Gl uudpAurs

oLt @erar .

@ dAply umESer:

(i) M=0 ersirs. Hessumsudsh ‘Gpruded x=! ersrp
wdr Appgidrer AENEEG @UUTGL. sugrur® (14)-o
Boba o

nltannl = o5 o nl=(r+Pm
Som=(reHD

@ﬁsqeaah.gu §7. 3 -60, %=0-60 o pl AIWIrs AL, q,nasursmui,
wh x=Il-6b Hp b Seirer gpBreiLL QST mmauﬁ?&b n—gir
Lo L 6ot @wmﬁuq @ggzdrmmgs& BT 600T &, Pt
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(i) M=ccerers. Gsuouemauis, @Gorlsr x=I ererp
T o mdurs  apl il Ber er QorEs  UuUrgD.
Fwerur® (14)-e8wb g nl tan nl=0.

. : . re
. nl=res ', nr-—l—

dfley&engl §7.8-0, x=0, x=l-sofld 2 pHurs ap_ir
ul@drer euemsuied p-er AL dr G wHULY @b sidrer
MBS BT 6V &5,

wr @i :— R wplorsesn Hp b gish ar 21 Berapth, S GpdE
QeuGupsirer @@ Cpid@ruisr sEefNs M @ L1 {1 sur LD
ujeirer Gnsbedit R 2 b &is orig.or Hwsd HSv ET 0 Fn. )
otafldm Gleud fr. $Heb (Vacuum) 27 /1. euefudesr DY S3apth
THS S1&QsTeir ariLn’ L red Quish A& srevden gy 2m/ns

M (m*—n*=2P, cn § ‘tan%l—

ST p FLRTUTL. Iy @6 Q& Hd st @ Serp s 67 aor Boieys.

suafller DQdsepld THSZIS0s e orii LG QLT Sis
o bgisarysr QML o _srer auef et G piir seomed,
@@qm@m o_er er suafluded p-&@i P-edlp@id B ew Guiwyeirar
QsrLiy @srCpurg ; @psGe QeEssims HanaGousid

: d C. . .
c(: »\/3% )—m Aoupeyp ar@purg:. 2. i &I & 6uor 1. 601

cufitvow  x=0-% a@586 GsrerenGauri. 2_pa
SOTR6T  @GLpepD  suafudsir QruQuuisdew ¢, ¢,
ersor Guimea, : :

SE= (A cos lz-c-Jf- +B sin %—) cos (nt-+e,) (15)
E,= (Ccos"—c){ + D sinn—cx) cos (nt--¢,) (16)

[ mwﬂuﬂsﬁr\" DS Bapth ‘sr@‘igl&,@mreﬁrmﬂ,/u@m

 Quray s fss/rsua‘s&;_@gff STRTd QT (B st Qa@sirieir‘;srrsb].'



el DBvser ‘ LT

M
g] p‘E ‘ &:2
S
P2
xe={ X=0 xwetl
u_th 68

T SLGUUTrRS6r :

() x=—I ergud @lr Sphgsrarared y=—d

Uy

0

|

xl =0, erebeor t-G@Ld.

Q

(i) x=+4I1 ergubh aplwr Hppagisror srev  x= —losb
06 -
ox =0, sTsbsor 1@,

(ili) 2.5 &5 (B Quosvedur gy 67 ords QEr@H sl Ll (Beirer
BT x=0-6b £ =¢,.

sugrur®@ (16), srebdvd s Brur® (ij~=6M 6005 5 Gt s

Asin—%l——}—B cos—”ci.—.:o. (17)

Fusgrur® (16), stebdvda Grur® (i) s oM eB(m 5 51
—csin 4 pe os 2 o, (18)

FLoarur@sersedr (165), (16), stevdvsslGriur® (i)~ aflsh ‘
«@@ﬁﬁ@s - ,
A cos (mt+6)=C cos (nt+e,). e (19)
. Flos LT @@ (17), (18), (19)~&aﬂsﬂ@g‘»g}» e
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B cos (at-+¢,)=—D cos (nt+e,). (20)
Fwarur® (17)-e8w5 5,
B nl
) = — tan v (21)

M-t Quésssusrur@: eaelwpp Qeupfi.sded M- er
Fruafu fAmsudnusssHar (S.H.M.) sodrur® :

0%, _

Sk = — Mg, (22)
M Qumgh Qurys eeluldsr dwdswpd a@ISHE

Qareareriiun’L_rs, GeupPL SHe M Qunigasnes Csme

wrer (pR&sdmsun G aamsudsh 7 (S Hid G)amrsrrar Gevrenbr

Gw. HaCor M-t Quad swearur®:

! a
M%_t%ﬂ':"'Mmzfl‘f'(P1""P2}Ss x = 0 &
Beofls pi—p; = (Pr—Po)—(D,—Po)s Po=ouaflloahrL 0 31gH S0

 : dpl P— Po)"‘ P~ p0)

e
P1=Po[ ‘—"'5'5‘"]

= of1-2]

) [ dp, i dp,
dP; dpa
o Pr‘“‘p? “: "““jcﬂ Po 351 +c Po gij :

___afl == Mm {—5c* p, T2t 3‘51 +Sc ogi* (29)

CewsTur® ('24) 60 ermsorurr@asar (15), (J 6)—-6&@,&%@ Eis Los
S 6iflsdr Lnﬁ!uqesam'u Lﬁlmﬁu‘?@ G&ilw i
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M (m*—n") A=—2 8 poen B [(19), (20)-aefeqy b & ]

W M (ir®) = 2 S pyen tan 2 [ (21)- @b ]

§7.6 glmeCaual Qurrargflusd womp (Velocity Potea-
tial Methcd): @oroumruish QL UQuuiéd (Displacement)
£ poopuisd Rdwlbvsellsr Sfaadrs argmh wopsdrs
CaawrGLrn. Gefl QUugHuid DomeGarall G L srafulsd
b pompuied pawlvsaiisr Siojadrdé argmyth pedpenusd
arerGuria,  HrusHed Ivssr eTadrp LGHuIH Heone
Gousl) QurLsrofluish Fwer Qe Goueiry.w Huf S Srsaflsd
QLSS P @G wLIPAurs BG5S, B@H, QEg
I-Ts5H p @@ wrPeduddb@®owrgeorsd ¢ Fwedr Qediw
Gousbrigw Aupsdorsefd Ao @neg AP wrpu@ib.
85 fupsrs@r Hydrodynamics yssamiaafleh srewreori,
Bemeusssr SCY BTG S &S QarBIhaliu’(Berearear :

(1) Quéssw swdHiwphpg s'rezirgu' Qarar@eurtd. eaiaf
Wer sriugdulsr AmeGsuswld 7 sTarp Qaudlgrred
Qar@désiut s ‘

T =—Ap %
7 = (v ) v u = — 28
W= W%Z:S“

(2) srolwsg sL@LOUr® : H¥owrar sTo@ouisr Qeligs
g5 Fomsulsd avsCaussfPeé g (Component) Hewr.

wr g, sTme——éa: sTTUg QFRIGHHS Hwmeuld sumsd

Gae srastos opsare SF = (20
(3 Q‘s:r‘t.;iéﬁ&amé&rurf@ (Equation of Continuity) : suef
e arL.TésuBaGst  gebvg PsSHUGuBsr Hamr.
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wrg erarp  QardraudlEnss  GlarisfAFE  Fwearur®
Qurmeabrentn Cugpienassnuwt (Conservation of Mass) Qeuaflty
L@Se GeuabrHid. ESsFwsrur®

0 —
Sl apz=0 @7)
LI ) B -K (1) WAL B

DSralgi, oy 57

B)F Foetr ur @ § §5.1-60 &Fiosir Lir® (8)-519@1561 AP G oy
u:.lq.@,&,@&va EBIT 6T 6.

(4) guiefdr Quéss Fwarur® {(Buler's Dynamwal
Equations) : suafludsir @l Qur@maireuidss Q&wsbu@w
ypelemasmw (External Force) F ereirp QeudLriiemsd &N 5516
ST 1.0, eualluder  Gudssd swaruriemi  GeaudLri
BJmLoLILT 6

pa . 1 |
D7 NF‘—,T,AP (28)

- eTer p) QasrH&SE0TLD.

' (6) QuiC@elfidr swerur@® (Bernoulli’s Equation):
qpsﬁ?sﬂ)af F-&@ @@ QurLsraflwsd V g mider F——-A V.
B QuiCeedulsr ¢wesrur® ‘

{ i“-’fi+% a +7 =2 orppe

(P 2@ wrh adrus@a)  (29)
‘ @a&mmum._lq.so (S,myg;ﬂsm‘ ofl b sl sbeor ity (Arbitrary
Function of Timrxe) - 75 e.piliysr mid sE& Qarerer
Lu_@msvr@ | '

- §7.69¢ @mmuﬂw @sﬁlluamuﬂm Quass swarurs mr g
S Tewre): Peidvasash sTeb@useaflsh. Qewsbyflyn ypelens

& &I & @aﬁw gre Gp ypelmesdrd ypssas s
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ML oorih. @psCe FnarUr® (29) V=0. Gugyb, Homs
Coustisedr AP AL Wer TarSlsTer areorid. oG e
Fuogrur® (29)~o ° ypssalésssssg. erarGeu &Finsr
ur® (29)- A®GHSI

iffl_a_?i.ﬂmmsa (30)

.dp_ dp\ dpP
a=f, "‘fr"f(‘a?)?

LIt & Hulssr Cou mrur RaEsir HPuseraur ud s g-— 205 o7 N6l

Quiewrs Qareroreori ; G worHed ¢ YELd.

_d_p—c= jg
2

=c*log, P-+1iom Hled
=¢? loge Py (1-45) + 1or el

[ P=pP (1+P)]

=c* §+or el (S-sor o_wi g sefler HLys ST
WassAHwer sTarm Lpdsand S gi) - (81)

Fwerur@asr (80), (81)-s8055 &I,

cas-—-a-?zm:r‘@s&.

‘@b or Pedeout p-ujLer FiSgGd O & Tabri.rebd
o9

cis= '5-? ) : ‘ (82)
QarLisfs sustur® (27)-0w 55!

or s

57 A (pg)__o.

BED  P=P, (1+s5); T=—Aps T=(s 1> W)
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os

Y P 57 —— 1T D po (148)u=0

DI BTG, po_g;+pog.z7==0 (sus sv, sweTsitp @yebrireoug
auflens £ Bt 10 iy e Bt Ly pdsenh & g1)

a8 N -
BBTUG = AT [V G=— ¢ ] (38)

Fudrurbisdr (82), (88)-sefses b 5 s~m Bé&SE

. 2, .—‘_1_- aﬁ¢ .
ap=— L (349)

B o8 P-ppopuidh PsOWABvdsr S Laigeud e
ur@®, G &swdrurc iy fGiss ¢ 5edwdv @&g}!.@,@uu@m
Soma@eussid start oA st

§7.7 P-popuilsd Sieysrew qodwdg sLELUUTR ST

(1) Rsvowrar sedBuvuded g‘f ~0
| (8) syrdsr Apss wOrudsd Sssh sushwabri_ o
AABI358DGE cors Poss CouatrGun. @psGar, p=p,
(L+s) sTabrug@shs @rudsr Hphs apdorudsd s= 0. srer Gou
Fudrur® (82)~8wh g, ourisr Spss (p B udlsb

2% _

6T& S aurilismearu)h (Problem) E~pampudGeor Isbsvg
p-popldCor Gals Sie sramssd Quarh. o popu
AGES LPAIBG YPPES ‘

ox ~ T T ar (86)

6T 657 o mzru'.uju:rleq.ai‘r m;ruﬁ?sofrm’r Q&sbe mgﬂcqsu&r@

l,(ﬁm@syrm @gprruﬁ)m Lﬁhﬂwasasa.g;: 57 8- sb f-@ﬁo)muﬁ?eu
Birey s vdr L gyasor@ sue‘o)ems@as@m Si oy & eor @qu{m 6’&0
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Quri L& gFosdgrur® (84)-0mHg BPeL SBVSEHSSHTT
Siey ‘
cos cos .
= nx et
¢ sin sin ’ (7
(1) gyrdsr x=0, x=1 asitp Qv YrsaEpn 2y
. o6

wrs apL it g.@hsred x =0, x:l—eﬁetﬁsb-a» = 0. @psd

eT0B0é GBI UTL Y End G-6b tin nx 2 @it GBS S (ply Wi .
B revirreug eT0d&0& s GLurL g edmb s ni=rm.

S =0, cos —r-q—lr-}— cos ( ”;m +e, ) (88)
Qura s ﬁrf&ﬂ, v ‘
b= 2 @y COS l."llff- cos (-ﬂ;—c—t—i—er) (89)
r

(2) Gyrbsr x=0 erarp P& 2. pHUTS pp L @
x=lersirp apur HpbGierer G T eviedr x=0-6b %‘2:0; x=leb
P v
%'_?:O. W B 6Teh%uE S I UT LY 6D =60 sin nx 2 gy
BmEs Qpuurs. QravwLrag ToHvs asn.’_@ﬂum_'_zq_
A pb g nl=(r+i)r

" p=a,cos (r-}u})—”fi cos { (r+%) ZT7€'_f+er } (40)

Qurgid Sial,

et

¢= z & CO8 (r;{-%)f%ﬁ- cos { (r+1) "T;I",e’}' (41)

r

(3) @@ku&)@'r x=0, x=1 stérp @mapdwsesn Sph
gisirorar ersr@sd x=0, x::lwgsaﬂsb_—%%m—;(), ysH @O
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SL@UUTL @b ¢-b cOs nx e gty Qués PTG,
et reug sTb@d S QLT 1y @6 ni=rr.

S p=a, sin Tfli’f cos (”;c’+e,) (42)
Qurgid Siay,
¢= 2 o sin rqux cos (ﬂlﬁ +fr) (48)
- :

CuBwujersr apdrm susnssaf gy, Fusrur® (86)-gu
uwer QElig - @yeminliepLrs Quppipujd. Bwsd &
Ugl wrereié@l  Ludpdurs afL i @eirergl. Gugyih
CuGrowysirer  apsiroy UMESEHSSL  [H SO a oodr & B
EIT O &

§ 7.8 Caroré Qe Qurgmg (Spherical Symmetry) :
@b Aoy (Origin) Qurmsss Qarers O & 6uB eur i
@ _sfrar UMSUTD iDL Sliangon HBCQuirl §
sodrur®h (84)-sr Sioysdrs srawCurih. Garerd Glesi
Qeurpiig Qwudear e ur® (343,
o 9°6 L 2 09 1 p'¢

mt e e - Ug
“aar Wrpdps. Fwsrur® (44)-sir @psir Geor g a,amas@;a‘s
ETSr & ey dser, - ,

¢ :%‘ f(r-—ct)+—i— glrte) - (45 |

a:ms&rulr@ (49)-s5r AP S&osEBdaErar Si oy
' ¢ = y-1 ©O8 - cos |

.. net SO 0 (46)
sin sin : : ,

ﬂ.‘%lf@ﬁr:ﬂr Bdwurer GarerdHeysr o_edrer auafldE
s r=0-s, ¢ AMADGL L grs @uds GalsbrGis 5

Guogiih r’=a;sb‘,~é-9ri =0. (@dedg whtvserGuur@aas -



568 BB eir 241

sTeleur g 6THS SIS QarsreriL Herorear 2) @pBed srsu&uds
&‘»L..@uurrr__tq.@m ¢-sb cos nr 2 gy Bmdsalweor Hi.

A . ‘
. e cos (net
o ¢ = —- sin nr o3 (net+e)

Gratrraigl sTa%0sSLIL UL 4. @b

tan na —na ‘ (47)

B arwdsgd cusTur® RG SLESEF FLOGT LITLIF G L.
Qésuaruriiyhes sphslf o amaidmausror Siayser
o_girerer. auenruL SHed y=tan X, y=X eTeTn 6u T UMy & 6ir
Qeur’. 19 &Q ST sir @ LD Ly sir aflGafar X — Bpuidon. gI&sir Foerur®
(47)-s5r BFoyserT@Ld .

[34
g M_‘X
gl Ao /7 BI
- > 3
/* |
L 54

UL bBAT S, BbSiais s, r-sr HAS LHLAPS

na = (r+31) = (wpssd Gﬁwwrum:res) _ : (48)
T &oT @g@y@cﬂmmm @mmm&uﬁm 15 & p G 61 0T gyl L&
9N edenm § 7.7 suens (2)-ar Bl Qe sbr Buor 119 H G ourid-

SPO®mbSG, e wi ;ﬁ&&@mw&ra@w&@& (Eaarrsrrﬁ;ﬁsb ﬁa@m
16



242 o &0 aeir
Y &oS6r, W wdor ap L’ @ wpepdr Ap&ESOUC Berer g
Bearwerer Syrar CpigLpruish Haagih Ddosdr  Gumrsdr gysir
arer UGl Qsefeurdarpgr. Fusrur® (47)-sr Siey (48)
Speb s Carrrwnrs Qsr@sstuGaps. Gen (47)-sr
Siraflesr reawireug Caryrws wHmus sTedrGuimrd.,

na = (r+%) n+herars.
(47)-85 5 1
tan [ (r+%) #+h) 1 = (r+%) n-+h
Ssraig, —coth = (r+3) m+h .
O STIGl, —7:— (r+3)m+-h (0 h APw Ay 2 DLWETS
sored tan A=)
Sisraigl, (+i) rht1=0 (F-gii ypéas s z)

-1

=T

Sona=(r-d)mr — 77:;;7; (@7 abrmeorg

Gsryruinrs) (49)

wrBf 1: Gurg swwapsrer (Concentric) a» b <y &8r
yenlw Garormisepdfen L. susfulsdr ued Hdv ams
0T &IOS, ‘

@@ @swor & @ési:@m#@m@smuu QUM & LI T F 6V I 60

o9 200 1 @' - ‘

o T or — ¢ o Lo i (50)
. ¢==f-’ cos nr cos net.

sin sin

= r-! [A cos nr+B sin nr] cos (}wt-}«e) ey '(5i) : :



568 v E6ir 248

a | b
UL 88§
e sLOLUUrG S
(1) r=qg-eb __3_?; = 0
or
o6 (52)
(2) r-—--'b—SU —a;-— = 0
1
.g.? == [A cos nr+B sin nr] cos (nct-4¢)

+-—':- [— A sin nr+B cos nr] cos (nct+¢)

BuBewerar Gy TS0 s HLurBssfieysy,
A (cos na-+na sin na) = B (na cos na — sin ha) (58)
A (cos n’b+nb~sitt nb) = B (nbcosnb—sinnb)  (54)
(59), (54)-sofedmpat A, B-sdr Séa,

cO8 na-+-na 8in na - na cos na— sin na
cos nb-+-nb sin nb nb cos nb — sin nb

S sreugs nbcosn(b— a) —sinn (b—a)
= na cos n (b~ a)+4-n*a b sin (b~—aq)
BTG, n(b— 4) coS A (b m~=a) == (1 +n® ab) sin n (b - a)
’ « ; R (55)
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T, n-sir @iy swsrur® (55)-aps

.. &reudgap =
QsrHssauBSEp S

§7.9 sbys @priser (Conical Pipes): B &wr @oruish
prib (D56 QararL. sor J&oser (Plane Waves) smibyyé
GYTHsEpdGLl QUIGEST i BeieuemnaEud6b g lbLyd @orudeh
Qadauh st Garer Busarr@. (Spherical Waves)
B)& Gareor Jvssr GedwGeur (Converge) @sveo g e AwGeur
(Diverge) Gediujib. Garer LSS

a(rs) 1 2°(F®
or* T ¢® oi* (56)

(B &swsrurioL Bpes.) & o6 Biray,
rs=(A cos nr-+B sin ar) cos (nct--¢€) (87)
Bsdiey fPGL dvaserdararg. pdrsefgieh ar sT%0d
sU.@uurGasefedmbg wrfdssr A, B-seflar wdile s
SPweorh  apsTpl MESWTEr  Faldyd @gp:rtﬂ&é’ma‘s
asn'suur(Bufrm

(i) Hppgierer sty (Open Cone): ﬁmm@m’rm (up St ud &b
—-V(&rru.r,u;g Bertb)y s=0. 2 &8 opdr (Vertex) SppGsr
Djeveo g ey Guur el s—6r By Djer el HeaL_mrdur
are BmdésGeusrGurgord rs=0. HsCea susrur®
57)-e0mbg A=0; Bsinn/=0. ,

...y nl—_—r'ﬂ', r= 1'9 2, 3;...-.-

r-ap gl Gued HAosusmsuier 5apCarair :.:;%, Dy LiLG S
SAppoierer sbfsr GemEaufomss QBSTLFrerg, bl
srilips SorsmapymLw @G ‘Aphs’ Cptsgyrisr evs
. suflensd GETLmLl GLITsT pier ardgd &I abr &.
| (i) epL_tiur @Berer S b1 (Closed Cone) : api_t utl@sf}srr
@amssrr' r=o0s r =1 saflsd % =0 o-rsoru(B,@ srsu&oeis mh@u
' ,urr@&srrrr@m @su@susb&'oeis asg@uu:r@amﬂ@m
 tan nl=nl " (53)”’ -
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x=nl eTers. y=x, y=tan x ererp @&*msyu‘smy-asir
QouL' & @arer @pih Lorafl Gefar X-Qpws o piser &warur®
(58)-sr Sioyseri@in. @ésndrurindr Stejseidr oo

nl .
Goflgema & bR rGLU. ,@waﬂgﬁwrr&?: 0, 1.48, 2.46:
8.47, 4.47, 5.48, 6.48,... erarp wHULSsr AemL_& Hedr per .
rc o,
T apeug GueHdo eumasudssr BapRla e = 57} \‘@m:@ r

ster 1 gl Gu@evu st ar 6T ot QBTL-M6d r-Qpeu g o it urEL.
9 5Ca, Goumsuis Cud rmsdr Gae auflaneudsd
Hodv. sTHissgmsest LG Gruler Ber1Qurddsd
Flo Qgrivalish o srerar; QpulsT sy dssdr Gsteur o &) H%v.

(i) giewgdst ul@srer &y (Trupcated Cone):
Amig gmnlsr iwsdr x=1, x=I, e&rp yerefsaf
o_drorer sTeirs. Glawigsslinl L Fnifsr B wp & s @nio
Sppgererar  erafldr Suliume HapOareirgmith, G
sriisesh ebldr erbps Beorn (I,—1)$@é& swiorsr Ser
oL owm Cprrear Ipss GurisGilug Curarpsreh.
Biign sTHidsgy dsdr FLOSr&oeilst @ srarar; gpuder
sgmsast Geisurg Geodv. FHetrg dstiul L. g hGsr B
tp G S @ th apL- U L g (55 ST 60,

tan=! (n lp)—tan-! (n1,)=n (l;—1I,) (59)

sTard &riLeomrib. /=0 ereoflehr snhifelr erilifps Bord =,

S (859)0mb g tan nl,=nl,; o smsﬂ%urr@ (68) Gursrp
BTG, : ; ,

L, I, stebruier st Quifl L eL e sreofer Sl hrig.&
sULIL L. Sbler Garemris Ass APwg. pasGes tan nl,

tan nly srerp Greirig.er wAHO LS EHLH g«sir R DDLU ULL
QUBESRSGEF LT EGLD. ‘ 'A‘Q&Gm 7, — I, s‘rs&ru,@% -63r
LLRGsTTGL. @b apye) Brid @parari Cpird @urilisgs

&soim:_ lyafLi6T S gierergi. GuBe Fa. pUI LI (BT or (o6
& &I T T LI I L0 6307 U IF & @) Ll pfures o9l ul Geiror g,
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§7.10 gyrdsr Gpée Qar® A gyrhsr Berd
Gursdlsh Quglaurs Gargiul L red Gurudsd Bsegh &%
soflssr Queb A& cumssdrd sraw@uri. Geriddsr pE
IFa X GHuors sTHSH0srerers UGEPS. X HpWwSHD
GF QrmGdsrear, GEruiear aThss GnidSS Qaulliyer ooy
sojb fmsGousd u @@w WrPHedOwsrug Goryrwors
o sbTenIWIr G, HeriFAser APwiar eredrmib, HBY Berth
GESG Cauryer oL Sagier ULt Quifwg sTer mih
Qsirelr Gourth.
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x, x + dx @ardvassfiigusrer P, 0 eadrp G sorm
sEpéhE GmLltiulL aafl, HB COFdasE@Dd P' Q' erarp
fleou SwLApG oTers; QWG P.gir @L.t Quuii&d
D st GoL. HAouddmb Sl & Q-6fr QL0 Guuui&d D geir
oo fAoudedmb s £+d €. P’ Q' -6ir Qs & FLoedr urtienl.d
srarusphE P Q-d, uLSHD sriLl Ul @elrarengl
Qursirm, susfulder APuw vl L sSA0T Qubssms 7O S5
QarerGourh. @adr Qusss ewstur® GCarrruors
P Q-ér Qubss sFugTuriemld CQar@éSpg. Gfas
gagy § 7.2-0 swsrur® (4) Gursry

*é __ap

Po s =" 5% (60)
Qarii&dlé swsdruriin ;b SIS S0 p-Q £-6r FTiLTSS
- &1 et Gou vty b . Gur@siremie CuamimauiEsd P’ Q'6b o sitor
auefluler Qur@atrente P Q-s0 2 srer Qur@ormusgs o
wres BHdsCauear B erarp HubsSrudsdmp s QaritsAs
FsTUrL oL sTggeorid, Hp&Geus P’ Q-6 o drer ouefudsir
LTSS P erafleir ‘

P A(X)dx=PA (x+¢£). (dx+d¢)

Qpraugl, P A (X) =P [A(x)—]—f %YJ [1 .;,_g__i]

ST, PO:P[H%—%‘] [1 +-§—ﬁ

[Afw Boysafler _witigs&rd yndsa s gl

P = k *.é.@.é__@.é.
° A ox 9ox

[Adw wHiiysefssr e wig.s&rd ympése s gl

=p;[1_A_1. %(AE,)] | e
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gwarur@sear (60), (61) saflclmb g p-@ ‘5‘53&5,
o, 226 _ 02

ot ox
__dp op
T dp bx
0P fl__{)__ca
ox ae

a2 _ﬁ. ;___a_.(Af) ) ;
=c* P, BX[A 5 x } [(61) Bmbg]

2paCou Fuss§ Fuerur(,

Rt L I

A 9@ wrHaaCwealsr Fwstur® (62) @mbs, wpphHu
A emges HBCurlL &  swarur@ (5) AL SApG.
Apuiy sumswrs A=A, e aoflar lss Aphs gmsl
eodow & sriHS ,@60)&‘;5 ETNGTY G]u:_.zq_uﬂaur BEBHE &P
pedQuBmsHudssr (Exporential Horn) eangeui AM_&@i.
A=A e " erooflstr swadrur® (62) s8¢ b .

!
8°¢_ .10 0é
T {a 5 4 2a-8° axJ , (68)

Basr i
E=X@T (t)'mam,'

n " 2 X/ : o
s 1 T § + ;1( =—n" (6Teir &). pedrenri
LI8s (L Em D& 6T £rr611 56U‘6Tl_§j Gurrsur@, :

e COS
T"s-in net
- =inct

g ek
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inct —inct
= A1 e 13

Grogpids
X'+ &aX + n*X=0
Haer g bwr & Fedr LT
m* + 2am 4 n*=0.

... = -G e 5/02—172

et Qu@urorer SBEGS P 960 Qupsdudd ni-er
wday a*-sdr wAoamusi. Be JHesn. osGeu ni-gpul
Qurmssl a’-p qm&asswﬂq‘sas

m=—a#=in
S X =gear (A, einy L. 32 e-in.\') )
o f = e=ax (Az. einx "I" _32 e..inx) AI einct ~+- B1 e-inct)
=g=av (4 ¢in (¢1-3) o B g (et ) ' (6 4)

GéFuedr uriiged (e o pUY GaueiGuw Qrsbayh s
el Gretri.ri 2 iy o drGar sl HHomwwd GHs
Adrpar. QHOGES Spdsar wyasdr S &Herper.
BT BTS, HIuEer Glelouamns @6 LmE Rl suiGw
QouaflGu ¢ HAmeCuasgILadr QESsOuUL. qply ujih ; TP
BTY, ¢ BohOerarafledr eriudps. Qreabrirosras, oo
uilesr Sjfiay QFiiuyih o myh B Qe s ewf or Friuhp g,
Bsuelly sriupp SeroLUIESHSTEr 6636 LIS HudssT oo
A wporulled o ebrLrdsuBn Taiells HAISE@HD  Bobe
epompudsd Quisdsl u@AsTpar. Gl usTIECoCu Fse
UGS AST JowlipEe HESGS &0 g euemolty
TOS & Qarearors L Berergl. A-sr wHp 6196181 & @5 & G
@uiuetry QuUrgiairs o ebranm S, : :

uudp

() [erapsiter @ @urist o@up i 2 pAurs S d
SUUL B Ll Apbgierer . Sp b gisrer wpdorudsam s S
Gwrisr pOULsTal eumrulsd P @y isHujdrer &rpmpud
whpls urHuish p, SiSHujsrer sueflujh o srersr sTafsr,
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Ao Ssailsr QubHEdv e ssafler B a5 Lp Bleu aubT H6IT P
apl _ Pic,
o = pe
Qelidiedr per sTar Hpejs. @BEG ¢ ¢ Taruer oG
srpHeub sreflud gy @efwdvulsr Heme Gouamarguw. (MU.)

TErp FLSTUTLL eNL &  FLO6HT

(2) A6 pSrseh Aphsider @@LY UTLYE GNISSE
Qe (Hé Qarar@erar @@ Guri M G LT (m VT ML UL 6T T 52(B
Gunsbedil 2.5 STy @ I, I' Berwpdrer QA@UEGHsarrals
HN&su@Esrper ; g b ofl sbg L 6T @) &t & & L, (B eir o
Queurgemwemw M-sir Guisd S HielssSHedr &revddn DI
—%—:— Grus srpg THISHS Q&Tsrer UL LT BHawd

@ saflsr QU P aumassisr BsHG e b 2;7 orosfissr
M (m?—n* = pcn {tanﬂé— + tqn.'::_l}

sTT Hmies.

8. srpm e-drer @@ Gruisr @mep®t o phurs
L Cul @ WwPigpder m QUITE T s o DL LI LIT (65 6D
sfwrs apLtiul.@ererg. GeieuenL LiLmeT @ L ud gyt i
o priusderd Quiisadag. sTHD iUl Berer Gr
wier Borih I3 SSLULBerar ST HHesr Qur(peremn m’ ;
Ll @erer &rpmHsh 6 edwdouldesr Hma@ousid c. A
il pod = m 6TGIT D - SFLOST I TL1g:

c c m

@& OEr@EsluGEST PG 61T Soies.

s S Her Sredan DI tan

1. @ Srrar Cpigwridd Bes slurst Qurehd
wjsirer @5 supaupliuTer M Quirgsireowtstor 2 gi & T ()
FhIGs oLl fl ussn Qardrordsss3!. M-sb (5 Bems:
wihod Qsrii&Aulsr stHATTolianLL b QEy S SITHSEHIILLD
@i gl 6T AT IYEQS, HYID Qemspmas Gsp
EMEULLD &I 60bT . : ~ e ‘

5. a,a,d, USESHSET LML R QS QUL g uded
fag peAudvsdr wopulsd @prriis,  Quliy.  Bel
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@ uflwgrudsr 1B 1 @ ou T N-6@é6 @Goopeurer JFiteb v
s saner 6T auidma GaTrriors Aound &sflwer
2

2 v} 22 .

(Quadratic) —;—C-;- -+ %T—}— o) = =g -eir &eor  jereded 6TLL g 6D
] , )

PEm LURSTGD Tar Hoes. B HdmbH Csryrumrs @i

4N 08,0 oo Bipjeys. MU

@) 6u 6vbT 30

6. speduiBuuldsr HmrGausmsE S ewr @ev L1601 618 68T
'@@gguﬁ sTaoT 60T 2
7. @ mibys @prisd Apsgerer Nbs ugHuds

@prih 1 1B LT eTeT(@ed SgliumL. By abrewfler wH0
wus srers. @@ c=882 B Li/d@y .

8. x=0, x=Il-seflsd apL_ LU @erer R @I uded X-s0
@ DI G0 auL1g.687 urtiy=4.x" PHGD JWE@BSS auerflud 661
@L_L’nauu.niéél B 1 & 6UT L FOGTUTL 3.0 GQarGaEsl
uGAp g sTar Hpies.

£=x W=nl? J,, (gx) cos (get+e)s

Fiie m= Z%Fl T (gh=0.
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(ELECTROMAGNETIC WAVES)

§8.1 @GuugHemwls - Luq_ﬂugm@ Lgaﬂww&mﬂ@&&
QeusL.oi solssH0mbs Ao qpiaysdar £Cp QarHésu
. (B elr aweor.

Qupssd (Multiplication) ‘
ér g 6wl ng&aﬁ) (Scatar Product) :

A. B = ABcos zAOB [A wpmib B-&@G @am_uuL_L_
(é’asrrsourw]
= A\ Bx+Ay Bny' Az Bz
QuELri GoSSL C)U@éaﬁl {(Vector Prcduct) :

=" AB sin AAOB[ A wppb B-EG BewL.il
uilr. Garewrod].

=T (A B, —A:B;) +7 (A: B+—A:B) +
- % (Ax By—A, By)
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60 &I L6
(DIFFERENTIATION )
' Qeaius o udem g e (Rectangular Co-ordinates) s

(7> J» k eraruer ot pEG ST Y QFMGS ST GG

@ oud LT &6iT)

AC i wTL __oP  _oP 0P
(Gradient) a b= ox t iy oy Tl oz
SML.Wli’QQG&TGfD —_ OAx aAy BA:
(Divergence) A A= Tox oy + o3
& 60 — ~ —_ —
(Curl) XA = i ] k
o 2 _9
ox 9y or
A A, A
= F (ﬁ!‘.z. o o4
oy oz
3/1;\ - 5A~ aA} aA.\'
+/(~—‘Waz e )‘-}-k( o —~——--——6y)
Owomrabus o o OF OF  O'F

(Laplacian) dx e Ys
AE =T A ds 4T 0 4+ EA A
o5 OT QU & piS 6T (Cylindrical Co-ordinates) :
{1, 1’0 E srérusr  @eir p&GsTei p @sm-@ﬁgwm‘
@@LD deu.rrrraisir) - ,

-rcosﬂ,y mmlhz*w -
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ARG g s eobr L _- oPF _}_ oP  _ pP
(Gradienty  2T=7 B T To7 TR 5
L 6u F gsiT6id - 04, 1 6Ag de

(Divergence) A= + ¥ + t
&1 60 D T k
(Curl) Axa=I5- Ty =
b o2 0
or ot oz
Ay rAg AZ
\ 04y 1 24, , A
2 rpseflsdb: A XA k( T 20 -+ . )

Qeols o erfiiLier -~ 9% , 1 oF L 1 5°F O'F
(Laplacian) o°r roor SEY L oz*
‘ 2 o4y 4,
Y] "'T“")

—_ 28Ar,A
+73( 40+‘;-760 r_ﬁg)

+ F(Aa*4z)
CoHror YuwsHs ¥ &or  (Spherical Co-ordinates)

(1, 17 PR 1¢ ST 63T LIGUT 5 607 Q1 S Q& T g Qerﬁj@gs,dsrrm SR (BLO
' QeudLuri &6ir) ' : ,
x= rcos¢sm 0, y=rsinpsinf, z=r cos-ﬂ

17

eﬂ@ytq_lusmm_ ' - oP 1 2P, — 1 oP
(Gradient) AP =10 + 1¢ rsin g a¢+ Yy 7 50
L sui gedr aiv —_ 102 ;. R | 6A¢
(Divergence) AeA =5 (PA rsin g a¢

L1

ATy ‘a-“a (AH sin )
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Bersn bs Do er 5

&iteb AXA= 1, VR

Curl Fsind  ysng 7

2 2 0

or EY] o9

Ar rAyg rsinf A

G svreor el 5T 2 O'F 1 0°F 1 o'F
(Laplacian) LF =50 T o8° + rsin® § 9p*

2 9F [ cotOoF

T T o
C 3D mES6T
Irrotational Field and Scalar Potential
A X (AP)EO

wosdowrs, AXE =0 erar@ed
B ==AP strard Qarererefluagnb.

Solenoidal Field and Vector Potential
A (AxE)=0
wysowurs, A.B = 0 erarmsd
B X A XA stard Qareroraflwigrh,

§8.2 WBearerps SSadr Gsusfuisd (Space) Qegiss
eorih ereor SurrGi (Faraday) gpser wpgoorsd smBet,
BEsms P 2 abrenio wrdsioQarcbsfssr (Maxwell) prmiliéd
sofisir a0 @rsurs o pfuwir v py. Ber &r b5 Her LobrLjsSr
Iy Lusm_& suarur@asefisr surudeors wordsiv@ausd B pied
@t. Gugih, B& susrur@Gssaiaildry AmL.gs aumads
Q& & &werurilg ér (Differential Equation) $ieyser, s pp
Qe CL. Refudsh HFGuassgiLadr GFdbgib GUSS
Hdosdr GphSser. Qdisudvsefisr stTHGFrefliny, eeof
sfeoset (Refraction), eflefioy el &wey (Diffraction) Guirerp
uatrysedr Qe gpempuied peflwdvsende Hoeuls i
uetrysdr Cursrpsr@gn. RpaGou gelwdvssdr Bsrarhs
DB sefler ey euenoliLeL Gl eTerp QT eirens 1A b & i -
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1T Sefo Qeushelssr Qarerenas Gurere) Ha&ihéAaudsrsbr
(Macroscopic Phecomena) @pgeugior & FriFss. U@
Qurgedr (Matter) Q@@risflurs o drorgl, wHYD g
Seoworiy (Atemic Stiucture) oL wrgl sTary G Qarerme
O SSS Qo e Herem @ DI SEISEeTT6L B& Qarsransd@ fev
@mpurHssr o abr@. e grrewiors, BHpuiifiens (Disper-
sion) B@psd—eef alleash er abr B & h Qe qavr Eswor I Qi (B S S
wrpaug CuITear pEmasSErs S 8BS Qareransulsd oaflardisih
Sem_wrg. BT sLGsrl Qurgsr wrBefuph (Dielectric
Constant), ewiL s5Har &THS e L yssHpen (Magnetic
Permeability) fap@euairdwri Qurpss wrpuCs @ ssr
sryeurth. Bssmew Hospsdow Qhg pri aHSHS
Qarerary Gurasdsbisv.

Qefl Berarps Posdri upfu Sjg LU wrer
10T &0 eusbslsir ELeT urBaeansd (Maxwell’s Equations) sugpih
o miiydadry urit@urit, B (=B + B, + E: %) stebrug
\Besrijev susdemtn QeusLmi (Electric Field Strength Vector) ; H
(=H,7T+H, 7+H: k) starug srjpsct so susBemin QeudLri
(Magoetic Field Strength Vecter); B sreirLigl srhss grami s
@eudiri (Magnetic Induction Vector) ; D sTeir ugi tAsr sLSsr
AL u@uuisd Qsusiri  (Dielectric Displacement Vector) ;
~ererugl HSTC@LL. i HH Geusi.ri (Current Density
Vector). Brib sTOS SIS Garerepn osi sBIGsT sTebsorid
SOUBrT arpsih (Ferromagnetism) @sbeog H&owrer gor
of &) (Permanant Polarisation) @sveors FameQuuriiyl Lebr
19useoT & Si (Isotropic) srefrGumib. ¢ eréirugi Leir SLGSrit
Qurer worpfled (Dielectric Constant), [ oeTerugl @ 1 L]@§~
Hpsor. (Permaabxhty) T &ufl60r s ‘

B=MH
D=¢E.

P starug Bsreri L Si_is#H (Charge Density), o ereir
ugi L& Spar (Conductivity); » B'» H 6T uarsupanp
emu Swgsei@ain, E, D sarusrapmp el oG
sofie i YsriiGurid, . Beiol wpemp VG Saf e sﬁlaﬁ;zm ;

; . . ‘lemu D0G
“u8 & & S eMU IS o 0
c~ud@med @;ﬁl &L LB 681;0@ o5 @me = 3><10
CIn. /ufc GuGe ah.;_nuun..@mm 6T sbsor &mﬁwrﬁt&aﬁm auan;r,
W S 8T usuurqas&rru;m Bedr srpselud upBu Uss.
wdHed sredrs. (urnfsmmds @rﬂlu L;,dsgasn!msefr ﬁ?s&r@sﬁ:’
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Glefl QeusL.ri  euig susminiigesd

wréevBaicbedsr #udrur@asr ECY QSrHES&r L (Bsir o ar.

A D = 4xP
AOE—_—:O
4o 10D
AXH= ’ﬂ']'!‘cat
. 1 88
AXB=-—Z"-‘T
D=¢E
B=pH
i =oR

(1)
©))

(3

4
(5)
(6)
()

9feyd Fogy § 8.1-60 e sirer pg-oyS&HTL uwsru@ s S
QSSGETLLI.8T s FopEafed wrev6esesdedr &FLostr Lir (B

&6 ¢
o D,
ox
o By

ox

17

8Dy 2D,

oy Tz T P

By, , 2B
+ oy oz
pH, _oH,_, ., 12D
oy oz =dm it g ot
oH, oH, , . 1 8Dy
oz ax“4 It ot >
aHy Q‘& . LBDz
b 5y 2T e Sy
8B. 9E, __ 1 2B )
oy oz ¢ 9t
aEx Mg_%mqiaBy
oz ox ~ ¢ ot
9E, 2B __12B:
ox oy e ot

(8)

®

(10)

(1)
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D, = ¢ Ex N

D, =¢E l} (12)
D;=¢E; Jl

B; = p H:

B,=rH ‘L (18)
BooeH

jx = o Bx 7

Jjy =0 !f 14)
jo=0cE; J

QausLri g eauewlifed Ewsrur@ser sTaflLl 6uIg. 6 DL
wereurs @wpser. Gugih Sitejser aramilh pemp Gleud
L gpsopuldsd Tl g, psGou Siejsdr BT QeudLmi
suig.susmn 9 Geo Guw srarGur. BH0mHS OsaTLy.6r
oy auLALIENLIE ST 6T LI St e afl i«

Lo st Qaushefsir g Loar LT (B afl6br OusrSs eSS
WBersr s Lo pu UsssSHOmb S ST oW S.

owr_& wrHpn g Hu@d eTebBoudch o drer TS SLBL
ur@asrd erar@urn. G porl_@his STl QA& @D TS5
ST SHPGEF Qrhessd Smeuis o _drer Sagls N ETEID
Bps@® (Suffix) wrgub, eTed®0E sor $HBeoujeirer 6155 b
Aemauigib o erer Qs § sTeIh &ipd@ P gib NELICETAN
LG &str per 6TOTS.  RG om L& $HeA(m b S 10D par_ F5HDGHF
QFsbay G UL S '

D,s B Es» Hs srsiruer Q@i &S /T (Coutinuous)
sTesr L GIBTET §BHEOOUILIT ST sTebdud s GLiur® S6ir. (15)

B wpESunorer (p1g-6 5 B Lt LIwIedr u@ sz GuraGmid.
WPBOTUSTSs. Hararpsoymn pHpEIEF Qriips mud
Apg eTeTGumLDd. ouL_s5SHdr HHLd ST o ered HE Bl
surr P [pefleir eI X e

e fem ] S ue
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@) VT LT QU ST s <2 D ML urujr  of s SdS L ud 63T 1Mt
QeudL.mi (Poynting Vector) sTeh QeusLri Qear@sSpSi.
Bsu QeudiLmifler uggh (Magnitude) SHeneuyb (Direction)

- € = —

§=4; ExH 17
srerugred Qar@dsu u’@aﬁla’rr‘mm. BHOGBHES RGO
Crrs e R (HLoLI urtidipgé Qenessd Hemauled Liruji
< b pedsir |6 ey AL sHps. E-ujb H-2-1b 15 Geousors
GaupiuBih @ewflwmiser. apaCeu (17)-c5r srrefl wHIYS
sreir GQuer Hs QsALFSeD 2L WS

§ 8.8 sawEmny- Qurerp sLSars emLssmz (Non-
conducting Medium) sTB&SIé Qarairred Fudrur@ (7)-o
s=0. QGuauh smL &b G UGSSTATZ (Homogeneous
Medium) eTeiT(ged €5 j 6T 60T LIGWT om P& r@th. Ber T L S Hed
18 Hud oot p=0. BsspighsepsGl U@ Wrdsio
Qeushedar FLosir LT HISSIT

AE=0 (op=0,D=c¢k)
A.H=0 (¢ B=rH
__ e oH
A. X E= p T
- _ e OF | | '
AXH == 57 (18)

QeusLri sewf B dH0H b S
Ax(AXE) = AAE)—AE
==AE ("0 A E = 0)
o (18)-6b apsirpougl FLaTUTL G665 S
OH

- APE=—AX
) c ot

. a _: e 0 o ) ' .
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BGs Gurer g H-@3 Bés

— pe€ o*H -
AN H="5 5% (20)
paGeu, Dpsmew 2L &580 /N e Hows Cusd
Sl 60T SFBVSHT LOT(G 6416 ELOLI LB QFa S SLUILIL ausLEV6T
srar YHAC@d. sLpp Qeuafulled (Free Space) e = p=1
T U ST, BSAMmEFE Causid ¢ HGW. KHE@D cTaTLG QG
e Lisr Heogsensr eldsurgh; aar@ea Geeldsid
Hma CaisdIebr ufloreorid (Dimension) o oL uig. G aer
wPlimué QEligpeps CFradur apowrss @rewrofwigy.
@ _STFemriors, SP&Eairi. WAL ser wjgaaflsr el &g
c-sir péoso Garyruw LALLSETTGLD.

Rosa and‘ Dorsey (1907) 2.9971 x 10%
Perot and Fabry (1898) . 2.9978x 10
Hurmuzescu (1896) ... . 8.0010x10%
Abraham (1890) . 2.9918x10"

c-sr 0& QEEHHL Caryrw wdiy Rosa wpmpnd Dorsey
wiE) o s GiR.SSLUL L ST G5 S STl c=2.9971x 10"
sLpp Qeauafudsd (Free Space) gofluder HeneCeousd @b
wACGuurgh. @HOGHH @efudvss, Hedr sThs S8
geflsir LG L e eTaTD &MSS o GUOLdpH. ASSGS
 Peir o_ciremwn Arart agaISILOTS Aoieutnc’ @e L g,
arQ@sd dvssr (Radio Waves). Glautinn o Bvassr ( Heat
Waves)s X-sdiasar (X-Rays), »-s8iser (¥-Rays), Lp sawrgr
oyFossr (Ultra-Violet Waves), ypé& fauliy Y &ossr (Infra-red
Waves), sbifudsoor @osdr (Wireless Waves) wpsedwsrayn
rarps sCarurg; Qmeusdr @aiGeaurdrph wHp
BAmss CunuBaug, HspOaua wpph o FersSer
Sr@h. - SrrEiars, P apQsushranfidr of &Qasvdv (Range)
arfed sersE 10¢ dBeba 10" cfs ausmys 7-sHi
sepd@ 107 c/s-by B5HE Gugid. Gsigmps Gerssr
sef@ ppimiwrs Apaiuc @l BQss6GSS00hs
gp o udlsr Berarpss Qardrans (Electromagnetic Theory of

Lfirsar sufsneawr (Order of Magnitude) o 1 eyGuo ari s - .
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Light) 9pssg. Qaligpamp& Geargr apsolh & H M6 geafudsr
Gouah Was Aphs wHiurs 2.9977x 10 Qe.ad/@pry..
srer Michelson 1927-opih gper(® saw® Wy ssri. Gb
ALy apsireri & et Bsiror oS0 LjLeir Aphg RSSlerermGS
sravra. Geaieurp, B er oG sefler (Electric Units)
MAsh ¢ Asrarps Jdoaafidr Hos CaussbgiLsr 95 gl6r
oral; &G peafluissr HmeGaisnrgi.

sar@yy Gurdrp WErSLSsT WL.EBISEEG € Ror
pSEGs swldddv.  Guaud p Sdvseaflsr BlapGleu bt Smr &
Fri paleror . Qp@6h L LOEGL UL LG (Visible
Region) a_sror @afludvamée p=1 cTard Qs&rerersvrid;
9 sCa gafuisr fems Coaush ¢V geofl aflevs@eaeair (Re-
fractive Index) k & _sror et &5Hed goflular Heme Geusih
clk etard Qeligpomp Cerglurursd  erewrl Ll Gl or gl
BUG SHPOSHREHT HSTFpemL_wemes sTeflsr e = k% @&
wr&evReusvsdsr Qgriiy (Maxwell’s Relation) ereriiu@b.
B)S Qariiy gpssry ereoor 2L SHSEES@GL 2. QremL
Quisflgyid, @peiry Sefug Gurarg, 1oTdsoGeusbseor
Qarsrenas 1Har sL-Ssrl Qursrsefledr Sjgm enLoliL)l
(Atomic Structure) u airedL @pgeOLLWITS 6T B S8 CE&Tsrar TS
SIFErSSTR Ao UMSSErEE DSCOSTL-iL] QUITwsSSTS .

§8.4 gr srig Qurragreflueser: & w6t ur @
©LLET
A. E‘ = 0

L paEBer - B = H

=AXA&  ’(21)

sTar eTgseNuwigih (§ 8,.1-Cappriser). GHd QardLri
A Qergyi Aienrudsatiuelsidy, @éswsrur® A @ apag
uglers aumruemp QFdiu qpuwr s gQarefiar W aCsgy
Quorey Semaudsd (Scalar) Quissflssr , e .

AX(A+AY) = Ax A, '."A‘XA*?:O“‘.



£62 Do ir
2 &sBat, @ Hmeuisfulssr HCyn.wiraL. & gl (Hh jer
e A umrusdp Qalnulin rned e 6rergl.

Bs@d
prib Guayer G Bupsdrow of Al Gurd.

= _ 1 2B
AX E= c 51
steirp FwsrurGsanednH S B-8 fos,

1 5 ,
AXE = TBt(AXA)

f

D SST G BTENSEHIE ST 6T 5

E-I— ot —=A¢ (§8.1, Gapprser)

Qe ¢ e 1 sbeor SHemauld @& &ritL].

¥ | (22)

ST ﬁmsﬁr‘un@&aﬁé@@,ﬁsg H-3 ;ﬁéas,
A x(axA)=pAXH

B atA =2 0F
Dagraugl, A (A A)—n*A = - Bt

_pe 2 (_ ,,_1oA
e at{ i 6:}

[(22)-0wha]

~ e 00 e DR
¢ T ot ¢ ot
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9°A w  pE Op
D ST Sls NA = {T"‘ r + A {A A’{‘"T—EE‘}

A Qeudl.ri (plpeuGIOTS HresrudssiiuL. Geoiebrigw
B S v em ‘

AR 22 o @9)

steir gl TS Hi6 QardrgpGaurn. QHBGSH S A,

1g = b TR
N T @9

ereirp A laiges YPCuILLF Floarur..en - Heopey
Qwifp gl

A.D = Ostarudedmb s A E=0

0= A.E
- a[-ne- 5| eososa
= —A’¢-~-—§,—(A R)
A’ﬁm—’;%—agf | (25)

@susurg  ¢-ujib Hllaug.al SBOCUTLLL. & FU6TLITLC DL
Bempey Qeldp S .
py T -sofsr wdiser wph&AunfsBoQueafsr $pdes mri
tpy-ayEir AL sSHGLQID ¢ e
B=AXA : ‘ (28)
_ 1 24 '
BE=—A¢— — 3P | (27)

¢

0—AK+';€ %‘f : e
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2 g ke OA

o e ATl (29)
2 g 0% dmp ‘
No=F 25 p (80)

,@LE Y-S S STOTUS WraTaisgl LlHAurs et
‘ un_‘.@sfmrg;

¢ eTsiru g WBeirQurL.sirafweb (Electric Potential), Asrarug)
srHsl QurLsraduwsb (Magnetic Potential or Vector Potentlal)
srariu@Bih. eN@sadr ¢y A gampuiCGeor Jjsbeo g EsH wpop
WGBsor Biey Qeliusrn. ¢, A gpeowpudd Sia) QrliushGs
Gomanurer sTodvsas@Uurhsdr (16)-0mbsH orewr
" @) isgond . cm,@m, Qurgieurs staflw gpedpuwirer B, H gpeop S
SieayadrGu prid ﬂ@g@a@&nmmuﬁ?uwmgww ¢ A-GEH
srar Tadvssuur@adr prin & aur i@ urs bz,

§8.6 soridfd srewn (Time of Relaxation): pug
Sirauriioysaflsd p LEAWWLTE THSHS QETroTILLEOTLD
srer @)U Hudsd ,@ym(‘émmm

oz g4 =, 1 0B
AXH—%#J"“—E—‘—‘at
, - € 0E
:411'0'E+—c——~—at

AL papid e‘m_m:‘fggs&réfu‘ TH&S,
A. (AXH) = 4ﬂ‘aA B+ —Z————— (A-E)

47'rp +ii(4ﬂp)
ve

Isreugh 0= 4¢m or\ e

[ A (AXT)=0, A B = 4%&]

lr;ﬂ e _ _ Amoc o
DIBTAUGL 5 = ¢ LS
QBTENS STETs '
log (;’L‘) - f{fﬁ- t (p0 ersarug: @ﬁr@&uﬂm
- 0 . e .

mn‘;ﬂsﬂ)



Bedram b s Do seir | 265

DSTUGs  p=p et ¢
SR Y PO (1)
,@rm@ p sreirug peritdAé areon (Time of Relaxation)
srortiu@n. susrur® (31)-e0@m b, Lﬂm@nL_l_ggﬂm
apoiur i HEGS GPurs O f e piflp Hi (Decays Exponen.
tially) steirgid, @esusnufey, o Lafllsparar wHp erps e
arpss HerisHewuyd FripHssde0 eTargid HPNAC@HL.
@ssryersred Qupurorar Siauriesaflsd p=0 eard
Qardraugl sAUr@h. owl &&Hsr o 1 ypiysofud guer ar
BarartL$dpe win G swdrur® (81) Quregbgi;
SLG b oG SLSHT amL sSHbr e1d&oudgudror s
ariL$8pe BéFwsr ur® o avramuudsbdo.

$8.68 &rrar, SLSST 2WMLEMSald For o&wser:
(Plane Waves in a Uniform Non-conducting Vector) SensGaimia
Veuj_sirs (I, m, n) Senauied QEsbaild sor HBosBr o7 (H S Gid
Q&rerGeurih.

9% Qadgib Samaulleh 7 616 LIS BGW Qeud i (Unit
Vector) sTebr@uimid ; p&Csu Ai=11-+m7T +nk.

E=Exl+Ey] +Ezk
ﬁ:Hxi+Hy7+sz 67567@,

For D&vaE G ‘mfrm' TS &1& Qaramr@erarsred E, H,
ST 63T LISUT s - D] ST 611 G} By» Ey! E.s H;, Hy, H, srefruer, kK +my
+1,— Vi-gir Friyserrs QaésGa aiw G,

um-lx"‘[“"my"l—nz Vt sreires
%&Gm, Ex, Ey, Ez, Hx, Hy, Hz 6T 601 L16oT - Y-6x) 681 a’ﬂ'fi'L‘ﬁGT.To

¢ BE .
AXHB=— = | (82)
6T 631 LI 60 (H b Sl »
aHz___ aHy _LaEx
oy 9z ~ ¢ Ot (88)
oHx oM. ¢ 0B, |
oz~ 9x ¢ ot ,(34)_ ‘

ax “'Ty éTMBI ‘ e (86)
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u-meutt QUIGS S umad Oawmea &gndfule@e (Dash)
@AuGurid. 2HsGeu,

=Hy.n
9 Ex _ dEx ou
t du ot
=E'x (—V)
==VE'x

(38)sb s 31>

mH,—nH'y= ——YEE E'x (36)

~ Wy 4

. §
BCsGursry Fwsrur@sar (84), (85) sofled @ b Sis
| nHy—l Ho=— S F, (87)
IH y—mH'y=— B, (39

u-meult QUIMBS SIS OBTnE &rewr, (86)s8(5 5!
Cepref wHIY wEAweeTer, THPAPEST LMD
(Fluctuating Field) pri st®sg1é Qamabr G eirem sreb IaLITG
Qareonsuisr wrpf EAuwrgn. Gs Gurarp Fwnsdrur®
&eir (87), (88)moflelm b Sts , o
nHe—lH=—=YfB, (40

IB—mE=—1%E, @1
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susrur@eser (89}, (40), (41)s8%r psmpGui i Js k saflEysd
QLS EE Falls

AxXH = ——Yc—f— B (42)

; 5 p oA _ . X . .
BCsBurarp, AXE=— T 5t 6TElT P FLo6dT LITLL13-68(5 5 Sl
ax B = —Yf-ﬁ (43)

srerd sriLefwuayh. swsrur® (42)-88G5 ‘B, A wpHmib
H-3@% Qeligdare o_srer g ; FuweaTur® (48)s0mB S H, 7
wppih B-d@& Qshedsrs 2. hsGeus B, H 66T LIaT
Qegygastiu@L Hos f-dEF QFBIGSSTS Q6T ar 6T . sTeor Gou
Boser GDES DBoserr@id (Transverse Waves). Guguid
B-o_1h B2 b o HIEQET 6T QI QFHEGSSTS 2 6ir oT T3 E,H, 7
ST LIS §p( SUSOEENESLI LI 6ubT L{ehL il S Fassarrgw. (Right-
handed Set of Axes). @eofl, B Qoaudstiu@h SomaGaasid
V-ir tnAlientidh sraw@urin, (42), (48)-saflsd®mpb S H-
Bésaqn. (48)-sr AmLDapd ST THES,

AX (AXE) = ~L (X F)
s om s oy B Vipe = .
ogroaug (i. B)i—(A.f) E=——(— & [(42)-c8mb gt ]

fi-@_th Bujid @&rﬁl@ﬁgﬁ;rmmmasé}rrr@mrrd) fi. E=0 Qugub,
7i o QeudLri eTar S @ 7. fi=1. :

. Ve =
., BE= c’; E
<
B e e
oo gs YV .
FhsGeu 1% eflsir HmeBausin = :/_f_: i (44)
- V' pe , hat
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"ot

v

uLih 87

H&os6ir

§8.7 gor @owewi ser (Plane Harmonic Waves): sweir
ur@asr (42), (48)-safler GO0 L. umESerrear Ger
Bms H%osdrd arowsurn. H, io_drer gerd, ser e9&r
oys sorw (Plane of Polarisation) etarduGi. ger @enswdo
o QFSSILBL HDFmU - FFTESH QaTeras. < 5Cou

i=k. D% Qegissriu@L HmFrGaash V sTers.

s (i): XzpwSmS gsvmi?am-msgarw eTeira. sTarGau
H, x oéa Smsulledd o drargl. sGeu, E=[0, Ey, 0];

H=[Hy 0.0]; i=[0,0, 1].
E, = a eip(t——Z/ V)

(48)-0m b &5
nx E= V” A

6T 60T &

- JEs -]

.f.‘-H«:\/,ﬁ_(ﬁxE)
_~\/ ,

o“l

k
: 1
0

y i
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——i |eg
'\/11»y

- T 2o 2 =2V

"

e ip(t—z|V
Ex=0 Hx="\/-£~ aepc V)

Ey= aeip (e=2/V) H,=0

E,=0 Hz=0 (45)
aums(ii): yz porsms ‘ﬁ‘mmﬁl&nmﬁ SOTLd  eTEir s,
srer@ou A, y-Sjéas Hmade o _srorgl.  sCal,
E=(Ex9 O, O); ﬁ:(o, Hy’ 0), ﬁ:(O’ 0, 1)-

Ex=0b eip (t—2]¥) 6TE0T

= —_— i T K
I
0 0 1
| 22 0 o |
, “
. Hx:
Hy=‘\/%;bei‘p(t z/ V)
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Ey =0 Hy: /\/f—: b eip (t—Z/V)
2 .
E,=0 H,=0 (46)

ama (i) : @GuIlwmsgw Gsrlurmiydruy. (45)
(46) auemasir Sioysdw G H%wT &%

L N N Tl
" E,—ae ip ({t—z/V) Hy = ,\/"i“‘ b e ip (t—z|V)
E: = 0 Hz =0 ‘ (47)

suarur@sr (45), (46), (47)-saflsd a, b A&s6d 6T evbr
serraayie  (Complex Numbers) @@dseord. Gmeausaflsr
Gareawr af & siiser (Arguments) @ Lor grur @ Lg% &rujih
(Phases) QarBé&@Lh. s (iii) sd@mh g wrpurl@U Uy ssir
QausGamulsr  Ber sulL Hd gor olreyd Qa&rer @y
spafl (Elliptically Polarised Light) denL_ddlpg. QWS E QeudLrr
fsir aplor x y srsdgusrar R0 ﬁw LGB0 pEG
Epgl.

8Cs (Suuresrmh B @suésl.rrrﬂm @&vr xy gsmg.s,@gmsvrsxr @@
Beir ou L5 8ed ma@ﬁm@ b
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T

uth §9

(47)-6b o_girer susrur@eaiar Quiliay sugmg ThHS
S1&Q & T @ @mmsc’urso)mas&vr SAoiejeug wrereutaGa
uud pHwrs a1 B sir or Sl

tor guum @1 Lig-GeiT suioruder sorsHeo ser el Srays
Qarsrentd Goh (Plane Polarised Light) A &&pgi. [l
QeusLri E-er qpdor X y &HorH Hed

y acosp(t—z[v) _ @
x = beosp(t—z[v) b

sTeirp GBi&GETLY.0 26T Sl Qusyth, Qeudri H
wplor x y SomSHled *

y b
srasrp Gpi Gsriiig. 2 6o i apaCa  Gsuumsuded
p=— -—z— srerp BorGuo Gerol Breyd @asrrsff@_u‘: g,srrmfr@d:{

Ey - E




272 i Svasir

or T Gliug udsr Ceaugur® =/2 stefisr of && daer
wrg. Gelumsuied, aul L SHd saralred Qe Emw
spefl (Circularly Polarised Light) SenL.sdp g, Qeumasss
Fusrur® (47)eb GQuols eug.eusnolimy 6r(HS HISQsrar® E,
B sofleir qpluraer x y serddguerar oL gHed o srer@gar
Poieys.

m

Y

ui_th 61

@uo Gsvuy siror mmas&aﬂ@\ewbs\)rrm SU.L.fBp  Gleuaflenw
THSSHIE Qareabr_red e =u=1; eu,aa(%su E,H, aasvﬁsar L (pLa6sT
(Magmtude) FLow rr@m

§$8.8 yoped Qagygguu@m sﬁ'gm (Rate ofTransmlssmn
of Energy) : @uiugHuiss Frrar sL.Sasr sl &S Hebd @ergyg;
S0 u@n Whpdsr Fmes Gousd HHoudsr Home Geausid

Qursirp g star B pia|Gaurtd.

&wsurun*@asm (45), (46),(47) msvﬂsn 2 _sirer aamas@s@z,
uxruﬂmnq_rﬂl qudsx_.rrsm;rés mwﬂ&@maurr@gh -ZC-;- E x H

s‘rmug’ 1G] L.Ilq_&&lrn‘q (Linear Function) @sb&vuwir sedsrs E,
topgid H-gr Guili sjbeo gl sPpudrl ugHeow ol gaiGu
TR S SIS Qarerer GeusirGib. wr HNwirs, &msorunr@ (45) 23

Quuli tiu@gSemw st(HS G G Hm eobr L.ir6b : o



Betrarh s Boasr 278

e € T f
B, =0 H, = \/Tacos‘u(‘t z/v)

E,

Il

acosp (t—zv) Hy=10
E.=10 H.=0 (48)

o ww CErsHed, s (HLoL urtdpGs QenGsHd HenFudsv

. . c
LTIt 0 ed = LT UG 6T 19 M QeudLri = —— (ExH)

e
- 4z

L5 e cotp (t—afy (49
=+ k y - cos® p ( z[v) )

apsCau z ay&é?sz;rr Havgded o_dror uruiebrg.m GeaidLrilsr

uBLosT = Z“z \/»f-— cos'p (1—z/v); Qg THD Bpss

K »

pemL.w aseuuﬂwwir@m; @ asr, GErémal QUImSS, syref
- ‘ 50)
wHoy = 47,. ,\/'—" . ( ,

oL &S HET RMind sar @jerefsh @pHpsAsT SLidS

o - LR

2 ‘ . ) i
= :640# cosép(fuz/V) ‘ (61) :
eat
@gssér G’mo‘;w»gu Qun@‘ég, amrsrﬂ wHoy = T

Qfg:wﬁuu@m a5 D pedsr ﬁma@maﬁm '
18
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. pme BpriBev @v@mﬁ! wrilped Gpssresd uryd &b Hmed

PmL GO sarald) «pHpiler St HH

= L . 52
Nope (52)

Folsr Hme Geusd ¢/, 1 srar epssreri HoeIC@id.
GpaCa QFgrssru@n @b PHpslss SmsGarsd D &oudlsir
BHene Gousth GursrPGwr G- @uiusiryy sTebeoreds &
SEpdGh e oToLIihiu. 2.FTy NS, Gupuygiy B
DGosefed < Hped Qeausstudn  Hms Gusks Y
Qg sstiu@h HAms CasdIHants Gougru’L_gi sTer
apsTeor i & ewr L UL Bl o D S B&Tey Fnlfs.

$ 8.9 epofluissr WssrarbBafisd Glamsirons
( BElectromagnetic Theory of Light)

OausiGum GolsloaQeuarsdrd (Refractive Indices)
Qaraw@sirer @m oxL sty AA&EGLD sor SHed spaflidv
sofiadr eTHOrreniLyh (Reflection) gefl sflsusauih (Refraction)
puwdE Wsal upssepsrer uean Qe serr@h.  10STErHS
oMb Qarerensuldsr eurudsors G CiuielrLyseir efler S sLU{ID
sroflis gpepow @he sraw@urn. Qe dAdrsLssrl
Qurgysir oar_smisdr (Non-conducting Dielectric Mecii) st(@S
&% QarerGaurd. Heualn oarL &I & EHLh 20 o S Hewysd
WRssu@asrpar sardQarar® fSsTSmS Xy-gerid
(@18Teugl z=0 eTeir p SHorid) sTTSQ & sir Gaurid., G5 L. &l
sefdr pefelss@earasr wpenpGu Ky, K, stedra. [y=H,=1
sreflssr @@ owL_shselgih pefluidr Home GousBissr
pop@u c/K, ¢/K, @p@h. AO, OB, OC sraruer gpsmpGuw
U@ %o (Incident Wave), et SQrrefiliy 2% (Reflected
Wave), spofl eflevasd %o (Refracted Waves), Sjsboogi QFsusd
sib 2% (Transmitted Wave) Q&b ayn Hane ssir eTodT 5. B)ameu
sor S RCr serSHd Jminaier sTaor 1 Gerari .
PoayGauri. OA srdsd gorsHev (Plane of the Paper)
oo Ap B 6T E; LD ST HH (Plane of Incidence) (15 rougt
OA, z-éa& o srer gerid) x—Fms TRIHS Qa&reir
Geaurih, MpaGeu, y—Hi& ardsd smSHPGF QERGSSTS
YL ‘ S e S g



Harsrps s&vssh . B78

L.th 62

AO, OB, OC z-@jéaLsr yop@u 0, v—~0', ¢ sreirp Carewr i
&% o awLré@Adtpar srdrs. 0 ererug UGGST T
(Angle of Incidence), 0’ evssrugl sTAQFrafidiys Qamewrh
(Angle of Reflection), ¢ erarg sﬁ}m@(&asrrsmm (Angle of
Refraction) stertu@n.

(I, m, n) Hemsuleb, %ﬁme@m&ﬁ@u@lm% B
1
Glou st g LI Qe o HFvsers@ £, Hsallsr epsdr pi oo ot
. (Components) (@M LD '
zp [et—K (lx—;—m y+nz) 1
steruBeir lAGFWSGHO PG, UBCsrewri - erarus
@& U@ Hydvser Qadgud Heve (sin 4, O, cos ) Guguib

HemaGoush = kg s B Qeueir = ‘%;f“‘&w’ QpsCeu L@
1 .
BsensE E, Haoflsr apsm o pisEpLd
eip [ct~K, (x sin 8z cos )]
sTruer silds s HH BHEGL. TAArrafy Hdosdr
(1, ,m,n) starp Aemeulgyin, peflafwssd Dyvassr (I, my ny)
sTeir p Hemsulayih wpadpGu QFsb )y ferpar eTars. paGau,
ny=—cos §’, ng-cos 6. Qeualdm e;&uas@és@m E, A sofier
QST [ T QIS @HLD '
e’P [Ct"f‘Kx (11 x+m1 5”"]“'”1‘ Z) J

i [ot—=K, (L x+my ym 2]



276 ' S} &0 elr

srérusrapHor lBgswsHd QBdeh. UB Jdosdr, aF
Qrrefiiy Hdvssr, geafcdag AIsEHEE Ex Fogaafsr
wdiyser gpenpCu

4 eip [ct—K, (x sin §+ z cos §)]

4 eip let—K, (I, x+m, y+n, z)]
1

4 &P [ct—K, (I, x+my y+n,2) ]
2

@&ariysdr sTebeord SHL-aug 6 SBOCWIrL L& &FLosrumr’
n2r Remp Q&derper. Guayth Jemeusdar RCEr Hsp
Q o sthr &wr & GasrasrHerorar. &g ST HLMLLTS STGW.

ap B686bs T HAyTaiiy HdvsEsn @oflale B0 & % LD
u@@erdHed o _sirarer eTaT HoeGaurh. sTeb®0G Forid
2= 060 sTébour X» ¥, t SEpEGH Ex Qgriiféfuns Qoés
Guam(® Qusrug 6T sU.@uurrg. QHEmba

A éip [ct—K x sin 6 ] 14, eip [et—K, (I, x+m; y)]

o N —4, LP [et—K, (I, x+my P) ]
JOVE] va.stbrsmmmrr&sﬁ)@ésas B seir epsir Y o miuisefsr @0
senib (Indices) &6y FloloTS BlpssGoustir(Hib. ST S

K, x sin 8 = ci—K, (I, x-+m, ) = ct—K, (b x+m, 3)
<p &Ceaus , |
' K,sinf =k L =k I, - (59)
O=k m =k, m ‘ (54)

(5D)amsgs m=m=0. SsTais y-&ss Smauld
OB, OC sollsir msd Qarenesr (Direction Cosine)seir Lp&Aw
r g, oG qHArreNiy wpgid poflalleg SBosEsLD
uBserSHed o6l erer. :

ezwsGsu l,=sin 8'; l;=sin ¢.

(58) sAmh & I;=sin §
o sing =sin@
... a‘l - 0

.
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S @Teigl, THArrafliLs Gasraw uGBsr e SIDHSF
Fworg@L. Guguth, (58)568@,63@.

K, sin § = K,sin ¢ (65)
uGBsremr 5B DS, paflale @ GasremsHHGL Gent. i L.
A& QzrLiL peflelESS so@ pebedsir el (Snell’s Law
for Refraction) sTer i@ id- .

Bsueur s st HQgmrefl iy, pofiefvsgdasrar ol Hadr
1Aedr s b B edut6v Qarerendaudedmb & & abr(er Germid.

Beofl, ot AQFTafliLy whHp peflefeosstd dosaflsr of &
GEGTd SraorGurh. GO SIMEST Grugererer: (1) u@
‘gpafl (Incident Light) u@ger $Hleb ser o ZreysmLw g (2) u@®
ol UGB SIDSGF Qetigsasrs Gor o &mra L Sl

ams (1): uBxef uBsersAed Gared e L i—
amE, uv@sdHi AO0-efsr & hsOMELT X z gersHe A0
PGS QoGS Srs 26 ar . @ QeusLreny X, y, z&6fld
Qar@Guuspe e-Srs s O epoowrs £, N, [ IF
adsadr sOHSS1E QardrepGartd ; NoDFT  Yue] &S LT
QurmbHufsrer s & { QSssaensr HameFasr uL g Psbd
Qar@sstiu@ererar. & DR FSsriu@n Home
Geo o_arergi; & & uBsTSH e srarHl. LI DFRE
s Our@ss A wuauginrs ¢ Somaud g, E ypyay
wrs ) Smaudgh 2 srerer sTaruG Qsaflay. b @eu

U 88



878 , & &0 @i
E=(0, Ens 0); ‘ H=(Hf. 0, 0)

E,) = g eip(atﬁKlC) 6T 63T 5.

- (48)~e0m b sty AX B = _[L;i H

1 5 c
o B4 p=le Vo= e
)& ( # \ Kl)
H“Kl 2 J_ E (i; 7,7&61'6&
uer £ s {
0 O 1 1P e & & af
SIGIT 6T 6p(HLD
0 Ey, 0 {Qsu&t.rissr.
= — I Ky Eﬂ
=--K. E B =0
Hf K, s Hq 0; Hg
X
A He
\ (0,0,)
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Absorption coefficient
Absorption of waves
Acceleration

Acceleration due to gravity

Adiabatic change
Advanced potential
Advanced time
Amplitude

Amplitude modulation
Angle of izcidence
Angle of reflection
Asgle of refraction
Annular

Anomalous dispersion
Anti-node
Approximation
Arbitrary

Argument -
Article

Artifice

Assumption
~Atmosphere _
Atmospheric pressuge
Atomic structure
Augxiliary equation
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Axial symmetry

Axis

Beam of light
Beats

Beat frequency
Bernoulli’s equaticn
Bessel’s equation
Boundary
Boundary condition
Brewesier’s angle

Capillary waves
Cartesian co-ordinates
Case :
Central force
Channel

Charge density
Chladni’s figure
Circular tank
Coefficient
Combination tone
Commensurable

Complementary function

Complex representation
Component
Compression
Condensation
Condition

Conduction current
Conduction term
Conductivity

Conical pipe
Conservation of mass
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Consonance

Constant

Constant of integration
Continaity

Continuous
Convergence
Co-ordinates
Corrugation

Critical angle

Critical value

Cross product term
Cross section

Curl

Current density

Curve _
Cylindrical Co-ordinates

Cylindrical polar’cc-ordinztes—

Damps
Dash
Decay factor

Degenerate case.
Degree

Degree of freedom
Denser medium
Density

Dependent

Dielectric

Dielectric constant
Dielectric displacement
D:fference tones
Differential coefficient
D.fferentiation
D.ffraction
Dimension

Direction

Direction Cosine
Directly
Discontinuity
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Dispersion
Dispersive system —
Displacement .
Displacement current
Displacement term —
Dissipative term —
Dissonance
Distribution
Distusbance
Divergence (of a vector)
Divergence

Doppler effect

Eccentric angle
Effect '
Elastic string -
Electric field strength
Electric potential
Electric unit
Electromagnétic theory
Electrostatic _
Element - ' e
Element of length

Ellipse

Elhptlcaliv polarised hght

Energy
Equation ‘ -
‘Equation of continuity
Equilibriom
Estuary , -
Ether ' ‘
Euler’s Dynamlcal equatmn —
Expression - .
Extention
External force .

~ Ferromagnetism
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Finite

First order of small quantity

Fixed

Fixed end
Flucteating field
Fluid

Focus

Fourier aralysis
Fourier Serics
Fractional change
Free end

Free space

Free surfuce
Frequency
Fresnell’s formula
Friction '
Function
Fundamental

Fundamental normal mode

Furrow

Gausian wave packet

Generalise

Generalised Lagender’s
Equation

Gravity

Green’s theorem

Group velocity

Half-width

Harmonics

Harmonic waves

Heat waves

Homogenecus
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Horizontal acceleration
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Horizontal axis
Horizontal plane

- Horizontal velocity
Hyperbolic function

‘Identical
Tmpulse
Incident wave
Incompressible
Independent
Infinite
Infra-red waves
Initial condition
Initial line
In-phase
Integer-
Intensity
- Intercept .
Interference -
Internal {riction
- Internal reflection

TInterval -
- Inversely
Irrotational

Kinetic_énergy :

Laplace’s equation
Laplacian '
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Linear. .
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Linear function
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Long waves in shallow
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Macroscopic phenomena
Magnetic field strength
Magnetic induction
Magnetic potential
Magaitude

Major axis

Mass

Material

Maiter

Mazximum
Maxwell’s equations
Maxwell’s relation
Mean position
Mechanics

Medium

Membrane

Metalic conduction
Minimuem

Minor axis
Modulus

Modulus of decay
Motion

Necessary and sufficient

ccondition
Negative
Nodal circle
Nodal plane
Node

‘Non-conducting mcdxum ,

Normal

Normal co-ordinates
‘Normal mode
‘Note

Number
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Observer
Opzration

Orbit

Order '

Order of magnitode
Origin

Original length
Orthogonal
Oscillation
Oscillatory motion
Out of phase -
Overtones

Parabolic distribution

Partial amplitude

Partial differentiation

Particle .

* Particular integral -
Pendulum

Period

- Period Equation
Periodic
Permeability
Phase

Piston

Pitch

Plane :

‘Plane harmonic waves

- Plane of incidence =

Plane of polarisation

Plane polar co-ordinates,

. Plane wave
Poisson equation
Polarisation

~Polarising angle

- Polynomial
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Positive

Positive direction
Potential
Potential energy
Poynting vector
Principle
Principle of superposition
Pressure

Problem
Progressive waves
Propagation
Proportional
Pulse

Quadrant
Quadratic
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Radially
Radial velocity
Radio waves
Range
Rarefaction
Ratio

Rate of dissipation of energy —
Real part

Rectangular co-ordinates
Rectangular tank
Reduction to steady motion
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" Reflection -
Reflection at a boundary
Reflection coefficient
Refracied waves
Refraction
Refractive index
Relative velocity
Resistance
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Resultant

Resultant force
Retarded potential
Retarded time

Ridges

Right handed set of axes

Rigid support
Ripples

Scalar
Scalar product
~ Separation constant
Separation of variables
Shape
Signal
Similar
Simple Harmonic Motion
Single valued function
Singularity '
Slab
Smooth
Solid angle
Solution
Source
-Source of sound
Space - -
Spherical co-ordinates
Sphetical polar co-ordinates—
Spherical symmetry
Spherical waves
Spring
Square term
Standard form
Star
Stationary waves
Steady motien
Stream function.
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Stream line

Strength (of a spring)
Stress

String

Suffix

Summation tone
Surface

Surface tension
Surface waves
Symmetric

Tangent

Tangent plane
Taylor’s theorem
Temperature
Tends to

Tension

Tidal waves

Time of relaxation
Tone

Total differential coefficient
Total reflection

Transcendental equation
Transformation
Transmission coefficient
Transmitted wave
Transverse velocity
Transverse vibration
Trivial case

Ultra-violet waves

Unit

Unit distance

Unit range

Unit time

Unstable equilibrium

Vector
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Vector potential
Vector product
Velocity

Velocity potential
Vertical

Vertical acceleration
Vertical axis
Vibration 4
Visible region .

Wave front
‘Wave length
- Wave number
Wave packet
Wave profile
Wireless waves

Without loss.of generality

Work

Xerays
Y-rays
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